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Abstract

We tabulate the atomic mass excesses and binding energiesdgstate shell-plus-pairing corrections, groundesta
microscopic corrections, and nuclear ground-state deftioms of 9318 nuclei ranging frohf0 to A= 339. The cal-
culations are based on the finite-range droplet macrosoopite| and the folded-Yukawa single-particle microscopic
model. Relative to our FRDM(1992) mass table inoMic DATA AND NUCLEAR DATA TABLES [59185 (1995)],

the results are obtained in the same model, but with coreitieimproved treatment of deformation and fewer of the
approximations that were necessary earlier, due to limaitatin computer power. The more accurate execution of the
model and the more extensive and more accurate experimmata data base now available allows us to determine
one additional macroscopic-model parameter, the desgitymetry coefficient, which was not varied in the previ-
ous calculation, but set to zero. Because we now realizéithdRDM is inaccurate for some highly deformed shapes
occurring in fission, because some effects are derived mstef perturbations around a sphere, we only adjust its
macroscopic parameters to ground-state masses.

The values of ten constants are determined directly frompéim@zation to fit ground-state masses of 2149 nuclei
ranging from'%0 to 282Sg and3SgHs. The error of the mass model is 0.5595 MeV for the entiréoregf nuclei
included in the adjustment, but is only 0.3549 MeV for theiwadN > 65.

We also provide masses in the FRLDM, which in the more aceuraatments now has an error of 0.6618 MeV,
with 0.5181 MeV for nuclei withN > 65, both somewhat larger than in the FRDM. But in contrash&oRRDM, it
is suitable for studies of fission and has been extensivehpgtied elsewhere, with FRLDM(2002) constants. The
FRLDM(2012) fits 31 fission barrier heights froffSe t0?>2Cf with a root-mean-square deviation of 1.052 MeV.
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1. INTRODUCTION

We presented our first macroscopic-microscopic globalearainass calculation about 35 years ago [1, 2]. That
calculation, which was based on a finite-range liquid-dray@et for the macroscopic energy and a folded-Yukawa
single-particle potential for the microscopic correcipmas somewhat limited in scope. With only 4023 nuclei
included, it did not extend to the proton or neutron drip diloe to the region of superheavy nuclei. Also, the quantities
tabulated were limited to ground-state mas§esandQ4 moments, and microscopic corrections.

Successive FRDM enhancements

Optimization (2006)
Better search for optimum FRDM parameters.
Accuracy improvement: 0.01 MeV

New mass data base (AME2003) (2006)
Better agreement than with AME1989.
Accuracy improvement: 0.04 MeV

Full 4D energy minimization (2006—2008)
Full 4D minimization(ep, €3, €4, €g) Step=0.01.
Accuracy improvement: 0.02 MeV

Axial asymmetry (2002—2006)
Also yields correct SHE gs assignments.
Accuracy improvement: 0.01 MeV

L variation (2009-2011)
Accuracy improvement: 0.02 MeV

Improved gs correlation energies (2012)
Accuracy improvement: 0.01 MeV

Fig. 1. Successive enhancements to FRDM(1992) with= 0.669 MeV and their impact, leading to FRDM(2012) wity, = 0.5595 MeV. The
years when the different effects were investigated arengivearentheses. These steps will be discussed in Sect. 4

Our next publication of calculated nuclear masses occumr€88 [3, 4]. In these calculations new pairing models
had been incorporated and two different macroscopic matete investigated, namely the finite-range liquid-drop
model (FRLDM) [3] and the finite-range droplet model (FRDM].[ These abbreviations are also used to designate
the full macroscopic-microscopic nuclear structure medgsed on the respective macroscopic models. The former
is the macroscopic model used in the 1981 [1, 2] calculatzomkthe latter is an improved version [5] of the droplet
model [6, 7, 8]. Because there were several unresolveddsaube 1988 calculations [3, 4] these tables should be
regarded as interim progress reports.

Over the next few years those issues were resolved. Thailutes led to the mass tables FRDM(1992) and
FRLDM(1992) [9], presenting results on nuclear groundestaasses and deformations for 8979 nuclei ranging from
160 t0 339136 and extending from the proton drip line to the neutrop tinie [9]. The calculation was based on the
macroscopic-microscopic approach. The shell correctiogr® obtained from single-particle levels calculated in a
folded-Yukawa single-particle potential [10] by use of ®&utinsky method [11, 12]. Residual pairing corrections
were calculated in the Lipkin-Nogamiapproximation [13, 18, 16]. Two 1992 mass tables were provided, both based
on these shell-plus-pairing corrections, but with the raacopic contribution to the total potential energy obtéiime
two different liquid-drop-type models, namely the finimge droplet model, and the finite-range liquid-drop model.
We refer to this previous macroscopic-microscopic masseahiodwhich the total potential energy is calculated as
a sum of shell-plus-pairing corrections from folded-Yuleagingle-particle levels and a macroscopic energy term
from the finite-range droplet model as FRDM(1992). The yagrdrentheses refers to the year the constants of the
macroscopic model were determined and frozen. The potentexgy model in which the macroscopic term is given
by the finite-range liquid-drop model is referred to as FRL(2®B2). Although these mass models were published
in 1995, we refer to them as FRDM(1992) and FRLDM(1992), bseahe mass models were finalized in September
1992 and widely distributed at that time. Also, we could nedict at manuscript submission when the manuscript
would appear in print.

Subsequent comparisons of predictions of FRDM(1992) [9h wiclear masses measured after the calculations
were published showed that the model would reliably prediasses of nuclei that were not included in the deter-
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mination of model constants. In fact, with a properly defimeddel error, that is, a definition different from the
root-mean-square error, which includes contributionsifexperimental errors, see Refs. [3, 9], we find that for 529
new masses in AME2003 [17] that were not known when the FRI92) constants were determined, the error is
only 0.462 MeV, compared to 0.669 MeV with respect to the AME84 data base [18] used in the determination of
the FRDM(1992) constants. Furthermore, there was no sgdieincrease in the model error with distance frm
stability. It has also been established that these mas®&imesllts agree very well witQ, values observed in the
decay of subsequently discovered superheavy element2(19]1, 22, 23, 24, 25, 26].

Many other nuclear-structure properties were succegsfutideled, for example a special result of the 1981 mass
calculation was the interpretation of certain spectrogcogsults in terms of an intrinsic octupole deformation of
nuclei in their ground state [1, 27, 28, 29].

We present results of our new calculations of nuclear gresiatk masses and deformations, namely FRDM(2012)
and FRLDM(2012). A summary description of the steps leadinthe improved model are given in Fig. 1. These
steps will be discussed in detail in section 4.

Because in the macroscopic-microscopic approach we eafcsingle-particle energies and wave functions, it is
possible to calculate a large number of nuclear-structtopgaties in addition to nuclear ground-state masses.€Thes
include the following:

Ground-state deformation multipoles:

Quadrupoles deformation &
Octupoles deformation £
Hexadecapole deformation &
Hexacontatetrapole deformation &
Related quadrupol@ deformation B>
Related octupol@ deformation B3
Related hexadecapqgBdeformation Ba
Related hexacontatetrapg@edeformation Bs
Beta-decay properties:
Q value of theB decay Qp
B-decay half-life Tsz
B-delayed one-neutron emission probability Pin
B-delayed two-neutron emission probability Pon
B-delayed three-neutron emission probability Psn

Lipkin-Nogami pairing quantities:

Neutron pairing gap D
Proton pairing gap Np
Neutron number-fluctuation constant Aon
Proton number-fluctuation constant A2p

Odd-particle spins:
Projection of the odd-neutron angular momentum along thensgtry axis Qn
Projection of the odd-proton angular momentum along thensgtry axis Qp

Alpha-decay properties:
Q value of thea decay Qa
a-decay half-life L)

FRDM mass-related quantities:

Spherical macroscopic energy Er?%::

Microscopic correction Emic

Calculated mass excess Min

Discrepancy AM

Calculated binding energy Bin
FRLDM mass-related quantities:

Finite-range liquid-drop model microscopic correction E,';iLc

Finite-range liquid-drop model mass excess MEE
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Folded-Yukawa finite-range single-particle related quantties:

Shell correction Eshell
Pairing correction Epair

Neutron and proton separation energies:

One-neutron separation energy Sin
Two-neutron separation energy Sn
Three-neutron separation energy Sn
One-proton separation energy Sip
Two-proton separation energy Sp

As mentioned above, we present in the Table the calculatmehgrstate masses and deformations and some related
guantities. Some of the other quantities will be publistedr

In the next section we specify the macroscopic-microscfipiie-range droplet model in some detail. We repeat
some of the model details found in Ref. [9] for several reasoRirst, we wish to correct the very few misprints
that we and our colleagues found. Second, to provide in véhptdbably our final nuclear mass-table publication a
complete specification of the model in one location. Thing, tetrievable manuscript file on the ADNDT web site of
the FRDM(1992) manuscript is as of this writing of poor gtyaéind not searchable.

We discuss in particular the constants of the model, paydegial attention to how to count the number of con-
stants of a model. We present a summarglbtonstants in the model, including both those constantdidnat been
determined from a least-squares adjustment to groundsiases and fission-barrier heights and those that have been
determined from other considerations. In addition we courdt are considered “natural constants”, such.asfter
our model has been specified, we discuss how it has been épptiee current calculation.

2. MODELS

In the macroscopic-microscopic method the total potemtiadrgy, which is calculated as a function of shape,
proton numbei, and neutron numbe\, is the sum of a macroscopic term and a microscopic term septig the
shell-plus-pairing correction. Thus, the total nucleaeptial energy can be written as

EpOt(Z) N,shapé = EmadZ,N,shape + ESer(Zv N,shape (1)

We study two alternative models f&mac, given by Eqgs. (40) and (62). The shell-plus-pairing cdiogcis given by
Egs. (76) and (77).

It is practical to define an additional energy, the microscaprrectionEyic, which is different from the shell-
plus-pairing correctiorEsp. For a specific deformatiog,, the latter is determined solely from the single-particle
level spectrum at this deformation by use of Strutinsky'slisborrection method [11, 12] and a pairing model. In
contrast, the microscopic correction is given by

Emic(&) = Es+p(€a) + Emad &) — Emac(fspheré (2

This definition has the desirable consequence that the {@itenergyEpot of a nucleus at a certain deformation, for
example the ground-state deformatigg is simply

Epot(£gs) = Emic(&gs) + Emac(ssphere) (3)

However, the reader should note that in the literature tha taicroscopic correction is sometimes used instead for
shell-plus-pairing correction. When results are preskittés usually Enic that is tabulated, because it represents
all additional effects over and above thphericalmacroscopic energy. In practical calculations iEisp that is
calculated. To obtain the total energgeformedmnacroscopic energy term is then addedip,. These concepts are
illustrated in Fig. 2. There exist several different modetshoth the macroscopic and microscopic terms. Most of the
initial studies following the advent of Strutinsky’s shethrrection method used thiguid-drop model30, 31] as the
macroscopic model.

The preferred model in the current calculations has itsimiiga 1981 nuclear mass model [1, 2], which utilized
the folded-Yukawa single-particle potential developed Y2 [10, 32]. The macroscopic model used in the 1981
calculation was a finite-range liquid-drop model, which tadmed a modified surface-energy term to account for the
finite range of the nuclear force and the diffuseness of theean surface. The modified surface-energy term was
given by the Yukawa-plus-exponential finite-range mod@&].[3The macroscopic part in this formulation does not
describe such features as nuclear compressibility andgjponding variations in the proton and neutron radii.

The droplet model [6, 7, 8], an extension of the liquid-dropdal [30, 31] that includes higher-order terms in
A-Y3 and(N —Z)/A, does describe such features. However, in its original tation the droplet model was very
inaccurate for nuclei far from stability. These deficiescied Myers to suggest that the surface-energy terms of
the droplet model also be generalized to account for theefirihge of the nuclear force, and to more accurately
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Energy Definitions

10 —

Energy (MeV)

0 2 4 6 8 10
Nuclear Deformation (Q,/b)™?

Fig. 2. Various energy concepts used in macroscopic-microsqaiential-energy calculations. The dotted line is the msoopic “liquid-drop”
(FRLDM) energy along a specified path; the solid line is thaltmacroscopic-microscopic energy along a partiallyedéht shape sequence. So
that the various energy concepts can be illustrated, theestfar which the energies have been calculated ar&,At 0 the energies are calculated
for a spherical shape. For the shapes from the sphere todhadystate shape, the shapes are the same for both curvelsceseah so that they evolve
continuously from the sphere to the calculated macroseaojicoscopic ground-state shape. From the ground staterdtsnlarger deformations,
the total-energy curve is along the optimal fission path ithetides all minima and saddle points identified along tleithpn the five-dimensional
deformation space; the liquid-drop-energy curve joinsatily the macroscopic energy for the shape at the macrasooigroscopic ground-state
(which is not the lowest macroscopic energy at this valu@gfto the FRLDM saddle point. The energies are calculated?36Fh. By is the
fission-barrier heightBy4 is the calculateanacroscopidarrier heightEn;c is defined in eq. 2Es, p is the shell-plus-pairing correction, afg, is
the zero-point energy discussed in Sect. 2.11.

account for to the diffuseness of the nuclear surface. Tthesyukawa-plus-exponential model for the surface tension
was incorporated into the droplet model. During this worklgo became apparent that the description of nuclear
compressibility in the original droplet model was unsaiitbry, since the squeezing of the central density of light
nuclei was overpredicted. The deficiency was serious becassarts to become important by abdut 120 and
becomes even more pronounced for lighter nuclei. To accfmurtompressibility effects for light nuclei and for
other higher-order effects an empirical exponential tefas wdded. The final modifications leading to the FRDM was
the addition of a charge-asymmetry term and a constant [5THg charge-asymmetry term and the constant were
originally proposed and included in the 1981 mass model [1].

The additions of these effects and terms to the droplet nidHedsulted in dramatic improvements in its predictive
properties, as summarized in the discussion of Table A in Rgf Mass calculations based on both the FRLDM [3]
and the FRDM [4] were presented in the 1988 review of mass feddeAToMIC DATA AND NUCLEAR DATA
TABLES. These calculations also used an improved pairing modaivelto that used in the 1981 work. In the 1988
results the error in the FRDM was 8% lower than that in the FRLD

However, there were two major unresolved issues in the 18B8ikations. First, there existed some deficiencies
in the pairing model and the values of the constants that wssd. Seconds andeg shape degrees of freedom were
still not included, so deviations between calculated andsus=d masses due to the omission of these shape degrees
of freedom were still present. Extensive investigationgaifing models and their constants have now been completed
and resulted in an improved formulation of the pairing mddél. In the FRDM(1992) we also minimized the po-
tential energy with respect tg and &g shape degrees of freedom in an approximate fashion. In ti¥VER012)
calculation we have improved the determination of groutadesshapes very significantly and also made other im-
provements which will be discussed after the model spetiifica

Although the FRDM is now our preferred model of ground-stagsses, we also present results for the FRLDM
because we are now aware that the FRDM cannot be applied tetheleformed shapes occurring in fission. The
FRLDM can also be used in studies that assume constant nagaaity. We therefore specify below both models.
Because several of the model constants are determined bsnixéion of the model error, we start by defining a
proper way to determine model error, which unlike a root-msquare “rms” definition, does not contain contributions
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from the experimental statistical uncertainties.

2.1. Model error and adjustment procedure
In many studies the model error has been defined as simplythdeviation, which as usual is given by

2

rms= [% _;(Miexpf Mtih)z (4)

HereMj, is the calculated mass for a particular value of the protaniyerZ and neutron numbe, andngp is the
corresponding measured quantity. Thereresach measurements for differéandZ. The choice (4) is a reasonable
definition when all the erroray,, associated with the measurements are small compared tootthel error. However,

for Iargeoéxp the above definition is unsatisfactory, since both the ttézal and experimental errors contribute to the
rms deviation. The definition (4) will therefore always ogtimate the intrinsic model error.

When the experimental errors are large, it is necessaryg@mnsapproach that “decouples” the theoretical and
experimental errors from one another. This can be accohgaliby observing that the calculated masses are distributed
around thetrue masses with a standard deviatio. There exist powerful statistical methods for determirtimg
intrinsic model erroroy,. The model error obtained in this way contains no contringifrom the experimental
uncertaintieSJéXp. To introduce such an error concept, a new set of equatiordetermining model parameters and
error was derived [3] by use of statistical arguments andrthgimum-likelihood (ML) method. Here we generalize
from the original assumption [3fth € N(0,01) that the theoretical error teneﬁh is normally distributed with zero
mean deviation from the true massdg € N(Lih, gin) to allow for an error with a meap, that is different from zero
and a standard deviatian, around this mean [34]. Normally, if the model is adjustedydnla specific type of data,
such as masses, the mean is very close to zero for the datddb thle model constants were adjusted but may be
significantly different for new masses that were not inctidden the model constants were determined [9, 24]. We
are led to the generalized equations

2 [M(iexp_ (Mtih+uth*)] thih _

. - 0, v=12....m (5)
i; Ol + Oin? opy

i i 112 i 2 *
A [Mtlaxp*(Mtthr“th )] *(U(Iaxp +0in?’)

=0 (6)

. L2
(Ol + O12")

1 [Meyp— (Mi + Hin”)] _
i; (a(iaxpz +omn?")

wherep, are the unknown parameters of the model. The notatigh means that by solving Egs. (6) and (7) we
obtain the estimatei2” of the truecy,. Equation (5) is equivalent to minimizirwith respect topy, where

()

n Mi _ Mi + 112
S— Z[ expl (2 th uih )] ®)
i= O-éxp + Uthz

Thus, we are led to two additional equations relative to thealileast-squares equations that arise when model
parameters are estimated by adjustments to experimerngaldder the assumption of a perfect theory vath= 0
and g, = 0. For the FRLDM the least-squares equations (5) are limdaereas for the FRDM they are non-linear.

When the model contains a teragA° that is strictly constant, Eq. (7) is identical to the memineEq. (5) that
corresponds to the derivative with respect to this constaimtis, one should in this case gut* = 0 and solve only
the remainingn+ 1 equations. One may therefore in this case characterizritbeof the model in the region where
the parameters were adjusted solely by the quantjfy In other cases one should solve the full set of equations. If
L™ is significantly different from zero the theory needs modifion. Even ifuy, = 0 in the original data region, it
is entirely possible (although undesirable) that one olstaimean erromy,* that is substantially different from zero
when one analyzes model results for new data points to whizparameters were not adjusted. In this case the most
complete characterization of the theoretical error rezgiroth its meayy, and its standard deviatiamy, around this
mean.

To allow for a single error measure that is similar to an rmgat&®n between the data and model we later also
calculate the square root of the second central moment cértiog term,oin,,—o, in our studies of model behavior
in new regions of nuclei. This quantity is obtained by setfim,* = 0 when solving Eq. (6). In contrast to the rms
measure, it has the advantage that it has no contributionstite experimental errors.

Equations (5)—(7) constitute a systemnof- 2 equations that are to be solved together. It is instruttivewrite
Egs. (6) and (7) as

* 1 n i i i 2
O 2% _ Ko Mm! M! *\2 i
o Zin:lwikg i:% W |:( exp th — Hth ) aexp } (9)
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' = S 2 W (M= Min)] (10)
i= i=
where 1
k
I (Ol + 012" ) ()
kg =2 (12)
ky=1 (13)

The unknowngiy* andow?” can easily be determined from Egs. (9) and (10) by an itergtiecedure whose con-
vergence is extremely rapid, requiring only about fourdatems. Aninterpretation not a proof, of Eq. (9) is that the
experimental error is “subtracted out” from the differebetween the experimental and calculated masses.

A common misconception is that one has to “throw away” datatpdhat have errors that are equal to or larger
than the error of the model whose parameters are determivden a proper statistical approach, such as the one
above, is used, this is no longer necessary, as is furthstriited by simulations in Ref. [3].

We will see below that the discrepancy between our mass latilous and measured masses systematically in-
creases as the size of the nuclear system decreases. Iefotieeof interest to consider that the mass-model error is a
function of mass numbek. A simple function to investigate is

c
Oth = AC (14)
wherec anda are two parameters to be determined. Whereas under the pigsnrof a constant model error one
determines this single error constant from Eq. (9), we firad the ML method for the error assumption in Eq. (14),
with two unknowns, and assuming, = 0, yields the equations

i 2 c \?
()]

n (Mlexprtlh) -

Z — =0 (15)
1= O'i 2+ <C—> Aia*
exp Aia*
n (Mlexprtlh)Zf O-éXpZJr <%> ]
=0 (16)

2
Aia*+1

i; i 2 c* 2
o+ (%)

These equations are considerably more complicated to g@weEg. (9). Solutions were obtained for the FRDM(1992)
in Ref. [9]. We have also studied the error versua the FRDM(2012), see Sect. 5.3.2.

2.2. Shape parameterizations

The original parameterization of the folded-Yukawa singdaticle model was the three-quadratic-surface param-
eterization [35, 10]. It was designed to allow great flexipiih describing shapes late in the fission process. However
it is less suitable for describing ground-state shapes.

To allow a better description of ground-state shapes anltbte elose comparison with results of Nilsson modified-
oscillator calculations, we incorporated the Nilsson pered-spheroid parameterization,oparameterization, into
the folded-Yukawa single-particle computer code in 196 B2, 37].

In our work we use the parameterization for all calculations related to groutatesproperties. In our adjustment
of macroscopic constants of the FRLDM we also include 31radddle-point heights of fission barriers. The shapes
of these saddle points were obtained in a modern barrieulegion based on several million different shapes in the
three-quadratic-surface parameterization [38, 39].

2.2.1. Perturbed-spheroid parameterization

The € parameterization was originally used by Nilsson [40] in thedified-oscillator single-particle potential. It
was introduced to limit the dimensions of the matrices frohicl the single-particle energies and wave functions are
obtained by diagonalization. This requirement leads toesoinat complex expressions for the nuclear shape. Here we
employ its extension to higher-multipole distortions. émtrast to the FRDM(1992) mass table we now also consider

axially asymmetric shapes [41, 42, 43]. Note that a faétg/rzgn is missing in front of th&/,(y) function in Eq. (3)

of Ref. [43]. Some misprints in the equations presented iin [Reare corrected below. Some studies of the effect of
axial asymmetry and octupole degrees of freedom on nuclaas@s were presented in Refs. [44, 45]. Consideration
of axial asymmetry is needed to study shape coexistence régemted earlier studies of shape coexistence throughout
the nuclear chart in Refs. [25, 46].
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As the first step in defining the parameterization a “stretched” representation is intcedu The stretched coor-

dinates, n, and{ are defined by
roo 2 1/2
_1észcos<y+ §7T)” X

- |
- 2 2 1/2
_1§£2005<y§n)}} y

"
r o 1/2
1- §£2 cosy]} z a7

=

wherehuwy is the oscillator energyg, the ellipsoidal deformation parameter, apthe non-axiality angle. It is then
convenient to define a “stretched” radius vegtpby

pr= (824024732 (18)

-§ =12 =2

a stretched polar ang# by
1/2

2
7 1— —&cosy
u=cosg = — = 3 cosb (29)

ol 1 1\
1—§£zcosy(3co§9—l)+(§) & sinysin’ 6cos 2p

and a stretched azimuthal angieby

1 1\
£2_ 2 {1+§£2cosy} cosp+ <§> &siny

&21n2 " (20)

V=cCcosap =

1 1/2
1+ éeg cosy+ (:—%) &sinycosp

In the folded-Yukawa model the single-particle potentglvery different from that in the Nilsson modified-
oscillator model. However, the definition of tleeparameterization will be most clear if we follow the stepgtie
Nilsson model. The implementation in the folded-Yukawa eladll then be simple. The Nilsson modified-oscillator
potential is defined by

V= %ﬁabptz {1+ 2¢1P1(coshy)

2 1. [(8)\Y2 , "
- 38 cosyP,(cosh) + 382siny <§n> [Y5(6, @)+ Y, “(6.@)]
+ 2e3P5(c0s6;) + 264Va(COSB:, COS A) + 265P5(cosB;) + 2£6P5(coset)}
— kR [2h 5+ p (1~ <12 >)] (1)
wherel; is the angular-momentum operator in the stretched coaelBystemsis the spin operator [40], and

am
Va(U,V) = a4oPs + V9 [2u2(YF + Y, %) +aua(Yy + Y, )] (22)

Here the hexadecapole potentié(u,v) is made dependent gnin such a way that axial symmetry is maintained
wheny =0, 60, —120°, and—60°, for mass-symmetric shapes and &r= 0. This is accomplished by choosing
the coefficientsy; so that they have the transformation properties of a hexsgubée tensor. However, this is achieved
only for mass-symmetric shapes and fgr= 0. Thee parameterization has not been generalized to a more general
case. Thus [43]

1
ao = (5 cogy+1)
= fi\/303in2/
a2 = 12

g = %stir?y (23)
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Itis customary to now assume that the shape of the nuclefaiceis equal to the shape of an equipotential surface
given by Eq. (21). By neglecting tHe S andl, 2 terms and solving fop; and then using Egs. (17)—(20) to derive an
expression for in the non-stretched laboratory system we obtain

R 2 2 2 2 2 -1/2
r(6,p) = ab/a)o{[l—:—%szcos(w én)} [l—:—%szcos(y—:—%n)} [l—:—%egcosy]}

x [1 %é‘z cosy— 3822 cos'y+& <cosv+ %52 cos 2/) u?

2 X 1/2
- (5) £zsiny(1— :—%szcosy) (1—u2)v]

2 1, 1\ »
X 1—§egcosy§(3u -1+ (= &siny(1—u‘)v

3

~1/2
+ 2&1Py1(u) + 2&3P5(U) 4 264Va(u, V) + 265P5(U) + 2£6P6(u)] (24)

In the Nilsson model the starting point is to define the pasnafter the potential has been generated the shape
of the nuclear surface is deduced by the above argumentelfoltied-Yukawa model the starting point is different.
There, the equation for the nuclear surface, given by Eq.i(Rhe case of the parameterization, is specified in the
initial step. Once the shape of the surface is known, thdesipgrticle potential may be generated as described in late
sections.

The quantityoy/ (i)o is determined by requiring that the volume remain constaiht deformation, which gives

3 —1/2
w) _ 1 [f 2 2 2 2 2
(a)o) = 47_[{ {1 3egcos<y+3n)] {1 382003<V 3 >] {1 3egcosyH

w 2n 2 81T 1/2
x/ dé d@sin6 1§.ezcosyP2(u)+ezsiny<4—5) Y2 +Yy )
0 0

_3/2
+ 2&1P1(u) + 2e3P3(u) + 264V4(u, v) + 2e5P5(u) + 2£6P6(U)‘| (25)

The above equation is derived by determining the volume@ie nuclear surface given by Eq. (24), with the integral
[ d3r inside the surface evaluated in terms of the “non-strettbedrdinatesd and . After a variable substitution
one arrives at the expression in Eq. (25).

The Legendre polynomial occurring in the definitions of the parameterization are defined by

1 d
H(u):ﬁm(uz—l)', 1=0,1,2,...,0 (26)
The first six Legendre polynomials are

Pou) = 1
Piuy = u

1.2
Pu) = 5(3U -1)

1 3
Ps(u) = E(Su —3u)

1 4 2
Pau) = g(35u"—30u +3)
P(u) = %(63u5770u3+15u)
Ps(u) = 1_1&3(231“6*31&4“0&2*5) (27)

The associated Legendre functid¥8are defined by

(17 u2>m/2 d+m

AW == —ggm

w-1", 1=01,2...,00 m=0,1,2,...,1 (28)
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The spherical harmonics are then determined from the oalsiti

_ 1/2 .
¥(0.9) = (- | EE R i) Rcoss)d™ .m0 29)
Ylm*(ev qo) = (7)mY|7m(97 qo) (30)

which yield for the functions used here

Y;(6,9) = \/gsinzee?—ifp
0.0 = | s oe >
Yi6.0) = @sin“eemm
V0.0 = | o it 0ot

YZ2(0,0) = 4/ %Tsin2 0(7cog 0 —1)e??

Y, 2(8.0) = %sinzeﬁco@G—l)e*Zi‘P (31)
The sums
Sh2 = YZ(6.0)+Y;2(6.9)
S%u = Yi(0.0)+Y,%(6.0)
SYz = Yi(8.0)+Y(6.9) (32)

are required in the expression for the single-particlemtitaeand in the corresponding equation for the nucleaieserf
When the arguments of the spherical harmonics are the lséetEngle$; and@ we obtain

B 15 . ) 2
SY%, = \/—8nsm26tcoszm_1/—8n(1 u?)v

N EC 35 55,
SV = |/ 5g. S OCOSH =1/ —0(1-17) (2v2—1)

SV, = 1/%sin26t(7co§6t—l)coszq: %(1—u2)(7u2—1)v (33)

2.2.2. Three-quadratic-surface parameterization

Inthe three-quadratic-surface parameterization theeshgthe nuclear surface is defined in terms of three smoothly
joined portions of quadratic surfaces of revolution. Thesy@mpletely specified by [35, 36, 32],

2
a’——(z-h)?, h-a<z<zy

p’={ a —Ci(Z—Iz)Z, <2<+, (34)

a;

3
332—@(243)2 , 7<z<2

The left-hand surface is denoted by the subscript 1, the-highd one by 2, and the middle one by 3. Each surface is
specified by the positioh of its center, its transverse semiagjsand its semi-symmetry axc. At the left and right
intersections of the middle surface with the end surfaces#tue ofzis z; andz, respectively.

There are nine numbers required to specify the expressiols.i (34) but three numbers are eliminated by the
conditions of constancy of the volume and continuous firsivdeves atz; andz,. The introduction of an auxiliary
unit of distanceu through

u= E (ar®+ azz)} ’ (35)
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permits the definition of three mass-symmetric coordinaiemd three mass-asymmetric coordinateby

(l2—11)

o =
u
as?
02 == —2
C3
o — 1/a? N a2
8 = 2 Cj_2 C22
a _ 1 (|1 + |2)
! 2 u
4 — (aa® —a?)
u2
2 2
ap a
a3 = ——— 36
3 C12 022 ( )

The coordinatex; is not varied freely but is instead determined by the requénet that the center of mass be at
the origin. These shape coordinates were historically é@edbout 30 years [35, 10, 47, 48, 49, 50, 1, 2, 51, 52].
However when we started to explore the full five-dimensiaia@pe space we realized that an intuitive interpretation
of calculations based on these coordinates is difficult aave introduced instead five alternative shape coordir{a)es:
elongation, expressed in terms of the charge quadrupoleemt®, (2) neck diameted, (3) left nascent-fragment
deformationgs;, (4) right nascent-fragment deformaties, and (5) mass asymmetoy. The transformations from
these coordinates to the precise shape given by Eq. (34¢rsgthly and as regards the neck diameter highly nonlinear
so we refer to Ref. [39] for details. These deformation \zlda have been used exclusively in our fission studies since
1999, the more important ones being [53, 54, 55, 38, 56, 53%&9, 60, 61]. However, the actual shapes generated
by the expressions in Eq. (34) are the same, regardless afpsingary “deformation” coordinates we use, it is just
the interpretation of the calculated fission potentialrgpsurfaces that is facilitated by our more recent choiGrse
should also note that in our recent studies where we ca&ptatential-energy surfaces for more than 5 million shapes,
we actually study (on a discrete, densely spaced gtidhapes accessible to the parameterization, which woukel hav
been an impossible task some decades ago.

2.2.3. Conversions tf parameters

A common parameterization, which we dot use here, is th@ parameterization. However, since we want to
present some of our results in termgBo$hape parameters, we introduce the parameterization ameétme to express
shapes generated in other parameterizations in ternfisddformation parameters. In tif parameterization the
radius vector is defined by

o |
r(6,0) =Ro(1+3 ¥ Bm¥™ (37)

I=1m=—I

whereRy is deformation dependent so as to conserve the volume itlselauclear surface. When only axially
symmetric shapes are considered the notafiors normally used fo3io. Since the spherical harmoni¥s are
orthogonal, one may determine tBgarameters corresponding to a specific shape ig fierameterization by use of

[re.0)%"(6.9)d0

[r(6.01(0.9)d0

Bim = V4Tt (38)

wherer is now the radius vector in theeparameterization, given by Eq. (24). This conversion equoas in fact valid
for a radius vector (0, @) defined by any parameterization.

When the parameters corresponding to a specific shape ire tharameterization are determined, one should
observe that higher-ordg parameters may be non-zero even if higher-ogdparameters are identically zero. For
this reason, the nuclear ground-state shape is not corypdgtecified by theB parameters in the Table, whereas the
shape is completely defined by thgparameters.

2.3. Finite-range droplet model

Thefinite-range droplet modetieveloped in 1984 [5], combines the finite-range effecti@FRLDM [62, 63, 33]
with the higher-order terms in the droplet model. In additithe finite-range droplet model contains an exponential
term

_CAe g (39)
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whereC andy specify the strength and range, respectively, of this dmution to the energy and the quantgyis a
dilatation variable given by Eq. (49). The exponential tézads to an improved description of compressibility eBect
As in the original mass model [1] we have also added a consfaterm (whose coefficient accidentally came out to
be zero in the FRDM(1992) mass table) and a charge asymneetny see Eqs. (40,62). All these terms turn out to be
crucial to the substantially improved results obtainechimfinite-range droplet model relative to the original detpl
model. These empirical terms will be further discussedwelo

Most of our results are based on the finite-range droplet irfod¢éhe macroscopic term. Relative to the formu-
lation given in Ref. [5], which unfortunately has numerousspnints, we use a new model for the average neutron
and proton pairing gaps. The complete expression for théribation to the atomic mass excess from the FRDM
macroscopic energy is obtained after minimization wittpees to variations irg andd, whered is the average bulk
relative neutron excess given by Eqg. (47). One then obtains

EmadZ,N,shape =

MyZ + MpN mass excesses @fhydrogen atoms anid neutrons
=2 1 5
+ (—a1+J0 — EKs A volume energy
92 _2Bg?
+ <azBl + 26628_51> AZ/3 surface energy
+  agAl/3By curvature energy
+  aA® A energy
ZZ
+ Clm Bs Coulomb energy
—  CpZ2AY3B, volume redistribution energy
Z4/3
- c;;m Coulomb exchange correction
B T
- c5ZZB§ S surface redistribution energy
1
ZZ
+ foK proton form-factor correction to the Coulomb energy
— c(N-2) charge-asymmetry energy
1/A, ZandN odd and equal ,
+ W <|I | +{ 0. otherwise > Wigner energy
+Dp+DBn—p , ZandN odd
+0p Z odd andN even
+ _ average pairing energy
+ 4, Z even aniN odd
+0, Z andN even
—  agZ?3 energy of bound electrons

(40)

whereA = Z + N is the mass number arid= (N — Z) /A is the relative neutron excess. This expression differsifro
the corresponding one used in our earlier calculationsti} m the form of the average pairing energy appearing in
the next-to-last term. One should note that after mininmzethe exponential term [Eq. (39)] is present only implicit

in Eq. (40) through its presence in Eq. (49). For the averaggran pairing gag,, average proton pairing gak,
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and average neutron-proton interaction enexgywe now use [16, 64, 65]

~ I'madBs

An = N3 (42)

~ I'madBs

Onp = h 43
P A2 (43)

These expressions contain only two adjustable constaa¢sindh, which are further discussed in Sect. 2.4. The zero
reference point for the pairing energy now corresponds ém-@wen nuclei rather than to halfway between even-even
and odd-odd nuclei as was sometimes done earlier [1, 2].

The quantitie®;, Cy, ¢4, andcs are defined by

o - 3¢
= 519
6 - L (1,18 >
2 7 336\J K™
5/ 3\2/3
Cs = Z<§T> C1
1
. 44
Cs 64QC1 (44)
In Eqg. (40) we have kept only the first term in the expressiaittfe proton form-factor correction to the Coulomb
energy, so thafg is given by
1( 145\ rp’e
fo=- 8(48) rod (45)

The bulk nuclear asymmetdyis defined in terms of the neutron dengityand proton densitp, by

5= Pn—Pp (46)
Poulk

and theaveragebulk nuclear asymmetry is given by

= 3¢ Z ByBs 9J 1 Bg
5= (+ieomee)/ (1 iomra) “n

The relative deviation in the bulk of the densjiyfrom its nuclear matter valugy is defined by

1p—po
P Fo 48
3 o (48)

and theaveragerelative deviation in the bulk of the density is given by

_ _yal/3 B Z
€= <Ce YAYS _ Da, l§3+L5 +C1 4/384) /K (49)

The quantityB; is the relative generalized surface or nuclear energy indefrtbat accounts for the effect of the finite
range of the nuclear force. It is given by

A-2/3 |r7r | e—\r—r/\/a 3 3
~ 8mrg2at // < ) |r—r’|/ad ra- (50)
where the integration is over the specified sharp-surfat@rmedgeneratingshape of volum&/. Since the volume
of the generating shape is conserved during deformatiorawe h

V= TR (51)
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whereRy is the radius of the spherical shape. The relative CoulonebgsBs is given by
15 A58 r d3rdr 1|r —r/| :
By = 1277 1) g=Ir=r'[/agen 2
37 3212 1S //\/ |rr’|[ (+2 aden)e ] 2

The quantitie®; andB3 are evaluated foRy = roAl/3. However, in the FRDM the equilibrium valtRyen of the
equivalent-sharp-surface radius corresponding to theeaudensity is given by the expression

Raen= roAY3(1+%) (53)

Thus, the actual value of the nuclear radius is determinethéybalance between Coulomb, compressibility, and
surface-tension effects as expressed by Eq. (49). To eafctliis balance it is necessary to know the response of the
surface-energy and Coulomb-energy teasandB; to size changes. To account for this response we introdgce th
guantitiesB, andBg4, which are related to the derivativesBf andBs. These derivatives are evaluated numerically
and during this evaluation the radiRof thegeneratingshape is varied around the valug\/3.

The quantityB,, which as mentioned above is related to the derivative of¢ledive generalized surface energy
By, is defined by

1[d
By= — [— x°By ] (54)
2Xo dx( ) —.
with 13
R A
x== and o= 2 (55)
a a
The quantityB, is related to the derivative of the relative Coulomb endBgynd is defined by
d /B3
o= ()] (56)
YANY /ly=y
with 13
roA
y - Yo P (57)
For spherical shapes the quantiti®s By, B3, andB4 can be evaluated analytically. One obtains
(0 3 3. 3 ) 2%
B = 1-—=5+(1+X (2+—+— e
1 on ( ) X0 X02
BY = 1—(1+2x+2x?) e 20
© 5|: 15 21 3( 9 7 7)2y]
B 1- S |l- e s (1t ot S+ | e
3 yo? 8yo 8yo® 4 2y0  Yo?  2yo®
0) 3 15 63 3(2 12 32 42 21> Zy]
B = 145 |-—S+5 355 st |\ttt + 0 58
4 [ Yo?  2y0® 4yo® 4\Yo Yo© Yoo Yo Yo© (58)

The expressioms for the relative Coulomb energy yields the energy for anteakily shaped, homogeneously
charged, diffuse-surface nucleus to all orders in the siffiess constante, The constants in front of the integrals
for B; and B3 are chosen so th&; andBg are 1 for a sphere in the limit in which the range constaand the
diffuseness constangenare zero, in analogy with the definition of the quantitigandBc in the standard liquid-drop
and droplet models. The quantitiBgs andB,4, which are related to the derivatives Bf and Bz, respectively, were
introduced above to treat the response of the nucleus toryetia size, resulting from a finite compressibility. The
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shape-dependent quantitig By, By, Bk, andB;, which are defined [7] in the standard droplet model, arergiwe

A72/3
Bs= m/sds surface energy
—4/3
B, = _%W/sw(r)ds neutron skin energy
-2 . 2
By = %/S[W(r)} ds surface redistribution energy
ALY 71 1
By — — ./s(ﬁﬁﬁz) ds curvature energy
-7/3 2
B, — %/\/{W(r)} d3 volume redistribution energy
(59)
where
_ 1 gy
W) = [ g
— 3Al
W="0| [ w(r)d®
prn /v (r)yd°r
W(r)=W(r)-W (60)

andR; andR; are the principal radii of curvature.

2.4. Values of FRDM macroscopic-model constants

The constants appearing in the expression for the finitgera@noplet macroscopic model fall into four categories.
The first category, which represents fundamental constimaisides [1, 2]

My = 7.289034 MeV hydrogen-atom mass excess
M, = 8.071431 MeV neutron mass excess
& = 1.4399764 MeVfm electronic charge squared

One should note that for consistency we continue to use the salues for the fundamental constants as in our 1981
mass calculation [1, 2]. Results of a more recent evaluatiohne fundamental constants appear in Refs. [66].

The second category, which represents constants that bavedetermined from considerations other than nuclear
masses, includes [1, 2, 3, 4]

as = 1433x10°° MeV electronic-binding constant
K = 240 MeV  nuclear compressibility constant
b = 0.80 fm proton root-mean-square radius
ro = 1.16 fm nuclear-radius constant
a = 0.68 fm range of Yukawa-plus-exponential potential
Aden = 0.70 fm range of Yukawa function used to

generate nuclear charge distribution

The third category, representing those constants whosewvalere obtained from consideration of odd-even mass
differences [64, 65, 16] and other mass-like quantities, ar

rmac = 4.80 MeV  average pairing-gap constant
h = 6.6 MeV  neutron-proton interaction constant
w = 30 MeV  Wigner constant
ag = 0 MeV  curvature-energy constant

It should be noted that the final calculated mass excessddysindependent of the value used fggac. This constant
affects only the division of the mass excess between a mampaspart and the remaining microscopic correction.
We will therefore not includenac when we later count the number of constants in our mass métdslthe pairing
constant yic which enters the microscopic model that affects the masssaxdt will be discussed below.
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Sinceun = 0 in our case, Egs. (9) and (11) can be solved with the expetahdata set of 2149 masses with
Z > 8 andN > 8 [17] to determine the remaining macroscopic constantstandrror of our model. We do not adjust
the FRDM to fission barrier heights, because it is only adeufer small deformations around a sphere, not for the
highly deformed shapes occurring in fission. Thereforegtieeno need to introduce a shape dependence fé¥thad
Wigner terms, which we, as discussed below, do introdudes®RLDM expressions. To present all the macroscopic
model constants together, we list them here but discussdtpistment later. These constants are

16.194882 MeV  volume-energy constant
22.763235 MeV  surface-energy constant
32.3 MeV  symmetry-energy constant
28.72 MeV  effective surface-stiffness constant
53.5 MeV  density-symmetry constant
-4.0 MeV AP constant
0.4894 MeV  charge-asymmetry constant
205 MeV  pre-exponential compressibility-term constant
0.988 exponential compressibility-term range constant

<0fLEr0.®®
|

The resulting error in the FRDM(2012) i, = 0.5595 MeV. We refer t& as compressibility constant ard
as density-symmetry constant, following the designationthe original droplet model [6]. In other contexts, for
example in Refs. [67, 68 is referred to as the incompressibility constant aras the slope of the symmetry energy
at saturation density. In the droplet and finite-range droplodels finiteness is held to be of higher order and not
treated, leading to a single compressibility constant.

For completeness we also specify the mass-energy conudegimr used in the interim 1989 mass evaluation. In
this evaluation the relation between atomic mass units ardhg is given by [18]

1 u=9315014 MeV (61)

Although a more recent value has been adopted [66, 69] ieistlove value, consistent with the 1989 interim mass
evaluation [18], that should be used if our calculated masssses in MeV are converted to atomic mass units.



Moller, Sierk, Ichikawa, Sagawa/FRDM (2012) 20

2.5. Finite-range liquid-drop model

In the present version of our model the contribution to therat mass excess from the FRLDM macroscopic
energy is given by

EfL{(Z,N,shapg =

MyZ + MpN mass excesses gfhydrogen atoms and neutrons
- ay (1*K\,|2)A volume energy
+ as(1—ksl?)B1AZ3 surface energy
+  aA%By AQ energy
ZZ
+ Clm Bs Coulomb energy
74/3 .
— qm Coulomb exchange correction
ZZ
+ f(kfrp)K proton form-factor correction to the Coulomb energy
— c(N-2) charge-asymmetry energy
1/A, ZandN odd and equal .
+ W <|I [Bw + { 0. otherwise ) Wigner energy

+Dp+Dn—np , ZandN odd

+ Dy Z odd andN even

+ _ average pairing energy
+ A Z even andiN odd
+0, Z andN even

—  8gZ%¥ energy of bound electrons

(62)

This expression differs from the corresponding one usedirarlier FRLDM(1992) [9] only through the introduction
of the shape-dependent fac®y in theAf and Wigner terms. _
For the average neutron pairing gap, average proton pairing galp, and average neutron-proton interaction

energydnp, we use [64, 65, 16]
~ 'madBs

~ I'madBs

By =22 (64)

S = h 65
p— BSA2/3 ( )

The zero reference point for the pairing energy corresptmdsen-even nuclei rather than to halfway between even-
even and odd-odd nuclei as has sometimes been the caseusteyig 2].

In the above expressions the quantiigsandc, are defined in terms of the electronic chaggend the nuclear-
radius constant by

o - 3¢
t = 519
5 3 2/3
& — z(ﬁ) & (66)

The quantityf appearing in the proton form-factor correction to the Cadcenergy is given by

_ 1rp?@ 145 327 , 1527 4
flkern) = =573 {4—82880(k':rp) *+ 1209600 ") (67)
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where the Fermi wave number is

oz \"?1
68
ke = < g ) 5 (68)
The relative neutron excesss
N-Z N-Z (69)
N+zZ A

The relative surface ener@, which is the ratio of the surface area of the nucleus at theabshape to the surface
area of the nucleus at the spherical shape, is given by

A72/3

The quantityB; is the relative generalized surface or nuclear energy indefrtbat accounts for the effect of the finite
range of the nuclear force. It is given by

A—2/3 |r _r/| e-Ir-r'l/a 3 3.
71
8n2r02a4// ( a ) |r7r’|/ad ra (71)
The relative Coulomb enerdss is given by
15 A58 d®rdr’ 1fr —r/| :
— g S —Ir—r'l/aden
Bs= 32 ro // Ir—r/| { <1+2 aden )e ] (72

For spherical shapes the quantitigsandB3 can be evaluated analytically. With

rOAl/3 r0A1/3
Yo Aden (73)
one obtains

0 3 ( 3 3> 2%
B’ = 1-—+(1+x)(2+—+—])e
! Xo2 (L430) X0 X2
© 5 |: 15 21 3( 9 7 7 ) Zy]
By = 1-— |14 (1ot t o | & 74
3 yo? 8yo 8yo® 4 2%  Yo®  2y0° (74)

The expressioms for the relative Coulomb energy yields the energy for anteakily shaped, homogeneously
charged, diffuse-surface nucleus to all orders in the siffiess constaate, The constants in front of the integrals
for B; andB3 have been chosen so thit andB3 are 1 for a sphere in the limit in which the rangand diffuseness
agenare zero, in analogy with the definition of the quantitiagsandBc in the standard liquid-drop model.

Relative to the FRLDM(1992) model specification in Ref. [9 Wwave here introduced a shape-dependent factor
Bw for the A° and Wigner terms. We have earlier pointed out that such aestlapendence is necessary to obtain
continuity of the FRLDM potential energy at scission. Foample, if in symmetric fission of®*Fm we treat the
touching configuration of two symmetric spheres as a singlerched?®*Fm system or as two touchifg?Sn nuclei
a shape dependence is necessary to obtain continuity. §isdussed in detail in Refs. [52, 57, 70]. To discuss
here the postulated shape dependence for the Wigner tetrwehiaave used since 1989 [52] we follow closely the
discussion there. We note that in an extensive discussitmedigner term [8], it was pointed out that if a system is
broken up intm identical pieces, then the Wigner term must be evaluatearatgy for each piece, with the result that
it simply jumps ton times its original value. For symmetric fission into two itieal fragments this simple argument
would imply a shape dependence corresponding to a stefddurattscission. In reality one would expect that the step
function is washed out over some range of shapes in theaeigsgion. Obviously, if the area of a cross section in the
neck region is very small then there is hardly any commuitdndietween the two fragments and we have essentially
the two-system configuration. For cylinder-like shapestiiode with even bulgier midsections, that is for shapes (in
the three-quadratic-surface parameterizations) witk» 0, we clearly have a one-system configuration. How close
we are to one or the other situation is related to the amounbofmunication through the neck. If the area of a
cross section through the neckSsand the area of the maximum cross section of the smaller otteeafnd bodies,
that is a cross section through the center of the end surfamvolution, isS;, then we may relate the amount of
communication to the dimensionless quangtyS;. As a simple ansatz we propose the shape dependence

2
<1§) ag+1 , 0»<0

1 , 0o>0

Bw (75)

Suppos@y = 1.0. Then, with the above shape dependence we would find thetiksion shapes we have a Wigner
term that is precisely two times the Wigner term for a singigeam. For cylinder-like configurations and for shapes
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with thicker neck regions we would have a Wigner term thatjga to the term for a single shape. Thus, with the
above shape dependence we obtain the desired values indfieiting cases. However, at scission there is stiine
communication between the two fragments. This can beifitesti by considering the shell correction calculated by
use of the Strutinsky method, for which we for symmetric cgunfations have a well-defined prescription, regardless
of shape. For two touchintf?Sn nuclei we obtain a shell correction whose magnitude isiab@% lower than for
two well-separated nuclei. This leads us to chose a valiag ef 0.9 for thedampingcoefficient. We have actually
calculated potential-energy surfaces and investigateid skructure for other choices of the parametgrwhich also
occurs in the shape dependence of Meterm. From such studies it has turned out that the above Veads to
potential-energy surfaces that when used in studies ofsipfihalf-lives [52, 39], 2) fission-barrier heights acrtees
nuclear chart, [57], 3) bimodal fission [52, 38], and 4) fissfoagment mass distributions [59] are in good agreement
with experimental data for The uncertainty in the estimdtaqdfrom these studies is about 0.1. For tNeterm we
postulate the same shape dependence [52].

2.6. Values of FRLDM macroscopic-model constants

The constants appearing in the expression for the finitgerdiquid-drop macroscopic model fall into four cate-
gories. The first category, which represents fundamentateats, includes [1, 2]

My = 7.289034 MeV hydrogen-atom mass excess
M, = 8.071431 MeV neutron mass excess
& = 1.4399764 MeV fm electronic charge squared

The second category, which represents constants that bavedetermined from considerations other than nuclear
masses, includes [1, 2]

aq = 1433x10°° MeV electronic-binding constant
g = 0.80 fm proton root-mean-square radius
ro = 1.16 fm nuclear-radius constant
a = 0.68 fm range of Yukawa-plus-exponential potential
AQden = 0.70 fm range of Yukawa function used to

generate nuclear charge distribution

The third category, representing those constants whosewalere obtained from consideration of odd-even mass
differences [64, 65, 16] and other mass-like quantities, ar

rmac = 4.80 MeV average pairing-gap constant
h = 6.6 MeV neutron-proton interaction constant
w = 30 MeV Wigner constant
ag = 09 Wigner damping constant

It should be noted that the final calculated mass excessddysindependent of the value used fggsc. This constant
affects only the division of the mass excess between theosegpic part and the remaining microscopic correction.
We therefore do not include,ac when we later count the number of constants in our mass mdidislthe pairing
constantmic which enters the microscopic model that affects the massssxdt will be discussed below.

Since uy = 0 in our case, Egs. (6) and (8) can be solved with the expetahdata set of 2149 masses with
Z > 8 andN > 8 [17] and 31 fission-barrier heights to determine the remgimacroscopic constants and the error
of our model. To present all the macroscopic model constagether we list them here but discuss their adjustment
later. These constants are

a, = 16.022835 MeV volume-energy constant

Ky = 1.927910 MeV volume-asymmetry constant
as = 21.269461 MeV surface-energy constant

Ks =  2.388587 MeV surface-asymmetry constant
ag = 2.649971 MeV AQ constant

Ca = 0.055673 MeV charge-asymmetry constant

The resulting error in the FRLDM isy, = 0.6618 MeV. We note that the constants have not changed veriamuc
except possibly the charge-asymmetry constant which deeteto about half its value in the previous version in
FRLDM(1992) [9] and in the FRLDM(2002) [57].

2.7. Microscopic model

The shell-plus-pairing correctidis p(Z, N, shapg is the sum of the proton shell-plus-pairing correction amel t
neutron shell-plus-pairing correction, namely

Es+p(Z,N,shape = EP/0(Z, shapg + EJ?U(N, shape (76)
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We give here the equations for the neutron shell-plus4pgicorrection. Completely analogous expressions hold for
protons. We have
ESp(N, shapg = Egfei(N, shapg + Eggi(N, shapg (77

Both terms are evaluated from a set of calculated singléepatevels. As before, the shell correction is calculaigd
use of Strutinsky’s method [11, 12]. Thus

N
Egieli(N, shapg = 26" E"*!(N,shape (78)
i=

whereg are calculated single-particle energies Eﬁﬁ“(N, shapeg is the smooth single-particle energy sum calculated
in the Strutinsky method. The pairing correction is the efiféince between the pairing correlation energy and the
average pairing correlation energy, namely

Epair (N, shapg = Epe (N, shape — E;¢*(N, shapg (79)
WhereEQ_%f"(N,shape is given by Eq. (101) anﬁQ_%f"(N,shape is given by Eqg. (108). For the pairing correction
we now use the Lipkin-Nogami [13, 14, 15] version of the BCShmod, which takes into account the lowest-order

correction to the total energy of the system associatedpditticle-number fluctuation.
The single-particle potential felt by a nucleon is given by

V =V1+Vs0. +Vc (80)

The first term is the spin-independent nuclear part of themg@tl, which is calculated in terms of the folded-Yukawa
potential

V]_(r) =

Vo / e Ir=r'1/apot 3, ©1)
\%

~ Amaped v |r — 17| /apot

where the integration is over the volume of the generatimgehwhose volume is held fixed %\anoﬁ as the shape
is deformed. The potential radii is given by

Rpot = Ryen+ Aden— Bden/Rden (82)

with
Raen=roAY3(1+%) (83)

Values of the model constamgen andBgen Will be given later. The potential depth's for protons and/, for neutrons
are given by _
Vp = Vs+ Vad (84)

Vi = Vs— Va0 (85)

The average bulk nuclear asymmedrgppearing in Egs. (84) and (85) and average relative dewiatin the bulk
of the density appearing in Eq. (83) are given by the droptedehand thus depend on the values of the droplet-model
constants. The FRDM macroscopic constants are determiredaonlinear least-squares adjustment, which requires
between 1000 and 10000 steps to find the optimum constangsriniciple, these constants should then be used in
the determination of the single-particle potential, théeptial-energy surfaces should be recalculated with the ne
constants, a new mass calculation should be performed, aed aet of macroscopic constants should be determined,
with this iteration repeated until convergence. Any chaofhe single-particle potential would also make necessary
a redetermination of the spin-orbit strength and the diffiess. Because the calculation of potential-energy ssfac
and other aspects of these steps would be very time-conguoiity one iteration has been performed. In our current
mass calculation we have found additional evidence thatoge form (and constants) of the single-particle poténtia
are very satisfactory and we will comment further when weuls the calculated results.

Furthermore, in determining the single-particle potdntmhave used the following early forms [71] of the droplet
model expressions fa¥ ande:

= 3¢, 72 9J 1
0= (' *ééﬁ) / (”zam) (89)
_ 2a =2 z2

The rangeayet of the Yukawa function in Eq. (81) has been determined fronadjustment of calculated single-
particle levels to experimental data in the rare-earth atidide regions [37]. It is kept constant for nuclei throogh
the periodic system.
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The spin-orbit potential is given by the expression

h 0. OVixp
Vso = —A
o= (zms) T8 89

whereA is the spin-orbit interaction strengtim,,c is the nucleon massg; represents the Pauli spin matrices, gnd
the nucleon momentum.

The spin-orbit strength has been determined from adjugsnem®xperimental levels in the rare-earth and actinide
regions. It has been shown [37, 1, 72] that many nuclear ptiegehroughout the periodic system are well reproduced
with A given by a function linear ik through the values determined in these two regions. Thissgiv

A
Ap=6.0 (%> +280=0.025A+28.0=k,A+Ip (89)
for protons and
A
An=45 (2—40) +315=0.01875A+315=kpA+1p (90)

for neutrons.
Finally, the Coulomb potential for protons is given by

d3r’
Vc(r) = epc. 9 m (91)
where the charge densip is given by
Ze
_ 92
Pe 3mAr3 (92)

The basis functions used to generate the matrix elemenkedfihgle-particle Hamiltonian is a set of deformed,
axially symmetric, harmonic-oscillator eigenfunctioggecifically all those that for a given shape have an energy le
than or equal tgNpas+ 0.5)han. The overall curvature of the basis functions is chosenetyi

hay = Ccur/Al/3 (93)

2.8. Microscopic pairing models

Because of its basic simplicity, the BCS pairing model [78, 75, 76] has been the pairing model of choice in
most previous nuclear-structure calculations [77, 10].1Hawever, a well-known deficiency of the BCS model is that
for large spacings between the single-particle levels efFdrmi surface, no non-trivial solutions exist. In praattic
applications, these situations occur not only at magic rem)kbut also, for example, for deformed actinide nuclei at
neutron numberbl = 142 and 152. By taking into account effects associated wattigle-number fluctuations, the
Lipkin-Nogami approximation [13, 14, 15] goes beyond theB&pproximation and avoids such collapses.

In solving the pairing equations for neutrons or protonstine the BCS or Lipkin-Nogami model, we consider a
constant pairing interactic@ acting betweeil, — N; + 1 doubly degenerate single-particle levels, which are piecl
by Nint nucleons. This interaction interval starts at leMg) located below the Fermi surface, and ends at I&igel
located above the Fermi surface. With the definitions we ese, lthe levels are numbered consecutively starting with
number 1 for the level at the bottom of the well. Thus, for eparticle numbers, the last occupied levels in the neutron
and proton wells arbl/2 andZ /2, respectively.

The level pairs included in the pairing calculation are witeosen symmetrically around the Fermi surface. How-
ever, for spherical nuclei it is more reasonable to reqhia¢ degenerate spherical states have equal occupatioa-prob
bility. This condition cannot generally be satisfied simakously with a symmetric choice of levels in the interactio
region. We therefore derive the pairing equations belovitfermore general case of arbitrady andNo.

In the Lipkin-Nogami pairing model [13, 14, 15] the pairing@, Fermi energy\, number-fluctuation constant
A2, occupation probabilitieg?, and shifted single-particle energigsare determined from thg/®, — Ny ) +5 coupled
nonlinear equations

N
Not=2 Y wé+2(N —1) (94)
k=N
2 N 1
L.y (95)
G k;ﬁ\/(é‘kf)\)ZJrAz
1 &—A
2 k
= l1—-—= | k=N;,N;+1....N
Vi 2[ R Y. ) 1,N1+1,...,Np (96)

& =&+ (42— GVi®, K=Np,Ni+1,...,N (97)
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N2 N2 N2
% uvi % uvi® | — % uvit
= =N KRy

G
Ao = — 98
2 4 No 2 Np ( )
( Z UkZsz) — Z uk4vk4
k=Ny k=N
where
uwl=1-w2, k=N;,N;+1,...,Np (99)
The quasi-particle energi&g of the odd nucleon in an od8-nucleus are now given by [14]

Ec=[(8—1)2+07 " 4 dp, k=N, N +1,..., N, (100)

In the Lipkin-Nogami model it is the suh+ A, that is identified with odd-even mass differences [14]. Weade
this sum byA n.
The pairing-correlation energy plus quasi-particle epémghe Lipkin-Nogami model is given by

2 2 AZ G i 4 2 2,2
Ep_c_ = (ZVk — nk)a( - = (2Vk — nk) —4A, Uk“Vk“ + Ej QOdd,Nt (101)
2, G 2.2, 2 .

wheregy are the single-particle energies amg with values 2, 1, or 0, specify the sharp distribution oftigées in
the absence of pairing. The quasi-particle endétgfor the odd particle occupying levels given by Eq. (100), and
BoddNe 1S UNIty if Niot is 0dd and zero iNt is even.

2.9. Effective-interaction pairing-gap models

In microscopic pairing calculations, the pairing stren@tfor neutrons and protons can be obtained from effective-
interaction pairing gapAg, andAg, given by [16]

B

Ac, = rm'f/; (102)
I'micBs

T (103)

The dependence of the pairing stren@tlon the corresponding effective-interaction pairing dapis obtained from
the microscopic equations by assuming a constant leveitgdos the average nucleus in the vicinity of the Fermi
surface. This allows the sums in the equations to be replbgeadtegrals. The average level density of doubly

degenerate levels is taken to be
- 1_~
=50 (104)

whereg is the smooth level density that is obtained in StrutinskfslI-correction method andis the Fermi energy
of the smoothed single-particle energy [10, 78]. Thus, wernake the substitution

N Y2
% flexk—A)=0p f(x)dx (105)
k= i JY1
where
y — Nt + Ny — 1
1T = ——
p
1
— N
o = % (106)

The gap equation (95) can now be evaluated foaegragenucleus, with the result

1 1. ¥z dx

_p -
G 2 Y1 \/XZ—I—AGZ
1.
= 3P [In(x/yzerAGZerz) - In<\/y12+AG2+y1)] (107)

From this expression, the pairing stren@lin the BCS model can be determined in any region of the nuclesat.

The same expression may also be used in the Lipkin-Nogaraj bas some reinterpretations are necessary. It is
now the energies, occurring in Eq. (95) that are assumed to be equally spackeselare not precisely the single-
particle energiesy but are related to them by Eq. (97). Thus, in orderdpto be equally spaced, the single-particle
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energies, must be shifted downward by the amouf4s, — G)v,2. Since the occupation probability? is approx-
imately unity far below the Fermi surface and zero far abtive corresponding single-particle energy distribution is
approximately uniform far above and far below the Fermiacefbut spread apart by the additional amounat-4G
close to the Fermi surface. Although this decrease in lexesily near the Fermi surface is accidental, it is in approx-
imate accord with the ground-state structure of real nuslace the increased stability associated with grountd-sta
configurations is due to low level densities near the Fermiase [78, 65].

In the Lipkin-Nogami model, it is the quantity+ A, that is associated with odd-even mass differences, whereas
in the BCS model it ih only that should be directly compared to the experimenttd.dBhis leads to the expectation
that there is a related difference betwegf! andABCS, the effective-interaction pairing gaps associated withltN
and BCS models, respectively. Since we determine the cutsstéthe model forLN directly from least-squares
minimization, it is not necessary to specify exactly sucklationship. However, the above observation is of value as
a rough rule of thumb, and to remind us to expect that the @feinteraction pairing gaps in the BCS and LN models
will be of somewhat different magnitude. B

The expression for thaveragepairing correlation energy plus quasi-particle enelgy in the Lipkin-Nogami
model is obtained in a similar manner as the expression Bp#iring matrix elemen®. For the average pairing
correlation energy plus quasi-particle energy in the Lipkiogami model we then obtain

Epe = %5 [(Y2 G) (YZ M) +-6) <y1+ mﬂ

+ e ahn)pac {tanl (ﬁ) _tant (ﬁﬂ + BOoddng, (108)
4 Ao Ao

where the average pa~iring gAps given by Egs. (41) and (42) or Egs. (63) and (64).
The expression fok, for an average nucleus is fairly lengthy, being given by

~ G/A-C

e {8 beED)]

_ AG*p? _1( Y2 10 2
B = 16 tan A_G —tan E

pAG Y2 y1 1< y2 ) 1( y1 )}
C = A - tan == | —tan - 110
32 [ N (y22+AG2 y12+AG2) - Ag Ag (110)

One should note that the pairing streng@@hdepends on the intervdN;,N,) over which the pairing force is
active. However, in our formulation we do not uSeas a primary constant. Instead, we use the effective-ictiera
pairing gapsg, andAg,, which are independent of the choice of interaction intefMa, Nz). We choose the pairing
interaction interval so that at least all levels up to 5 Me\Wabthe Fermi surface are included. It has sometimes
been asked whether particles scattered into the continyutimebpairing force would escape from the nucleus if the
interaction interval includes unbound states. Of courdkHoe superfluid state is thmost boundonfiguration. The
single-particle picture does not give the true nuclear gdor excited states; it only serves as the set of basis fumti
for the pairing calculation. Instead, the quasi-particlergies obtained in the pairing calculation represent aesudif
all possible excited states. If, in an excited nucleus, tesgparticle energies are lower than the particle sejparat
energies, no nucleons escape.

where

Gp

2.10. Shell correction

The Strutinsky shell-correction method [11, 12] requives &dditional constants, the ordeand the ranggs. The
shell correction should be insensitive to these quantitidsn a certain range of values. Their values can therefere
determined in principle by requiring this “plateau coraiiti to be fulfilled, that is that the shell correction is caardt
for a range of these quantities [11, 12]. We have found thah&avy nuclei this condition is indeed fulfilled, with
the shell correction for nuclear ground-state shapes hiasensitive to the values of these two constants. However,
for light nuclei this is no longer the case. Here the sheltecion may vary by several MeV for a reasonable range
of values of the ranggs. Moreover, the shell correction often does not exhibit alafgau. This probably indicates
a gradual breakdown of the shell-correction method as opeoaphes the very lightest region of nuclei, where the
number of single-particle levels is small, as was also dised earlier, see Ref. [10] and references therein.
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In the present calculation we retain the same values of ttheram the Strutinsky shell-correction method and the
rangeys as in Ref. [9]. The range is expressed as

¥s = CshapBs (111)

with Bs given by Eq. (70).

The version of the Strutinsky method [11, 12] that we use e originally proposed for infinite single-particle
wells. For finite wells the calculated shell correction dges to+oo as the number of basis functions approaches
This difficulty is avoided by using only a limited number ofdmfunctions. It has been found that the calculated shell
correction is approximately independentfsin the range & Npas< 13 [10].

One may expect the Strutinsky method to be less accuratigfdniuclei than for heavy nuclei because the smooth,
average quantities calculated in the Strutinsky methodeaseaccurately determined from the few levels occurring in
light nuclei. One could also ask if the method is less aceunatr the drip lines than close fiostability because the
truncated single-particle level spectrum that we use devimore from a realistic single-particle spectrum neadthe
lines than neaB-stable nuclei. Below, where we study the reliability of thedel for light nuclei and for nuclei far
from 8 stability, we find that the model error does indeed grow asthe of the nuclear system decreases. However,
we find no obvious increase in the model error for today’s kmowclei that are the furthest frof stability. The
reliability of the Strutinsky method for the folded-Yukasiagle-particle potential is further discussed in the aygide
of Ref. [10].

2.11. Zero-point energy

As a final step in the calculation of nuclear ground-statesessa zero-point energy is added to the calculated
potential energy at the ground-state shape. In the FRDMX)LB8lculation, only a contribution from zero-point
motion in theg, (fission) direction was added because we could not calctilatpotential versus the axial asymmetry
direction at that time. Since we now have that capability i8e aonsider zero-point motion in the axial-asymmetry
variable.

In the harmonic approximation this zero-point enegyis given by

EO,A = %ﬁw)\ (112)
where

w, = (Cy/By)Y? (113)

HereC, is the potential-energy stiffness constant &yds the inertia associated with motion in thedirection. We
assume here that the inerig is proportional to the incompressible irrotational flowtlwihe same proportionality
factor for bothe- andy-vibrations. We write this relationship in the form

By =Bl /.72 (114)
so that _
W =AWy (115)

Since a realistic inertia is larger than the irrotationahflimertia we determine#” in our adjustment of the other
FRDM parameters to ground-state masses. We then use thevahraef.z” in the FRLDM model.
The incompressible-flow values of the inertias for axiajlyngnetric shapes are given by [1]:

- 2 (1+2&?) 1 2 L\ 73
BY = 21— <1—€22 —823> MoRo? (116)
15 (1- %82) 3 27
2/3 2
: 2 (1- 282 1+1ie
BI' = = e In 2 MoRg? 117
y 15(14—%82) [ <1—%82 oRo ( )
The stiffness constan@, are determined from the curvatures with respeebtandy
0%E 0%E
C, = —— Ce, = —— (118)
y ayz os €2 0822 o

At the ground state we obtain the harmonic approximatiorh& gotential energy by fitting a second-degree
polynomial to the potential. Earlier we used only three pgithe ground-state and one point on either side [9]. Now,
in the & parameterization we use potential energies)ated®+ 0.05,£5°+ 0.10, ande3®+ 0.15, that is, seven points
to do a least-squares fit of a second-degree polynomial setbeints. In they direction we usg/f® 95+ 5 195+ 10,
andy9s+ 15. For the 746 cases when the ground state is tri-axial, wadrothe inertias by interpolation between the
their values on the prolate and oblate axes. As discusseéfifB, ase&, goes to zero the; andy modes become
identical. Also, for small distances away from the sphétape, it is numerically difficult to calculatsE,, so for
ground states witlg, < 0.17 we putAE, = AE,,.
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2.12. Values of microscopic-model constants

The constants appearing in the expressions occurring imtbescopic shell-plus-pairing calculation fall into
four categories. The first category, which represents fomeadal constants, includes

My = 938.90595 MeV nucleon mass
hc = 197.32891 MeVfm  Planck’s constant multiplied
by the speed of light and divided byt2
€ = 1.4399764 MeVfm electronic charge squared

The electronic charge squared has already been countedyah@macroscopic constants.
The second category, which represents constants that bavedetermined from considerations other than nuclear
masses, includes [1, 2, 10]

Ceur = 41 MeV  basis curvature constant
Vs = 52.5 MeV  symmetric potential-depth constant
Va = 48.7 MeV  asymmetric potential-depth constant
Aden = 0.82 fm potential radius correction constant
Bgen = 0.56 fnf potential radius curvature-correction constant
Apot = 0.8 fm potential diffuseness constant
ke = 0.025 proton spin-orbi coefficient
b = 28.0 proton spin-orbit constant
k. = 0.01875 neutron spin-orbdt coefficient
Ih = 315 neutron spin-orbit constant

The third category, representing those constants whogewalere obtained from consideration of mass-like quan-
tities, are

Npas = 12 number of basis functions
p = 8 order of Strutinsky shell correction
Cs = 1.0 Strutinsky range coefficient

The fourth category, representing those constants whdses/avere obtained from a least-squares adjustment
simultaneously with the macroscopic constants of the FRBEx,

3.2 MeV LN effective-interaction pairing-gap constant
0.2475 Zero-point energy constant

Mmic

H

The constantyic was determined during the development of FRDM(1992) [9] eedhave retained the value
determined there.

In addition, the following droplet-model constants, whitdwve been determined in an earlier study [71], are used
in the expressions for theveragebulk nuclear asymmetry andaveragerelative deviatiorE in the bulk density that
are used to calculaié,, Vi, andRyenin Egs. (84), (85), and (83), respectively:

a = 22.00 MeV  surface-energy constant

J = 35 MeV  symmetry-energy constant

L = 99 MeV  density-symmetry constant

Q = 25 MeV  effective surface-stiffness constant
K = 300 MeV  compressibility constant

ro = 1.16 fm nuclear-radius constant

Insertion of these values and the valuesdbn whichc; depends in Egs. (86) and (87) leads to

5_ (N-2)/A+ 0.01122%/A%/3 (119)
1+3.15/A1/3

0.147 =2
= *m +0.3300 +

0.0024&2
A4/3

M|

(120)

3. ENUMERATION OF CONSTANTS

It is always of interest to have a clear picture of exactly idanstants enter a model. Naturally, anyone who sets
out to verify a calculation by others or uses a model for nepliagtions needs a complete specification of the model,
for which a full specification of the constants and their eslis an essential part. Also, when different models are
compared it is highly valuable to fully understand exacthaticonstants enter the models. Unfortunately, discussion
of model constants are often incomplete, misleading, aretfftoneous. For example, in Table A of Ref. [79] the
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Table A

Constants in the FRDMThe third column gives the number of constants adjusted tteau masses or mass-like quantities
such as odd-even mass differences or fission-barrier tseidtte fourth column gives the number of constants deteiiirzan
other considerations.

Constants Comment Mass-like  Other

My, Mp, €2 Macroscopic fundamental constants 0 3

agl, o, Ip, Macroscopic constants from considerations 0 6

a, agen K other than mass-like data

az, W, h Macroscopic constants obtained 3 0
in prior adjustments to mass-like data

a1, ap, J, Q, ap, Macroscopic constants determined by 9 0

L,C,y, Ca current least-squares adjustments

hc, My Microscopic fundamental constants 0 2

Vs, Va, Aden Bden Ccur,  Microscopic constants 0 10

Kp, Ip, Kn, In, @pot

Npas P, Cs Microscopic constants determined 3 0

from considerations of mass-like quantities

I mics Microscopic constant determined by 1 0
previous least-squares adjustments

H Microscopic constant determined by 1 0
current least-squares adjustments

ai, a,J, K, L, Q Droplet-model constants that enter the single- 0 0
particle potential (see discussion in text)

Subtotals 17 21

Total 38

number of parameters of the mass model of Spanier and Jamgi8&] is listed as 12. However, in the article [80] by
Spanier and Johansson, the authors themselves list inTdigie A 30 parameters plus 5 magic numbers that are not
calculated within the mass model and must therefore be deresi parameters, for a total of at least 35 parameters.

We specify herall the constants that enter our model, rather than just thaderthhe final step are adjusted to
experimental data by a least-squares procedure. We alsalésuch constants as the number of basis functions used
and fundamental constants like the electronic charge aamtRE constant.

3.1. Constants in the FRDM

The discussion in the previous section allows us to enumehat constants in the FRDM model in Table A.
From this list we see that the macroscopic-microscopic otetlkquires relatively few constants. One feature of the
model gives rise to a small complication when counting th@iper of constants. Droplet-model constants occur also
in the determination of the single-particle potential. Hwer, a different set of constants is used here because,
as discussed above, one does not know what the optimum \aleamtil the calculation has been completed. In
principle, the calculation should be repeated with the neaplét-model constants defining the single-particle piaén
until convergenceis obtained. In Table A we have countedtimeber of constants as if this procedure had been carried
out.

However, since the droplet-model constants used in theeptesiculations are different in the microscopic part
and in the macroscopic part, different counting schemegicso be employed. Since the droplet-model constants
used in the microscopic expressions are obtained from faargoy constants [71] and nuclear masses were used
only to give rough estimates of these constants, one may isht to regard them as determined from mass-like
guantities. One of the four primary constants is the nugiadius constamnty, which has the same value as we use in
our macroscopic model. Therefore, only three remain thaldcbe considered as additional FRDM constants. With
this classification scheme the number of constants adjtst@ess-like quantities remains 17 and the total number of
constants in the model increases from 38 to 41. Alternativielve do count the three primary constants as adjusted to
nuclear masses, the total number of FRDM constants is 41e ¥ number adjusted to mass-like quantities increases
from 17 to 20.
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Table B

Constants in the FRLDMThe third column gives the number of constants adjusted ¢teau masses or mass-like quantities
such as odd-even mass differences or fission-barrier tseidtte fourth column gives the number of constants deteiiirzan
other considerations.

Constants Comment Mass-like  Other

My, M, € Macroscopic fundamental constants 0 3

agl, o, Ip, Macroscopic constants from considerations 0 5

a, aden other than mass-like data

W, h Macroscopic constants obtained 2 0
in prior adjustments to mass-like data

ay, Ky, as, Ks, Macroscopic constants determined by 6 0

ap, Ca current least-squares adjustments

hc, My Microscopic fundamental constants 0 2

Vs, Va, Aden Bden Ccur,  Microscopic constants 0 10

Kp, Ip, Kn, In, @pot

Nbas P: Cs; 'mic » £ Microscopic constants determined 4 0

from considerations of mass-like quantities

ai, a,J, K, L, Q Droplet-model constants that enter the single- 3 0
particle potential (see discussion in text)

Subtotals 16 20

Total 36

3.2. Constants in the FRLDM

The constants in the FRLDM, which are either identical toimilar to the constants in the FRDM, are enumerated
in Table B. We mentioned in the discussion of the FRDM coristtrat the six constants in the last line of Table A
would converge to the values of the same constants listdi¢iarthe table after a sufficient number of iterations. In
the FRDM these constants therefore need not be regardeditisaal constants. In contrast, in the FRLDM they must
be regarded as constants obtained from adjustments tolik@sgtantities. However, as mentioned in the discussion
of the FRDM constants, these constants are all obtainedtlioge primary constants, so we only include three in this
category.

4. CALCULATIONAL DETAILS

Our mass tabulation includes all nuclei in the FRDM(1992) 389 additional nuclei requested by astrophysicists:
belowN = 82 we have added nuclei on the neutron-rich side, up to alfbint 8ach isotope sequence. For example,
the most neutron-rich chromium nucleus in the previousstal@s$iCre,, in the current table it i893Cr7g. We refer
below to this “new” neutron-rich region as NNR.

The adjustment of constants in the macroscopic model islgiethenormously because the ground-state shape
and fission saddle-point shape are to high accuracy indep¢nd the precise values of these constants when they
are varied within a reasonable range [82]. We thereforeutatie the ground-state deformation with one set of con-
stants and subsequently determine the various shape-dagdarms in the mass expression at this deformation. The
constants of the macroscopic model can then be adjustddthétnuclear shapes remaining fixed. The ground-state
shapes are always determined in the FRLDM.

A significant advantage of this approach is that the effeciesf features can often be investigated without repeat-
ing the entire calculation from the beginning. With the melaborate searches for ground-state minima relative to the
FRDM(1992) (see below) and the consideration of axial-asginy effects that we now undertake, this would take
around 50000 CPU hours, of which about 40000 CPU hours camesthe consideration of axial-asymmetry degrees
of freedom. Our determination of mass-model constants amwingl-state nuclear masses involves several steps that
were summarized in Fig 1. We discuss these steps and thenwemtith a presentation and discussion of our results.

1. We found, when we could profit from vastly increased corappidwer, that in the optimization of the FRDM(1992)
macroscopic constants we had not quite found the optimuagegaM/e had started with about 20 different start-
ing values for these constants and we always converged aathe solution. We later found, as discussed in
Ref. [83], that when we investigated a larger set of stanigges, several hundred sets, about 5% would lead
to a different, lowerey, solution, namelyoy, = 0.6614 MeV. It is interesting to note that when we compare
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masses. There are almost no systematic errors remainimyiétei withN > 65, for which region the error is only 0.355 MeV. The resulis\sn
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the published FRDM(1992) to the masses that were new in ANDB26lative to AME1989 (529 data points,
we found that in this “extrapolated” region the model err@svguite lowoy, = 0.4617 MeV. With the more
optimized model constants one would perhaps expect port@p®lation properties, since conventional wis-
dom is that a model that is extremely tightly bound to knowtadagill do more poorly when applied to new
regions. However, we found that the model with the betteemained constants reproduced the masses in the
new region with agy, = 0.4208 MeV accuracy! These investigations are discussedghtlsi more detail in
Ref. [83]. Since we had by then realized that the FRDM shooldbe applied to fission barrier calculations
we also investigated the impact of excluding them from ouinoigation of model constants. This led to a very
minimal decrease in the model deviations, we obtaiogd= 0.6591 MeV. We also investigated the results
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obtained when we adjusted to the AME2003 data base (whicHssenaw do here) and obtained a model error
Oy = 0.6140 MeV. Thus, as indicated in the summary Fig. 1 we obta@meichprovement of (about) 0.05 MeV
from these two enhancements. We now proceed to discussnizéniag steps.

2. As a first step, potential-energy surfaces are calculegeslise,, €4, andy. In this calculation, which was
actually performed in 2006, the FRLDM as defined in Ref. [9fhwnacroscopic constants as given in Ref. [57],
was used. From these potential-energy surfaces a firstastwhthe ground-sta®, &4 andy deformations are
obtained. The grid-point distances @& = 0.025,A¢4 = 0.02, andAy = 2.5. Details of these calculations are
in Refs. [44, 45, 39, 25]. A large number of calculated pdgdrgnergy surfaces and discussions focused on
shape isomers are in Ref. [46]. Calculated potential-gr&rgaces in .pdf format can be accessed at URL [84].
They should be accessed by following the link “here” at thedbthis page. Two sets of surfaces exist. One set
is limited in deformations to & &, < 0.45 and 31< A < 290 “near-ground-state” potential-energy surfaces; the
other to 0< & < 0.75 and 17X A < 330, so called “fission” potential-energy surfaces. Ax@jrametry was
not considered for NNR nuclei, because the request foriadditnuclei came 5 years after we had concluded
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the axial-asymmetry studies. But since deformations inNh&R are usually near spherical and because axial
asymmetry is minor for lighter and neutron-rich nuclei (B& 2 in Ref. [44]) we expect little effect on masses
from this omission.

3. In our implementation of axial asymmetry we can only stagial asymmetry together with two other multi-
poles, namely quadrupoley) and hexadecapole4) multipoles. The largest effect on the ground state mass
that we find in that study is about 0.8 MeV. Only about 10% ofrthelei are affected, usually to a much smaller
degree, see Refs. [44, 45]. To calculate more accurate drstate shapes and masses for axially symmetric
nuclei we proceed as follows. We minimize the energy witlpees to&,, &3, &4, andgs. We do a discrete
minimization with a step size of 0.01 in each variable. We tiegt a determination of the ground-state shapes to
an accuracy of 0.01 in each of the four multipoles is quitéiceht, so that little would be gained by implement-
ing cumbersome interpolation schemes. For each nucleuswendnimization using several different starting
points. One group of starting points are all the minima ondblate and prolate axes that we found in the 3D
calculation. We also start from the five locatioss £ —0.25,63 = 0,64 = —0.04,65 = 0), (&2 = —0.25,&3 =
0,64 = +0.04,66 =0), (&2 = +0.25,63 = 0,64 = —0.04, 65 = 0), (&2 = +0.25,63 = 0, &4 = +0.04, &5 = 0), and
(&2 =+40,e3 = 0,4 = 0,65 = 0). During these studies we were surprised to discover thatfew rare cases
(10 or 20 or so) that there could be a minimum wath#~ O separated from a minimum & = 0 by a saddle in
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Trap Data from Haettner et al. (PRL 106 (2011) 122501)
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Fig. 7: Recent trap measurements [85] of 9 masses compared to FEIDR)and FRDM(2012). The new, more elaborate and accusitelations
have led to much better agreement with experimental masgkisiregion of shape coexistence.

this 4D deformation space. What is also interesting is treabtserved that if the octupole-deformed minimum
was the lower of the two it would also correspond to a thecaétinass that agreed better with experiment.
One example for which this occurs3&Th. Typically these situations occur in the transition oegi between
octupole-asymmetric regions and octupole-symmetrioregon the heavy side of the octupole-asymmetric re-
gions. We therefore also did minimizations with all of theab starting points but withs = 0.10 at the starting
location.

4. Once the ground-state shapes in the 4D axially symmaetdtititation have been determined, the various shape-
dependent functions occurring in the macroscopic energygalculated for these shapes and stored. The shell-
plus-pairing corrections are also stored. Because we taahmulate the FRDM shape-dependent parameters
in the y plane we account for the axial asymmetry effects on the gieatate mass in the following manner.
All the tabulated quantities are for the (lowest) minimahe axially symmetric space, and we account for the
effect of axial asymmetry by modifying the calculated slelirections by the difference between the potential
energy at the ground-state minimum in tlgg, €3, £4, £&6) space and the minimum in thex( &4, y) if the axially
asymmetric minimum is the lower one. The zero-point enargie now also calculated as described above and
stored as separate entries.

5. The above rule that we select as the ground state the lomiaghum has to be modified for heavy nuclei.
Simply expressed, for a nuclide with a high proton number‘fission-isomer” minimum can be lower than
a less deformed “ground state” but the fission isomer minincam have a much lower barrier with respect
to fission than does the less deformed minimum, so the fiss@mer minimum is not a minimum that is
sufficiently stable to be observed. We therefore need thdéiayxrule that we check the barrier with respect
to fission and select as the ground state the minimum with idpeelt barrier with respect to fission. This
consideration only leads to a different selection for theugd state than the much simpler rule to pick the
lowest minimum for a few nuclei nedfm and for some heavier nuclei, in particular those \#ith 114 and
N > 184. These issues are discussed in detail and pedagoditaityated in sectionll:F “ldentifying the
ground-state” in Ref. [39] and in the discussion of Figs. 8 &rn Ref. [61].

6. The constants of the FRDM are now determined by the opditioiz procedure described in Sec. 2.1. We
assume the meany, is zero; thus we need only Egs. 8, 9, 11, and 12. With all thpesftiependent macroscopic
functions calculated and tabulated, and with the grouatkshell-plus-pairing energies and zero-point energies
also tabulated, the actual optimization takes only 10 sg&ar so to determine the optimum macroscopic
constants. Once the constants are known (and all the tabldatntities available) the FRDM(2012) is obtained
in less than 10 seconds in the final computational step.

7. In the FRLDM we can calculate fission barriers. Therefoeedetermine the parameters by minimizing a
weighted mean of the rms mass deviation and barrier rms titavéa with the weight 0.888 on the mass rms
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Fig. 8: Neutron separation-energy contours wih= 1,2,3, and 4 MeV in the FRDM(1992) and FRDM(2012). Most of the stagmgein the
contour lines seen for FRDM(1992) are absent in the FRDMZP@4sults.

deviation and 0.111 on the barrier rms deviation. In caseufipte-humped fission barriers we only adjust to
the outermost peak. In case of a triple-humped barrier veetstie higher of the two outer peaks.

8. The FRLDM(2012) mass table is generated as well a baaie tvith barrier heights for the 31 nuclei that we
included in the barrier adjustment.
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for proton-rich nuclei in the heavy region, which indicatat these calculated masses are systematically too high.
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5. CALCULATED RESULTS

Figure 3 shows the results of the FRDM calculation. As us8ial[ 9], the top part shows the differences between
measured masses and the calculated spherical macros&iph Fasses plotted against the neutron nunihewith
isotopes of a particular element connected by a line. Thiglerahces have customarily been called “experimental”
microscopic corrections and can be compared with the ctlediimicroscopic corrections plotted in the middle part
of the figure. It should be noted that despite the designéérperimental microscopic corrections” these do depend
on the macroscopic model used. Please also note that “mag@scorrections” and shell-plus-pairing corrections
are different concepts, as elaborated on in the discusdiéigo2. In Fig. 4 we plot the experimental microscopic
correction in nuclear-chart style. The doubly magic nuretstand out particularly well in the heavy region. In
1936 Bethe and Bacher had the idea that gaps in calculatgkt-garticle level schemes might correspond to large
deviations between experimental masses and masses ahbitathe semiempirical mass model [86]. At the time there
was little mass data available for heavy nuclei so he foceseducleon number 2¢#4Ca), but failed to find clear
deviations. He concluded that it could be due to inaccurgte@mental mass data. But in Fig. 4 we can see that there
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(middle panel). The regions of improvement resemble théseeoFRDM, namely we find improvements in the regions ri¢ar 40,N = 82, and
N = 126. The deviations from experiment are larger than in thBMR the heavy region. In the bottom panel we compare our ffirass model,
the FRLDM(1981) to the same mass evaluation.

is no strong effect on masses o= 20,N = 20.

When the macroscopic and microscopic parts of the masslatiou are added to obtain the calculated mass
excess and this sum is subtracted from the measured mdssdsyiations in the bottom part of the figure remain. We
have also plotted this deviation in “nuclear-chart style'nfiat in Fig. 5. The trends of the error in the heavy region and
with neutron number indicate that this mass model shoulduiie geliable for nuclei beyond the current end of the
periodic system and towards the drip lines, as has also h&eexperience with the FRDM(1992) [24, 83, 87]. This
is further verified by the studies and simulations discu#s&#c. 5.1 on extrapability. Because the FRDM(2012) was
finalized on September 6, 2012 and the AME2012 appeared ieBiger 2012 the FRDM(2012) is adjusted to the
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Table C
Comparison of Fission Barriers Calculated in the FRLDM@0dnd Experimental Barriers for 31 Nuclei
z N A Exp Ein AE z N A Eyp Etn AE
(MeV) (MeV) (MeV) (MeV) (MeV) (MeV)

34 36 70 3940 37.83 1.57 92 146 238 5.50 5.740.24

34 42 76 4450 44.08 0.42 92 148 240 5.50 6.46-0.96

42 48 90 40.92 41.07 -0.15 94 142 236 4.50 4.57 —0.07

42 52 94 4468 44.39 0.29 94 144 238 5.00 4.71 0.29
42 56 98 4584 47.06 -1.22 94 146 240 5.15 5.05 0.10
80 118 198 2040 21.60 —1.20 94 148 242 5.05 5.82 -0.77

84 126 210 2140 22.16 —0.76 94 150 244 5.00 6.59 —1.59

84 128 212 1950 20.19 -0.69 94 152 246 5.30 7.19 -1.89

88 140 228 8.10 7.59 0.51 96 146 242 5.00 4.61 0.39
90 138 228 6.50 6.59 —0.09 96 148 244 5.10 5.22 -0.12

90 140 230 7.00 5.66 1.34 96 150 246 4.80 6.0:+1.21

90 142 232 6.20 5.53 0.67 96 152 248 4.80 6.65-1.85

90 144 234 6.50 5.49 1.01 96 154 250 4.40 6.33-1.93

92 140 232 5.40 4.84 0.56 98 152 250 3.60 6.02-2.42

92 142 234 5.50 5.10 0.40 98 154 252 4.80 5.78-0.98

92 144 236 5.67 5.18 0.49

AME2003 data base [17]. Therefore 219 masses in Fig. 5 situgibng the upper and lower borders of the colored
region were not included in the adjustment of the model @onist But we see no tendency to increasing deviations in
these regions.

InFig. 6 we study the improvementwith respect to experiraltdta in the FRDM(2012) relative to the FRDM(1992).
We compare both models to the AME2003 [17]. In Ref. [9] the RIRD992) was compared to the AME1989 data
set[18]. We obtained a model errag, = 0.669 MeV, but with respect to this new data set the deviatiaterseased
to gy, = 0.6314 MeV. The reason is that some measured masses were kinovein the new evaluation, others
were revised, and also many of the new masses are in the heagien where the FRDM(1992) is more accurate.
In the new mass calculation the deviations are now smatljgs= 0.5595 MeV, an 11% reduction of the deviations.
Particularly we notice that the large fluctuations near tlgimneutron numbed = 126 are gone. Also dtl = 82
the deviations are considerably reduced, in particulamagung into the magic shell. These improvements are partly
due to the improved calculation of the zero-point energsediscussed in Sect. 2.11.

We also notice that a group of correlated large deviatiostdjayondN = 40 have almost entirely disappeared. The
improvements in this regioMN(~ 40) of shape coexistence is due to the more accurate exeaiftwr calculations in
the current version, made possible by vastly increased atempower. In the FRDM(1992) calculation, to obtain the
potential energy at a specific deformation, we started bgutating a set of single-particle levels at this defornmatio
for a single-particle potential with parameters (that diua and depth) corresponding tq3astable nucleus at the
nucleon numbeA under consideration. Then we calculated the shell-plusagacorrections for all nuclei with this
A value from the proton drip line to the neutron drip line,ngthis same set of calculated single-particle levels. Then
the macroscopic energy was calculated for each individudiae with correct parameters and corréandA, that
is no approximation here. By repeating this procedure fffexdint shapes potential-energy surfaces were obtained.
We then located all minima and selected the deepest mininsutheaground-state (with consideration of stability
with respect to fission as discussed above). At this minimwertiven calculated the single-particle levels with the
single-particle potential parameters appropriate far thicleus to obtain more accurate shell-plus-pairing ctioes.

We also calculated the effect ef and &g shape variations at this minimum. However we now find thatases of
shape coexistence the other minimum in some cases wouldhegvrethe lower minimum had these additional step
been taken also at that minimum. However, at the time we virieell by computer power and the approximations
made resulted in significant inaccuracies in only a few ca3d® origin of these results is the dependence of the
single-particle radii and depths dw— Z, in addition to theirA dependence. We find it interesting that our more
accurate treatment here gives better agreement with espetal masses. This is a strong indication that we have
implemented a realistic isospin dependence for the sipgtéele potential. We compare in Fig. 7 the FRDM(1992)
and FRDM(2012) masses to new experiments [85] in the shapeistence region [25, 46] nelr= 40. In the new
calculation the agreement with the measured masses is myechved.

Our nuclear-structure model framework allows us to cateutet just masses, but also other quantities sughas
decay half-lives ang#-delayed neutron emission probabilities, and groundestains. We are currently in the process
of calculating such quantities, which will be submitted ¢onsideration for an 20MIC DATA AND NUCLEAR DATA
TABLES issue with an astrophysical emphasis, in analogy with oevipus publication Ref. [24]. But as one example
of improvements in the FRDM(2012) relative to FRDM(1992)jrderest in r-process calculations we show in Fig.
8 results for the one-neutron separation enedgy Displayed are contour lines representing the locationthef
Sin=1,2,3, and 4 MeV contours for the two models. For FRDM(1992) therprnounced staggering in some
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locations, which are essentially absent in the FRDM(20TBgse improvements are mainly due to the more accurate
ground-state shape deformations and the improved calmutanf the ground-state correlation (“zero-point”) eriesg

The FRLDM(2012), which does not treat Coulomb redistribnteffects, is somewhat less accurate than the
FRDM(2012), with an 18% largeoy,, as is seen in Fig. 9 and, in nuclear-chart format, in Fig.awell as in
Fig. 11. Itis particularly in the heavy region that the FRL[A12) extends farther away from the zero deviation
line, than does the FRDM(2012). There is also a systematipia effect on the differences, an effect which is absent
in the FRDM(2012), which is especially clear in Fig. 11. This® sign that the Coulomb redistribution effect is not
treated in the FRLDM, which results in too low binding energfor heavy proton-rich nuclides [88]. We will further
illustrate this issue in Sect. 5.1.

But, in contrast to the FRDM, we can calculate fission basriarthe FRLDM. We have recently published a
calculation of fission barrier heights for 5239 nuclides &irnuclei between the proton and neutron drip lines for
the region 171< A < 339 [61]. This calculation was carried out exactly like heiigh the minor differences that
1) we have now improved the calculation of the ground-stateetation (“zero-point”) energies and readjusted the
macroscopic parameter set. That is, the shape space fordhedystate and fission saddle-point determinations are
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Fig. 13 The previous mass model, the FRDM(1992) compared to mé#sseare new in AME2012 relative to the data base AME1989 s&mew
masses were not considered in the adjustment of the modgtieas. There are 730 such new masses. It is gratifyinghtbatdviations are smaller
(0.5818 MeV) for these new masses than in the region whenmtitel parameters were adjusted.

the same in the published barrier study as here. We incluidé asymmetry corrections at the ground state in both
calculations. We expect a negligible effect on barrier hesdgf they were calculated in the precise current model
version. We have checked this f%ggHgloo, for which we tabulated in Ref. [89] a barrier height 9.81 Meth the

current parameter set and the other features here we obaimiar height 9.65 MeV. We use the same experimental

New Masses in AME2012 Relative to AME1989,
6Compared to FRDM(2012) when Adjusted to AME1989
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Fig. 14 We have adjusted our current mass model (with all the imgr@nts discussed in the text included) to the older AME1S@@®mental
evaluation to test the extrapability of the model. It agrbetter with the AME1989 data base than FRDM(1992), due tadwgments in the
calculations, 0.6047 MeV versus 0.669 MeV for the previoRDM(1992). But it also extrapolates much better 0.4948 Meivtlie new nuclei,
versus 0.5817 for the previous FRDM(1992).
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Fig. 15 Masses in FRDM(2012) compared to masses in AME2012 that wet in AME1989. The FRDM(2012) is adjusted to AME2003, so
513 masses shown here were included in this data set. Buttheaay increased only by 0.0160 MeV a 3% change. This itelichat the model
extrapolates quite satisfactorily.

barrier data set as in Ref. [57] in our adjustment to barrégtits. We show in Table C and in Fig. 12 a comparison
of the calculated barriers to the experimental data set.

Conventional wisdom has usually assumed that because tiler@o and surface-energy terms in the macroscopic
energy contribute with the same sign one cannot accuragédymine the surface-energy constants from an adjustment
to masses alone Rather one would need to also adjust the pardeheters to fission-barrier heights because the terms
contribute to the barrier heights with different signs. @isly, if we were dealing with a completely accurate model
this would not be necessary. We have tested this convehtidgsdom by adjusting the FRLDM macroscopic constants
(the usual 6 of them) considering only the AME2003 data s&1d® masses and excluding fission barriers. In such
an adjustment we obtaigy, = 0.6364 MeV for the FRLDM. It is somewhat remarkable that theeagnent with
experimental fission-barrier evaluations does not detateayreatly; we in this case obtain an rms deviation of 1.475
MeV with respect to the 31 barriers, which probably indisdtee robust character of our mass models. We plot these
deviations as (red) diamonds in Fig. 12.

5.1. Extrapability

One test of the reliability of a nuclear mass model is to camputifferences between measured and calculated
masses in new regions of nuclei that were not considered Wieenonstants of the model were determined. It is
common to characterize a mass model error (or accuracy)éntaie region of nuclear masses by the rms deviation.
However, as we pointed out in Sect. 2.1 this is an unsuitaldasore since it is a sum of the model error and the
experimental error. Above we discussed a more correct meastnich we introduced in 1988 [3] and normally
use ever since. The difference between these two numbeisecanbstantial, in particular in regions of new nuclei
where previously the experimental uncertainties couldufiécgently large to give a noticeable contribution to thesrm
number. For example, in Ref. [24] we compared (in Table Dt &rdry) the FRDM(1992) which was adjusted to
AME1989 to new measurements in AME1993 that were not indudéAME1989; there were 217 such new masses.
For the 1654 nuclei in AME1989 to which the FRDM(1992) wasuatiyd the model errasy, was 0.669 MeV, the
rms deviation 0.681 MeV. For the new nuclei we found the medsdr oy, = 0.642 MeV but the rms deviation is
0.730 MeV. Thus if the rms measure is used one finds that ther“ativerges in the new region of nuclei because the
error is 100x 0.730/0.681— 100 percent (7.2%) larger in the new region of nuclei. With thore appropriate error
measure we find instead that error is 4% smaller in the nevanegfinuclei.

We are now in a position to compare the FRDM(1992) to a mudjeladiata set of new mass measurements. In the
AME?2012 evaluation there are 730 masses that were not in kHe1®89 data set. In Fig. 13 we show the differences
between the new masses and masses tabulated in FRDM(199i8)o4r custom we plot the differences as a function
of neutrons from stability where for the position of the liofe(3-stability we use Green’s approximation [90]:

_04A?
- A+200

(121)
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considered in the adjustment of the model constants. Theré3® such new masses. The error has not diverged in th@nregnew masses, but
there is a systematic deviation towards proton drip, whsahat present in the FRDM.

We observe that the accuracy of the previous (FRDM(1992¥smaodel in this new region of nuclei has improved

by [1— (0.5817/0.669)] x 100= 13.0%. The reasons are several. One is that this is not a dolibtbibst, the

experimentalists were aware of our mass model and one camadbat if results strongly deviant from our mass
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New Masses in AME2012 Relative to AME1989,
Compared to FRDM(2012) when Adjusted to AME1989
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Fig. 17: We have adjusted the current FRLDM(2012) (with all the ioy@ments discussed in the text included) to the older AMBES®erimental
evaluation to test the extrapability of the model. It agrbeter with the AME1989 data base than FRLDM(1992), due toravements in the
calculations, 0.7008 MeV versus 0.7786 MeV for the previeR$ DM(1992). But it also extrapolates considerably be@t&600 MeV for the new

nuclei, versus 0.7624 MeV for the previous FRDM(1992),@lih these 730 new nuclei were not taken into account in tustadent.
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Fig. 18 Masses in FRLDM(2012) compared to masses in AME2012 theg wet in AME1989. The FRLDM(2012) is adjusted to AME2003351
masses shown here were included in this data set. The iogloesithese masses increased the accuracy from 0.6600 Me83dDMeV, a 10%
change. This indicates that the model extrapolates soméegtawell than the FRDM to new nuclei.

model were obtained the results would be reevaluated (wtems@es are determined fraimand 3 decay chains it is
non-trivial to reach iron-clad conclusions). An illusimat of this possibility can be seen in the comparison of Figs.
1 and 2 and the associated discussion in [83]. Another reasgint be that in the group of new nuclei most (533)
correspond to the region with > 65 where the model error is lower than fér< 65, where our sample only contains
197 nuclides. The systematic deviation (mean deviation Sect. 2.1 for definitions) is 0.1356 MeV indicating that
the model masses are underbound by this amount on the avétagever, as discussed below we have now found
that in 1992 we had not determined the optimum set of corstauith better optimized constants the mean deviation
is much smaller, see Table D.

Our current mass model FRDM(2012) is adjusted to a receatlukzdée, AME2003. We could compare it to the
masses that are new in AME2012 relative to AME2003 but wegrdalightly differently for two reasons. First the
number of new nuclei would be somewhat limited, and, secaedyant to compare how FRDM(2012) performs rel-
ative to FRDM(1992). Therefore we have adjusted our cumasdel to AME1989 and obtain FRDM(2012-t089). It
means that all the technical improvements and “new physigiined in Fig. 1 are included, but we adjust the macro-
scopic parameters to the earlier experimental data ses Whican make a consistent comparison of the two versions,
because no feature or quantity of the subsequently new masse entered into the development of FRDM(2012).
We show in Fig. 14 the result of this comparison. First, weaasothat we agree better with the AME1989 data base
than does the FRDM(1992). Since we now adjust two more paeEmi the experimental data base, namely the
density-symmetry parameter(see Refs. [87, 68] and a renormalization constant relatetid inertia used in the
zero-point energy calculation (see Sect. 2.11), one caamd the valid concern that the better accuracy is just a eonse
guence of the two additional variable parameters. Howewenote that when this mass table (FRDM(2012-t089)) is
compared to the new data set that was not taken into accotlre edjustment the accuracy is much better than in the
FRDM(1992), 0.4949 MeV compared to 0.5817 MeV, that is a 16§rbvement, which at this level of accuracy can-
not be achieved with addition of some type of arbitrary nesmte Also, normally if more parameters are introduced
to fit a model to known regions, and consequently bind the imodee tightly to known data, then it is quite common
that this leads to an increase in the divergence of the madside the region of adjustment. Since the opposite occurs
here, and our test data set is substantial, we feel thattlai€iear suggestion that the new constants varied represent
the addition of realistic new features to the mass model.

In Fig. 15 we compare the current FRDM(2012) to the same @ditassin the previous two figures. Most of these
nuclei were included in the adjustment, namely 519 out oftthi@l of 730. However, the error only decreased by a
small amount, from 0.4948 MeV to 0.4788 MeV, a decrease by8DMeV, that is by 3.2%.

The three nuclei with differences neaB MeV are?3017, 35K17, and32Cas,, with differences-3.264,—2.996,
and—3.264 MeV, respectively. The two latter are in region of seagtyiocalized deviations that stands out in Fig.
5. The deviations occur in a type of region of localized dewies that occur in the chart beldW = 65, so the large
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Fig. 19 Difference between masses in the FRDM(1992) and FRDM(ROM2e main differences are towards neutron drip in the heagion, in
regions of shape coexistence and of axial asymmetry whiglladiscussed in more detail in the text.

deviations here neat = 20 andN = 30 do not necessarily signal a collapse of the model in théraruich region.
ForZSOg we observe that this is an extreme strain on our mean-fielcehwaith only 4 proton orbitals occupied and
more than twice as many neutrons as protons. It is actuatfyrising to us that we do not obtain larger deviations
considering that some (neutron—proton) asymmetry termeraly treated in first order. And, surprisingly perhaps, the
deviation for the even more neutron-rich nucli@®: s hasdecreasedubstantially to only-1.454 MeV. The point
with a deviation slightly below-2 MeV is 31Scs3 situated in the same region of localized deviations.

140 £ Ground-State Shape Difference (,(2012) — £,(1992))
; Asg, -
120 ,,W =
= 02 i
N100F 0! i’ 3
o = 0.0 W 3
S E 01 o :
5 80 F 02 — =
zZ g -0.3 1 1 g
S o N ! E
o = 3
o = '3 3
40 g ; E
20 Ev = FRDM(2012) =
0 -EHIIIIII:|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIHE-
0 20 40 60 80 100 120 140 160 180 200

Neutron Number N

Fig. 20: Difference between the value of the ground-state shamentere, obtained in the current model and the value obtained in FRID9IZ).
The differences are largest in areas of shape coexistexieéaaymmetry, and going into magic numbers.
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Fig. 21: A more detailed look at difference between the value of tleeigd-state shape parametgrobtained in the current model and the value
obtained in FRDM(1992). In the well-deformed rare-eartd aatinide regions there is little difference.

We now do similar studies for the FRLDM as in the previous 3régufor the FRDM. In Fig. 16 we show how the
previous FRLDM(1992) predicts the 730 masses that were unedsdn the time frame 1989-2012. For the FRDM
the error (see Fig. 13) is substantially less than in theoregif adjustment. Not so for the FRLDM; the error is
about the same as in the region of adjustment. The main rdastimese deviations is the systematic increase in the
deviations towards the proton drip line. We have discusbed@and elsewhere (for example in Refs. [88, 91]) that
this behavior has its roots in the lack of accounting for @aub redistribution effects. For proton-rich heavy nuclei
there is a tendency for the charge to deviate from the assompfita constant charge density and redistribute towards
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Fig. 22 Calculated values dk| for nuclei withN < 200
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Fig. 23 Calculated values gdE;| for nuclei with oblate ground-state shapes

the surface, thus increasing the binding energy slightlye 3ign of the deviations in Fig. 16 is consistent with this
interpretation. When the new version FRLDM(2012) is adjddb the same region of experimental masses as the
FRLDM(1992) the error decreases to 0.7008 MeV (see Fig.th@),is a decrease by 10.0% (compared to the 13.0%)
decrease for the FRDM). It extrapolates better to the 730 mavlei; the error is now down from 0.7624 MeV to
0.6600 MeV. This represents a 13.4% decrease in the error waextrapolate to the new, “unknown” nuclei (versus
15.0% for the FRDM). In Fig. 18 we compare the precise FRLDOAE) to these 730 nuclei; in this case 519 of them
were taken into account in the adjustment of the model catstarhe agreement is now better but the systematic
deviations towards the proton drip line remain, although tesser degree. Now that most nuclei in this region were
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Fig. 24 Calculated values ofs.
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included in the adjustment the error dropped from 0.6600 Mel.5944 MeV, a 9.9% drop. In the comparable study
the FRDM only dropped much less, only by 3.2%. This probahtiidates the FRDM is considerably more reliable
in applications to regions of nuclei that were not yet ald@avhen the model parameters were determined.

5.2. Detailed comparisons of masses and deformations iRRi2M(1992) and FRDM(2012)

In Fig. 19 we show the difference between the masses catclilathe FRDM(1992) and FRDM(2012). In most
of the regions of known nuclei there is little differencermally it is in the range-0.5 MeV to 0.5 MeV. A standard
explanation of such results is: “of course, both models djested to this data”. But the parameters that are adjusted
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Fig. 26: Calculated values ofs.
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Fig. 27: Values of the shape parametgs| corresponding to calculated ground-state shapes, obthinesing the relation in Eq. (38).

cannot make the model adapt to the rapid fluctuations in teerebd masses that are due to microscopic effects. They
are substantial, in the rangel2 to+5 MeV or so. Rather the reason for the limited differencefid the previous
model was fairly well executed. But the improvements thaehizeen implemented in the FRDM(2012) do sometimes
lead to large changes in some localized regions of knowrenuelirthermore, the changes lead to improved agreement
with the calculated masses. For example, rear40, N ~ 40 andZ =~ 40, N = 65 the changes occur because of
aspects of our new calculations which impact shape-caegisticlei, as discussed above. The differencesNeai76

from aboutZz = 60 toZ = 70 is due to the consideration of axially asymmetric grostate shapes, which also impacts
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Fig. 28 Values of the shape paramet@p| corresponding to calculated ground-state shapes, foenwith oblate ground-state shapes, obtained
by using the relation in Eq. (38).
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Fig. 29 Values of the shape paramef®ycorresponding to calculated ground-state shapes, obithinesing the relation in Eq. (38).

some neutron-deficient nuclei just bel@= 82, for example the ground state 1¥#Pt is lowered by 0.30 MeV by
axial asymmetry [45].

The large differences in masses near the proton drip linbenheavy-element region are due to a more exact
implementation of the rule to select as the ground state themam with the highest fission barrier that we now have,
due to our calculation of potential-energy surfaces in ttialaasymmetry shape space. Often when we see the large
differences, such as those né&iFm, in the regiorZ > 114,N > 184, and neafaeHs g0 the fission barriers are very
low, about one MeV only [61]. Therefore the seemingly patigidal results with very sudden, discontinuous jumps in
the model differences are not due to any mistake, they aretifacaof very low fission barriers and multiple minima
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Fig. 3G Values of the shape paramef&ycorresponding to calculated ground-state shapes, obithinasing the relation in Eq. (38).
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Fig. 31 Values of the shape paramef®y corresponding to calculated ground-state shapes, obithinasing the relation in Eq. (38).

in the calculated potential-energy surface. In the specifie oﬁggHslgo we find in the FRDM(2012) a ground-state
deformatiore, = —0.64 and mass excess 216.029 MeV, whereas in the FRDM(1992jlines tabulated ai® = 0.0

and mass excess 212.97 MeV. As explained above, we did atsiden fission stability in the previous calculations
although it was unfortunately not stated in the paper. Betalbise we could not calculate the potential-energy surface
in the axial-asymmetry plane we always assumed that minimtheoblate axis that were higher in energy than prolate
minima would always be unstable in thelane.
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Fig. 32 Calculated ground-state microscopic corrections. Tfeceht magic numbers generally increases towards heaw@ein Large gaps in
calculated level spectra at deformed ground-state shape®ghanced stability, as is by now well-established erpantally, away from doubly
magic nucleon numbers ne%gHs%z. This effect could already be seen 40 years ago in our eantly {83]. More global studies appeared a little
later in Refs. [2, 72].
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Fig. 33 Calculated potential-energy surface ﬁSigg. Although the neutron number is magh,= 28, the calculated ground-state shape is quite
deformed (oblate). See further discussion in the text.

Inthe case of astrophysical applications, for exampledg-ybrocess, one may need to investigate if some other rule
should be used in selecting the “ground state”. For exanmpbaliculations of neutron-capture rates it would perhaps
be more correct to select minima in the two nuclei involvethim capture process that have similar deformations. The
same holds true i8-decay processes.

The systematic increase in the mass differences towardsetiteon drip line in the heavy region is very gradual
and may be untestable. For example for our most neutronPfichuclide we found in FRDM(1992) a mass excess
360.04 MeV, in the FRDM(2012) we obtain the mass excess 293W&eV. However, in the FRDM(1992) we have
Sin=—-1.58 MeV andQg = 19.12 MeV. In the FRDM(2012) we fin&;, = —1.41 MeV andQg = 18.88 MeV. Thus,
the differences are smaller than the accuracy stated in[R&ffor S, (0.526 MeV) andQg- (0.647 MeV), so the
effect on r-process calculations may be much less sevengdtiedairly large differences in the mass excesses seem to
indicate.

Also of interest are the differences in ground-state de&tions. We show in Fig. 20 the difference between the
guadrupole deformatiog obtained in the FRDM(2012) and FRDM(1992). The same quaistiplotted in a more
detailed scale in Fig. 21. Abovd = 160 there are a substantial number of differences. Theyrdmause there
are multiple minima in the calculated potential-energyfatas. Because we now study the energy with inclusion
of axial asymmetry we can more correctly determine whichhese minima has the highest barrier with respect to
fission. So in many cases we now select a different minimum tas chosen in FRDM(1992) as the most stable
minimum. For lighter nuclides most differences occur in tegions of shape coexistence and axial asymmetry. In
the transition regions between deformed and sphericaéntie calculated potential-energy surfaces are very flt an
small effects can change the locations of the very shallomimd on such surfaces, therefore we also have differences
in those regions. Also in the more detailed scale in Fig. 2keeelittle difference between the two calculations in the
traditional deformed rare-earth and actinide regions.

5.3. Calculated ground-state masses and deformations

We tabulate the new FRDM(2012) and FRLDM(2012) “mass téhitethe Table. As before we also tabulate the
calculated shape parameters, both the calculatglthpe parameters and their correspond@inzprameters, as well
as the microscopic corrections. As explained above theasétpic corrections are different from the shell-plus-
pairing corrections and do depend on the macroscopic magel, uherefore there are two “microscopic-correction”
numbers for each nuclide, one corresponding to the FRDNVERAAd one to the FRLDM(2012). We also include the
experimental masses that we used in our adjustment of thelppacthmeters and the quoted errors, from Ref. [17]. We
have added one new data set relative to what was tabulatgtef6fRDM(1992) in Ref. [9], namely the ground-state
shell-plus-pairing corrections. These depend only on thgles-particle level spectrum and are thus identical in the
FRDM and FRLDM, so there is only one column of these data. Iin&e give ground-state masses in the FRDM
expressed as total binding energies. It is a new column,ditd new data set because the total binding energy can be
obtained from the mass excess through the relation

Epind = ZMy +NMn —M(Z,N), (122)

whereMy is the hydrogen-atom mass excess Bids the neutron mass excess. This total binding energy isiqdiiys
the sum of the masses Btydrogen atoms and neutrons at infinity minus the mass of the “assembled” atonthé
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Fig. 34: Calculated proton and neutron single-particle Ievelﬁﬁvizg.

present context, total binding energy is used to mean thieauginding energy plus the difference between the binding
energy of theZ electrons comprising the atom, which we approximated?-3°, with ag) = 1.433x 10~° MeV, and

the binding energy of hydrogen atoms. For consistency, the valMgs= 7.289034 MeV andVi, = 8.071431 MeV
should be used here for these quantities [9], although mewent evaluations give slightly different results. An
alternative possibility would have been to define total bigeenergy as the difference between the sum of the masses
of all constituent particles (consisting ffprotonsZ electrons, antll neutrons) at infinity minus the mass of the atom.
This alternative definition of total binding energy différem the one that has been used historically and that we have
adopted here by the binding energyzolfydrogen atoms, which is numerically equalzéimes 13.6056981 eV.

We show in graphical nuclear-chart style in Fig. 22 the daked values ofe;|, in Fig. 23 the calculated values
of |&| for those nuclei withe, < —0.05, in Fig. 24 the calculated values &f in Fig. 25 the calculated values &f,
and in Fig. 26 the calculated valuesggf The correspondinf shape parameters are plotted in Figs. 27, 28, 29, 30,
and 31. The results for the spheroidal deformatigin Fig. 22 show the by now well known regular behavior. The
deformation increases by about 0.05 with each deformedmeas we go toward lighter nuclei. Oblate deformations
occur mainly in transition regions from deformed nuclei tagit numbers, on the heavy side of the deformed regions.
The microscopic reason for the large prevalence of prolattéenhas been discussed in Ref. [92]. Lighter nuclei show
a more irregular behavior, possibly because a single noaeoital here has a (much) larger fractional effect on the
system.

Nuclei that are calculated to be octupole deformed in theigcstate are relatively rare as is shown in Fig. 24.
The most well known region is arourfd?Ra. In our model, consideration of octupole shapes leadggtifisantly
improved ground-state masses. The octupole effects wereedan our first global nuclear mass calculation the
FRLDM(1981) [1] and were studied in greater detail subsatjyesee for example [27, 28, 29, 9, 45]. Axial asym-
metry effects also affect a few nuclides, an in-depth disicusof these results is in Refs. [44, 45].

The hexadecapole deformatiepbehaves in a very regular fashion throughout most of thetclarept the very
lightest region, see Fig. 25. It is minimum, nea®.10, in the beginning of deformed regions anf.10 at the end
of the deformed regions. Since the first experimental stuldéeame available calculations have reproduced well this
systematic behavior [93, 77, 94].

5.3.1. Do magic numbers really disappear for some exotidaiic

Both in the light and heavy region there are nuclei with githe proton or neutron number “magic” but which are
anyway calculated to be deformed. We give one example ofypis of result, for‘l‘ﬁSigg in Fig. 33. We find for this
nucleus that the calculated ground-state deformati@p is —0.31, &3 = 0.00, &4 = —0.12, andgg = —0.05. When
it is experimentally found that a nuclide with either a mag@utron number or a magic proton number is found to
be deformed this is sometimes presented as a mystical nemoptemon for “exotic” nuclei, and taken as evidence
that a long accepted magic humber has “disappeared”. Baiighmot necessarily the case. First let us recall what
conventional magic numbers are. They are specific numbatsctirrespond to large gaps in calculated spherical
level spectra for neutrons and protons. Large gaps areiasstevith increased stability at these specific numbers,
which is also observed experimentally. We show in Fig. 3dudated proton and neutron single-particle levels versus
deformation f0|‘1‘§Si28. This figure shows that the conventional magic numbers 8a20,28 still exist for spherical
shape. However, in our example the gapZ at 14 andN = 28 are somewhat larger near the oblate skeape —0.3
than at spherical shape so this leads to an oblate shapetheingost stable configuration for this nuclide, although
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Fig. 35 Error in the mass FRDM(1992) and FRDM(2012) calculatioagumctions ofA. The error is consistently smaller in the FRDM(2012)
calculation than in the FRDM(1992) calculation for all regs ofA.

the normal spherical level gap at neutron nun¥der 28 has not “disappeared”.

5.3.2. Dependence of model accuracy with nucleon number A

Figure 3 shows that the error increases with decreasingoneciumbeA in a somewhat systematic fashion. To
show this more clearly we have determined the model errdirfated regions of nuclei by use of Eq. (9). We select
A = 25(25)250 as centerpoints of the regions and define each regiortéa@romAcenter— 24 10 Acentert 25. the
errors in these restricted regions are shown as black ddigyir85. The analogous deviations in FRDM(1992) are
plotted as black circles with a red interior. The FRDM(20&&)prs are always smaller than the FRDM(1992) errors,
vary almost completely linearly froth = 25 toA = 125 and are almost constant frékn= 125 toA = 250. There are
1628 known masses in this region (fréxa= 101 toA = 270); for these nuclei together we fimgh = 0.362 MeV. For
the limited regions in this range we find that the smallestreis gy, = 0.335 MeV for Acenter= 150 and the largest
error isoy, = 0.378 MeV forAcenter= 200.

6. SOME ADDITIONAL STUDIES AND DISCUSSION

Itis natural to ask how sensitive our results, (for exampteapability and parameter values) are to various model
assumptions we have made (such as setting the compregsibito 240 MeV and to the data sets used) in the
determination of model parameters. We performed someestuati how well the model performs in new regions of
masses that were not used in the adjustment of model pananetgect. 5.1. We present the results of the studies
of how well the model applies to new regions of nuclei and sepesitivity studies in Table D. First we review the
steps that led to FRDM(2012); some of the first steps wereudg®d in Refs. [83] and [87]. So that we can refer to
specific locations in the table, we give a line number in caiuim In column 2 a model designation is given; most
of these “models” were just stages on the path to the currRRINK2012). Differences between “models” can be
of different types, namely new or different physics, diffet subset of constants varied, or the region of masses used
in the adjustment of model parameters. Once a “model” has Heeeloped we can, without changing the model,
compare the mass table generated to different mass regdjiosisch comparisons no values of the constants are given
in the table, they are in this case the same as the constaes\given immediately above. In column 3 the first number
(“A") refers to the data set to which the model was adjustede $econd number refers to the data set to which the
model was compared to, that is what data set was used to a@dhe model mean deviatign, and model error
Owu—o. There are three mass evaluations and various sets of “nesSes that we use in our adjustments and tests.
The numbers and corresponding evaluated mass data bases are

1. This data set is the AME1989 mass evaluation [18]. The FRIY92) was adjusted to this data set.
1654 nuclei
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2. This data set is the AME2003 mass evaluation [18]. The FRIDW?) is adjusted to this data set.
2149 nuclei
3. This data set are masses that are in the interim AME201a4ati@n [95] but are not in the AME2003 evaluation.
In some previous investigations we used this data set tesept “new” masses that were not used in the
determination of model parameters (since the most recerft20M2 [81] evaluation was not available at that
time).
154 nuclei
4. This data set is the AME2012 mass in the evaluation [81].
2352 nuclei
5. This data set is the masses that are in the AME2012 evaifuiditht are not in the AME2003 evaluation.
219 nuclei
6. This data set is the masses in the AME2012 evaluation thatat in the AME1989 evaluation.
730 nuclei

The number of nuclei we indicate are only those wath» 8 andN > 8; we do not consider lighter nuclei in our
calculations. When we perform an adjustment to find optimaemstants we always show the error for the same
region of nuclei used in the adjustment. Therefore, wheme diontains a set of constant values the “A” and “C”
regions are always the same.

In line 1 of the table we show the previous FRDM(1992) massehdts agreement with the 730 new masses in
AMEZ2012 is shown on the second line. We later found that wéccoptimize the parameters better, and this solution
yields oy, = 0.6614 MeV [83]. We also removed consideration of fission leasrand then arrive at model (92)-b.
The massy, only decreases by a small amount, to 0.6591 MeV. This repteséep 1 in Fig. 1. On line 4 we show
how this better optimized model agrees with masses thatewsmAME2012. It is remarkable that when we more
tightly bind the original model to the AME1989 it reproducesv masses better, in particular the mean (“systematic”)
error U, is now much closer to zero. When a model with adjustable pararsis more tightly bound to known data
one often finds that its performance outside this region lkastne poorer, but this is not the case here. On line 5 we
compare the FRDM(1992) now in its incarnation (92)-b (withtietter optimized parameters and no barriers included
in the fit) to (the entire) AME2003, and find the error is now ab®.04 MeV smaller. So the model agrees better with
this new data set. This represents step 2 in Fig. 1. If we attjasnodel to AME2003, rather than to AME1989 as was
done for the model version (92)-b, the error decreases hyasinall amount 0.0017 MeV and the constants change
by only a little (line 6), see also Ref. [83]. In model (07)+bline 7 we have implemented the results of a full 4D
search for the ground-state in a densely spaced grid, stefigi 1 and gain 0.02 MeV in accuracy, first reported at
OMEG-7 in Sapporo [96]. Line 8, model (11)-b shows the imgroent in accuracy, 0.01 MeV, of taking into account
the effect of axial asymmetry on the ground state [44, 83,845, corresponding to step 4 in Fig. 1 leading to an
accuracy gain of 0.01 MeV. The next line shows how well the elad this stage “predicts” the masses that are new
in AME2011 relative to AME2003. At this time, in 2011, we rigald that the density-symmetry constamivhich
had been kept at zero in FRDM(1992) (because of a very flaacaif§’, see Eq. 8) could now be determined due to
several developments: 1) our model is more accurate, 2xierienental masses are more accurate, and 3) we adjust
to a 30% larger data base. Accounting for the density-symnedfiect leads to a further improvement in accuracy by
about 0.02 MeV, corresponding to step 5 in Fig. 1 and line 10ainle D. The next line shows how this stage (11)-a
extrapolates to the new region “3”, see Ref. [87]. To get sestanate of uncertainties we adjust the model to the
smaller data set AME1989 with fixed at 0 (line 12) and with alshb varying (line 13). Also with this data set we
get an improvement in accuracy of about 0.02 MeV and an usiogytestimate for the density symmetry coefficient
L =704+ 15 MeV, and the symmetry energy coefficidnt 3254+ 0.5 MeV, see Ref. [87].

As discussed in Sect. 4 we have now implemented the final stefinlg to FRDM(2012), namely an improved
calculation of ground-state correlation energies, regyinh a further 0.01 MeV improvement in accuracy entered as
line 14 in Table D and step 6 in Fig. 1. Due to space limitatgideways in the table, we have not entered the values of
the constants to the precision we recommend in actual useohbdel; the more accurate values given above should
be used. When we investigate the extrapability of the mogeldiculating the accuracy for the 219 new masses in
data set 5 we seemingly find a noticeable divergence fron98.550.6440, an increase of 15%, see line 15. However
this increase is due to two outlief§0:7, and33K 17 (35Cas2 is not in set 5, it was measured earlier. But in AME2003
it is given as—3251+0.70 MeV whereas in AME2012 it is given as34.26+ 0.06 MeV(!).) discussed in Sect. 5.1
in connection with Fig. 15. If these two nuclei are removeahfrthe 219 nuclei in data set 5 we obtaif = 0.5706
MeV. So the 15% increase when we compare to this limited seewf nuclei does not prove a divergence of the
mass model away from the region of adjustment. It is higlglii it is just a statistical fluctuation; see also the more
extensive tests we discuss next.

We continue with some sensitivity studies. Line 16 showsaiie@ement of FRDM(2012) with the entire data set
AMEZ2012, of which 219 masses were not used in the determimati the model parameters. The error is 0.5728
MeV in this region. When the whole data set is used in the detetion of model parameters the error decreases
only very marginally, to 0.5711 MeV, line 17. In line 18 we aslj the model to the more limited data set AME1989.
When we compare this mass table to AME2012 we obtain the 8r5364 MeV, line 18. Although 730 nuclei in this
evaluation were not used in the determination of the pararsef model (12)-c the error for the entire region is only
0.5764— 0.5711= 0.0053 MeV larger than when all nuclei in AME2012 were includedhe determination of the
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Line Model AIC & a J Q K L & Ca C y Uth Oth;u=0
No (MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV)
1 FRDM(1992) 1/1 16.247 2292 32.73 29.21 240 0 0.00 0436 608310 0.0156 0.6688
2 FRDM(1992) 1/6 0.1356 0.5817
3 (92)-b 1/1 16.286 23.37 32.34 30.51 240 ©5.21 0.468 179 1.027 0.0000 0.6591
4 (92)-b 1/6 —0.0243 0.5506
5 (92)-b 1/2 0.0076 0.6157
6 (06)-a 2/2 16.274 23.27 32.19 30.64 240 95.00 0.450 169 1.000 0.0000 0.6140
7 (07)-b 2/2 16.231 22.96 32.11 30.83 240 ©3.33 0.460 119 0.907 0.0000 0.5964
8 (11)-b 2/2 16.231 2295 32.10 30.78 240 03.14 0456 113 0.896 0.0001 0.5863
9 (11)-b 2/3 —0.0850 0.6212
10 (11)-a 2/2 16.147 22.44 3251 2854 240 70.82.96 0.531 150 0.880-0.0004 0.5700
11 (11)-a 2/3 —0.0516 0.5618
12 (11)-c 1/1 16.251 23.10 32.31 30.49 240 03.43 0.471 123 0.935-0.0003 0.6300

13 (11)-d 1/1 16.142 22.39 3298 2758 240 85.98%2.64 0.548 138 0.853 0.0000 0.6092
14 FRDM(2012) 2/2 16.195 22.76 32.30 28.72 240 5350 -4.0@8®. 205 0.988-0.0007 0.5595
15 FRDM(2012) 2/5 0.0642 0.6440
16 FRDM(2012) 2/4 0.0094 0.5728
17 (12)-b 4/4 16.175 22.64 3240 2851 240 67.77 -3.74 0.5136 20.974 0.0000 0.5711
18 (12)-c 1/1 16.211 2287 32.70 2795 240 59.77 -4.25 0.5095 20.996 00000 0.6047

19 (12-c 14 0.0307 0.5764
20 (12c  1/6 0.0635 0.4948
21 (12)-d 44 16.268 23.23 32.13 30.53 240 0 -489 0439 17%071. 0.0000 0.5905
22 (12)e  1/1 16.288 23.39 32.34 30.39 240 0 -556 0.465 219651-0.0002 0.6147
23 (12)0e  1/4 0.0161 0.5949
24 (12-e  1/6 ~0.0197 0.5306

25 (12-Kfix-1) 2/2 16.319 23.93 3245 2841 100 2354 -8.4384. 127 0.823 0.0000 0.6025
26 (12-Kfix-2) 2/2 16.242 23.22 3232 2855 150 3547 -5.8244. 151 0.886 0.0000 0.5694
27  (12-Kfix-3) 2/2 16.212 2292 3231 28.64 200 46.11 -4.6%74. 180 0.944 0.0000 0.5612
28 (12-Kvar)  2/2 16.193 22.74 3231 28.73 256 56.16 -3.9194€.4 217 1.007 0.0000 0.5593
29 (12-Kfix-4) 2/2 16.165 22.47 32.33 28.96 400 76.96 -2.8462D. 334 1.147 0.0000 0.5619
30 (12-Kfix-5) 2/2 16.141 22.26 32.36 29.21 600 101.28 -1.9%4D 515 1.286 0.0001 0.5671
31 (12-Kfix-6) 2/2 16.123 22.12 32.38 29.42 800 124.79 -1.3%54 623 1.350 0.0000 0.5715
32 (12-Kfix-7) 2/2 16.114 22.04 3239 29.58 1000 14345 -1.0%61 825 1.439 0.0000 0.5750
33 (FY1970) 2/2 15949 21.10 31.37 3249 240 0 1.76 0543  785890-0.0001 0.6909

34 (FY1970)-L 2/2 15935 21.01 31.37 3196 240 39.03 2.3043.5 106 0.668-0.0003 0.6876

Table D

FRDM (1992) and successive enhancements. Adjustmentsiiemreperformed for up to 9 macroscopic constants,
i.e, the volume-energyaf), the surface-energy{), the symmetry-energylj, the effective surface-stiffnesgy, the
density-symmetryl(), the A° (ag), the charge-asymmetrgy), the pre-exponential compressibility-term const&t (
and the exponential compressibility-term rangg ¢onstants. In one case the compressibility constdptg also
varied, in a few other “sensitivity” studies it is fixed at vak different from 240 MeV. These results are in lines
25-32. The second column indicates a model designationhenithird is to which data set (denoted by numbers “1”
through “6”) the model was Adjusted/Compared “(A/C)". Tteest two columns are the mean deviation (with sign)
Hih and the model erromy;,—o, both defined in Sect. 2.1, with respect to the data set spédifithe “C” column. In
column three, “1” stands for AME1989, “2” for AME2003, “3” fanasses in AME2011 that were not in AME2003,
“4" for AME2012, “5” for masses in AME2012 that are not in AMBQ3, and “6” for masses in AME2012 that are
not in AME1989. The top line gives the original model constd8]. When no values are given, the set on the line
just above is used. The value “0” in thecolumn indicates was fixed at zero. See the text for additional discussions.

parameters (line 17). We therefore conclude that the madadry reliable (so far) when applied to nuclei outside the
region of adjustment. How (12)-c extrapolates to a regiai jist contains new nuclei is on line 20, see Fig. 14 for a
graphical illustration.

In lines 21-24 we do equivalent studies as in lines 17-20wlitht L = 0. By comparing lines 23 and 21 we
note that also with. = 0 the model extrapolates extremely well. But we again olestrat the inclusion of density-
symmetry effects improve accuracy by about 0.02 MeV (comfiaes 17 and 21).

We have in our discussion above fixed the compressibilitystaor toK = 240 MeV. It is of interest to study (as
was done in Ref. [9])) how the model accuracy and the valugseomodel constants depend Kn Lines 25-32 in
Table D show the results of such a study wieis fixed at different values. Line 28 shows the vakie- 256 MeV is
obtained when K is varied freely together with the other mraeroscopic constants.

We have also investigated the sensitivity of the mass madsbine essential single-particle model parameters,
namely the spin-orbit strength and potential diffuseness constapg:. Traditionally in single-particle models these
are determined by comparing calculated and experimemiglesparticle levels. The process is somewhat ambiguous
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Fig. 36 Differences between experimental masses and FRDM massesd different single-particle spin-orbit strengths ana different dif-
fuseness parameters. See text for further discussion. gimefivas originally published in Ref. [91].

because observed nuclear levels are not single-partisddsleln the folded-Yukawa single-particle model the spin-
orbit strengths and diffuseness constants originally usgéA, = A, = 32.0 andaper = 0.9 fm [10]. These parameters
were determined mainly by adjusting to levels?¥Pb, see Ref. [37]. In 1973, during an extended visit to Los
Alamos by PM and Sven-Gosta Nilsson, it was observed thisiotliiginal choice led to a poor description of levels
in deformed nuclei [37, 91] and new parameters were detetrfior the actinide region and for the rare-earth region
[37]. Somewhat later, see Ref. [1], these studies servedasia for a global prescription for the spin-orbit strength
and diffuseness constant leading to Eqs. 89 and 90 for thempemd neutron spin-orbit strengths and to the value
apot = 0.8 fm for the potential diffuseness constant, see Sect. 2At2he time when we studied the sensitivity of
mass model results to the spin-orbit and diffuseness cotsstae had developed the model through the third step in
Fig. 1, corresponding to line 7 in Table D. We changed the-spiit and diffuseness constants to the values used
originally and performed a full-fledged mass calculaticat ihcluded a recalculation of all ground-state shapesdn th
four-dimensional deformation space discussed in step 8dh 8. We then, following the standard procedure detailed
above, adjusted the macroscopic parameters to optimieeagmt with AME2003. In Fig. 36 bottom panel we show
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Fig. 37 Calculated microscopic corrections in FRDM models witto tdifferent single-particle parameter sets. It is somewbatarkable that
quite different single-particle potentials yield very dam stability properties in the heavy-element region, artigular the stability of the by now
well-known region ofdeformecheavy elements in the vicinity @ggHs is clearly manifested in both results. This figure wasipaily published in

Ref. [91].

the difference between experimental and calculated masssss neutron number that we obtained. The results are
also given as line 33 in Table D. In the top panel we give theesmonding results with the model (07)-b. It is clear
that with the original single-particle model parametédrs,¢alculated masses agree less well with experimentabsiass
than with the current choice of spin-orbit strength and pti¢é diffuseness constant. In fact the calculation is even
less accurate than the results with the previous FRDM(199particularly interesting observation is that the cutren
spin-orbit and diffuseness strengths were chosen withmutansideration of nuclear masses; in their determination
only levels were considered [37]. This result shows thatrttoglel is working as a model should; if the model is
enhanced so that better agreement with one type of expetidata is obtained, then better agreement with other
types of data automatically follows and the model descnibasy different types of data in a consistent fashion.

We also investigate how the two calculations differ in theesheavy-elementregion. In Fig. 37 we show calculated
microscopic corrections for nuclei from the Pb region to 8t¢E region calculated with the two different parameter
sets. In this type of plot both calculations seem to give &&mjlar results. In particular they both show large negativ
shell corrections centered arouﬁgHslez. This is a result that is quite insensitive to macroscopicrascopic model
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Fig. 38 Calculated mass model accuracy for different combinatiwfil. andJ. The best accuracy, is obtained for thandJ in the FRDM(2012),
line 14 in Table D, and is indicated with a red dot with undettabars.

formulations within a very large parameter space. Macrpgemicroscopic calculations based on the Woods-Saxon

model obtain results very similar to those in Fig. 37, seeef@mple the review in Ref. [97] which again shows how

robust these results are in reasonably realistic nucteactare models.
In the study with the original single-particle parameteeshave also investigated the effect of varyingee line

34 in Table D. The effect is very small, which shows that tlisrfulation (non-optimum spin-orbit and potential

diffuseness) has the consequence that the model is toauirsdedo allow clear manifestations of density-symmetry

effects.

One may ask how correlated the values @indL are in the FRDM(2012). To investigate this we have optimized
the mass model with respect to seven other macroscopicadasK is kept fixed in this investigation) for different

FRDM(2012) a, versus Symmetry Constants
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Fig. 39 Values of the volume constant that is obtained when the mmasiel is optimized with respect to seven macroscopic catstar 176
different value combinations drandJ. The values of these constants in the FRDM(2012) is indichyea red dot with uncertainty bars.
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combinations of) andL. Specifically we considel = 0(10)150 and) = 27(1)37 in units of MeV, for a total of
176 grid points. For each combination we start the minindreat 1440 different starting combinations of the seven
parameters that are varied. Sometimes several minima aa@ed; in Fig. 38 we show the lowest minimuog,
obtained at each gridpoint. In Fig. 39 we show correspongaiges of the volume constaat. This constant is
normally assumed to be close to 16 MeV. However, some disthnm the values of andJ that optimize the mass
model accuracy the value af becomes unrealistic. It is very satisfactory that the v&lfemacroscopic parameters
that optimize the mass-model accuracy (wleandL are also varied) are all within a realistic range.

The optimal values of the asymmetry variabJeendL that we obtained from the mass model FRDM (2012) study
are

J = 323+£0.5 MeV
= 535+15 MeV

The above optimal value is somewhat smaller than the value in Ref. [98], bexateshave implemented a more
accurate calculation of the zero-point fluctuation effeeg Sect. 2.11. These symmetry energy coefficients have been
extensively studied by various experimental and theaktieethods because of their strong impact on astrophysical
observables such as the neutron star mass and radius arsihalgations of supernovae explosions [68]. The experi-
mental and theoretical methods adopted to extract thesewvate: mass-fragmentation studies of heavy-ion cailsio
[99, 100], pigmy dipole resonances (PDR) [101, 102], digméarizability in2°%Pb [103, 104], anti-analogue giant
dipole resonances [105, 106], isospin dependence of gianbpole resonances [107, 108, 109], isobaric analogue
states [110], constraints from observations of massesiaesiaf neutron stars [111, 112], chiral effective field tties
[113], and quantum Monte-Carlo simulations [114]. Compaséth the constraints from these studies, our optimal
values forJ andL are very consistent with those from neutron star studie® Bid dipole polarizability.

6.1. Can the deviations belowA 65 be decreased?

In a model of the relative conceptual simplicity of the FRIAL2), although execution of actual calculations
does involve substantial effort, one must expect some tionitow accurate it can eventually become. In our case we
have managed to find remedies that removed various typesrelaied deviations. In the 1981 mass model we noted
that this type of correlated deviations in regions rfié&Ra ancd?>2Fm could be removed by searching for ground-state
minima in a more general deformation space that includeébilneshape variables we explore accurately here; earlier
somewhat less complete calculations are in [1, 27, 9]. Itiqudar, minimizations with respect tg reduced many
of the deviations ne&??Ra and minimizations with respect g, those neaf>?Fm [1, 9]. The deviations in the light
region in the current calculation look correlated and thlatld possibly hint that a remedy can be found. We have
investigated several ideas, but they all were unsucceissfamoving the deviations. If they had been successful we
would obviously have included the methods in our calcuregiof masses. But, although the ideas were unsuccessful
we feel it is useful to give a brief discussion of these inigggions. We looked at four different possibilities, naynel

1. Possibly more optimum spin-orbit strength and poteuiffiiseness constants could be found.

2. The zero-point energy calculations might be improveddfimstead of using a phenomenological renormalized
irrotational-flow inertia used a more microscopic crankingdel inertia.

3. One could have some concerns about the particular vavsitie Strutinsky normalization we use, which is the
original version, and how it would perform for light nuclei particular, so we have investigated an alternative
formulation proposed by Kruppa.

4. Some deviations are clearly outside the current modeh as the deviations nezr= 40 andN = 56 which we
commented on above. We investigated if a tensor force coybddve the accuracy in the light region.

In some of these studies we used masses in the Ca isotopetatiast the ideas for improvement for two reasons.
First, these nuclei are all calculated to be spherical ipehd&Ve assumed that also with new features implemented
they would remain spherical so we would only have to do catiuhs for this one shape for each of the isotopes
with known masses (nowfCa->2Ca). Second, the deviations are large and highly variablesadhe isotope chain,
with an rms deviation of about one and a half MeV in both the MRI®92) and FRDM(2012) so it is a good test to
investigate if a new model feature can significantly deer¢hsse deviations. The deviations are very similar in both
FRDM(1992) and FRDM(2012), because all shapes are spharidait is mainly shell-plus-pairing corrections for
identical shapes that determine the fluctuations in theadievis.

6.1.1. Improved choice of spin-orbit and single-particteagntial diffuseness constants

To study the possibility that a different choice of protom areutron spin-orbit strengths and a different choice of
the diffuseness constants would improve the calculated@esase calculated masses along the Ca isotope chain for
a four-dimensional grid in these constants. The maximunréavgment in the calculated masses were less than 15%
so we do not consider this possibility to be a viable cure lier deviations in the lowhA region. Furthermore these
constants would not give a globally improved model, and mehdocally do we obtain significantly better results.
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Fig. 40 Deviations between measured and calculated masses fGatisotope chain calculated with two models for the shelkpacorrections.
We use these isotopes as a testbed for ideas for improvinghéss model in the light region of the nuclear chart. One offe¢hods is the
Strutinsky shell-correction method, the other the Kruppalet.

6.1.2. Improved determination of zero-point energies

We limited this study to zero-point motion in tree direction. Rather than using the phenomenological inertia
in Eq, 116 we calculated the cranking-model inertia in ¢helirection at each calculated ground-state shape and
calculated the zero-point energy using this inertia. Wereralized the cranking-model inertia by a constant (same
for all nuclei) so as to obtain optimum agreement betweenadulated masses and experimental data. We found
this approach did not perform well. The main reason was tleréero-point energies could vary by a factor of three
between neighboring isotopes also in cases where the tsuatface stiffness parameters were almost identical.
The main reason was the well-known cranking-model featatdt level crossings the cranking-model inertia is very
sensitive to small details of the level crossing. Slightter results might have been obtained by varying the ground
state deformation and minimizing the sum of the potenti@rgy and zero-point energy. This would have been a
massive effort with limited chances of success so we didmastigate this possibility.

6.1.3. Alternative shell-plus-pairing calculation

Here we investigate the alternative shell-correction nhpdeforward in Ref. [115, 116]. But the masses calculated
with this method show very similar fluctuations with respeotxperimental data for the isotopes along the Ca chain,
see Fig. 40. And, we recall that very early on it has been pdiout that one can expect decreasing accuracy of
Strutinsky-type calculations with decreasing nucleon ber [117, 10].

6.1.4. Effect of a tensor force

In this study we have not incorporated a tensor force in therasgopic-microscopic model which would be a
monumental effort. Rather, to get a rough idea of the posibhefits of a tensor force, we study its possible impact
indirectly. We calculate masses in an HFB approach with re¢vifferent Skyrme forces without and with tensor
terms. We use a specific case to illustrate our strategy. ¥@nple we calculate binding energy¥fca and*Ca in
the HFB approach without a tensor force. Then we calculadihding energies for the same nuclei with the tensor
force. We then argue that the effect of the tensor force iglifierence in the change in the binding energy between
the two calculations. We repeat this for other Ca isotopesthén modify the errors calculated in the FRDM with the
effect of the tensor force determined in this way.

For our calculations we use the Skyrme-type tensor intera¢l18], which is the sum of the triplet-even and
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triplet-odd zero-range tensor parts,

VT %{{(6l.k’)(62.k’)—%(61.62)%1 o(r1—T2)

e @@ - 300 |
+ 0 (@080 - 1) (@K - 3(01-32) [K-3(ra K] | (123)

where the operatde= (ﬁl — Efz)/Zi acts on the right anll = f(El - Ez)/Zi on the left. The coupling constants
T andU denote the strength of the triplet-even and triplet-odddeimteractions, respectively. The tensor terms (123)
give contributions to the binding energy and to the spiritaflitting that are proportional to the spin-orbit degslt

In spherical nuclei only the radial component of this vectoes not vanish and is

3o0) = s TR [0l +3) - 3| R, (124)

wherei = n,1,j runs over all states angl= 0(1) stands for neutrons (protons). The quantifyis the occupation
probability of each orbit anB(r) is the radial part of the HF single-particle wave functioarthermore, we observed
that the exchange part of the central Skyrme interactioestive same kind of contributions to the total energy density
The tensor contributions give extra terms to the energyitietisat read

1
OE = éo:(Jr% +33) + BInJp. (125)

wherea = ac + ot andf3 = Bc + Br. The central exchange contributions are given by

1 1 1
oc = 5(ti—t) — St +taxe), Be=—5(toa+tx), (126)

in terms of the parameters of the Skyrme force as defined in[RE9] and the tensor part reads

5 5
ar = —U, Br= o, (T+U), (127)
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in terms of the triplet-even and triplet-odd terms appegiinEq. (123).

In Fig. 41 we have plotted the mass deviations in the FRDM21@%ng the Ca isotopes and also the deviations
after the calculated masses have been modified with therteffeat calculated as described above. The energy
contribution of the tensor force increases or decrease®tonitally, depending on the details of the adopted tensor
interactions, fromA = 40 to A = 48 and it therefore seems unlikely that any implementatiotiis type of tensor
force can remedy the type of fluctuating deviations with eespo experiment that are present in the FRDM(1992)
(and FRDM(2012)) along this isotope chain.
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EXPLANATION OF TABLE

Table. Calculated Nuclear Ground-State Masses and Deforntens, Compared to Experimental Masses Where
Available

4 Proton number. The mass table is ordered by increasingmpnotmber. The corresponding chemical
symbol of each named element is given in parentheses.

N Neutron number.

A Mass Number.

& Calculated ground-state quadrupole deformation in thesdit perturbed-spheroid parameteriza-
tion.

£ Calculated ground-state octupole deformation in the Nilgserturbed-spheroid parameterization.

&4 Calculated ground-state hexadecapole deformation in tlsed¥h perturbed-spheroid parameteriza-
tion.

& Calculated ground-state hexacontatetrapole deformatitire Nilsson perturbed-spheroid parame-
terization.

B Calculated quadrupole deformation of the nuclear grouate®xpressed in a spherical-harmonics
expansion. The exact definition is given by Eq. (38).

B3 Calculated octupole deformation of the nuclear grountestapressed in a spherical-harmonics
expansion.

Ba Calculated hexadecapole deformation of the nuclear gratete expressed in a spherical-harmonics
expansion.

Bs Calculated hexacontatetrapole deformation of the nudeamnnd-state expressed in a spherical-

harmonics expansion.

Esip Calculated ground-state shell-plus-pairing correctiéior a specific deformation this number is
independent of the macroscopic model and depends only irtke-particle model.

Emic Calculated ground-state microscopic energy, given by iffierdnce between the calculated ground-
state atomic mass excess and the spherical macroscopgyeratculated in in our preferred mass
model, the FRDM (2012).

Epind Calculated ground-state binding energy, calculated inun preferred mass model, the FRDM
(2012).

Mn Calculated ground-state atomic mass excess, in our peefferass model, the FRDM (2012).

Mexp Experimental ground-state atomic mass excess in the AME20@luation (Nucl. Phys. A29
(2003) 337).

Oexp Experimental error associated with the ground-state atomaiss excess in the AME2003 evaluation
(Nucl. Phys. A729(2003) 337).

Erf]iLc Calculated ground-state microscopic energy, given by iffierdnce between the calculated ground-

state atomic mass excess and the spherical macroscopiye@culated in the FRLDM (2012).

M{EL Calculated ground-state atomic mass excess, in the FRLDW(2

We note again that in the table effects of axial asymmetryherctlculated energy quantities are included; only a few
nuclei are affected. However, for reasons of space, thedlideformations refer to the ground-state shape obtained
when axial asymmetry is not considered. As dicussed in Sécftem 2, these details are available in previous
publications.
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N A & £ £ & B> B3 Ba Bs Esip  Emic  Epbind  Mmn Mexp  Oexp Er';Ii_c Mt';L
(MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV)

Z=8(0)
8 16 —0.03 020 012 —0.02 —0.010 —0.258 —0.122 Q047 —0.62 242 12803 -515 —474 0000 240 —3.66
9 17 Q05 001 -0.12 —0.02 0061 —0014 Q152 Q035 182 374 13245 -149 —081 0000 371 -0.04
10 18 001 000 —0.04 002 0010 Q000 Q048 —0.019 160 342 14184 —2.81 —0.78 0001 342 —1.39
11 19 —0.01 000 —0.04 002 —0.010 Q000 Q047 —0.020 223 378 14495 215 334 0003 378 346
12 20 001 000 002 —0.02 Q010 Q000 —0.024 Q020 110 252 15298 219 380 0001 252 336

13 21 009 000 003 —-0.03 0096 Q000 —0.034 Q027 Q37 202 15515 809 806 0012 205 911
14 22 000 000 -0.01 003 Q00O QOO0 Q012 —-0.030 —-1.14 073 16139 992 928 0057 Q76 1075
15 23 000 000 000 003 QOO0 QOO0 QOO0 —0.029 —1.89 018 16216 1722 1461 0122 Q22 1783
16 24 000 000 002 003 0001 QOO0 —0.023 —0.029 —-2.09 —-0.17 16598 2148 1907 0236 -0.10 2190

17 25 004 000 002 003 0043 Q000 —0.022 —0.030 —2.03 —0.06 16491 3061 002 3082
18 26 000 000 000 003 0000 QOO0 QOO0 —0.029 —206 —-0.33 16741 3619 —-0.25 3616
19 27 -0.02 000 000 003 —-0.021 Q000 QOO0 —0.029 —257 —0.35 16550 4617 —0.26 4593
20 28 000 000 000 —0.03 Q000 QOO0 QOO0 Q030 —2.87 —-0.48 16682 5292 —0.37 5247
21 29 008 000 —0.05 —0.03 0087 QOO0 Q064 Q037 —210 —0.34 16392 6389 005 6350
22 30 010 000 —-0.10 —0.03 0114 (0000 Q131 Q049 —-184 -—-1.22 16512 7Q76 —0.00 7099
23 31 018 000 -0.12 -0.04 0205 QOO0 Q170 Q081 —215 —-201 16245 8150 030 8264
24 32 019 000 -0.12 -0.04 0216 Q000 Q172 Q083 —2.01 —-240 16241 8961 022 9088
25 33 022 000 -0.05 000 0238 Q000 Q083 Q017 —1.64 —0.50 15645 10364 —0.03 10260
26 34 017 000 004 004 0187 Q000 —0.032 —0.046 —1.39 —-0.57 15544 11272 010 11174
27 35 -0.28 000 —-0.10 004 —-0.284 Q000 Q137 —0.068 —2.62 —3.28 15357 12267 —0.70 12347
28 36 —0.32 000 —-0.12 004 —-0.322 (0000 Q167 —0.078 —3.40 —4.18 15282 13149 —0.39 13339
29 37 -0.27 000 -0.06 004 —-0.276 Q000 Q090 —0.056 —3.07 —2.51 14610 14628 —0.82 14599
30 38 -0.20 000 005 —0.04 —0.208 Q000 —0.038 Q047 —261 —-215 14361 15684 —1.14 15581
31 39 -0.20 000 006 —0.04 —0.209 Q000 —0.049 Q049 —-3.07 —2.80 13881 16971 —1.59 16883
32 40 -0.15 000 012 -0.04 —-0.158 Q000 —0.124 Q060 —3.12 —4.78 13821 17838 —185 17920
33 41 -015 000 012 -0.05 —-0.159 Q000 —0.124 Q069 —-3.26 —5.55 13319 19148 —2.12 19279
34 42 -0.17 000 008 —-0.05 —0.179 0000 —0.076 Q062 —2.66 —3.74 12840 20434 —1.49 20449
Z=9(F)

8 17 Q05 000 -0.12 -0.02 0061 QOO0 Q152 Q035 124 314 12922 095 195 0000 311 201
9 18 Q16 000 -0.12 -0.02 0180 QOO0 0165 Q054 293 608 13673 151 087 0001 593 085
10 19 024 000 -0.12 002 0262 QOO0 Q180 Q025 243 587 14851 —-219 -—-149 0000 577 -112
11 20 026 000 —-0.10 002 0283 Q000 Q159 0021 283 625 15418 020 —-0.02 0000 614 123
12 21 025 000 —0.05 003 0270 QOO0 Q092 —0.010 215 498 16295 -0.49 -0.05 0002 496 055

13 22 021 000 —0.03 003 0226 QOO0 Q058 —0.020 204 439 16759 293 279 0012 436 387
14 23 011 000 -0.06 003 Q117 Q000 QO79 —-0.021 107 285 17470 390 333 0080 291 477
15 24 009 000 —0.06 003 0095 QOO0 0QO77 —0.023 Q052 236 17760 907 756 0072 243 980
16 25 011 000 —-0.04 —-0.03 0119 Q000 Q054 Q037 Q19 210 18185 1289 1127 0098 220 1347
17 26 011 000 000 —-0.03 0118 Q000 Q004 Q030 Q19 221 18280 2001 1827 0167 226 2035

18 27 011 000 000 003 0118 Q000 Q007 —0.030 Q10 205 18565 2524 2493 0377 212 2540

19 28 008 000 —0.01 003 0085 QOO0 Q016 —0.029 —025 173 18590 3306 181 3303
20 29 -0.03 000 —-0.01 —-0.03 —0.031 QOO0 Q013 Q029 —-056 139 18781 3921 148 3900
21 30 010 000 —-0.07 —0.03 0111 QOO0 Q091 Q042 —-0.29 105 18713 4797 154 4796
22 31 018 000 -0.12 -0.04 0205 Q00O Q170 Q081 —1.00 015 18868 5449 187 5552
23 32 021 000 -0.12 002 0229 QOO0 Q173 Q019 —-122 046 18652 6472 161 6500
24 33 023 000 -0.12 004 0249 Q000 0178 Q001 —-143 -0.18 18700 7231 117 7261
25 34 026 000 -0.08 004 0281 Q000 Q133 —0.009 —1.36 031 18396 8342 113 8303
26 35 024 000 -0.04 004 0259 Q000 Q078 —0.025 —-094 048 18294 9252 100 9168
27 36 026 000 007 004 0292 (0000 —0.049 —0.057 —1.32 —-0.15 18041 10311 080 10258
28 37 -0.30 000 -0.12 004 —-0.302 Q000 Q163 —0.076 —250 —3.00 18180 10979 007 11126
29 38 -0.27 000 -0.07 004 —-0275 Q000 0102 —0.059 —-214 -—-1.77 17687 12280 —0.13 12274
30 39 -0.20 000 000 004 —-0.206 QOO0 0013 —0.038 —1.43 —-094 17405 13369 —0.41 13244
31 40 -0.20 000 012 —-0.04 —0.210 Q000 —0.115 Q064 —212 —2.90 17184 14398 —0.46 14457
32 41 -020 000 012 -0.05 —-0.210 Q000 —0.115 Q073 —-193 —-3.23 16969 15419 —0.25 15527
33 42 -0.17 000 008 —-0.05 —0.179 Q000 —0.076 Q062 —-1.76 —2.59 16446 16749 —0.71 16745
34 43 -0.17 000 008 —-0.05 —0.179 Q000 —-0.076 Q062 —1.37 —2.25 16123 17880 —0.26 17886
35 44 -020 000 012 -0.05 —-0.210 Q000 —0.115 Q073 —-1.64 —3.41 15742 19067 —0.05 19212

36 45 028 000 —-0.12 —-0.05 0320 QOO0 Q195 Q115 —-2.06 —-545 15619 19998 010 20364
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NA & & & & B2 Bs Ba Bs  Esip Emic Ebnd Mn  Mexp Oexp ERp Mg
(MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV)

Z=9(F)
37 46 023 000 -0.12 —-0.05 0263 Q000 0182 Q103 —-2.08 —-5.16 15059 21365 000 21697

Z =10 (Ne)

8 18 -0.01 000 012 —-0.02 —-0.008 Q000 —0.139 Q024 Q92 289 13437 310 532 0000 293 377
9 19 024 000 -012 -0.02 0269 Q000 Q0182 Q070 198 553 14467 087 175 0000 543 153
10 20 033 000 -0.12 002 0364 Q000 0207 Q046 Q80 514 16081 —-7.21 —7.04 0000 508 —6.39
11 21 034 000 —0.08 003 0372 Q000 Q157 Q016 150 581 16696 —-529 —-573 0000 569 —4.49
12 22 035 000 —0.03 003 0384 Q000 Q096 —0.007 Q94 477 17797 -—-823 —-802 0000 475 -7.34

13 23 029 000 —0.03 003 0316 Q000 Q078 —0.014 178 477 18269 —-4.87 —-515 0000 474 -4.04
14 24 -0.06 000 —-0.01 003 —-0.063 Q000 Q013 —0.030 202 270 19261 -6.72 —-595 0000 270 -5.93
15 25 005 000 000 003 0053 Q000 Q002 —0.030 161 268 19562 —-166 —211 0026 269 -—-0.98
16 26 011 000 005 003 0121 Q000 —0.052 —0.035 116 215 20225 -0.22 043 0027 223 041
17 27 011 000 002 003 0119 Q000 —0.017 —-0.032 115 259 20338 672 707 0110 264 718

18 28 -0.02 000 000 003 —-0.021 Q000 QOO0 —0.029 107 206 20855 962 1124 0147 210 991
19 29 -0.03 000 000 003 —-0.031 Q000 Q000 —0.029 061 226 20871 1753 1806 0269 232 1767
20 30 000 000 OO0 003 0000 QOO0 QOO0 —0.029 Q01 194 21244 2187 2310 0571 201 2185

21 31 010 000 —0.06 —0.04 0111 Q000 Q079 QO51 Q44 140 21233 3006 183 3023
22 32 023 000 —0.12 —0.03 0259 Q000 Q180 Q080 —111 081 21527 3519 228 3623
23 33 028 000 —0.11 004 0304 Q000 Q178 Q008 —1.80 064 21391 4462 159 4497
24 34 029 000 —0.10 004 0315 Q000 Q168 Q005 —215 018 21581 5079 116 5101
25 35 028 000 —0.07 004 0303 Q000 Q126 —0.009 —1.77 028 21344 6123 093 6097
26 36 029 000 —0.03 004 0316 Q000 Q079 —0.024 —156 039 21397 6877 086 6818
27 37 035 000 Q11 004 0403 Q000 —0.068 —0.075 —2.61 —1.09 21252 7830 039 7858
28 38 —0.30 000 —0.12 004 —0.302 Q000 0163 —0.076 —2.49 —2.38 21376 8512 038 8657
29 39 —0.27 000 —0.03 002 —0.276 Q000 Q059 —0.030 —1.79 —0.43 20831 9865 009 9774
30 40 023 000 Q00 004 0250 Q000 Q027 —0.037 —1.34 —0.72 20794 10709 ~0.24 10606
31 41 —0.17 000 Q05 —0.05 —0.178 Q000 —0.043 Q056 —1.36 —143 20463 11847 ~0.38 11792
32 42 —0.17 000 Q08 —0.05 —0.179 Q000 —0.076 Q062 —1.13 —156 20355 12762 009 12760
33 43 —0.28 000 011 —0.05 —0.292 Q000 —0.086 Q075 —157 —2.36 19989 13935 021 14021
34 44 021 000 008 —0.05 0231 Q000 —0.083 Q031 —1.03 —0.72 19656 15076 044 15017
35 45 028 000 —0.12 —0.05 0320 Q000 Q195 Q115 —253 —450 19547 15992 038 16304
36 46 028 000 —0.12 —0.04 0318 Q000 Q194 Q103 —2.32 —4.09 19293 17053 045 17332
37 47 032 000 —0.12 002 0352 Q000 0204 Q044 —249 —272 18634 18519 ~0.16 18603
38 48 032 000 —0.12 003 0351 Q000 Q204 Q033 —225 —271 18380 19580 ~0.14 19669
39 49 032 000 —0.12 005 0348 Q000 0204 Q011 —245 —3.34 17888 20879 —0.74 20976
40 50 030 000 —0.10 —0.01 0332 Q000 Q169 Q062 —2.10 —3.12 17578 21996 —0.40 22114
41 51 032 000 —0.12 Q06 0347 Q000 0205 Q000 —2.63 —4.21 17104 23278 —1.34 23420
Z =11 (Na)

8 19 -0.01 000 012 002 —-0.005 Q000 —0.138 —0.014 125 292 13328 1147 1293 0012 299 1167
9 20 029 000 —-0.11 002 0317 QOO0 0180 Q031 170 555 14620 662 685 0007 539 683
10 21 034 000 —-0.10 003 0372 Q000 0183 Q027 Q92 530 16295 -2.06 —218 0001 517 -1.67
11 22 035 000 -0.04 003 0384 Q000 Q109 —0.002 172 608 17293 —-397 -518 0000 591 -4.87
12 23 035 000 000 003 0386 Q000 Q059 —-0.021 121 520 18585 -882 —-953 0000 510 -821

13 24 032 000 001 003 0353 Q000 Q038 —0.027 233 562 19242 -7.31 -842 0000 551 -6.70
14 25 026 000 —-0.01 002 0283 QOO0 Q044 —0.013 209 457 20194 -876 —9.36 0001 453 -8.09
15 26 024 000 002 003 0263 Q000 Q004 —0.033 221 452 20709 -584 —-6.86 0006 449 -522
16 27 025 000 006 003 0278 Q000 —0.041 —0.044 151 397 21429 -4.97 -552 0004 402 -4.35
17 28 021 000 005 —-0.03 0230 QOO0 —0.045 Q019 209 385 21795 -056 —-099 0013 386 -0.06

18 29 -0.06 000 001 003 —-0.063 Q000 —0.011 —0.028 242 314 22378 168 266 0013 316 207
19 30 -0.04 000 001 003 —0.042 Q000 —0.011 —-0.029 207 327 22585 769 836 0025 331 7.95
20 31 000 00O QOO 004 Q00O QOO0 QOO0 —0.039 138 309 22986 1175 1265 0211 318 1193
21 32 011 000 —-0.05 —-0.04 0121 Q000 Q067 Q050 172 278 23124 1844 1906 0356 304 1865
22 33 023 000 —-0.12 004 0249 0000 Q178 Q001 Q09 247 23425 2349 2489 0875 321 2401

23 34 027 000 —-0.11 004 0293 QOO0 0175 Q005 —-097 190 23492 3090 260 3124
24 35 029 000 -0.08 004 0314 Q000 0141 -0.004 —1.30 149 23709 3680 206 3686
25 36 029 000 —0.04 004 (0315 0000 Q091 —0.020 —1.12 148 23634 4562 182 4531

26 37 030 000 000 004 0329 Q000 Q045 —0.034 —-1.10 125 23749 5254 158 5208
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N A & &3 &4 &6 B2 B3 Ba Bs Esip  Emic  Ebind Mth Mexp  Oexp E,';Ii'c Mt';L
(MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV)
Z =11 (Na)
27 38 035 000 010 004 0401 QOO0 —0.056 —0.071 —2.40 —-0.13 23737 6074 093 6087
28 39 035 000 011 004 0403 Q000 —0.068 —0.075 —2.49 -—0.61 23804 6814 074 6844
29 40 028 000 005 004 0312 Q000 —0.020 —0.052 —1.20 —0.22 23549 7876 041 7822
30 41 022 000 001 005 0240 QOO0 Q014 —0.050 —0.69 017 23464 8768 079 8704
31 42 022 000 001 005 0240 Q000 Q014 —0.050 —0.72 015 23193 9846 079 9775
32 43 022 000 000 005 0239 Q000 Q026 —0.048 —0.54 020 23084 10762 086 10686
33 44 022 000 001 005 0240 QOO0 Q014 —-0.050 —0.57 019 22760 11893 091 11816
34 45 022 000 006 —0.05 0241 Q000 —0.057 Q035 —0.31 049 22576 12885 129 12812
35 46 031 000 —0.08 —0.05 0347 Q000 Q145 Q097 —1.68 —1.67 22421 13846 125 13982
36 47 031 000 —-0.07 —0.05 0346 Q000 Q131 Q091 —-146 —1.49 22202 14873 127 14992
37 48 031 000 —0.12 003 0339 Q000 0200 QO30 —1.84 —1.35 21776 16106 077 16160
38 49 033 000 —-0.12 005 0359 Q000 0208 Q014 -—-1.81 -1.75 21572 17117 053 17189
39 50 034 000 —-0.05 —0.02 0375 Q000 Q114 Q053 —1.74 —0.72 21020 18476 050 18445
40 51 034 000 —0.05 000 0374 Q000 Q115 Q032 —-1.61 —0.42 20710 19594 038 19526
41 52 033 000 —0.06 002 0361 Q000 Q127 Q015 —1.96 —0.87 20272 20838 —0.09 20776
42 53 031 000 —-0.09 006 0336 Q000 Q162 —0.016 —1.89 —2.23 20093 21825 —-0.25 21891
43 54 033 000 —0.06 006 0359 Q000 Q131 —0.026 —2.17 —2.27 19583 23142 —0.78 23169
44 55 033 000 —0.05 006 0359 Q000 Q118 —0.030 —2.01 —2.21 19231 24301 —0.75 24337
Z =12 (Mg)
8 20 Q11 000 -0.09 —-0.02 0122 Q000 0118 Q037 Q021 165 13648 1556 1757 0027 178 1532
9 21 029 000 —0.03 003 0316 Q000 Q078 —0.014 134 421 15019 992 1091 0016 415 978
10 22 035 000 —0.04 003 0384 Q000 Q109 —0.002 Q57 424 16914 -096 -040 0001 420 -0.85
11 23 035 000 002 003 0383 Q000 Q035 —0.029 123 499 18122 —-4.97 -547 0001 489 -474
12 24 035 000 006 003 0393 Q000 —0.012 —0.046 Q78 444 19738 —1306 —1393 0000 439 —1265
13 25 031 000 005 003 0346 Q000 —0.013 —0.042 181 483 20463 —1223 —1319 0000 476 —1176
14 26 -0.35 000 —-0.11 003 —-0.351 Q000 Q162 —0.070 Q79 342 21669 —-16.22 —1622 0000 349 -—-1557
15 27 025 000 005 —0.03 0275 Q000 —0.037 Q017 190 425 22154 —1300 —1459 0000 423 —-1245
16 28 025 000 008 —-0.03 0277 Q000 —0.073 Q008 126 377 23070 —14.09 —1502 0002 382 —1350
17 29 021 000 006 —0.03 0230 Q000 —0.057 Q016 196 368 23484 —-10.16 —1062 0014 370 -9.64
18 30 011 000 001 003 0119 Q000 —0.005 —0.031 221 338 24217 —-942 -891 0008 341 -897
19 31 -0.05 000 001 004 —-0.052 Q000 —0.011 —0.038 210 324 24497 —-4.14 -322 0012 330 -—-3.77
20 32 000 OO0 OO0 004 O0OOOCO QOOO QOO0 —0.039 139 304 25078 —-189 -095 0018 311 -160
21 33 011 000 —-0.04 —0.04 0120 Q000 0054 Q048 180 305 25224 472 489 0020 324 501
22 34 020 000 —0.09 000 0218 QOO0 Q131 Q0028 Q069 276 25693 811 881 0231 317 849
23 35 025 000 —-0.09 004 0270 QOO0 Q144 —-0.006 —0.35 226 25788 1523 272 1553
24 36 028 000 —0.05 004 0304 Q000 Q101 —-0.017 —0.90 185 26162 1956 220 1961
25 37 028 000 000 004 0306 QOO0 Q039 —0.035 —0.95 166 26137 2789 192 2772
26 38 029 000 003 004 0321 QOO0 Q006 —0.045 —1.18 115 26429 3303 154 3287
27 39 035 000 010 004 0401 Q000 —0.056 —0.071 —2.70 —0.04 26425 4114 093 4143
28 40 -0.31 000 -0.12 004 —-0.312 Q000 Q165 —0.077 —2.71 —1.31 26712 4634 081 4767
29 41 -0.27 000 —0.06 004 —0.276 Q000 Q090 —0.056 —1.62 —0.08 26397 5756 091 5764
30 42 022 000 002 005 0241 Q000 Q002 —0.053 —0.82 —0.12 26489 6472 049 6431
31 43 022 000 003 005 0242 Q000 —0.010 —0.055 —0.77 009 26216 7552 077 7510
32 44 022 000 003 005 0242 Q000 —0.010 —0.055 —0.56 031 26217 8358 106 8315
33 45 022 000 006 —0.05 0241 Q000 —0.057 Q035 —0.57 039 25902 9480 108 9424
34 46 023 000 010 —0.05 0255 Q000 —0.104 Q024 —-0.55 017 25889 10300 132 10283
35 47 022 000 010 —0.05 0244 Q000 —0.106 Q025 —0.40 —0.09 25560 11436 111 11421
36 48 033 000 —0.01 —0.05 0365 Q000 Q056 Q062 —0.92 019 25446 12358 143 12343
37 49 035 000 —0.01 —0.05 0389 Q000 Q062 Q064 —1.36 —0.07 25072 13539 124 13529
38 50 035 000 000 —0.05 0389 QOO0 Q049 Q058 —1.26 005 24928 14490 127 14471
39 51 035 000 001 —-0.06 0389 QOO0 QO35 Q064 —1.64 —0.59 24553 15672 088 15679
40 52 035 000 001 —0.06 0389 Q000 Q035 Q064 —1.56 —0.80 24398 16634 077 16653
41 53 034 000 000 —0.04 0376 Q000 Q047 Q048 —1.77 —0.47 23890 17949 040 17903
42 54 034 000 000 —0.01 0375 Q00O Q050 Q0018 —158 018 23612 19034 037 18927
43 55 035 000 003 006 0391 Q000 Q029 —0.062 —2.07 —1.91 23313 20140 —0.31 20182
44 56 035 000 004 006 0392 Q000 Q017 —0.066 —2.05 —2.06 23079 21182 —0.22 21256
45 57 035 000 004 006 0392 Q000 Q017 —0.066 —2.55 —2.60 22596 22471 —0.76 22557
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Z =12 (Mg)
46 58 035 000 004 006 0392 Q000 Q017 —0.066 —254 —271 22325 23550 —0.78 23657
47 59 033 000 002 006 0366 Q000 Q034 —0.059 —297 —295 21785 24897 —1.31 24989
Z =13 (Al
8 21 010 00O 012 003 0117 Q000 —0.134 —0.039 —0.59 087 13377 2555 111 2491
9 22 021 000 —0.05 003 0226 Q000 Q083 —0.015 138 339 14989 1750 336 1694
10 23 028 000 —0.02 003 0305 QOO0 Q062 —0.018 132 404 16890 657 677 0019 399 627
11 24 (030 000 002 003 0331 QOO0 Q020 —0.032 197 486 18318 037 —-0.06 0003 474 025
12 25 031 000 005 003 0346 Q000 —0.013 —0.042 155 458 19971 -810 -892 0000 450 -8.00
13 26 025 000 002 003 0274 Q000 Q006 —0.033 247 463 21069 —1101 —-1221 0000 455 —1193
14 27 -040 000 —-0.12 —0.03 —-0.392 Q000 Q193 —-0.027 —-0.29 416 22356 —1581 —-1720 0000 410 —1547
15 28 020 000 003 —0.02 0218 Q000 —0.021 Q014 233 396 23147 —-1564 -1685 0000 391 -1523
16 29 021 000 005 —0.03 0230 QOO0 —0.045 (0019 186 378 24088 —1699 —1822 0001 376 —1652
17 30 014 000 003 —-0.03 0151 QOO0 —0.030 Q@025 261 452 24609 —1412 —-1587 0014 451 —-1366
18 31 —-0.12 000 003 004 —-0.124 Q000 —0.030 —0.033 227 306 25507 —1503 —-1495 0020 308 —1457
19 32 005 000 001 004 0054 Q000 —0.010 —0.040 223 361 25896 —10.85 —11.06 0086 364 —1044
20 33 003 000 OO0 004 0032 QOO0 Q001 —0.039 152 320 26542 -924 -853 0073 325 -889
21 34 009 000 —-0.02 —0.04 0097 Q000 Q027 Q043 208 355 26823 —-398 -293 0113 363 -368
22 35 011 000 —-0.03 004 0117 Q000 Q043 —-0.036 187 313 27344 -111 -013 0175 324 -089
23 36 022 000 —0.08 004 0236 Q000 Q123 —-0.015 059 307 27554 4.86 578 0215 334 514
24 37 024 000 —0.05 004 0259 Q000 Q090 —0.022 Q08 259 27970 877 995 0331 282 889
25 38 025 000 —0.01 004 0272 Q000 Q044 —0.034 —-0.10 231 28104 1550 1605 0731 248 1545
26 39 024 000 002 004 0263 Q000 Q005 —0.043 —0.20 174 28433 2028 2140 1472 198 2019
27 40 -031 000 -0.12 004 -0.312 Q000 Q165 —0.077 —2.10 000 28626 2642 151 2748
28 41 -0.31 000 -0.12 005 —0.313 Q000 Q164 —0.086 —3.03 —1.05 28918 3157 087 3293
29 42 -0.27 000 —-0.09 000 —-0.271 QOO0 Q129 —-0.027 —188 022 28735 4148 098 4157
30 43 -0.27 000 —0.05 —0.05 —-0.271 QOO0 Q089 Q0029 —1.13 038 28831 4859 097 4841
31 44 —-0.27 000 —-0.02 —0.05 —0.274 Q000 Q055 Q037 —-093 028 28716 5781 077 5743
32 45 -0.27 000 —-0.02 —0.05 —-0.274 Q000 Q055 Q037 —-0.59 076 28712 6592 131 6551
33 46 —0.30 000 004 —0.05 —0.308 QOO0 —0.005 Q053 —0.86 040 28564 7547 116 7520
34 47 -0.36 000 006 —0.05 —0.369 Q000 —0.010 Q058 —1.16 026 28562 8356 134 8355
35 48 -0.38 000 006 —0.05 —0.388 Q000 —0.004 Q058 —1.12 011 28338 9388 122 9384
36 49 -0.38 000 003 —0.05 —0.386 Q000 Q027 Q046 —0.64 074 28204 10329 164 10298
37 50 041 000 007 —-0.05 0463 Q000 —-0.019 Q023 -1.16 128 27862 11477 179 11405
38 51 041 000 008 —0.06 0464 Q000 —0.033 Q027 —-1.29 111 27760 12387 192 12344
39 52 035 000 004 —0.06 0390 Q000 —0.004 Q049 —0.99 077 27462 13492 174 13463
40 53 035 000 004 —0.06 0390 Q000 —0.004 Q049 —-0.96 056 27319 14442 160 14422
41 54 033 000 002 —-0.06 0366 Q000 Q016 Q058 —1.09 006 26996 15572 127 15571
42 55 034 000 005 —-0.04 0378 Q000 —0.016 Q024 —-102 072 26726 16650 117 16577
43 56 035 000 006 002 0393 Q000 —0.014 —-0.037 —153 022 26367 17815 068 17749
44 57 035 000 007 006 0397 Q000 —0.017 —-0.078 —1.71 —1.67 26313 18676 055 18792
45 58 022 000 —-0.07 005 0236 Q000 Q111 —-0.028 —150 -—1.13 25818 19979 018 20012
46 59 022 000 —0.05 006 0236 Q000 Q087 —0.044 —149 -1.29 25557 21047 019 21106
47 60 027 000 —0.02 006 0294 Q000 Q063 —0.049 —227 -1.76 25132 22279 —0.45 22334
48 61 030 000 002 007 0332 Q000 Q026 —0.070 —247 —-257 24905 23313 —0.42 23464
49 62 028 000 004 007 0312 Q000 —0.003 —0.077 —2.84 —3.41 24488 24537 —0.91 24738
50 63 028 000 009 005 0318 Q000 —0.065 —0.073 —2.69 —3.36 24147 25685 —0.75 25914
Z =14 (Si)
8 22 Q00 001 002 003 0001 —0.013 —-0.023 —0.029 —-1.57 018 13393 3268 022 3134
9 23 -0.23 000 —0.12 003 —-0.232 Q000 Q154 —0.057 Q18 162 15176 2293 189 2221
10 24 -0.29 000 —-0.12 003 —-0.292 QOO0 Q163 —0.065 Q44 198 17333 943 1076 0019 222 901
11 25 —-0.35 000 —0.12 003 —-0.350 Q000 Q174 —0.073 Q90 314 18788 295 382 0010 319 262
12 26 —0.37 000 —0.12 003 —-0.370 Q000 Q178 —0.076 Q07 335 20611 -7.21 -7.14 0003 342 -7.27
13 27 -0.37 000 —-0.12 -0.03 —-0.363 QOO0 Q187 —-0.022 —-0.30 374 21851 —1153 —-1238 0000 367 —1155
14 28 -0.37 000 —-0.12 —-0.03 —-0.363 QOO0 Q187 —0.022 —152 306 23472 —1968 —2149 0000 308 —1946
15 29 —0.35 000 —0.07 —0.03 —0.349 Q000 Q126 —0.004 —-0.19 393 24212 —-1901 —-2190 0000 388 —1876
16 30 —-0.23 000 —0.02 003 —-0.236 Q000 Q040 —0.034 100 314 25409 —2290 —2443 0000 314 —2253
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Z =14 (Si)
17 31 -0.21 000 003 —-0.04 —-0.218 QOO0 —0.014 Q042 157 314 26055 —2129 —2295 0000 314 —2089
18 32 —0.12 000 003 004 -0.124 Q000 —0.030 —0.033 159 277 27027 —2295 —-2408 0000 279 —2253
19 33 -0.04 000 001 004 —-0.041 QOO0 —0.011 —0.038 167 289 27507 —1967 —2049 0016 291 —-1927
20 34 000 QOO OO0 004 O0OOO QOO0 QOO0 —0.039 082 265 28310 —1963 —1996 0014 268 —1925
21 35 —0.05 000 —0.01 004 —0.052 Q000 Q012 —0.039 166 287 28645 —1491 -1436 0038 292 —1457
22 36 001 000 OO0 004 0011 QOO0 Q001 —0.039 167 259 29316 —1354 —-1248 0123 266 —1326
23 37 018 000 —-0.06 002 0193 QOO0 Q089 —0.004 100 323 29493 -—-7.24 -658 0169 336 -6.99
24 38 021 000 —0.04 004 0226 Q000 Q071 —0.028 Q37 246 30095 -519 -407 0137 264 -497
25 39 023 000 000 004 0250 QOO0 Q027 —0.037 Q05 220 30260 123 193 0338 235 133
26 40 023 000 004 —0.04 0252 Q000 —0.030 Q030 —0.28 194 30705 485 547 0556 214 489
27 41 -0.31 000 -0.12 —0.05 —0.302 Q000 Q178 Q007 —-273 007 30942 1055 1356 1844 103 1125
28 42 -0.31 000 -0.12 005 —0.313 Q000 Q164 —0.086 —3.85 —1.23 31399 1405 049 1541
29 43 -0.28 000 —-0.10 —0.05 —-0.275 Q000 Q149 Q017 —-267 —-0.16 31262 2350 073 2392
30 44 -0.28 000 —-0.09 —0.05 —0.277 Q000 Q137 Q019 —-210 -0.05 31496 2922 084 2956
31 45 —-0.27 000 —-0.04 —0.05 —0.273 Q000 QO77 Q032 —-151 022 31369 3857 073 3844
32 46 -0.27 000 —-0.01 —-0.05 —-0.275 Q000 Q043 0040 —1.08 046 31516 4517 096 4494
33 47 -0.29 000 002 —-0.05 —0.297 Q000 Q015 Q047 —-1.27 040 31358 5482 099 5459
34 48 —0.36 000 005 —0.05 —0.368 Q000 QOO0 Q054 —-1.80 032 31470 6177 125 6181
35 49 -0.38 000 004 —-0.05 —-0.387 Q000 Q017 Q050 —183 044 31238 7216 130 7207
36 50 —0.44 000 004 —-0.05 —0.445 Q000 Q035 Q046 —-193 076 31251 8010 175 8009
37 51 —0.47 000 006 —0.06 —0.475 Q000 Q026 Q061 —1.74 049 31006 9062 199 9108
38 52 041 000 009 —0.06 0465 QOO0 —0.045 0022 —1.36 138 30908 9967 222 9944
39 53 041 000 009 —0.06 0465 QOO0 —0.045 0022 —-160 105 30623 11060 187 11032
40 54 035 000 006 —0.06 0391 Q000 —0.029 Q039 —-0.93 083 30587 11903 177 11887
41 55 035 000 007 —-0.06 0391 Q000 —0.041 Q035 —1.19 062 30248 13049 155 13033
42 56 035 000 008 —0.04 0393 Q000 —0.050 Q011 —-121 085 30122 13982 143 13933
43 57 035 000 009 —-0.01 0395 Q000 —0.056 —0.021 —158 040 29768 15143 091 15090
44 58 033 000 007 003 0371 Q000 —0.030 —0.050 —1.40 —0.00 29664 16054 095 16050
45 59 035 000 009 004 0399 Q000 —0.045 —0.068 —2.19 —-1.38 29367 17158 031 17234
46 60 022 000 —0.04 006 0237 Q000 Q075 —0.047 —145 —-096 29144 18188 037 18235
47 61 026 000 000 007 0285 Q000 Q038 —0.065 —2.27 —2.00 28782 19358 —0.20 19461
48 62 027 000 004 007 0301 Q000 —0.006 —0.077 —242 —-2.62 28628 20319 —0.28 20486
49 63 027 000 006 007 0304 Q000 —0.029 —0.083 —3.01 —356 28225 21529 —0.80 21750
50 64 —0.25 000 —-0.12 007 —0.256 Q000 Q153 —0.097 —3.20 —6.45 28266 22295 —0.57 22842
51 65 027 000 012 —-0.01 0306 Q000 —0.113 —0.025 —3.42 —2.86 27384 23985 —1.24 24120
52 66 030 000 012 —-0.03 0339 Q000 —0.109 —0.009 —-322 —259 27079 25097 —1.07 25238
53 67 030 000 012 —-0.03 0339 Q000 —0.109 —0.009 —352 —292 26564 26419 —1.42 26577
54 68 031 000 012 —-0.03 0351 Q000 —0.107 —0.011 —3.08 —2.57 26223 27567 —1.08 27743
Z=15(P)
8 23 —-0.02 002 012 -0.03 —0.020 —0.025 —-0.139 Q035 —-261 —1.07 12962 4428 —0.60 4285
9 24 010 000 -011 003 0108 Q000 Q141 —0.013 —0.45 143 14857 3341 165 3216
10 25 010 000 012 003 0117 Q000 —0.134 —0.039 056 145 17108 1897 163 1808
11 26 028 000 007 003 0314 Q000 —0.045 —0.048 114 349 18685 1127 344 1047
12 27 028 000 009 003 0317 QOO0 —0.068 —0.054 Q094 341 20596 023 -0.72 0026 339 -025
13 28 020 000 004 —-003 0218 QOO0 —0.034 0021 185 335 22082 -6.56 —7.16 0003 330 -6.84
14 29 —-0.33 000 —0.06 —0.03 —0.331 Q000 Q110 Q002 —-0.11 345 23682 —1449 -1695 0001 339 —1458
15 30 -0.12 000 001 003 —-0.125 Q000 —0.007 —0.027 181 287 24865 —1825 —2020 0000 285 —1917
16 31 —0.21 000 003 —-0.04 —0.218 Q000 —0.014 Q042 139 270 26153 —2306 —2444 0000 267 —2287
17 32 —0.19 000 005 —0.01 —0.198 Q000 —0.041 Q019 188 371 26881 —2226 —2431 0000 367 —2201
18 33 -0.12 000 004 004 -0.124 Q000 —0.041 —0.032 189 308 27928 —2466 —2634 0001 308 —2433
19 34 -0.06 000 001 000 —-0.063 QOO0 —0.010 @001 200 327 28573 —2304 —2456 0005 325 —2270
20 35 000 00O 000 00O 0000 QOO0 QOO0 QOO0 123 295 29428 —2352 —2486 0002 293 —-2319
21 36 —0.06 000 —0.01 001 —-0.063 QOO0 Q013 —-0.010 205 334 29910 —2027 —2025 0013 333 —1996
22 37 011 000 -0.01 002 0118 QOO0 Q018 —-0.018 177 332 30595 —1905 —-1899 0038 333 —1876
23 38 018 000 —0.02 000 0194 Q000 Q038 Q006 147 356 30968 —14.70 —1476 0103 357 —14.48
24 39 021 000 —-0.01 003 0227 QOO0 Q034 —-0.026 Q67 295 31589 —-1285 —-1287 0103 301 —-1263
25 40 021 000 002 001 0229 QOO0 —0.004 —-0.013 Q37 260 31912 -800 -811 0139 262 -791
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Z =15 (P)
26 41 022 000 005 —0.03 0241 Q000 —0.043 0018 —-0.19 194 32430 -511 -528 0216 205 -5.01
27 42 016 000 003 —-0.01 0173 Q000 —0.026 Q005 Q01 181 32633 093 094 0447 184 086
28 43 -0.27 000 —0.09 000 —-0.271 QOO0 Q129 —-0.027 —2.18 088 33082 451 577 0969 141 485
29 44 -0.27 000 —-0.04 —0.05 —-0.273 Q000 QO77 Q032 —159 059 33216 1124 093 1131
30 45 —-0.23 000 —-0.02 —0.05 —0.235 Q000 Q047 Q040 —-0.71 Q72 33473 1674 106 1671
31 46 —0.27 000 000 —0.05 —0.276 QOO0 Q032 Q042 —-0.86 075 33498 2456 111 2447
32 47 -0.27 000 002 —0.05 —0.277 QOO0 Q010 Q048 —0.59 088 33680 3082 134 3075
33 48 —-0.27 000 003 —0.05 —0.278 Q000 —0.001 Q051 —0.65 094 33633 3936 146 3926
34 49 -0.29 000 004 —0.05 —0.299 Q000 —0.007 Q053 —0.67 097 33755 4621 163 4618
35 50 -0.36 000 005 —0.05 —0.368 QOO0 QOO0 Q054 —1.13 104 33644 5539 183 5542
36 51 —0.36 000 004 —0.06 —0.368 Q000 Q012 Q059 —-0.77 129 33683 6308 231 6328
37 52 -0.36 000 004 —0.06 —0.368 Q000 Q012 Q059 —-0.47 125 33527 7270 228 7287
38 53 -0.21 000 010 006 —0.213 Q000 —0.096 —0.030 081 149 33511 8094 255 8110
39 54 034 000 006 —0.06 0379 Q000 —0.032 Q040 —-0.51 157 33292 9120 232 9102
40 55 034 000 006 —0.06 0379 Q000 —0.032 Q040 —-0.54 139 33266 9953 221 9940
41 56 034 000 007 —0.05 0380 Q000 —0.042 Q025 —-0.82 126 33021 11005 185 10968
42 57 031 000 005 —0.04 0344 Q000 —0.024 Q025 —-0.39 171 32886 11947 213 11894
43 58 022 000 —-0.03 —0.01 0239 Q000 Q058 Q021 —-0.17 133 32624 13016 159 12948
44 59 022 000 —-0.02 001 0238 Q000 Q046 —0.002 —0.45 128 32495 13952 141 13874
45 60 022 000 —0.02 002 0238 Q000 Q047 —0.012 —-1.19 056 32229 15025 074 14956
46 61 022 000 —0.01 003 0238 Q000 Q036 —0.025 —1.42 022 32089 15972 053 15921
47 62 022 000 001 007 0241 0000 Q016 —0.070 —2.08 —1.74 31912 16957 —0.04 17052
48 63 022 000 004 002 0242 0000 —0.025 —0.028 —2.04 —-0.44 31573 18103 —0.09 18071
49 64 022 000 007 002 0245 Q000 —0.061 —0.036 —2.78 —1.43 31265 19218 —0.65 19238
50 65 026 000 011 001 0295 QOO0 —0.100 —0.040 —3.19 —2.20 31099 20191 —0.70 20294
51 66 026 000 012 —-0.02 0294 Q000 —0.117 —0.014 —-3.59 -—-2.61 30703 21394 —1.13 21508
52 67 027 000 012 —0.03 0304 Q000 —0.117 —0.006 —3.28 —2.44 30413 22492 —0.90 22624
53 68 028 000 012 —-0.03 0316 Q000 —0.114 —0.007 —3.53 —2.65 29968 23743 —1.17 23886
54 69 030 000 012 —-0.03 0339 Q000 —0.109 —0.009 —3.11 —2.26 29628 24891 —0.84 25045
55 70 027 000 012 —0.03 0304 Q000 —0.117 —0.006 —2.93 —2.65 29175 26151 —1.05 26339
56 71 027 000 012 —-0.03 0304 Q000 —0.117 —0.006 —2.27 —2.29 28810 27323 —0.63 27537
57 72 -0.06 000 012 008 —0.052 Q000 —0.134 —0.063 —199 —-5.17 28583 28357 —0.92 28852
58 73 006 000 012 008 0078 Q000 —0.132 —0.081 —1.63 —593 28305 29442 —0.82 30045
=16 (S)
8 24 Q00 000 012 -0.03 0002 Q000 —0.140 Q032 —-278 —133 12726 5393 —-0.73 5214
9 25 Q10 000 —-0.10 —0.03 0114 Q000 Q131 Q049 —-0.69 100 14691 4236 138 4081
10 26 011 000 010 003 0126 Q000 —0.110 —0.039 Q17 093 17162 2572 115 2444
11 27 028 000 012 003 0321 Q000 —0.103 —0.063 Q42 271 18821 1720 283 1619
12 28 028 000 012 003 0321 Q000 —0.103 —0.063 023 276 20921 427 407 0160 287 358
13 29 021 000 007 —0.03 0231 Q000 —0.069 Q014 125 316 22415 -260 -316 0050 314 -315
14 30 -0.25 000 000 —0.03 —0.256 Q000 Q026 Q025 Q60 258 24278 —1316 —1406 0003 257 —1348
15 31 019 000 007 —-0.04 0208 Q000 —0.073 Q025 123 313 25501 —17.32 —1905 0002 311 —17.46
16 32 020 000 009 —-0.04 0221 Q000 —0.095 Q020 Q97 282 27083 —25.07 —26.02 0000 282 —2503
17 33 -0.20 000 009 —-0.04 —-0.209 Q000 —0.082 Q056 141 337 27906 —2522 —2659 0000 336 —25.08
18 34 -0.23 000 010 004 -0.235 Q000 —0.092 —0.010 Q91 319 29084 —2893 —2993 0000 322 —2868
19 35 —0.09 000 003 004 —0.093 Q000 —0.032 —0.035 188 317 29796 —27.98 —2885 0000 317 —27.70
20 36 000 00O OO0 —0.03 0000 QOO0 QOO0 Q@030 127 286 30818 —30.13 —30.66 0000 286 —29.82
21 37 -0.06 000 000 003 —0.063 Q000 Q001 —0.029 210 331 31337 —-27.25 —26.90 0000 331 —26.93
22 38 011 000 001 002 0118 Q000 —0.006 —0.021 181 331 32179 —-27.60 —26.86 0007 332 —27.29
23 39 018 000 000 —0.01 0195 QOO0 Q013 (0011 158 359 32587 —2360 —2316 0050 359 —2333
24 40 021 000 002 000 0229 Q000 —0.005 —0.004 068 296 33362 —2328 —2287 0141 298 —2303
25 41 023 000 004 —-0.02 0252 Q000 —0.028 Q011 Q07 260 33720 —1880 —19.02 0118 264 —1858
26 42 021 000 006 —0.04 0230 Q000 —0.058 0026 —0.31 180 34397 —1749 —-1768 0124 196 —17.22
27 43 018 000 004 —0.02 0196 Q000 —0.036 Q0012 —-0.23 136 34663 —1208 —1197 0202 143 —-1197
28 44 —-0.24 000 —-0.03 005 —0.247 Q000 Q051 —0.055 —1.34 089 35204 -9.42 -912 0395 127 -9.08
29 45 -0.20 000 001 005 —0.206 QOO0 Q001 —0.045 —-0.77 080 35347 -—277 —-325 1742 104 -265
30 46 —0.20 000 002 —0.05 —0.207 QOO0 —0.004 (0049 -0.46 060 35770 107 092 120
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Z=16(S)
31 47 —-0.23 000 004 —-0.05 —-0.238 Q000 —0.021 Q054 —-0.53 075 35807 876 118 892
32 48 —-0.27 000 006 —0.05 —0.280 Q000 —0.034 Q059 —-0.68 083 36119 1371 148 1401
33 49 -0.27 000 007 —0.05 —0.280 QOO0 —0.045 Q062 —-0.84 062 36123 2175 138 2208
34 50 -0.28 000 007 —0.05 —0.290 QOO0 —0.042 Q062 —0.78 088 36343 2762 174 2798
35 51 —0.27 000 007 —0.06 —0.280 Q000 —0.044 Q071 —-0.36 114 36234 3678 223 3730
36 52 —-0.27 000 006 —0.06 —0.280 QOO0 —0.033 Q068 —0.03 123 36404 4315 231 4360
37 53 -0.21 000 010 006 —0.213 QOO0 —0.096 —0.030 Q49 158 36227 5299 249 5321
38 54 —0.21 000 011 006 —0.213 Q000 —0.107 —0.027 Q50 137 36366 5967 246 6003
39 55 -0.22 000 011 006 —0.223 QOO0 —0.105 —0.026 Q45 136 36174 6967 246 7001
40 56 —0.22 000 010 006 —0.223 Q000 —0.094 —-0.029 058 140 36232 7716 248 7744
41 57 033 000 006 —0.05 0367 Q000 —0.033 Q030 —-0.52 167 35961 8794 225 8769
42 58 033 000 007 —0.04 0368 Q000 —0.043 Q016 —-0.72 152 35988 9574 201 9539
43 59 026 000 002 —0.01 0285 QOO0 Q004 Q007 —0.37 152 35701 10668 159 10592
44 60 022 000 000 000 0239 Q000 Q021 Q002 —0.39 137 35681 11495 143 11419
45 61 022 000 000 000 0239 Q000 Q021 Q002 —1.11 084 35407 12576 088 12501
46 62 022 000 002 001 0240 QOO0 —0.002 —0.013 —1.48 041 35372 13419 051 13353
47 63 022 000 005 —0.01 0241 Q000 —0.041 —0.002 —-2.17 —0.25 35074 14524 —0.04 14474
48 64 022 000 005 —0.01 0241 Q000 —0.041 —0.002 —2.33 —0.51 34982 15422 —-0.29 15381
49 65 022 000 008 —0.02 0243 Q000 —0.078 Q001 —3.11 —1.54 34685 16526 —0.89 16533
50 66 022 000 008 000 0244 Q000 —0.075 —0.019 —3.01 —1.54 34532 17487 —0.85 17508
51 67 023 000 011 000 0259 Q000 —0.108 —0.027 —3.52 —247 34194 18632 —-1.12 18729
52 68 023 000 012 000 0261 Q000 —0.120 —0.029 —3.17 —2.54 34013 19620 —0.83 19763
53 69 023 000 012 -0.01 0260 QOO0 —0.122 —0.020 —3.28 —2.74 33573 20867 —-111 21015
54 70 —0.19 000 001 -0.07 —-0.196 Q000 Q008 Q066 —2.35 —295 33376 21872 —0.98 22069
55 71 -0.19 000 002 —-0.08 —0.197 QOO0 —0.003 Q078 —2.54 —3.95 32988 23066 —1.23 23354
56 72 -0.19 000 003 —-0.08 —0.197 Q000 —0.014 Q080 —2.05 —3.86 32731 24131 —0.89 24460
57 73 -0.19 000 003 -0.08 —0.197 Q000 —0.014 Q080 —2.00 —4.22 32255 25414 —-1.20 25767
58 74 -0.31 000 001 —-0.08 —0.316 QOO0 Q034 Q070 —196 —2.87 31844 26632 —0.10 26979
59 75 -0.25 000 002 —-0.08 —0.257 QOO0 Q009 Q076 —1.78 —3.99 31420 27864 —0.99 28254
60 76 —0.26 000 004 —0.08 —0.269 Q000 —0.012 Q081 —1.38 —3.64 31084 29006 —0.15 29469
Z =17 (Cl)
8 25 —-0.05 013 002 000 —0.045 —-0.172 —0.015 Q011 —-298 —-204 12064 6784 —-172 6530
9 26 Q11 000 002 003 0119 Q000 —0.017 —0.032 —0.88 099 14161 5494 105 5263
10 27 011 000 010 003 0126 Q000 —0.110 —0.039 —-0.16 093 16681 3782 119 3616
11 28 (011 000 004 003 0120 Q000 —0.041 —0.034 139 226 18582 2688 229 2540
12 29 —0.23 000 012 -0.03 —0.240 Q000 —0.110 Q058 082 252 20713 1364 267 1263
13 30 —0.23 000 009 —0.03 —0.240 Q000 —0.077 Q049 104 292 22397 487 292 403
14 31 -0.24 000 006 —0.04 —0.249 Q000 —0.041 Q050 Q42 249 24296 -6.05 —-7.07 0050 248 -6.64
15 32 —-0.21 000 007 -0.04 —0.219 Q000 —0.058 Q052 102 301 25705 —1207 —1333 0007 297 —-1247
16 33 —0.23 000 011 004 —-0.235 Q000 —0.102 —0.007 084 309 27296 —1991 —2100 0000 307 —20.10
17 34 -0.23 000 012 004 —-0.234 Q000 —0.113 —0.004 103 357 28394 —2281 —2444 0000 352 —2377
18 35 —0.23 000 012 004 —-0.234 Q000 —0.113 —0.004 080 330 29717 —27.97 —2901 0000 329 —27.88
19 36 —0.11 000 004 003 —0.114 Q000 —0.042 —0.023 190 349 30574 —2847 —2952 0000 348 -2831
20 37 001 000 0OO OOO 0011 QOOO QOOO QOO0 142 313 31645 —3111 —-3176 0000 312 —30.88
21 38 —0.07 000 000 001 —-0.073 Q000 Q002 —0.010 214 354 32326 —2985 —2980 0000 353 —29.58
22 39 007 000 00O 001 0075 QOO0 Q002 —0.010 213 344 33219 -30.71 —2980 0002 343 —3042
23 40 014 000 00O OO0 0150 QOO0 QO0O8 Q001 217 416 33733 —27.78 —2756 0032 415 —2750
24 41 018 000 001 000 0195 Q000 Q002 —0.001 139 306 34593 —-2830 —27.31 0069 306 —2803
25 42 019 000 003 —-0.01 0207 QOO0 —0.022 Q004 Q95 288 35077 —2508 —2491 0144 289 —2484
26 43 017 000 004 —-0.02 0185 QOO0 —0.038 0013 054 222 35773 —2397 —2417 0157 227 —2373
27 44 —-0.17 000 003 005 —-0.175 Q000 —0.025 —0.041 Q20 200 36157 —19.73 —20.23 0108 212 —1947
28 45 —-0.15 000 002 004 -0.155 Q000 —0.016 —0.034 —0.35 104 36777 —-17.86 —1836 0124 114 —17.68
29 46 —-0.17 000 003 003 —-0.176 QOO0 —0.024 —0.023 —-0.41 093 37054 —1256 —1471 0717 100 —1247
30 47 —0.20 000 005 004 —-0.206 QOO0 —0.042 —0.026 —0.32 099 37478 -—-8.73 116 -861
31 48 —-0.23 000 005 —0.05 —0.239 Q000 —0.032 Q056 —0.37 112 37645 -—-2.33 151 -207
32 49 -0.23 000 006 —0.05 —-0.239 QOO0 —0.043 Q059 -0.14 123 37980 240 174 271
33 50 -0.27 000 008 —0.05 —0.280 QOO0 —0.056 Q065 —0.68 119 38087 939 189 983
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zZ =17 (Cl)
34 51 -0.27 000 008 —0.06 —0.281 Q000 —0.055 Q074 —-0.62 126 38348 1485 224 1549
35 52 —0.27 000 008 —0.06 —0.281 Q000 —0.055 Q074 —0.25 140 38368 2273 242 2335
36 53 —-0.23 000 009 002 —0.237 QOO0 —0.080 Q005 Q41 222 38486 2962 264 2958
37 54 -0.21 000 010 006 —0.213 Q000 —0.096 —0.030 056 199 38479 3776 277 3802
38 55 —0.21 000 011 006 —0.213 Q000 —0.107 —0.027 Q49 175 38639 4423 270 4461
39 56 -0.21 000 011 006 —0.213 Q000 —0.107 —0.027 Q46 172 38556 5313 270 5350
40 57 —0.22 000 011 006 —0.223 Q000 —0.105 —-0.026 Q39 157 38649 6027 262 6067
41 58 —0.25 000 012 006 —-0.253 Q000 —0.110 —0.019 Q10 139 38529 6955 252 7001
42 59 —-0.27 000 012 006 —0.274 Q000 —0.106 —0.017 —-0.26 094 38599 7692 212 7740
43 60 —0.27 000 012 006 —0.274 Q000 —0.106 —0.017 —-0.54 061 38445 8653 182 8703
44 61 017 000 —0.02 000 0183 QOO0 Q037 Q005 Q16 132 38352 9553 141 9491
45 62 017 000 —0.02 001 0183 Q000 Q037 —0.005 —-0.45 122 38131 10581 130 10520
46 63 017 000 000 001 0183 0000 Q013 —-0.009 —0.83 063 38123 11397 068 11334
47 64 017 000 004 000 0185 Q000 —0.036 —0.007 —1.54 —0.45 37959 12367 -0.31 12317
48 65 017 000 004 —-0.01 0185 Q000 —0.037 Q003 —1.76 —0.75 37881 13252 —0.60 13208
49 66 018 000 005 —-0.01 0197 Q000 —0.047 Q000 —2.29 —1.32 37629 14312 —1.10 14280
50 67 —-0.12 000 -0.01 001 -0.125 Q000 Q017 —-0.011 —-225 —-1.21 37472 15276 —1.14 15235
51 68 —0.18 000 —0.01 002 —0.186 Q000 Q023 —0.022 —2.79 —-1.45 37152 16403 —-1.24 16384
52 69 -0.12 000 -0.01 000 —0.125 Q000 Q017 —0.002 —2.51 —1.43 36969 17393 —1.40 17365
53 70 -0.18 000 001 —-0.02 —0.187 Q000 Q002 Q020 —2.85 —1.58 36608 18561 —1.42 18557
54 71 —-0.19 000 002 —0.06 —0.197 Q000 —0.004 Q059 —2.60 —257 36494 19483 —-1.14 19617
55 72 -0.19 000 003 —-0.08 —0.197 Q000 —0.014 Q080 —2.79 —3.99 36230 20554 —1.34 20824
56 73 —0.19 000 004 —-0.08 —0.198 Q000 —0.026 Q082 —2.31 —-3.89 35976 21614 —0.97 21925
57 74 -0.19 000 004 —0.08 —0.198 Q000 —0.026 Q082 —2.26 —4.17 35571 22827 —-1.19 23160
58 75 -0.21 000 004 —-0.08 —0.218 Q000 —0.022 Q0082 —1.84 —3.70 35252 23953 —0.61 24314
59 76 —0.26 000 004 —0.08 —0.269 Q000 —0.012 Q081 —2.12 —3.62 34785 25227 —0.47 25612
60 77 —0.26 000 004 —0.08 —0.269 Q000 —0.012 Q081 —1.63 —3.30 34454 26365 —0.05 26781
61 78 —0.26 000 005 —0.08 —0.269 Q000 —0.023 Q083 —1.54 —3.56 33997 27630 —0.01 28095
62 79 —0.26 000 008 —0.05 —0.270 Q000 —0.058 Q065 —1.06 —2.30 33547 28887 024 29273
Z =18 (Ar)

9 27 Q11 000 000 —-0.03 0118 Q000 Q004 QO30 —0.88 093 13769 6615 101 6342
10 28 011 000 003 003 0120 Q000 —0.029 —0.033 —0.29 111 16461 4731 120 4506
11 29 —-0.27 000 011 —0.03 —0.280 Q000 —0.090 Q058 038 216 18438 3561 242 3397
12 30 -0.27 000 011 —-0.03 —-0.280 Q000 —0.090 Q058 Q20 202 20799 2007 224 1877
13 31 -0.27 000 010 —-0.04 —-0.281 Q000 —0.078 Q063 031 225 22549 1064 235 956
14 32 -0.27 000 010 -0.04 -0.281 Q000 —0.078 Q063 —0.25 202 24612 -191 -220 0002 212 -2.69
15 33 —0.20 000 009 -0.04 —0.209 Q000 —0.082 Q056 062 247 26075 —-848 —-9.38 0000 249 -9.08
16 34 -0.22 000 012 —-0.04 -0.230 Q000 —0.111 Q066 Q42 274 27825 —1791 —-1838 0000 280 —1825
17 35 —0.23 000 012 004 —0.234 Q000 —0.113 —-0.004 057 328 29052 —2211 —2305 0001 326 —2234
18 36 —0.25 000 012 004 —-0.255 Q000 —0.109 —0.002 Q21 322 30606 —29.57 —30.23 0000 324 —29.62
19 37 -0.07 000 002 003 —-0.073 Q000 —0.022 —0.027 150 288 31561 —31.06 —3095 0000 287 —3101
20 38 000 00O 00O 0O0O QOO0 QOO0 QOO0 QOO0 Q78 268 32777 —3514 —3472 0000 267 —35.00
21 39 —0.04 000 000 002 —0.042 Q000 Q000 —0.019 163 301 33508 —3438 —3324 0005 300 —34.17
22 40 —0.03 000 000 004 —0.031 QOO0 QOO0 —0.039 160 279 34567 —3690 —3504 0000 280 —36.63
23 41 007 000 000 002 0075 Q000 Q003 —0.020 210 333 35138 —3454 —3307 0000 333 —3427
24 42 —0.03 000 000 002 —0.032 Q000 Q000 —0.020 188 245 36123 —3631 —3442 0006 246 —36.03
25 43 011 000 001 001 02118 QOO0 —0.007 —0.011 143 288 36583 —3285 —3201 0005 288 —3257
26 44 —-0.14 000 004 005 —0.144 Q000 —0.039 —0.040 056 202 37441 -3335 —3267 0002 212 —3301
27 45 —-0.15 000 004 005 —0.154 Q000 —0.038 —0.040 —0.06 138 37897 —2985 —29.77 0001 149 —2952
28 46 —0.13 000 002 003 —-0.135 Q000 —0.017 —0.025 —0.67 071 38625 —29.05 —2972 0041 Q76 —2883
29 47 -0.14 000 003 002 —-0.146 Q000 —0.027 —0.014 —-0.63 084 38907 —2380 —2591 0100 (088 —2364
30 48 —0.20 000 006 005 —0.205 Q000 —0.054 —0.032 —0.64 119 39433 —20.99 141 —-20.70
31 49 -0.21 000 008 —0.05 —0.220 Q000 —0.069 Q064 —0.58 126 39632 —1491 176 —1441
32 50 -0.23 000 007 —0.05 —0.240 Q000 —0.054 Q062 —-0.39 157 40072 —11.24 210 —10.77
33 51 —0.27 000 009 —0.06 —0.281 Q000 —0.066 Q077 —0.94 139 40217 -4.61 226 —-387
34 52 -0.27 000 009 —-0.06 —0.281 Q000 —0.066 Q077 —0.87 139 40606 —0.43 238 037
35 53 -0.27 000 010 —0.02 —0.280 Q000 —0.079 Q045 —-0.42 202 40599 771 262 806
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Z =18 (Ar)
36 54 -0.27 000 011 003 -0.276 Q000 —0.094 Q005 —0.25 216 40899 1278 272 1302
37 55 -0.21 000 011 006 —0.213 Q000 —0.107 —0.027 Q028 206 40899 2085 286 2127
38 56 -0.21 000 012 006 —-0.212 QOO0 —0.118 —-0.024 Q15 185 41168 2623 282 2678
39 57 -0.21 000 011 006 —-0.213 Q000 —0.107 —0.027 Q18 182 41102 3497 273 3541
40 58 —0.22 000 012 006 —-0.222 Q000 —0.116 —0.023 —0.03 159 41311 4095 266 4152
41 59 —-0.25 000 012 006 —0.253 Q000 —0.110 —0.019 —-0.31 152 41194 5019 258 5071
42 60 —0.25 000 012 006 —0.253 Q000 —0.110 —0.019 —-040 118 41357 5663 232 5720
43 61 —0.27 000 012 007 -0.273 Q000 —0.107 —0.026 —0.79 058 41244 6583 186 6653
44 62 012 000 -0.02 000 0128 Q000 Q030 Q003 Q35 157 41221 7413 164 7360
45 63 016 000 -0.02 001 0172 Q000 Q036 —0.005 —0.38 104 41056 8385 113 8334
46 64 016 000 000 001 0172 Q000 Q012 —0.009 —0.80 070 41119 9129 075 9075
47 65 016 000 002 000 0173 Q000 —0.013 —0.003 —1.54 —0.02 40930 10125 002 10072
48 66 —0.12 000 002 002 —-0.125 Q000 —0.018 —0.016 —1.63 —057 40970 10893 —0.43 10852
49 67 —0.12 000 002 002 -0.125 Q000 —0.018 —0.016 —246 -—1.37 40750 11919 —1.23 11883
50 68 —0.01 000 000 000 —0.011 Q000 QOO0 Q000 —253 —1.87 40744 12733 —1.87 12688
51 69 -0.12 000 002 —-0.01 —-0.125 Q000 —0.017 Q012 —3.37 —2.19 40440 13844 —2.10 13813
52 70 -0.12 000 003 000 —0.125 Q000 —0.029 Q004 —3.14 —2.04 40331 14760 —1.93 14739
53 71 -0.16 000 004 —-0.03 —0.167 Q000 —0.034 Q035 —-332 —2.33 39991 15907 —1.77 15940
54 72 -0.12 000 002 —-0.02 —-0.125 QOO0 —0.016 Q0022 —2.86 —1.93 39822 16883 —-172 16891
55 73 —0.16 000 005 —0.06 —0.168 Q000 —0.044 Q065 —3.02 —3.31 39560 17952 —1.54 18127
56 74 000 000 001 006 0001 Q000 —0.011 —0.058 —2.03 —2.51 39317 19002 —1.21 19142
57 75 001 000 OO0 008 0012 QOO0 Q001 —-0.078 —2.13 —3.38 38976 20151 —1.03 20409
58 76 001 000 OO0 008 0012 QOO0 Q001 —-0.078 —1.64 —299 38743 21191 —055 21472
59 77 —0.26 000 005 —0.08 —0.269 Q000 —0.023 Q083 —229 —3.57 38346 22395 -0.34 22771
60 78 —0.26 000 006 —0.07 —0.270 Q000 —0.034 Q077 —1.83 —2.88 38055 23493 005 23856
61 79 —-0.26 000 008 —0.05 —0.270 QOO0 —0.058 Q065 —1.77 —2.31 37518 24837 005 25162
62 80 —0.26 000 009 -0.03 —0.270 Q000 —0.070 Q051 -1.35 —1.50 37188 25974 031 26264
63 81 -0.25 000 012 000 —0.258 QOO0 —0.107 Q033 —148 —148 36682 27288 045 27610
64 82 —-0.25 000 012 000 —-0.258 QOO0 —0.107 Q033 —1.18 —1.27 36387 28389 071 28740
65 83 —0.26 000 010 —0.01 —0.269 Q000 —0.083 Q036 —1.19 —0.92 35826 29757 060 30086
Z =19 (K)

10 29 007 000 —0.01 003 0075 QOO0 Q015 —0.029 —-0.84 085 15829 6091 092 5825
11 30 010 000 001 003 0108 Q000 —0.006 —0.031 Q38 195 17985 4743 199 4518
12 33 008 000 001 004 008 QOO0 —0.008 —0.040 Q45 193 20379 3156 200 2974
13 32 008 000 001 004 008 QOO0 —0.008 —0.040 Q70 243 22281 2061 247 1913
14 33 000 000 002 004 0001 Q000 —0.023 —0.039 Q25 172 24438 710 174 595
15 34 002 000 —0.02 004 0021 Q000 Q024 —0.039 Q088 245 26047 -0.91 246 -1.79
16 35 -0.03 002 000 —0.04 —-0.031 —0.027 Q001 Q040 128 249 27864 —1101 —-1117 0020 250 —1165
17 36 —0.03 000 001 —-0.04 —0.032 Q000 —0.011 Q040 166 284 29278 —17.07 —-17.43 0008 283 —-1751
18 37 —0.06 000 002 004 —0.062 Q000 —0.022 —0.037 142 270 30883 —2506 —2480 0000 270 —2531
19 38 —0.04 000 001 000 —0.042 QOO0 —0.011 Q@001 117 293 32026 —2841 —2880 0000 291 —2931
20 39 —0.03 000 000 001 —0.032 Q000 QOO0 —0.010 Q40 250 33385 —3393 —3381 0000 249 -3392
21 40 —0.05 000 000 001 —0.052 Q000 Q001 —0.010 118 299 34254 —3455 —3353 0000 298 —34.44
22 41 -0.03 000 000 001 —-0.032 QOO0 QOO0 —0.010 103 275 35354 —3748 —-3556 0000 274 —37.30
23 42 -0.05 000 001 000 —0.053 Q000 —0.011 Q001 169 308 36093 —36.80 —3502 0000 307 —36.58
24 43 -0.05 000 000 001 —0.052 Q000 Q001 —0.010 132 265 37069 —3849 —3659 0009 265 —3823
25 44 —0.06 000 000 000 —0.063 QOO0 Q001 Q000 121 250 37728 —37.01 —3581 0036 249 —-36.74
26 45 —0.05 000 000 000 —0.052 Q000 Q001 QOO0 053 170 38614 —37.79 —3661 0010 170 —37.53
27 46 006 000 001 000 0064 Q000 —0.010 —0.001 —0.02 149 39164 —3522 —-3542 0016 149 —3497
28 47 —0.04 000 000 OO0 —0.042 QOO0 Q001 Q000 —0.84 048 39956 —3507 —3570 0008 Q47 —3485
29 48 —0.05 000 000 000 —0.052 Q000 Q001 QOO0 —059 058 40371 —3115 —-3212 0024 Q57 —3097
30 49 —0.05 000 001 000 —0.053 Q000 —0.011 Q001 Q05 109 40909 —2846 —-3032 0070 109 —2831
31 50 -0.05 000 000 001 —-0.052 QOO0 Q001 —0.010 068 165 41185 —2315 —2535 0278 166 —2304
32 51 -0.08 000 001 —-0.01 —0.084 QOO0 —0.009 Q010 125 217 41629 —1952 218 —1946
33 52 -0.13 000 002 —-0.03 —0.136 Q000 —0.015 Q031 137 252 41843 —1358 262 —1349
34 53 -0.29 000 009 —-0.06 —0.301 QOO0 —0.061 Q078 —0.26 239 42267 -—-9.76 322 -8.99
35 54 -0.16 000 004 —-0.02 —-0.167 Q000 —0.034 Q025 156 304 42374 -275 317 274
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N A & £ £ & B> B3 Ba Bs Esip  Emic  Ebind Mth Mexp  Oexp Er';Ii_c Mt';L
(MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV)

Z =19 (K)

36 55 -0.14 000 005 002 -0.145 Q000 —0.050 —0.010 167 308 42706 200 322 196
37 56 —0.13 000 006 003 —-0.134 Q000 —-0.062 —0.018 164 305 42812 901 327 901
38 57 —-0.13 000 007 006 —-0.132 Q000 —0.074 —0.044 137 244 43139 1381 302 1411
39 58 —-0.07 000 003 002 —-0.073 Q000 —0.033 —0.016 187 284 43138 2190 293 2166
40 59 —0.02 000 000 000 —-0.021 QOO0 QOO0 QOO0 156 276 43348 2786 276 2749
41 60 —-0.07 007 000 000 —-0.071 —0.092 Q004 Q003 116 251 43354 3588 265 3560
42 61 —0.03 000 000 000 —-0.032 Q00O QOO0 Q000 117 230 43520 4229 229 4184
43 62 —0.08 005 002 000 —-0.083 —0.065 —0.019 Q003 081 199 43477 5078 209 5042
44 63 —0.09 000 000 000 —0.094 Q00O Q003 —0.000 053 171 43597 5766 172 5718
45 64 012 000 -0.02 000 0128 QOO0 QO30 Q003 —-0.16 135 43511 6659 140 6615
46 65 012 000 Q00 001 0129 Q000 Q007 —0.010 —0.64 084 43603 7374 087 7328
47 66 012 000 001 000 0129 Q000 —0.006 —0.001 —1.41 011 43509 8275 012 8228
48 67 —0.10 000 001 001 —-0.105 QOO0 —0.008 —0.009 —1.89 —-0.67 43583 9008 —0.64 8965
49 68 —0.09 000 Q00 000 —-0.094 Q000 Q003 —0.000 —2.75 —1.53 43459 9939 —-152 9895
50 69 000 000 000 001 0000 QOO0 QOO0 —0.010 —3.29 —2.23 43483 10723 —220 10684
51 70 -0.10 000 000 000 —0.105 Q000 Q004 —0.000 —3.65 —2.39 43252 11761 —2.39 11725
52 71 -0.10 000 000 000 —-0.105 Q000 Q004 —0.000 —3.36 —2.15 43141 12679 —2.14 12649
53 72 -0.10 000 001 -0.01 —-0.105 Q000 —0.007 Q011 -3.39 —2.26 42869 13758 —2.22 13739
54 73 -0.10 000 001 -0.01 -0.105 Q000 —0.007 Q011 —-2.92 —-1.84 42705 14730 —-1.79 14718
55 74 —-0.10 000 002 -0.01 —-0.105 Q000 —0.019 Q012 -2.89 —-1.89 42391 15850 —1.80 15851
56 75 002 000 001 004 0022 Q000 —0.011 —0.039 —224 —-1.80 42226 16822 —1.25 16880
57 76 000 00O OO0 008 Q001 QOO0 QO01 —0.078 —2.33 —3.30 42028 17827 —1.13 18059
58 77 000 00O OO0 008 Q001 QOO0 QOO01 —0.078 —1.80 —2.89 41798 18864 —-0.63 19117
59 78 004 000 —0.02 008 0043 Q000 Q026 —0.078 —1.49 —2.68 41400 20070 —0.30 20349
60 79 002 000 001 008 0023 Q000 —0.010 —0.078 —0.93 —2.20 41134 21143 021 21439
61 80 006 000 OO0 008 Q065 QOO0 Q004 —-0.079 —-0.77 —2.03 40712 22372 045 22691
62 81 —0.06 000 000 008 —0.062 Q000 Q001 —0.077 —0.35 —2.04 40467 23424 048 23764
63 82 005 000 004 —-002 0054 Q000 —0.047 Q018 -0.09 040 39793 24905 078 25051
64 83 005 000 004 —-0.02 0054 Q000 —0.047 Qo018 Q14 062 39499 26007 101 26173
65 84 005 000 004 —-0.02 0054 Q000 —0.047 Q018 —0.03 049 39058 27255 088 27443
66 85 005 000 003 -0.01 0054 Q000 —0.035 Q008 Q07 082 38729 28391 099 28579
67 86 005 000 003 —-0.02 0053 Q000 —0.035 Q018 -0.31 037 38296 29631 068 29856
68 87 000 000 000 000 0000 QOO0 QOO0 QOO0 —041 074 37941 30793 074 31013
Z =20 (Ca)

10 30 000 000 OO0 —0.03 0000 QOO0 QOO0 QO30 -—1.16 069 15464 7185 077 6882
11 31 000 000 000 Q04 Q000 QOO0 QOO0 —0.039 Q08 171 17670 5787 181 5532
12 32 000 000 000 Q04 Q000 QOO0 QOO0 —0.039 —0.03 151 20261 4003 159 3789
13 33 003 000 001 004 0033 0000 —0.011 —0.040 Q09 188 22219 2851 194 2674
14 34 000 000 —-0.01 004 Q000 QOO0 Q012 —0.039 —-0.55 130 24536 1341 135 1198
15 35 000 000 000 004 Q000 QOO0 QOO0 —0.039 Q10 186 26207 478 188 363

16 36 000 00O QOO 004 000O0O QOO0 QOO0 —0.039 055 219 28163 —-6.71 —-6.44 0040 220 -7.59
17 37 -0.02 000 000 004 -0.021 Q000 QOO0 —0.039 Q93 260 29613 —1314 —-1316 0022 260 —1378
18 38 000 00O QOO0 004 QOO0 QOO0 QOO0 —0.039 Q063 255 31372 —2266 —2206 0005 255 —2310
19 39 001 00O 00O 000 0011 QOO0 QOO0 QOO0 Q33 257 32655 —2742 —-2727 0002 256 —27.69

20 40 000 OO0 OO0 001 0000 QOO0 QOO0 —0.010 —052 198 34262 —3542 —-3485 0000 197 —3555
21 41 -0.02 000 —-0.01 002 —-0.021 Q000 Q012 —0.020 038 255 35162 —36.34 —3514 0000 254 —-36.35
22 42 000 000 000 001 0OO0OO QOO0 QOO0 —0.010 Q08 219 36424 —40.89 —3855 0000 218 —4081
23 43 001 000 00O 002 0011 QOO0 QOO0 —0.020 Q75 255 37198 —4056 —3841 0000 254 —40.40
24 44 000 000 000 002 0000 QOO0 QOO0 —0.020 Q@37 202 38328 —43.79 —4147 0000 202 —4358

25 45 -001 000 000 000 —0.011 QOO0 QOO0 QOO0 Q028 188 39021 —4265 —4081 0000 187 —4240
26 46 000 000 000 001 0OOOO QOO0 QOO0 —0.010 —057 103 40050 —44.86 —4313 0002 103 —44.60
27 47 003 000 001 00O 0032 Q000 —0.012 —0.000 —0.98 076 40638 —4267 —4234 0002 Q75 —4240
28 48 000 000 000 OO0 QOO0 QOO0 QOO0 QOO0 —194 —-0.11 41548 —4371 —-4421 0004 -0.11 —4345
29 49 000 OO0 000 OO0 QOO0 QOO0 QOOO QOO0 —154 016 41977 —3992 —4129 0004 Q15 —3968

30 50 000 000 OO0 QOO Q00O QOO0 QOO0 QOO0 —0.88 065 42645 —3853 —3957 0009 Q64 —3832
31 51 000 00O 000 QOO QOO0 QOO0 QOO0 QOO0 —0.09 134 42935 —3336 —3586 0094 133 —3319
32 52 000 000 000 OO0 QOO0 QOO0 QOO0 QOO0 Q056 182 43506 —31.00 —3251 0699 182 —30.86
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Z =20 (Ca)

33 53 006 000 000 000 0064 QOO0 Q002 QOO0 132
34 54 —001 000 000 000 —0.011 QOO0 QOO0 QOO0 172
35 55 —0.07 003 001 000 —0.073 —0.039 —0.009 Q001 193
36 56 —0.07 002 002 002 —0.073 —0.026 —0.021 —0.017 192
37 57 —0.07 003 Q01 000 —0.073 —0.039 —0.009 Q001 193

38 58 000 004 000 000 0001 —0.054 Q001 Q001 150
39 59 000 005 000 OO0 0001 —0.067 Q001 Q002 113
40 60 Q00 007 QOO 000 0002 —0.094 Q002 Q003 033
41 61 —-0.02 009 000 000 —0.018 —0.121 Q004 Q005 Q23
42 62 000 000 000 000 0000 QOO0 QOO0 QOO0 Q33

43 63 001 000 QOO 00O 0011 QOO0 QOO0 QOO0 032
44 64 Q00 000 QOO 00O QOO0 QOO0 QOO0 QOO0 —0.05
45 65 000 000 QOO QOO QOO0 QOO0 QOO0 QOO0 —0.41
46 66 000 000 QOO OO0 QOOO QOO0 QOO0 QOO0 —0.96
47 67 Q002 000 -0.01 001 0021 QOO0 Q012 —0.010 —1.75

48 68 000 000 OO0 0OO QOO0 QOO0 QOOO QOO0 —262
49 69 002 000 001 000 0021 QOO0 —0.012 —0.000 —3.58
50 70 000 000 OO0 QOO 0OOOO QOO0 QOO0 Q000 —4.43
51 71 —0.02 000 000 001 —0.021 QOO0 QOO0 —0.010 —4.34
52 72 000 000 000 0QO1 0000 QOO0 QOO0 —0.010 —4.09

53 73 000 000 OO0 QOO 0000 QOO0 QOO0 Q000 —3.92
54 74 000 000 000 QOO QOO0 QOO0 QOO0 Q000 —-3.42
55 75 001 000 000 001 0011 QOO0 QOO0 —0.010 —3.31
56 76 000 000 000 QO3 0000 QOO0 QOO0 —0.029 —2.84
57 77 000 000 000 008 0001 QOO0 QOO1 —0.078 —2.88

58 78 000 000 000 006 0001 QOO0 QO01 —0.058 —2.20
59 79 001 000 OO0 0QO8 0012 QOOOC QOO1 —0.078 —1.88
60 80 000 000 001 008 0002 QOO0 —0.010 —0.078 —1.36
61 81 004 000 000 009 0044 QOO0 Q003 —0.088 —1.10
62 82 005 000 000 Q04 0054 QOO0 Q002 —0.039 —0.49

63 83 005 000 003 -0.01 0054 Q000 —0.035 Q008 —0.38
64 84 005 000 002 000 0054 Q000 —0.023 —0.001 -0.16
65 85 005 000 003 -0.01 0054 Q000 —0.035 Q008 —-0.33
66 86 004 000 002 -0.01 0043 Q000 —0.023 Q009 -0.27
67 87 000 000 QOO QOO QOOO QOO0 QOO0 QOO0 —0.61

68 88 000 000 QOO OO0 QOOO QOO0 QOO0 QOO0 —0.88
69 89 —-0.02 000 001 001 -0.021 Q000 —0.012 —0.009 —-1.34
70 90 000 00O QOO QOO QOOO QOO0 QOO0 QOO0 —1.62
71 91 -0.02 000 —-0.01 001 -0.021 QOO0 Q012 —-0.010 -—-1.81
72 92 000 000 OO0 QOO 0000 QOO0 QOO0 QOO0 —1.88

Z =21 (Sc)

11 32 040 000 —0.07 004 0440 Q000 Q167 Q013 —1.67
12 33 011 000 —0.07 —0.04 0122 Q000 Q093 Q054 Q06
13 34 011 000 —0.06 —0.04 0121 Q000 Q079 Q052 Q25
14 35 008 Q00 —0.05 —0.04 0088 Q000 Q064 Q047 QO3
15 36 008 Q00 —0.02 —0.04 0086 Q000 Q026 Q043 Q76

16 37 008 000 —0.01 —0.04 0086 Q000 Q014 Q041 126
17 38 —-0.06 000 000 004 -0.063 QOO0 Q001 —-0.039 173
18 39 -0.06 000 000 004 —-0.063 QOO0 Q001 —0.039 148
19 40 -0.04 000 —0.01 003 —0.042 0000 Q012 —0.030 123
20 41 -0.02 000 —-0.01 003 -0.021 Q000 Q012 —0.030 Q49

21 42 -0.06 000 —-0.01 003 -0.063 QOO0 Q013 —0.030 118
22 43 -0.04 000 —-0.02 002 —-0.042 Q000 0024 —0.020 Q96
23 44 005 000 —0.02 000 0053 QOO0 Q025 Q001 144
24 45 004 000 —-0.01 -0.03 0043 Q000 Q013 Q031 110
25 46 -0.05 000 -0.01 001 —-0.052 QOO0 Q013 —-0.010 Q97

26 47 -0.02 000 -0.01 000 —-0.021 QOO0 Q012 —-0.000 Q14

267
260
288
290
309

292
277
216
208
178

158
111
058
000
—0.86

—1.49
—2.35
—3.02
-3.11
—2.88

—2.75
—2.27
—2.18
—-1.93
—-3.51

—2.14
—2.73
—2.35
—-2.71

000

049
080
056
069
058

038
—0.05
—0.26
—0.49
—0.54

209
087
171
162
229

270
290
287
298
258

309
275
291
227
240

145

43695 —24.82 267 —24.72
44233 —2212 259 —2208
44399 —-1571 290 —-1570
44848 —12.13 296 —-1212
44951 -5.09 311 -518
45345 —-0.96 295 -109
45418 638 282 623
45788 1075 228 1062
45793 1877 229 1869
46070 2407 178 2375
46033 3251 158 3216
46271 3821 111 3783
46216 4683 058 4644
46411 5295 —0.00 5254
46342 6171 —-0.83 6133
46495 6826 —-150 6786
46383 7745 —-235 7707
46492 8442 —-3.02 8406
46264 9478 —-3.09 9447
46242 10307 —2.85 10281
45954 11402 —2.75 11378
45868 12295 —2.27 12278
45549 13421 —2.15 13414
45450 14327 —1.65 14354
45266 15318 —147 15531
45020 16371 —0.93 16510
44707 17492 —-0.54 17740
44529 18477 —0.09 18746
44164 19649 023 20000
43723 20897 062 21031
43247 22180 065 22285
43017 23217 086 23329
42590 24451 073 24593
42352 25496 078 25651
41888 26767 058 26933
41658 27805 038 27993
41204 29066 001 29284
40952 30125 —0.26 30362
40458 31426 —0.42 31696
40168 32524 —0.54 32814
16989 7197 220 6907
19722 5270 120 5047
21802 3997 190 3800
24112 2495 175 2328
25935 1479 233 1337
27925 296 272 183
29555 527 291 -6.15

31354 —-1519 -1417 0024 287 —-1584
32781 —2138 —-2052 0003 298 —2185
34409 —2959 -2864 0000 257 —29.88

35538 —3281 —-3212 0000 308 —33.68
36908 —3844 —-36.19 0002 274 —-3847
37844 —-39.73 —-37.82 0002 290 —39.67
39021 —4343 —-4107 0001 227 —4328
39824 —4339 —-4176 0001 239 —4319

40897 —46.04 —4433 0002 144 4581
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Z =21 (Sc)
27 48 006 000 —0.01 —0.01 0064 QOO0 Q013 Q011 -032 120 41614 —-4515 —4450 0005 120 —44.89
28 49 —-0.03 000 —0.01 000 —0.032 Q000 Q012 —0.000 —1.07 041 42549 —4642 —4655 0004 Q40 —46.15
29 50 —0.04 000 —0.01 000 —0.042 QOO0 Q012 —-0.001 —-062 073 43099 —4386 —4454 0016 Q73 —4359
30 51 -0.04 000 —-0.01 000 —0.042 Q000 Q012 —0.001 —0.03 120 43798 —4277 —4322 0020 120 —4251
31 52 —0.04 000 —0.01 000 —0.042 Q000 Q012 —0.001 Q79 191 44209 —3881 —4036 0193 191 —3858
32 53 006 000 —0.02 —0.01 0064 QOO0 Q025 Q0012 141 261 44786 —3651 262 —36.28
33 54 010 000 000 —0.01 0107 QOO0 Q004 Q010 192 351 45087 —3145 —-3422 0370 351 3127
34 55 -0.10 000 —-0.01 —-0.02 —0.104 Q000 Q016 Q018 225 348 45645 —2896 —2958 0736 351 —2880
35 56 —-0.10 000 000 —0.01 —0.104 QOO0 Q004 Q009 258 383 45919 —2363 384 —2353
36 57 —-0.10 000 001 000 —0.105 QOO0 —0.008 Q001 257 387 46388 —2024 388 —-20.19
37 58 —0.10 000 002 001 —-0.105 Q000 —0.019 —0.007 262 396 46612 —14.42 398 —14.39
38 59 —0.07 003 001 001 —-0.073 —0.039 —0.009 —0.008 243 363 47043 —10.65 366 —10.67
39 60 —0.04 006 000 000 —0.040 —0.080 Q002 Q002 205 351 47219 -434 357 —-4.37
40 61 —0.02 008 000 000 —0.018 —0.107 Q003 Q004 134 304 47594 -0.02 317 -0.02
41 62 —0.04 009 —-0.01 000 —-0.038 —0.121 Q016 Q005 119 297 47702 697 315 698
42 63 —-0.02 000 —-0.01 000 —0.021 Q000 Q012 —0.000 143 261 48002 1204 261 1183
43 64 005 000 —0.02 000 0053 QOO0 Q025 Q001 125 226 48080 1934 229 1912
44 65 012 000 —0.04 —0.01 0129 Q000 Q055 Q017 Q37 199 48312 2508 216 2498
45 66 012 000 —-0.03 000 0128 Q000 Q043 Q005 —0.24 145 48355 3273 153 3252
46 67 012 000 —0.02 000 0128 Q000 Q030 Q003 —0.75 090 48561 3874 095 3848
47 68 012 000 —0.01 000 0128 Q000 Q018 Q002 —153 013 48577 4665 015 4635
48 69 —0.04 000 000 000 —0.042 Q000 Q001 QOO0 —1.81 —-0.72 48764 5286 —-0.72 5253
49 70 005 000 000 —0.01 0053 Q000 Q001 Q010 —2.85 -—180 48764 6092 —-178 6062
50 71 —0.03 000 —0.01 000 —0.032 Q000 Q012 —0.000 —368 —242 48881 6783 —-241 6753
51 72 -0.07 000 —-0.03 001 -0.073 QOO0 Q037 —0.012 —3.70 —245 48733 7738 —233 7721
52 73 -0.03 000 000 001 —-0.032 QOO0 QOO0 —0.010 —3.20 —2.17 48717 8560 —215 8537
53 74 —0.04 000 000 001 —0.042 Q000 Q001 —0.010 —299 —1.98 48507 9577 —1.95 9558
54 75 -0.04 000 —-0.01 001 —-0.042 Q000 Q012 —0.010 —248 —1.50 48431 10461 —1.46 10448
55 76 —0.04 000 —-0.01 001 —-0.042 QOO0 Q012 —-0.010 —2.26 —1.28 48182 11517 —-124 11510
56 77 —0.03 000 —0.02 001 —0.032 Q000 Q024 —0.010 —1.73 —0.83 48070 12436 —0.75 12439
57 78 —0.03 000 —0.01 005 —0.031 Q000 Q012 —0.049 —-1.55 —1.28 47853 13460 —0.51 13540
58 79 002 000 —-0.03 —0.06 0024 QOO0 Q038 Q062 —1.07 —1.19 47743 14377 012 14521
59 80 006 000 —0.06 003 0063 Q000 Q074 —0.025 —0.83 —0.27 47356 15571 041 15661
60 81 006 000 —0.06 004 0063 Q000 Q074 —0.035 —0.36 —0.05 47200 16535 087 16660
61 82 —-0.06 000 —0.04 003 —-0.063 QOO0 Q047 —-0.032 Q07 037 46833 17708 093 17809
62 83 —0.06 000 —0.03 000 —0.062 Q000 Q037 —0.002 Q49 110 46596 18753 122 18824
63 84 —0.06 000 —0.03 —0.02 —0.062 Q000 Q038 Q018 Q059 109 46244 19912 135 20011
64 85 —0.06 000 000 OO0 —0.063 QOO0 Q001 Q000 Q081 142 46015 20948 142 21036
65 86 —0.06 000 001 001 —0.063 Q000 —0.010 —0.009 Q67 129 45649 22121 134 22231
66 87 —0.06 000 003 003 —0.062 Q000 —0.034 —0.026 056 092 45464 23113 135 23279
67 88 —0.06 000 003 002 —-0.062 Q000 —0.033 —0.017 Q025 087 45065 24319 112 24486
68 89 002 000 —-0.01 000 0021 QOO0 Q012 Q000 Q26 131 44773 25418 133 25582
69 90 —0.04 000 001 001 —0.042 Q000 —0.011 —0.009 —0.28 065 44411 26588 070 26776
70 91 -0.01 000 —-0.01 00O —0.010 QOO0 Q012 —-0.000 —0.50 068 44137 27669 069 27876
71 92 —-0.03 000 —-0.02 001 —-0.032 QOO0 Q024 —-0.010 —0.84 028 43726 28887 039 29127
72 93 —-0.02 000 —0.01 000 —0.021 Q000 Q012 —0.000 —091 026 43433 29987 028 30242
73 94 004 000 —0.03 —0.01 0043 Q000 Q037 0012 —-135 —0.46 43034 31194 —0.24 31495
74 95 008 000 —0.07 —0.04 0090 QOO0 Q090 Q051 —185 —2.27 42899 32136 —0.36 32634
Z =22 (Ti)

12 34 023 002 —-0.12 —0.04 0261 —0.029 0181 0092 —136 035 19438 6283 145 6105
13 35 018 002 -0.12 —0.04 0206 —0.029 Q170 Q081 —-0.70 115 21561 4968 188 4794
14 36 010 000 —0.03 004 0106 Q000 Q042 —0.036 Q14 134 24007 3328 142 3129
15 37 011 000 —-0.02 004 0117 QOO0 Q031 —0.037 Q067 207 25864 2279 212 2111
16 38 (011 000 000 —0.04 0118 QOO0 Q004 (0041 108 239 28022 928 243 7.90
17 39 010 000 000 004 0107 Q000 Q006 —0.040 159 311 29639 118 313 006
18 40 -0.03 000 000 004 —-0.031 QOO0 QOO0 —0.039 154 264 31636 —1072 —-8.85 0160 266 —1158
19 41 -0.03 000 000 005 —-0.031 QOO0 QOO0 —0.049 127 284 33094 —17.23 285 —17.87
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N A & £ £ & B> B3 Ba Bs Esip  Emic  Ebind Mth Mexp  Oexp Er';Ii_c Mt';L
(MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV)

Z =22 (Ti)
20 42 000 000 000 005 Q001 QOO0 QOO0 —0.049 Q47 241 34874 —2696 —2512 0005 242 —27.41
21 43 —0.04 000 —001 005 —0.042 Q000 Q012 —0.049 133 301 36104 —3119 —2932 0007 301 —3148
22 44 000 000 000 004 Q000 QOO0 QOO0 —0.039 110 263 37691 —3898 —3755 0001 263 —3913
23 45 004 000 000 004 0043 Q000 Q002 —0.039 163 277 38665 —40.65 —3901 0001 277 —40.69
24 46 002 000 000 Q01 Q021 Q000 Q000 —0.010 120 265 39929 —4522 —4412 0001 265 —4517

25 47 005 000 -0.01 001 0053 QOO0 Q013 —0.009 103 188 40856 —46.42 —4493 0001 188 —46.29
26 48 001 000 000 OO0 0011 QOO0 (QOOO QOO0 Q15 121 42036 —50.14 —-4849 0001 120 —4996
27 49 005 000 OO0 00O 0053 QOO0 Q001 QOO0 —0.44 086 42795 —49.67 —4856 0001 Q085 —49.44
28 50 000 000 OO0 QOO QOO0 QOOO QOOO QOO0 —1.38 008 43859 —5224 -5143 0001 Q07 —5198
29 51 002 000 000 OO0 0021 QOO0 QOOO QOO0 —0.86 047 44432 —4989 —4973 0001 Q47 —4962

30 52 000 000 OO0 QOO Q00O QOO0 QOO0 QOO0 —0.23 090 45260 —50.10 —4947 0007 Q89 —49.83
31 53 001 000 OO0 QOO 0011 QOO0 QOO0 QOO0 060 160 45699 —4643 —4683 0100 160 —46.16
32 54 —0.01 000 000 000 —0.011 QOO0 QOO0 QOO0 135 210 46416 —4552 —4559 0125 210 —4528
33 55 010 000 000 000 0107 QOO0 Q004 QOO0 171 314 46730 —4059 —4167 0152 314 —-4035
34 56 012 000 002 -0.01 0129 (0000 —0.019 Q007 189 351 47365 —3886 —3894 0196 354 —3864

35 57 012 000 003 —-0.02 0129 Q000 —0.031 Q016 223 383 47666 —33.80 —3354 0455 388 —3359

36 58 —0.10 000 002 000 —0.105 Q000 —0.019 Q002 250 369 48265 —3173 371 —3158
37 59 -0.10 000 002 000 —0.105 Q000 —0.019 Q002 258 383 48506 —26.07 385 —25.96
38 60 -0.01 000 000 000 —0.011 QOO0 QOO0 Q000 248 351 49044 —23.38 351 —-2333
39 61 000 00O 0OOO 00O QOO0 QOO0 QOO0 QOO0 220 345 49236 —17.22 344 -1721
40 62 000 00O 00O QOO QOO0 QOO0 QOO0 QOO0 165 297 49716 —1395 297 —1399
41 63 —-0.02 000 —-0.01 000 —0.021 Q000 Q012 —0.000 179 301 49831 -7.03 302 -7.10
42 64 000 00O OO0 OO0 0OOOO QOO0 Q00O QOO0 121 245 50254 -3.19 244 -3.30
43 65 002 000 00O 000 0021 QOO0 QOO0 QOO0 115 223 50335 408 223 393
44 66 001 00O 000 OO0 0011 QOO0 QOO0 QOO0 Q@73 161 50701 848 161 831
45 67 012 000 —0.04 000 0129 Q000 Q055 Q007 —048 120 50746 1610 133 1603
46 68 012 000 -0.02 001 0128 Q000 Q031 —0.007 —0.94 063 51050 2113 069 2097
47 69 012 000 —-0.01 000 0128 Q000 0018 Q002 —-1.74 —-0.13 51079 2892 —-0.11 2870
48 70 000 00O OO0 OO0 0OOOO QOO0 Q000 Q000 —210 —1.13 51373 3405 —-113 3380
49 71 004 000 001 000 Q043 Q000 —0.011 —-0.000 —3.21 —2.09 51374 4211 —2.08 4187
50 72 000 000 00O QOO QOO0 QOO0 QOO0 QOO0 —4.07 —2.75 51585 4808 —2.75 4783
51 73 -0.03 000 -0.01 -0.01 -0.031 Q000 0012 Q009 —-3.82 —2.71 51442 5757 —2.68 5737
52 74 000 000 00O QOO Q00O QOO0 QOO0 QOO0 —3.48 —2.39 51508 6498 —-2.39 6476
53 75 000 000 00O QOO Q00O QOO0 QOO0 QOO0 —3.11 -—2.12 51302 7511 —2.12 7493
54 76 000 000 000 001 QOO0 QOO0 QOO0 —0.010 —2.53 —-1.60 51306 8315 —158 8302
55 77 002 000 000 001 0021 QOO0 QOO0 —0.010 —221 -1.36 51064 9364 —1.34 9356
56 78 000 000 00O 002 Q00O QOO0 QOO0 —0.020 —1.65 —0.85 51028 10207 —-0.74 10213
57 79 000 000 000 Q05 0001 QOO0 QOO0 —0.049 —-1.38 —1.11 50801 11242 —041 11313
58 80 000 003 000 004 0001 —0.039 Q001 —0.039 —-0.76 —0.35 50703 12147 015 12205
59 81 004 000 -0.02 002 0042 Q000 Q025 —0.019 —-0.25 029 50352 13305 045 13338
60 82 005 000 -0.01 004 0053 QOO0 0014 —-0.039 Q18 047 50277 14187 098 14264
61 83 005 000 —0.02 004 0053 Q000 0026 —0.038 Q048 067 49938 15333 123 15425
62 84 005 000 —-0.01 002 0053 Q000 Q013 —0.019 (086 139 49777 16301 153 16363
63 85 007 000 003 —-0.01 0075 Q000 —0.034 Q008 Q92 154 49414 17471 167 17544
64 86 005 000 002 000 0054 Q000 —0.023 —0.001 112 175 49272 18420 180 18499
65 87 005 000 003 —-0.01 0054 Q000 —0.035 Q008 098 156 48916 19584 171 19686
66 88 005 000 002 -0.01 0053 Q000 —0.023 Q009 Q96 162 48760 20546 170 20659
67 89 000 000 000 QOO QOO0 QOO0 QOO0 QOO0 Q71 162 48359 21755 162 21875
68 90 000 000 00O 00O Q00O QOO0 QOO0 QOO0 Q42 141 48203 22718 141 22857
69 91 -002 000 001 000 —-0.021 Q000 —0.012 Q000 —-0.04 106 47812 23915 107 24074
70 92 000 000 000 QOO QOO0 QOO0 QOO0 Q000 —0.35 076 47639 24896 076 25074
71 93 -0.02 000 —-0.01 001 —-0.021 Q000 Q012 —0.010 —-0.62 049 47217 26125 055 26330
72 94 000 000 00O 00O Q00O QOO0 QOO0 QOO0 —0.82 028 47010 27139 028 27361
73 95 -0.02 000 000 —-0.01 —-0.021 Q000 QOO0 Q010 —-1.19 -0.10 46579 28378 —0.06 28627
74 96 000 000 00O 00O Q00O QOO0 QOO0 QOO0 —1.31 —0.25 46342 29421 —-0.25 29691
75 97 011 000 —-0.07 —0.02 0120 Q000 Q092 Q033 —249 —-2.20 46046 30524 —1.00 30939

76 98 011 000 -0.05 001 0118 QOO0 Q067 —0.002 —2.53 —1.75 45728 31649 —-131 32017
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N A & &3 &4 &6 B2 B3 Ba Bs Esip  Emic  Ebind Mth Mexp  Oexp E,';Ii'c Mt';L
(MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV)
Z=23(V)
13 36 024 000 —0.10 004 0259 Q000 Q154 —0.004 —1.08 064 21014 6244 093 5997
14 37 018 000 —0.09 —0.04 0201 Q000 Q129 Q069 —0.75 102 23478 4587 147 4394
15 38 018 000 —0.05 —0.04 0197 Q000 QO75 Q056 Q08 201 25464 3408 215 3221
16 39 020 000 —0.02 —0.04 0218 Q000 Q040 Q048 044 246 27647 2032 252 1870
17 40 017 000 —0.01 —0.04 0184 Q000 Q023 Q044 139 289 29446 1040 290 904
18 41 011 000 OO0 005 0118 Q000 Q008 —0.049 172 323 31399 -1.06 326 -2.13
19 42 005 000 00O 005 0054 Q000 Q002 —0.049 177 308 33039 —9.39 310 -10.23
20 43 001 000 000 005 0011 QOO0 Q001 —0.049 103 266 34855 —19.48 268 —20.11
21 44 007 000 —0.02 —0.02 0075 Q000 Q026 Q0022 175 308 36245 —2531 —2412 0121 307 —2578
22 45 003 000 OO0 004 0032 QOO0 QO01 —0.039 160 271 37867 —3345 —-3188 0017 271 —-3375
23 46 018 000 —0.08 001 0195 Q000 Q115 Q012 Q22 326 39007 —-36.79 —37.07 0001 324 —3761
24 47 019 000 —0.07 002 0205 Q000 Q104 —0.001 —0.38 258 40427 —-4292 —4200 0001 259 —4295
25 48 019 000 —0.05 001 0205 QOO0 Q078 Q004 —0.34 238 41430 —4488 —4447 0003 237 —4484
26 49 015 000 —0.03 000 0161 Q000 Q046 Q007 —0.31 159 42654 —49.04 —47.96 0001 159 —4892
27 50 010 000 —-0.01 000 0107 Q000 Q016 Q001 —0.30 116 43551 —4994 —4922 0001 115 —49.76
28 51 002 000 OO0 OO0 0021 QOOO QOOO QOO0 —0.90 029 44654 —5290 —5220 0001 Q28 —5267
29 52 005 000 000 001 0053 Q000 Q001 —0.010 —0.43 067 45353 -51.82 —5144 0001 Q67 —5156
30 53 011 000 -0.02 001 0117 Q000 Q030 —0.007 —0.06 143 46177 —-5198 —51.85 0003 143 —5170
31 54 011 000 —-0.02 001 0117 QOO0 QO30 —0.007 Q74 220 46730 —4944 —-4989 0015 221 —4915
32 55 016 000 —0.01 001 0172 Q000 Q024 —0.007 Q90 305 47439 -4846 —4915 0100 306 —4817
33 56 016 000 001 000 0173 Q000 —0.001 —0.001 150 369 47908 —4508 —46.08 0204 370 —4481
34 57 016 000 003 —0.02 0173 Q000 —0.027 Q015 179 389 48585 —4378 —4419 0233 393 —4349
35 58 013 000 003 —0.02 0140 Q000 —0.030 Q016 247 409 49011 —3997 —-4021 0248 412 —-3971
36 59 013 000 003 —-0.02 0140 Q000 —0.030 Q016 268 414 49614 -37.93 —37.07 0307 419 —37.69
37 60 —0.13 000 003 001 —-0.135 Q000 —0.028 —0.005 287 438 49955 —3326 —3258 0475 441 —-3307
38 61 —-0.10 000 003 001 —-0.104 QOO0 —0.031 —0.006 285 412 50508 —30.73 415 —-30.57
39 62 001 000 000 000 0011 QOO0 Q000 QOO0 293 395 50815 —2573 394 —2564
40 63 001 00O OO0 OO0 0011 QOO0 QOO0 QOO0 243 351 51312 —2263 350 —2258
41 64 —0.03 000 000 000 —0.032 QOO0 QOO0 Q000 257 356 51529 —16.72 356 —16.70
42 65 001 000 000 000 0011 QOO0 QOO0 QOO0 200 297 51971 —1307 297 —-1310
43 66 012 000 —0.04 —0.01 0129 Q000 Q055 Q017 126 271 52156 —6.85 283 -6.78
44 67 015 000 —-0.06 —0.01 0162 QOO0 Q084 Q024 Q05 209 52539 -—-260 238 -240
45 68 016 000 —0.04 001 0172 Q000 Q060 —0.001 —-0.55 150 52697 388 163 389
46 69 016 000 —0.03 001 0172 Q000 Q048 —0.003 —1.04 090 53020 873 100 868
47 70 012 000 -0.01 000 0128 QOO0 Q018 Q002 —1.38 003 53153 1547 005 1533
48 71 012 000 001 -0.01 0129 Q000 —0.007 Q009 —1.94 —0.43 53407 2100 —0.40 2086
49 72 005 000 001 000 0053 Q000 —0.011 —0.001 —-2.67 —1.71 53530 2784 -1.70 2767
50 73 001 00O OO0 001 0011 QOOO QOO0 —0.010 —3.49 —2.33 53750 3371 —232 3354
51 74 003 000 —0.02 000 0032 Q000 Q024 Q001 —3.18 —228 53693 4235 —2.25 4220
52 75 -0.01 000 001 000 —0.010 Q000 —0.012 Q000 —2.78 —1.86 53761 4975 —1.85 4958
53 76 —-0.01 000 001 000 —0.010 QOO0 —0.012 Q000 —2.31 —1.51 53632 5910 —151 5896
54 77 -0.01 000 001 000 —0.010 QOO0 —0.012 Q000 —1.68 —0.94 53641 6709 —0.94 6696
55 78 —0.02 000 001 000 —0.021 Q000 —0.012 Q000 —1.27 —0.53 53465 7692 —-052 7683
56 79 -0.01 000 001 000 —0.010 QOO0 —0.012 Q000 —0.66 —0.03 53439 8525 —0.02 8520
57 80 002 000 000 003 0021 QOO0 Q001 —0.030 —0.26 004 53259 9512 028 9535
58 81 017 000 —0.01 003 0183 Q000 Q026 —0.027 —0.32 090 53159 10419 116 10450
59 82 027 000 —-0.07 000 0295 QOO0 Q121 Q031 —190 095 52946 11440 166 11524
60 83 027 000 —-0.07 000 0295 QOO0 Q121 Q031 —1.63 112 52879 12314 188 12410
61 84 028 000 —0.06 000 0306 Q000 Q110 Q028 —1.67 130 52619 13380 188 13467
62 85 028 000 —-0.06 001 0305 QOO0 Q111 Q018 —1.27 153 52512 14295 207 14387
63 86 027 000 —0.06 001 0294 Q000 Q108 Q016 —1.10 145 52247 15367 196 15467
64 87 027 000 —0.05 000 0294 Q000 Q095 Q023 —0.68 174 52103 16318 219 16424
65 88 027 000 —0.04 —0.01 0295 Q000 Q081 Q029 —0.63 174 51800 17428 215 17543
66 89 027 000 —0.03 —0.01 0295 QOO0 Q069 Q025 —-0.21 200 51629 18407 229 18523
67 90 028 000 —0.01 —0.02 0307 Q000 Q045 Q028 —0.29 186 51312 19530 208 19654
68 91 001 000 000 001 0011 QOO0 Q000 —0.010 139 214 51111 20539 217 20661
69 92 001 000 OO0 OO0 0011 QOOO QOOO QOO0 Q94 181 50787 21670 181 21805
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N A & &3 &4 &6 B2 B3 Ba Bs Esip  Emic  Ebind Mih Mexp Oexp E,'T:]Ii'c MIIEL
(MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV)
Z=23(V)
70 93 000 OOO OO0 OO0 OOOO QOO0 QOO0 QOO0 Q061 151 50617 22647 151 22801
71 94 -0.03 000 —0.01 000 —0.032 Q000 Q012 —0.000 Q30 128 50259 23812 129 23986
72 95 001 00O OO0 001 0011 QOO0 QOO0 —0.010 QO3 094 50067 24811 098 25008
73 96 003 000 —0.01 000 0032 QOO0 Q012 Q000 —0.43 042 49715 25970 043 26186
74 97 011 000 -0.06 —0.02 0120 Q000 Q079 Q031 —1.26 -—0.82 49590 26903 006 27228
75 98 011 000 -0.06 000 0118 Q000 Q079 Q010 —200 —1.26 49207 28092 —0.68 28411
76 99 (011 000 —-0.05 000 0118 Q000 Q066 Q008 —2.24 —141 48950 29157 —0.99 29484
77 100 011 000 —-0.03 001 0117 QOO0 Q042 —0.005 —295 -1.96 48558 30355 —1.80 30683
78 101 011 000 —-0.01 002 0118 Q000 Q018 —0.018 —3.20 —2.27 48296 31425 —210 31781
Z =24 (Cr)
14 38 024 000 —0.06 004 0259 Q000 Q103 —0.019 -1.19 056 23219 5575 074 5327
15 39 023 000 —-0.03 004 0249 Q000 Q063 —0.029 —-0.57 159 25237 4363 164 4141
16 40 023 000 001 004 0251 QOO0 Q015 —0.040 —-0.25 183 27593 2815 189 2627
17 41 018 000 000 005 0195 Q000 Q018 —0.049 Q88 227 29427 1788 233 1632
18 42 011 000 000 005 0118 QOO0 QO08 —0.049 142 263 31526 496 270 369
19 43 008 000 000 005 0086 QOO0 QOO5 —0.049 150 273 33177 —-3.48 277 —-451
20 44 (000 000 0QOO 005 0001 QOO0 QOO0 —0.049 087 228 35140 —15.04 231 —-1585
21 45 009 000 -0.03 —0.04 0098 Q000 Q040 Q045 139 277 36559 —-2116 —1897 0503 278 —2178
22 46 015 000 —0.05 000 0161 QOO0 Q071 Q011 Q066 269 38290 —3040 —2947 0020 271 —-30.85
23 47 020 000 —-0.07 003 0215 Q000 Q106 —0.010 —0.20 281 39574 —3516 —3456 0014 281 —3546
24 48 021 000 —-0.05 003 0226 Q000 Q083 —0.015 —0.79 211 41193 —-4329 —4282 0007 213 —4343
25 49 021 000 —-0.03 002 0227 Q000 Q057 —0.010 —0.84 194 42227 —4555 —4533 0002 194 —-45.60
26 50 018 000 —0.02 000 0194 Q000 Q038 Q006 —0.92 119 43577 —-5098 —50.26 0001 120 —50.93
27 51 011 000 -0.01 000 0118 Q000 Q017 Q002 —0.72 069 44512 -5226 —5145 0001 Q69 —-5214
28 52 000 00O QOO0 —0.02 0000 QOO0 Q000 Q020 —1.27 —0.17 45740 —-56.47 —-5542 0001 —-0.17 —-56.29
29 53 (005 000 OO0 000 0053 Q000 Q001 Q000 —0.77 020 46470 —5570 —5528 0001 Q19 -5548
30 54 015 000 —0.03 003 0161 Q000 Q048 —0.024 —0.86 121 47390 —-56.83 —56.93 0001 125 —56.54
31 55 016 000 -0.01 002 0172 Q000 Q024 —0.017 —-0.15 202 47968 —5454 —-5511 0001 204 -54.25
32 56 017 000 000 001 0183 0000 Q013 —0.009 Q27 217 48865 —5543 —-5528 0002 219 -5512
33 57 017 000 002 000 0184 Q000 —0.012 —0.003 082 279 49362 —-5234 —5252 0002 281 —5204
34 58 017 000 004 -0.02 018 Q000 —0.038 Q013 109 311 50142 -5206 —-5183 0203 316 —-5174
35 59 016 000 004 -0.02 0174 Q000 —0.039 Q013 166 368 50555 —4812 —47.89 0244 373 —4781
36 60 016 000 003 —0.02 0173 Q000 —0.027 Q015 197 370 51272 —-47.21 —4650 0213 376 —46.92
37 61 —-0.13 000 003 001 —-0.135 Q000 —0.028 —0.005 253 401 51628 —4271 —4218 0255 404 —4246
38 62 —-0.10 000 003 001 —-0.104 Q000 —0.031 —0.006 253 379 52285 —4120 —4042 0337 383 —-4098
39 63 (000 000 00O 0O0O QOO0 QOO0 QOO0 QOO0 263 356 52618 —36.47 356 —36.31
40 64 000 00O 000 00O 0000 QOOO QOO0 QOO0 214 318 53214 —34.35 318 —34.23
41 65 —-0.03 000 —0.01 000 —0.032 Q000 Q012 —0.000 227 324 53449 —28.63 324 -2854
42 66 000 000 000 00O 0000 QOOO QOO0 QOO0 174 269 53989 —2596 268 —2591
43 67 015 000 —0.06 —0.01 0162 Q000 Q084 Q024 Q47 237 54197 —19.96 262 —19.69
44 68 016 000 —0.04 000 0172 Q000 Q060 Q009 -0.08 187 54666 —16.58 200 —16.46
45 69 016 000 —0.04 001 0172 Q000 Q060 —0.001 —0.91 118 54850 —10.36 131 -1027
46 70 016 000 —0.02 001 0172 QOO0 Q036 —0.005 —1.36 059 55267 —6.46 066 —6.45
47 71 016 000 000 000 0172 Q000 Q011 Q001 —2.05 008 55379 049 010 043
48 72 012 000 001 000 0129 Q000 —0.006 —0.001 —2.30 —0.78 55765 471 —0.76 462
49 73 005 000 001 000 0053 QOO0 —0.011 —0.001 —2.98 —2.04 55900 1143 —-2.04 1132
50 74 000 00O OO0 OO0 OOOO QOO0 QOO0 Q000 —3.81 —2.64 56206 1644 —264 1631
51 75 003 000 —-0.01 000 0032 Q000 Q012 Q000 —3.38 —252 56157 2501 —252 2489
52 76 000 000 QOO 0O0O QOO0 QOO0 QOO0 QOO0 —296 —2.08 56309 3156 —2.08 3143
53 77 001 00O QOO OO0 0011 QOO0 QOO0 QOO0 —240 —-1.70 56188 4083 —-171 4072
54 78 -0.01 000 000 000 —0.011 Q000 Q000 Q000 —1.72 —1.05 56273 4805 —1.05 4795
55 79 016 000 —-0.02 003 0172 Q000 Q037 —0.025 —2.03 -0.69 56113 5773 —0.46 5789
56 80 017 000 -0.01 003 0183 Q000 Q026 —0.027 —150 -0.10 56160 6533 014 6552
57 81 (017 000 000 003 0184 0000 0014 —0.029 —100 017 55969 7531 041 7554
58 82 (017 000 000 003 0184 Q000 Q014 —0.029 —0.53 067 55986 8321 092 8351
59 83 027 000 -0.06 001 0294 Q000 Q108 Q016 —203 096 55756 9358 145 9417
60 84 027 000 —0.06 001 0294 Q000 Q108 Q016 -1.79 114 55766 10156 167 10224
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N A & £ £ & Bo B3 Ba Be Esip  Emic  Ebind Mih Mexp  Oexp Er';Ii_c MIIEL
(MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV)

Z =24 (Cr)

61 85 028 000 —-0.05 001 Q305 QOO0 Q098 Q014 -—-1.87 115 55531 11198 153 11259
62 86 029 000 —-0.05 002 0316 Q000 Q102 Q004 —-168 131 55507 12029 173 12102
63 87 028 000 —-0.04 000 Q306 QOO0 Q085 Q020 —1.38 144 55227 13116 176 13188
64 88 028 000 —-0.03 000 Q306 QOO0 QO72 Q016 -0.97 174 55156 13994 196 14067
65 89 028 000 —0.03 001 Q305 QOO0 Q073 Q005 —-099 169 54864 15093 185 15171
66 90 028 000 —-0.02 000 0306 QOO0 Q059 Q012 -0.63 191 54768 15996 203 16082
67 91 028 000 —-0.01 000 Q306 QOO0 QO47 @008 -0.70 186 54448 17124 188 17213
68 92 029 000 001 —-0.01 0318 Q000 Q023 Q011 —-058 201 54329 18049 201 18150
69 93 027 000 002 —-0.02 029 QOO0 QO05 Q017 -0.56 174 54004 19182 182 19305
70 94 000 OO QOO OO0 QOO0 QOO0 QOO0 Qo000 Q91 167 53879 20113 167 20246
71 95 —-0.03 000 —-0.01 000 —0.032 Q000 Q012 —0.000 Q55 144 53526 21274 145 21425
72 96 000 000 0QO0O QOO QOO0 QOOO QOO0 QOO0 Q27 108 53403 22204 108 22372
73 97 003 000 —-0.01 OO0 Q032 QOO0 Q012 QOO0 -0.24 051 53058 23356 052 23545
74 98 005 000 —-0.02 000 Q053 QOO0 Q025 Q001 —-0.63 013 52912 24309 019 24523
75 99 005 000 —-0.02 000 Q053 QOO0 Q025 Q001 —1.33 —050 52552 25477 —-0.44 25712
76 100 011 000 —0.04 001 Q117 QOO0 Q054 —0.004 —218 —1.29 52422 26414 —1.02 26692
77 101 011 000 —-0.03 002 Q0117 QOO0 Q042 —0.016 —3.04 —2.14 52062 27581 —-1.87 27883
78 102 011 000 —-0.01 002 0118 QOO0 Q018 —0.018 —3.31 —2.37 51854 28596 —2.20 28914
79 103 009 000 Q01 OO0 Q09 QOO0 —0.009 —0.001 —4.15 —-3.08 51458 29799 —3.08 30124
Z =25 (Mn)

15 40 023 000 001 004 0251 Q000 Q015 —0.040 —0.93 100 24729 5601 105 5352
16 41 024 000 004 005 0266 Q000 —0.017 —0.058 —-0.90 116 27128 4009 130 3805
17 42 021 000 003 —0.05 0229 Q000 —0.022 Q044 Q24 179 29087 2857 184 2676
18 43 016 000 002 —-0.05 0173 Q000 —0.017 Q047 Q86 208 31228 1523 214 1373
19 44 010 Q00 OO0 0O5 0108 QOO0 QO07 —0.049 116 253 32986 572 257 448
20 45 001 000 QOO 005 Q011 QOO0 QO01 —0.049 Q67 194 34997 —-6.32 198 -7.32
21 46 011 000 —-0.03 —0.02 0118 QOO0 Q041 Q025 105 261 36535 —13.62 261 —14.45
22 47 011 000 —-0.03 —0.01 0118 QOO0 Q041 Q015 Q75 206 38347 —23.68 206 —24.31

23 48 020 000 —0.04 001 0216 0000 Q067 Q002 —-0.12 254 39728 —2941 —-2932 0112 252 —29.89
24 49 020 000 —-0.03 000 0216 QOO0 Q054 Q009 —-0.79 180 41385 —37.91 —-3762 0024 179 —-3822

25 50 021 000 —0.01 OO0 0228 Q000 Q031 Q004 —-108 156 42617 —4216 —4263 0001 154 —4296
26 51 018 000 000 000 0194 0000 Q0014 Q001 —-1.30 105 44035 —4827 —4824 0001 104 —-4833
27 52 014 000 000 000 0150 QOO0 Q008 Q001 —1.26 Q53 45097 -50.82 —-50.71 0002 052 -50.80
28 53 -0.02 000 000 —0.01 —0.021 0000 Q000 Q010 —-150 -0.46 46368 —5546 —5469 0001 —-0.46 —5536
29 54 011 000 —-0.01 001 0118 0000 0018 —0.008 —1.35 011 47200 —5571 —-5556 0001 Q11 -5554

30 55 016 000 -0.02 003 0172 Q000 Q037 —0.025 —1.21 101 48160 -57.24 -57.71 0001 102 -57.01
31 56 017 000 -0.01 002 0183 Q000 Q026 —0.017 —0.54 130 48908 —56.64 —5691 0001 130 —56.39
32 57 018 000 001 001 0195 Q000 Q002 —0.011 —-0.11 198 49778 —57.27 —-5749 0002 199 —56.99
33 58 018 000 003 —-0.01 0196 Q000 —0.023 Q004 039 255 50395 -5537 —-5591 0030 256 —55.08
34 59 018 000 004 —-0.02 0196 Q000 —0.036 Q012 069 289 51197 -5532 -5548 0030 293 -55.00

35 60 016 000 004 —0.02 0174 Q000 —0.039 Q013 142 347 51720 —5247 -5318 0086 350 —5216
36 61 016 000 004 -002 0174 Q000 —0.039 0013 173 353 52456 —-5177 —5156 0228 358 —-51.45
37 62 -0.13 000 003 001 —-0.135 Q000 —0.028 —0.005 242 397 52906 —4820 —4804 0223 399 —47.92
38 63 —0.10 000 003 001 —-0.104 Q000 —0.031 —0.006 242 368 53592 —46.99 —-4635 0258 370 —46.73
39 64 —0.03 000 000 000 —0.032 QOO0 QOO0 QOO0 266 354 54021 —4321 —-4262 0267 354 —43.00

40 65 Q000 00O 000 QOO0 QOO0 QOOO QOO0 QOO0 218 315 54637 —4129 —40.67 0537 315 —4112

41 66 —-0.03 000 —-0.01 000 —0.032 Q000 Q012 —0.000 227 318 54976 —36.61 318 —36.46
42 67 —-0.01 000 000 000 —0.011 QOO0 QOO0 QOO0 176 265 55533 —3411 265 —33.99
43 68 012 000 —0.03 —0.01 0129 Q000 Q042 Q015 105 243 55829 —29.00 250 —2884
44 69 016 000 -0.03 001 0172 Q000 Q048 —0.003 005 196 56313 —2576 203 —25.63
45 70 016 000 —-0.03 001 0172 QOO0 Q048 —0.003 —0.77 126 56594 —2051 133 -2041
46 71 016 000 -0.01 001 0172 Q000 Q024 —0.007 —1.32 083 57010 —16.59 087 —16.55
47 72 016 000 000 000 0172 Q000 Q011 Q001 —213 004 57242 —-1084 006 —10.85
48 73 012 000 001 -0.01 0129 Q000 —0.007 Q009 —2.40 —-0.85 57647 —6.82 —-0.83 -6.83
49 74 Q06 000 001 000 0064 Q000 —0.010 —0.001 —-3.09 —2.07 57867 —0.95 —-2.06 -1.00
50 75 Q00 000 OO0 QOO0 0000 QOO0 Q000 Q000 —397 —279 58200 379 —2.79 372

51 76 Q04 000 —0.01 000 0043 Q000 Q0013 Q001 —-342 -—-250 58219 1167 —-249 1160
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Z =25 (Mn)
52 77 -0.01 000 000 000 —0.011 Q000 Q000 Q000 —293 —2.06 58385 1808 —2.06 1800
53 78 —-0.01 000 000 000 —0.011 Q000 Q000 QOO0 —228 -—1.57 58337 2663 —-1.57 2656
54 79 -0.02 000 000 000 —0.021 Q00O QOO0 Q000 —157 —0.89 58431 3376 —0.89 3369
55 80 016 000 -0.01 002 0172 Q000 Q024 —0.017 —188 —0.42 58342 4273 —-0.32 4277
56 81 017 000 000 003 0184 Q000 Q014 —-0.029 —141 004 58413 5009 026 5027
57 82 018 000 001 002 0195 0000 Q003 —0.021 —1.01 051 58283 5946 062 5957
58 83 019 000 001 003 0206 Q000 Q006 —0.031 —0.66 082 58327 6709 107 6737
59 84 (027 000 —-0.04 000 0294 Q000 Q082 Q019 —-162 132 58155 7688 158 7722
60 85 028 000 —0.04 001 0305 Q000 Q085 Q009 —156 159 58165 8485 184 8523
61 86 029 000 —-0.04 001 0316 Q000 0088 Q010 —185 147 58018 9439 171 9482
62 87 030 000 —0.03 001 0328 QOO0 Q078 Q007 —1.62 170 57996 10269 188 10312
63 88 030 000 —0.02 002 0328 Q000 Q067 —0.007 —1.48 169 57804 11268 182 11314
64 89 (030 000 —0.01 001 0329 Q000 Q053 —0.001 —-114 191 57747 12132 196 12179
65 90 030 000 000 000 0329 QOO0 Q040 Q005 —1.17 179 57535 13151 177 13201
66 91 030 000 001 —0.01 0330 Q000 Q026 Q011 —0.90 197 57449 14044 197 14106
67 92 029 000 003 -0.03 0319 0000 —0.004 Q023 —-0.99 165 57227 15073 185 15167
68 93 030 000 004 —0.03 0331 Q000 —0.014 Q019 —-1.04 175 57119 15988 195 16095
69 94 028 000 003 —0.02 0308 Q000 —0.005 Q013 —-0.97 164 56847 17068 169 17172
70 95 028 000 004 —-0.02 0309 0000 —0.017 Q010 —-0.84 165 56718 18004 173 18126
71 96 028 000 005 —0.02 0309 Q000 —0.029 Q006 —1.10 135 56438 19091 146 19231
72 97 003 000 —0.01 000 0032 QOO0 Q012 QOO0 Q47 111 56307 20029 112 20176
73 98 —-0.03 000 001 -0.02 —0.032 Q000 —0.011 Q020 —-0.09 060 56022 21121 Q77 21300
74 99 005 000 —0.02 000 0053 Q000 Q025 Q001 —-051 022 55880 22071 028 22258
75 100 005 000 —0.02 000 0053 Q000 Q025 Q001 —1.25 —0.44 55586 23171 —0.38 23377
76 101 —0.04 000 000 —0.01 —0.042 Q000 Q001 Q010 —152 —-0.83 55420 24144 —0.79 24370
77 102 011 000 —-0.02 001 0117 QOO0 Q030 —0.007 —2.99 —194 55148 25224 —1.86 25475
78 103 011 000 000 001 0118 Q000 Q005 —0.010 —3.37 —2.28 54954 26225 —2.26 26493
79 104 009 000 001 000 0096 Q000 —0.009 —0.001 —4.30 —3.20 54641 27345 —3.20 27634
80 105 000 OO0 OO0 OO0 0000 QOO0 Q000 Q000 —4.78 —3.66 54436 28357 —3.66 28671
Z =26 (Fe)
16 42 026 000 009 —0.05 0289 Q000 —0.086 0024 —159 053 26907 4958 072 4735
17 43 020 000 006 —0.05 0219 Q000 —0.060 Q036 —0.24 109 28907 3766 120 3568
18 44 —-0.15 000 004 005 —0.154 Q000 —0.038 —0.040 Q026 128 31199 2281 137 2112
19 45 (008 000 001 —0.05 0086 QOO0 —0.011 Q049 (055 176 32987 1299 183 1157
20 46 000 OOO OO0 005 0001 QOO0 QOO0 —0.049 —-0.14 123 35131 -0.37 129 -155
21 47 006 000 -0.01 —0.05 0065 QOO0 Q013 Q051 (063 180 36712 -8.11 184 -9.07
22 48 (001 000 00O 001 0011 QOO0 Q000 —0.010 043 147 38638 —19.29 146 —20.09
23 49 013 000 -0.01 -0.01 0140 QOO0 Q019 Q012 Q38 181 40063 —2548 180 —26.09
24 50 018 000 -0.01 —-0.01 0194 Q000 Q025 Q014 -0.71 130 41828 —3505 —3448 0060 130 —3549
25 51 018 000 001 —-0.01 0195 QOO0 Q001 Q009 —0.98 127 43130 —40.01 —4022 0015 126 —4032
26 52 (011 000 001 -0.01 0118 Q000 —0.007 Q009 —1.18 004 44805 —4868 —4833 0007 Q04 —-4885
27 53 010 000 001 —-0.01 0107 QOO0 —0.008 Q009 —-1.64 —0.25 45875 —5131 —50.94 0002 —0.25 —51.38
28 54 (000 000 0QOO 0OO QOO0 QOO0 QOO0 QOO0 —231 —1.17 47262 —-57.11 —56.25 0001 —1.17 —57.09
29 55 002 000 —0.01 000 0021 QOO0 Q012 Q000 —170 —0.74 48136 —57.78 —57.48 0001 —-0.74 —57.69
30 56 011 000 -0.02 001 0117 Q000 Q030 —0.007 —1.35 013 49219 -6053 —60.60 0001 Q14 —60.37
31 57 015 000 000 001 0162 Q000 Q010 —0.009 —0.87 115 49921 -5948 —60.18 0001 115 —59.27
32 58 016 000 002 000 0173 Q000 —0.013 —0.003 —0.45 133 50957 —-6178 —6215 0001 134 —6152
33 59 017 000 004 000 0185 Q000 —0.036 —0.007 —0.14 195 51595 —60.08 —60.66 0001 197 —59.79
34 60 017 000 005 —0.02 0185 Q000 —0.050 Q011 Q13 227 52511 -6118 —6141 0003 232 —6084
35 61 015 000 005 —-0.02 0163 Q000 —0.052 Q012 Q80 278 53065 —5864 —5892 0020 283 —-5830
36 62 014 000 004 -0.02 0152 Q000 —0.041 Q014 128 285 53910 —-59.02 -5890 0014 289 -5868
37 63 -0.12 000 001 000 —0.125 Q000 —0.006 Q001 184 321 54391 -5576 —5555 0168 321 —5547
38 64 -0.08 000 002 001 —-0.084 Q000 —0.021 —0.008 184 289 55185 5563 —5477 0277 290 —55.35
39 65 000 00O QOO OO0 OOOO QOO0 Q000 Q000 187 287 55623 —5194 -50.88 0243 287 —-5169
40 66 000 000 000 00O 0000 QOOO QOO0 QOO0 139 246 56344 —-5107 —4957 0303 246 —50.85
41 67 —0.03 000 —0.01 000 —0.032 Q000 Q012 —0.000 155 254 56698 —46.54 —4569 0416 254 —46.34
42 68 000 00O OO0 OO0 OO0O0 QOO0 QOO0 QOO0 104 202 57353 —4502 —4313 0699 202 —44.85
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Z = 26 (Fe)
43 69 003 000 000 OO0 0032 QOO0 QOO0 QOO0 101 183 57666 —40.08 182 —3993
44 70 012 000 —0.02 000 0128 QOO0 Q030 Q003 —0.02 145 58236 —37.71 149 3755
45 71 012 000 —-0.02 000 0128 Q000 QO30 Q003 —-0.73 089 58521 —3249 092 —3236
46 72 012 000 000 000 0129 Q000 Q006 QOO0 —1.38 019 59058 —29.79 020 —29.70
47 73 012 000 001 000 0129 Q000 —0.006 —0.001 —2.28 —0.65 59311 —24.25 —0.64 —24.19
48 74 012 000 002 —-0.01 0129 Q000 —0.019 Q007 —2.94 —-1.34 59786 —20.92 —1.30 —20.86
49 75 005 000 001 OO0 0053 Q000 —0.011 —0.001 —3.74 —2.67 60033 —15.32 —2.66 —1531
50 76 —-0.01 000 000 000 —0.011 Q000 Q000 QOO0 —4.62 —3.37 60452 —1144 —3.37 -1146
51 77 004 000 —-0.01 001 0042 Q000 Q013 —0.009 —4.02 —299 60476 —-3.61 —297 -3.62
52 78 -0.01 000 000 000 —0.011 Q000 Q000 Q000 —3.49 —253 60726 196 —2.53 192
53 79 001 000 000 000 0011 QOO0 QOO0 QOO0 —275 —1.97 60684 1045 -1.97 1041
54 80 -0.01 000 000 000 —0.011 Q000 Q000 QOO0 —1.97 -1.27 60860 1676 —-1.27 1673
55 81 016 000 -0.01 002 0172 Q000 Q024 —-0.017 —2.06 -0.32 60734 2609 -0.22 2617
56 82 (017 000 000 003 0184 Q000 Q014 —-0.029 —156 012 60890 3261 033 3280
57 83 017 000 001 003 0184 Q000 Q002 —0.031 —1.08 048 60781 4177 070 4200
58 84 018 000 002 002 0196 Q000 —0.009 —0.023 —0.66 096 60888 4877 112 4896
59 85 (027 000 —-0.04 001 0294 Q000 Q083 Q008 —1.70 175 60697 5875 199 5906
60 86 029 000 —0.03 002 0316 Q000 Q076 —0.004 —1.73 197 60789 6590 220 6624
61 87 030 000 —-0.03 002 0327 Q000 Q079 —0.003 —2.06 148 60689 7498 169 7535
62 88 030 000 —0.02 002 0328 Q000 Q067 —0.007 —1.71 163 60748 8245 182 8285
63 89 031 000 —0.01 003 0340 Q000 Q059 —0.020 —1.84 144 60583 9217 167 9269
64 90 030 000 —-0.01 002 0328 Q000 Q054 —0.011 —-140 171 60595 10013 186 10062
65 91 030 000 001 001 0330 Q000 Q029 —0.009 —136 172 60377 11038 173 11083
66 92 (030 000 002 000 0330 Q000 Q015 —0.002 —1.15 186 60368 11854 186 11907
67 93 030 000 003 —-0.01 0331 Q000 Q002 Q004 —-136 177 60128 12901 177 12963
68 94 030 000 004 -0.02 0331 Q000 —0.012 Q009 -—-1.37 170 60108 13729 180 13812
69 95 (030 000 005 —0.02 0332 Q000 —0.024 Q006 —158 144 59855 14788 155 14885
70 96 030 000 006 —-0.02 0333 Q000 —0.036 Q002 —-1.50 145 59797 15654 164 15771
71 97 030 000 006 —0.02 0333 Q000 —0.036 Q002 —1.74 117 59519 16739 134 16867
72 98 (000 000 0QOO OO0 QOO0 QOO0 QOO0 QOO0 Q37 107 59442 17623 106 17749
73 99 (002 000 0QO0O 000 0021 QOO0 QOO0 QOO0 —0.16 058 59158 18714 058 18855
74 100 005 000 —0.01 OO0 0053 Q000 Q013 Q001 —-061 013 59089 19590 014 19750
75 101 005 000 —-0.01 000 0053 Q000 Q013 Q001 —1.36 —0.55 58800 20686 —0.54 20863
76 102 011 000 —-0.02 001 0117 QOO0 Q030 —0.007 —2.14 -—-1.15 58719 21574 —-1.07 21777
77 103 011 000 —-0.02 001 0117 QOO0 Q030 —0.007 —3.11 —2.04 58428 22673 —1.96 22895
78 104 005 000 001 000 0053 Q000 —0.011 —0.001 —3.38 —2.37 58295 23613 —2.36 23849
79 105 005 000 QOO 001 0053 Q000 Q001 —0.010 —4.54 —3.48 58003 24711 —3.44 24972
80 106 000 OO0 OO0 OO0 0OOOO QOO0 Q000 Q000 —5.19 —4.04 57871 25651 —4.04 25930
81 107 001 000 001 000 0011 Q000 —0.012 —0.000 —6.50 —5.21 57564 26765 -5.19 27070
Z =27 (Co)
17 44 -0.23 000 001 005 —0.237 Q000 Q006 —0.045 —0.88 066 28406 4996 074 4774
18 45 —-0.20 000 004 005 —0.206 Q000 —0.032 —0.037 —0.73 082 30733 3475 089 3284
19 46 008 000 001 —0.01 0086 Q000 —0.010 Q009 -0.12 142 32644 2372 141 2201
20 47 004 000 001 -0.02 0043 Q000 —0.012 Q019 —-0.79 080 34828 995 081 852
21 48 (006 000 —-0.01 —0.03 0064 Q000 Q013 Q031 —0.08 132 36547 083 133 -0.35
22 49 (006 000 000 —0.01 0064 QOO0 Q001 Q010 —0.39 094 38509 —10.72 093 —1169
23 50 006 000 OO0 000 0064 QOO0 Q002 QOO0 QO7 110 40083 —1838 109 —1916
24 51 (007 000 —-0.01 001 0075 Q000 Q014 —0.009 —0.56 044 41892 —2841 044 —29.00
25 52 (011 000 000 000 0118 QOO0 Q005 QOO0 —0.97 039 43322 —34.64 038 —35.08
26 53 007 000 —0.01 OO0 0QO75 QOO0 Q014 Q001 —-177 —0.56 45000 —4334 —4265 0018 —-057 —4364
27 54 005 000 OO0 000 0053 Q00O Q001 Q000 —238 —1.11 46275 —4802 —4801 0001 —-111 —-4875
28 55 (004 000 001 000 0043 Q000 —0.011 —0.000 —3.12 -1.73 47717 —-5437 —5403 0001 —1.74 —5444
29 56 007 00O QOO OO0 0075 QOO0 Q002 Q000 —269 —1.24 48703 —56.16 —56.04 0002 —-124 -56.15
30 57 010 00O OO0 000 0107 QOO0 Q004 Q000 —198 —0.47 49824 —-5930 —-59.34 0001 —-047 -59.20
31 58 009 000 000 000 0096 QOO0 Q003 QOO0 —1.04 026 50670 —59.69 —59.85 0001 Q025 —59.53
32 59 011 000 000 000 0118 QOO0 Q005 Q000 —0.46 101 51675 —6167 —6223 0001 101 —-6147
33 60 014 000 003 —-0.01 0151 Q000 —0.029 Q005 -0.18 177 52410 —-6095 —-6165 0001 178 —60.70
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(MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV)
Z =27 (Co)
34 61 014 000 004 -0.02 0152 Q000 —0.041 Q014 Q17 207 53354 —-6232 —6290 0001 209 —-6203
35 62 (012 000 004 —0.01 0130 Q000 —0.043 Q005 Q74 232 54043 -6113 —6143 0020 233 —-60.83
36 63 010 000 003 -0.01 0108 Q000 —0.032 Q007 118 238 54911 —-6174 —6184 0020 240 -6144
37 64 -0.10 000 002 001 —-0.105 Q000 —0.019 —0.007 141 260 55512 -59.68 —59.79 0020 260 —59.39
38 65 (005 000 001 000 0053 Q000 —0.011 —0.001 144 240 56316 —59.65 —59.17 0013 240 —59.37
39 66 003 000 001 000 0032 Q000 —0.012 —0.000 133 246 56849 —-56.90 —56.11 0252 246 —56.63
40 67 002 000 OO0 OO0 0021 QOO0 QOO0 QOO0 Q@93 212 57584 —-56.19 —-5506 0318 212 5593
41 68 003 000 001 —-0.01 0032 Q000 —0.012 Q009 107 218 58039 -5267 —-51.35 0318 218 —5242
42 69 003 000 00O OO0 0032 QOO0 QOO0 QOOO 058 168 58712 —51.33 5000 0335 168 —5111
43 70 004 000 00O OO0 0043 QOO0 Q001 QOO0 Q45 146 59123 —47.37 —4564 0838 146 —47.17
44 71 005 000 000 000 0053 QOO0 Q001 Q000 —0.06 089 59732 —4538 —4387 0838 089 —-4521
45 72 012 000 —0.01 000 0128 QOO0 Q018 Q002 —1.00 064 60079 —40.78 065 —40.62
46 73 012 000 000 000 0129 Q000 QO0O6 QOO0 —1.71 —-0.06 60634 —38.26 —0.05 —3813
47 74 012 000 001 000 0129 Q000 —0.006 —0.001 —2.62 —0.92 60980 —33.65 —-091 -3354
48 75 004 000 001 000 0043 Q000 —0.011 —0.000 —3.09 —2.06 61516 —30.93 —2.06 —30.86
49 76 004 000 001 000 0043 Q000 —0.011 —0.000 —4.32 —3.09 61822 —2592 —3.09 —25.86
50 77 002 000 QOO OO0 0021 QOO0 QOO0 QOO0 —514 —3.80 62256 —22.19 —3.80 —2216
51 78 004 000 001 000 0043 Q000 —0.011 —0.000 —4.51 -3.33 62358 —15.14 —-3.32 -1512
52 79 003 000 OO0 OO0 0032 Q00O QOO0 QOO0 —391 —281 62616 —9.64 —281 -9.64
53 80 004 000 001 000 0043 Q000 —0.011 —0.000 —3.17 —-2.19 62652 —-1.94 —-218 -1.93
54 81 (004 000 001 000 0043 Q000 —0.011 —0.000 —2.35 -1.52 62844 421 -152 422
55 82 (004 000 001 000 0043 Q000 —0.011 —0.000 —1.60 —0.97 62840 1232 —-0.97 1233
56 83 004 000 001 000 0043 Q000 —0.011 —0.000 —0.84 —0.32 62985 1894 —0.31 1896
57 84 012 000 -0.01 002 0128 Q000 Q019 —0.018 —0.58 048 62913 2774 056 2785
58 85 014 000 000 002 0151 Q000 Q009 —0.020 —0.21 093 63033 3461 103 3474
59 86 014 000 001 002 0151 Q000 —0.002 —0.021 Q28 130 62962 4339 140 4356
60 87 029 000 -0.02 002 0317 Q000 Q064 —0.007 —154 213 63003 5105 229 5131
61 88 030 000 —-0.02 002 0328 Q000 Q067 —0.007 —1.87 213 62929 5986 226 6013
62 89 (030 000 —0.01 001 0329 Q000 Q053 —0.001 —-158 232 62995 6727 239 6753
63 90 031 000 000 002 0340 Q000 Q045 —0.014 —-176 173 62943 7586 181 7618
64 91 030 000 001 001 0330 Q000 Q029 —0.009 —1.30 190 62973 8364 193 8396
65 92 030 000 002 000 0330 Q000 Q015 —0.002 —1.39 181 62838 9306 178 9340
66 93 030 000 003 000 0331 Q000 Q003 —0.006 —1.28 184 62846 10105 185 10150
67 94 030 000 004 —0.01 0332 Q000 —0.011 —0.000 —154 162 62690 11068 164 11122
68 95 (030 000 006 —0.02 0333 Q000 —0.036 Q002 —169 141 62690 11875 159 11955
69 96 031 000 007 —0.02 0346 Q000 —0.046 —0.002 —2.10 117 62505 12867 138 12961
70 97 030 000 007 —0.02 0334 Q000 —0.048 —0.002 —1.85 128 62441 13738 154 13847
71 98 030 000 007 —0.02 0334 0000 —0.048 —0.002 —2.10 100 62232 14755 123 14874
72 99 (003 000 000 000 0032 QOO0 QOO0 QOO0 Q27 094 62155 15639 094 15748
73 100 004 000 00O 000 0043 Q000 Q001 QOO0 —0.31 035 61948 16653 035 16776
74 101 005 000 —-0.01 000 0053 Q000 Q013 Q001 —-0.81 —-0.03 61876 17532 —-0.01 17671
75 102 005 000 —-0.01 OO0 0053 Q000 Q013 Q001 —-158 —-0.72 61653 18562 —-0.71 18717
76 103 005 000 QOO OO0 0053 QOO0 Q001 QOO0 —212 —1.20 61564 19459 —1.20 19629
77 104 005 000 OO0 OO0 0053 Q00O Q001 Q000 —3.12 —212 61339 20491 —212 20679
78 105 005 000 001 000 0053 Q000 —0.011 —0.001 —3.77 —2.70 61234 21402 —2.69 21610
79 106 005 000 001 QOO0 0053 Q000 —0.011 —0.001 —4.98 —3.83 61006 22437 —3.82 22665
80 107 004 000 001 000 0043 Q000 —0.011 —0.000 —5.67 —4.45 60882 23369 —4.44 23617
81 108 002 000 001 000 0021 QOO0 —0.012 —0.000 —7.03 —5.69 60643 24415 —5.68 24685
82 109 001 000 00O 000 0011 QOO0 QOO0 QOO0 —7.66 —6.24 60488 25377 —6.24 25669
Z =28 (Ni)
18 46 —0.26 000 002 005 —0.267 Q000 —0.000 —0.041 —1.75 051 30495 4443 061 4234
19 47 —0.05 000 000 —0.04 —0.052 Q000 Q002 Q039 -0.74 013 32534 3210 019 3027
20 48 000 OO0 OO0 —0.01 0OOOO QOO0 QOO0 Q010 —161 001 34801 1751 001 1588
21 49 -0.04 000 —0.01 001 —0.042 Q000 Q012 —0.010 —-0.72 056 36547 812 056 674
22 50 -0.01 000 000 000 —0.011 QOO0 Q000 QOO0 —1.12 028 38629 —4.63 027 -578
23 51 002 000 000 001 0021 QOO0 QOO0 —0.010 —052 065 40211 —1238 065 —1332
24 52 001 000 OO0 OO0 0011 QOO0 QOO0 QOO0 —1.09 003 42144 —2364 003 —24.38
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Z =28 (Ni)
25 53 -0.02 000 000 000 —0.0212 Q000 QOO0 QOO0 —1.28 —0.20 43622 —30.35 —0.20 —30.92
26 54 (000 000 0QOO 0O0O 0Q0O0 QOO0 QOO0 QOO0 —232 —1.12 45418 —4024 —-3921 0050 —1.12 —40.66
27 55 003 000 OO0 OO0 0032 Q000 QOO0 QOO0 —2.98 —155 46768 —4566 —4534 0011 —1.56 —45.95
28 56 000 00O QOO OO0 0OOOO QOO0 QOO0 QOO0 —4.00 —247 48413 —54.04 —5390 0011 —-247 -5421
29 57 (002 000 000 000 0021 QOO0 QOO0 QOO0 —324 —1.85 49414 —5598 -56.08 0002 —1.86 —56.05
30 58 000 00O QOO OO0 OOOO QOO0 QOO0 QOO0 —237 —1.29 50672 —6049 —6023 0001 —-1.30 —6047
31 59 000 00O OO0 OO0 0000 QOO0 QOO0 QOO0 —1.44 —-0.49 51537 —6107 —61.16 0001 —-0.50 —60.98
32 60 000 00O 0QOO OO0 QOO0 QOO0 QOOO QOO0 —0.56 012 52670 —64.33 —6447 0001 Q11 —64.18
33 61 010 00O 001 000 0107 Q000 —0.008 —0.001 —0.14 120 53398 —6354 —6422 0001 120 —-6334
34 62 (010 000 002 -0.01 0107 Q000 —0.020 Q008 Q27 156 54447 —6595 —-66.75 0001 156 —6571
35 63 010 000 002 —-0.01 0107 Q000 —0.020 Q008 Q62 187 55152 —6493 —6551 0001 188 —64.67
36 64 —0.09 000 001 000 —0.094 Q000 —0.008 Q001 Q77 171 56151 —66.85 —67.10 0001 171 —66.57
37 65 —-0.08 000 001 000 —0.084 Q000 —0.009 Q001 Q@92 190 56777 —65.04 —6513 0001 190 —64.75
38 66 000 000 0QO0O 0OO QOO0 QOO0 QOOO QOO0 Q73 184 57671 —6591 —6601 0001 184 —6562
39 67 000 000 0QOO 0O0O QOO0 QOO0 QOOO QOO0 Q51 178 58237 —6349 —6374 0003 178 —6321
40 68 000 00O OO0 O0OOO O0QOO0O QOOO QOO0 QOO0 Q09 143 59074 —6380 —6346 0003 143 —6352
41 69 —-0.02 000 —0.01 000 —0.021 Q000 Q012 —0.000 028 151 59547 —6045 —5998 0004 151 —60.19
42 70 000 00O 000 QOO QOO0 QOO0 QOO0 QOO0 —0.21 104 60315 —60.07 —5915 0346 104 -59.82
43 71 000 001 OO0 001 0000 —0.013 QOO0 —0.010 —0.22 094 60734 —56.18 —5520 0368 (095 —5594
44 72 000 000 000 000 QOO0 QOO0 QOO0 QOO0 —0.67 040 61435 —5512 —5394 0436 040 -5491
45 73 000 000 000 000 0000 QOO0 QOO0 QOO0 —1.07 —0.09 61823 —50.94 —0.09 -50.75
46 74 -0.01 000 000 000 —0.011 QOO0 QOO0 Q000 —1.77 —0.80 62472 —4935 —0.80 —49.19
47 75 002 000 OO0 001 0021 QOOO QOO0 —0.010 —2.66 —1.70 62839 —44.95 —1.69 —44.80
48 76 000 000 000 000 0OO0O QOO0 QOO0 QOO0 —3.70 —2.56 63437 —42.86 —2.56 —4274
49 77 003 000 001 OO0 0032 QOO0 —0.012 —0.000 —4.89 —3.56 63756 —37.97 —3.56 —37.87
50 78 000 00O OO0 QOO 0OOOO QOO0 QOO0 QOO0 —5.89 —4.43 64295 —35.29 —4.43 -3521
51 79 —-0.02 000 000 000 —0.021 Q000 QOO0 QOO0 —5.06 —3.84 64399 —2826 —3.84 -2820
52 80 000 OO0 OO0 OO0 0000 QOO0 QOO0 QOO0 —4.47 —3.28 64738 —2358 —3.28 —2353
53 81 000 00O QOO OO0 0000 QOO0 QOO0 QOO0 —357 —252 64774 —15.87 —252 —-1583
54 82 (000 000 000 OO0 0Q0O0 QOO0 QOO0 QOO0 —269 —1.76 65040 —10.45 —-1.76 —1043
55 83 (001 000 000 000 0011 QOO0 QOO0 QOO0 —-1.85 —1.09 65037 —2.35 -1.09 -233
56 84 000 00O OO0 OO0 0OOOO QOO0 QOO0 QOO0 —1.07 —0.37 65257 352 -0.37 355
57 85 -0.12 000 —0.03 001 —-0.124 Q000 Q040 —0.014 —-0.70 044 65194 1222 055 1236
58 86 000 000 000 OO0 QOO0 QOO0 QOOO QOO0 Q46 080 65404 1819 079 1823
59 87 027 000 -0.02 003 0294 Q000 Q060 —0.019 —1.38 180 65279 2750 203 2780
60 88 030 000 —0.02 003 0328 Q000 Q068 —0.017 —1.82 210 65451 3387 237 3422
61 89 030 000 —0.02 003 0328 Q000 Q068 —0.017 —1.98 200 65397 4247 224 4283
62 90 030 000 —0.01 003 0328 Q000 Q056 —0.021 —1.72 210 65547 4905 235 4945
63 91 031 000 000 003 0340 Q000 Q047 —0.024 —-1.93 156 65499 5760 179 5802
64 92 031 000 001 003 0341 Q000 QO34 —0.027 —-1.68 166 65610 6455 192 6507
65 93 031 000 002 002 0342 Q000 Q021 —-0.022 —1.73 165 65473 7399 179 7443
66 94 030 000 003 001 0331 Q000 QO04 —0.016 —1.42 176 65547 8133 186 8180
67 95 030 000 005 —0.01 0333 Q000 —0.023 —0.004 —-1.72 156 65396 9091 165 9145
68 96 030 000 006 —-0.02 0333 Q000 —0.036 Q002 -1.83 141 65461 9833 161 9907
69 97 031 000 007 —-0.02 0346 Q000 —0.046 —0.002 —-2.30 113 65286 10815 137 10901
70 98 031 000 008 —0.02 0347 Q000 —0.058 —0.006 —2.27 106 65309 11599 142 11707
71 99 030 000 007 —-0.01 0335 Q000 —0.047 —0.011 —2.28 087 65096 12620 111 12726
72 100 000 OOO OO0 OO0 0000 QOO0 QOO0 QOO0 Q15 087 65081 13442 087 13535
73 101 001 000 00O 000 0011 QOO0 QOO0 QOO0 —0.38 038 64869 14461 038 14567
74 102 -0.01 000 000 000 —0.012 Q000 QOO0 QOO0 —0.89 —0.08 64870 15267 —0.08 15387
75 103 001 00O QOO OO0 00112 QOO0 QOO0 QOO0 —1.61 —0.76 64651 16293 —0.76 16427
76 104 001 000 00O 000 0011 QOO0 QOO0 QOO0 —220 —1.28 64630 17121 —1.28 17270
77 105 005 000 —0.01 000 0053 Q000 Q013 Q001 —-3.27 —2.23 64412 18146 —2.22 18312
78 106 004 000 OO0 OO0 0043 Q000 QO01 QOO0 —3.92 —2.84 64373 18992 —2.84 19174
79 107 —-0.03 000 000 —-0.01 —0.032 Q000 Q001 Q010 -5.20 —4.12 64165 20008 —4.09 20212
80 108 000 000 00O OO0 0000 QOO0 QOO0 QOO0 —6.02 —4.80 64107 20873 —4.80 21091
81 109 002 000 001 -0.01 0021 Q000 —0.012 Q010 —-7.46 —6.11 63878 21908 —6.06 22152
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Z =28 (Ni)
82 110 000 OO0 OO0 000 0000 QOO0 Q000 Q000 —8.20 —6.76 63793 22801 —6.76 23060
83 111 -0.01 000 -0.01 000 —0.010 Q000 Q012 —0.000 —7.67 —6.38 63374 24027 —6.37 24310
Z =29 (Cu)
19 48 —-0.06 000 002 —0.05 —0.063 Q000 —0.021 Q050 —-0.67 014 32004 4470 027 4275
20 49 (001 000 000 —0.03 0011 QOO0 Q000 Q030 —1.31 013 34289 2992 017 2814
21 50 006 000 —0.02 —-0.03 0065 QOO0 Q025 Q032 —-037 103 36128 1960 106 1808
22 51 002 000 001 000 0021 QOO0 —0.012 —0.000 —0.61 058 38255 640 058 508
23 52 (008 000 —0.01 001 0085 QOO0 Q015 —0.009 —0.02 109 39949 -—2.47 108 -3.57
24 53 008 000 —0.01 OO0 008 Q000 Q015 Q001 —-052 050 41907 —1398 050 —14.88
25 54 (010 000 —-0.02 001 0107 QOO0 Q029 —0.007 —0.78 047 43487 —-2171 046 —2243
26 55 (006 000 —0.01 000 0064 Q000 Q014 Q001 —150 -0.47 45315 —3191 —0.48 —3247
27 56 007 000 -0.01 000 0075 Q000 Q014 Q001 —217 —0.84 46775 —3844 —0.84 —38.85
28 57 004 000 OO0 000 0043 Q000 Q0001 Q000 —293 —159 48432 —-4694 —4731 0016 —-160 —47.22
29 58 (006 000 —0.03 000 0064 Q000 Q038 Q002 —249 -1.10 49615 —-50.70 —51.66 0002 —1.10 —51.39
30 59 010 000 —-0.03 002 0106 Q000 Q041 -0.016 —1.88 —0.27 50924 -5572 —56.36 0001 —0.27 —55.79
31 60 013 000 —-0.02 002 0139 Q000 Q032 —-0.016 —1.19 050 51905 —-5746 —5834 0002 Q50 -57.45
32 61 014 000 —-0.01 002 0150 Q000 Q022 —0.018 —0.62 133 53041 -60.75 —61.98 0001 134 —60.66
33 62 014 000 001 001 0151 Q000 —0.003 —0.011 —0.03 190 53931 -6158 —6280 0004 189 —6144
34 63 014 000 002 000 0151 Q000 —0.016 —0.003 Q39 221 55008 —64.28 —6558 0001 221 —64.08
35 64 011 000 002 000 0118 Q000 —0.019 —0.002 104 238 55835 —6447 —6542 0001 238 —64.25
36 65 —-0.12 000 001 —-0.01 —0.125 Q000 —0.005 Q011 119 237 56841 —-66.46 —67.26 0001 238 —66.20
37 66 —0.12 000 001 000 —0.125 Q000 —0.006 Q001 131 257 57569 —-6567 —66.26 0001 257 —65.40
38 67 —0.08 000 001 000 —0.084 Q000 —0.009 Q001 142 237 58500 —-66.91 —67.32 0001 237 —66.63
39 68 —0.03 000 000 000 —0.032 Q000 Q000 QOO0 147 238 59160 —6543 —6557 0002 238 —6515
40 69 -0.01 000 000 000 —0.011 Q000 QOO0 QOO0 113 215 60006 —65.82 —6574 0001 214 —6554
41 70 005 000 —0.02 OO0 Q053 QOO0 Q025 Q001 113 220 60580 —6350 —6298 0002 220 —-6321
42 71 003 000 —0.01 000 0032 QOO0 Q012 QOO0 Q76 178 61363 —6326 —6271 0001 178 —6299
43 72 007 000 —0.02 000 0075 QOO0 Q026 Q002 Q47 160 61885 —6040 —59.78 0001 161 —60.14
44 73 008 000 —0.03 001 0085 QOO0 Q039 —0.007 —0.25 103 62606 —59.54 —-5899 0004 107 —59.28
45 74 012 000 —-0.03 001 0128 Q000 Q043 —0.005 —1.14 073 63070 -56.11 —-56.01 0006 Q77 —55.85
46 75 012 000 —-0.02 001 0128 Q000 Q031 —0.007 —1.81 001 63736 —5470 —5412 0978 Q05 —54.47
47 76 012 000 -0.01 001 0128 Q000 Q019 —0.008 —2.60 —0.79 64184 —-5111 -5098 0007 —-0.77 —5091
48 77 007 000 —0.01 000 0075 QOO0 Q014 Q001 —3.02 —1.76 64810 —49.30 —-1.75 —-49.14
49 78 006 000 000 000 0064 QOO0 Q002 Q000 —4.12 —2.84 65224 —4537 —2.84 —4523
50 79 003 000 —0.02 000 0032 Q000 Q024 Q001 —494 -—-3.62 65770 —4275 —3.61 —4262
51 80 005 000 —-0.02 000 0053 Q000 Q025 Q001 —4.38 —3.17 65973 —36.72 —3.15 —36.60
52 81 004 000 —-0.02 000 0043 Q000 Q025 Q001 —3.63 —260 66325 —3217 —2.58 —32.06
53 82 (005 000 —-0.02 000 0053 Q000 Q025 Q001 —277 —184 66445 —2529 —-1.82 —-25.20
54 83 (012 000 —-0.03 001 0128 Q000 Q043 —0.005 —243 -0.72 66689 —19.66 —0.65 —1952
55 84 (012 000 -0.03 002 0128 Q000 Q043 -0.015 —1.80 -0.21 66783 —1253 —-0.10 —-1237
56 85 016 000 —-0.02 004 0172 Q000 Q038 —0.035 —146 039 67027 -6.89 067 —-6.57
57 86 016 000 —0.01 004 0172 Q000 Q026 —0.037 —0.83 091 67074 071 118 103
58 87 016 000 —-0.01 004 0172 Q000 Q026 —0.037 —0.32 125 67297 655 154 690
59 88 022 000 -0.01 003 0238 Q000 Q036 —0.025 —-0.39 191 67283 1476 210 1500
60 89 027 000 —0.03 003 0293 Q000 Q072 —0.016 —1.15 220 67466 2100 245 2133
61 90 028 000 —0.03 003 0305 Q000 Q075 —0.015 —141 223 67475 2898 247 2932
62 91 028 000 —-0.02 003 0305 Q000 Q062 —0.018 —1.11 205 67664 3517 227 3553
63 92 030 000 —0.01 003 0328 Q000 Q056 —0.021 —1.43 198 67642 4345 218 4381
64 93 029 000 000 003 0318 Q000 Q041 —0.025 —0.99 212 67758 5036 234 5079
65 94 029 000 001 002 0318 Q000 Q027 —0.019 —101 215 67690 5912 225 5947
66 95 028 000 002 001 0308 Q00O Q011 —-0.013 —-0.72 217 67780 6629 223 6665
67 96 029 000 004 000 0320 Q000 —0.012 —0.010 —1.14 198 67699 7517 203 7559
68 97 029 000 005 —-0.01 0321 Q000 —0.025 —0.004 —-1.24 189 67765 8258 199 8312
69 98 028 000 005 -0.01 0310 Q000 —0.028 —0.004 —1.31 165 67656 9175 174 9236
70 99 027 000 005 —0.01 0298 Q000 —0.030 —0.003 —1.12 160 67683 9954 171 10026
71 100 027 000 006 —0.01 0299 Q000 —0.042 —0.007 —1.46 122 67557 10888 139 10975
72 101 027 000 006 —-0.01 0299 Q000 —0.042 —0.007 —1.29 128 67541 11710 146 11809
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Z =29 (Cu)
73 102 005 000 —0.02 000 0053 Q000 Q025 Q001 Q20 066 67409 12649 070 12745
74 103 005 000 —-0.02 000 0053 QOO0 Q025 Q001 —0.40 031 67405 13461 035 13569
75 104 009 000 —0.03 000 0096 Q000 Q040 Q004 —144 -—-041 67254 14419 —0.30 14546
76 105 011 000 -0.02 002 0117 QOO0 Q030 —0.017 —221 -—-1.11 67256 15224 —0.95 15370
77 106 009 000 —-0.02 001 0096 Q000 Q028 —0.008 —3.12 —-1.99 67094 16193 —-1.92 16344
78 107 006 000 —0.01 001 0064 Q000 Q014 —0.009 —3.63 —259 67058 17036 —2.54 17200
79 108 005 000 —0.01 OO0 0053 Q000 Q013 Q001 —491 -—-3.77 66901 18000 —-3.76 18177
80 109 004 000 —-0.01 000 0043 Q000 Q013 Q001 —-567 —4.47 66850 18859 —4.46 19053
81 110 003 000 000 000 0032 Q00O QOO0 Q000 —7.15 —5.84 66688 19828 —5.84 20039
82 111 001 000 -0.01 OO0 0011 QOO0 Q012 Q000 —7.88 —6.49 66606 20717 —6.48 20948
83 112 003 000 —-0.02 000 0032 Q000 Q024 Q001 —7.47 —6.22 66257 21873 —6.17 22129
Z =30 (Zn)
21 51 008 000 —0.02 —-0.04 0086 Q000 Q026 Q043 Q09 141 35856 2961 149 2797
22 52 (000 000 QOO —0.02 0000 QOO0 QOO0 Q020 —0.02 090 38115 1509 091 1362
23 53 016 000 —-0.04 006 0171 Q000 Q063 —0.051 —0.16 185 39792 639 194 523
24 54 (016 000 -0.04 006 0171 Q000 Q063 —0.051 —-0.72 132 41867 —6.28 141 -7.24
25 55 (016 000 —-0.02 004 0172 Q000 Q038 —0.035 —0.71 131 43473 —14.27 132 —-1512
26 56 013 000 —0.02 002 0139 Q000 0032 —-0.016 —1.11 052 45404 —25.52 052 —26.20
27 57 009 000 OO0 OO0 0096 Q000 Q003 Q000 —1.34 —-0.04 46912 —3252 —0.05 —33.06
28 58 (000 000 00O OO0 QOO0 QOO0 QOO0 QOO0 —1.99 —0.97 48703 —4236 —4230 0050 —0.98 —4276
29 59 010 000 —-0.03 002 0106 Q000 Q041 —0.016 —1.67 —0.09 49925 —-4651 —47.26 0037 —0.09 —46.78
30 60 015 000 —0.04 005 0160 Q000 Q061 —0.042 —-161 Q77 51395 —-5314 -5419 0011 Q080 —-5328
31 61 015 000 -0.02 004 0161 Q000 Q036 —0.036 —0.80 144 52411 -5523 -56.35 0016 145 -5529
32 62 018 000 000 003 0195 Q000 Q016 —0.029 —0.47 210 53675 —59.80 —61.17 0010 212 —59.77
33 63 017 000 001 002 0184 Q000 Q002 —0.021 Q19 209 54647 —6145 —6221 0002 210 —-6137
34 64 (017 000 003 000 0185 Q000 —0.024 —0.005 Q60 292 55780 —64.71 —66.00 0001 294 —-64.56
35 65 015 000 003 000 0162 Q000 —0.027 —0.005 128 319 56621 —65.04 —6591 0001 320 —64.85
36 66 —0.17 000 001 -0.02 —-0.176 QOO0 Q001 Q020 145 312 57738 —6814 —6890 0001 315 —-67.90
37 67 —-0.17 000 001 -0.01 —-0.176 Q000 Q001 Q010 165 342 58479 —-6748 —67.88 0001 344 —-67.22
38 68 —0.13 000 003 000 —0.136 Q000 —0.027 Q004 186 316 59518 —69.80 —70.01 0001 318 —69.52
39 69 -0.01 000 000 000 —0.011 Q000 Q000 Q000 244 310 60206 —6861 —6842 0001 309 —6834
40 70 000 00O O0OOO OOO QOO0 QOO0 QOOO QOOO 206 281 61158 —70.05 —6957 0002 280 —69.78
41 71 -0.03 000 —0.01 000 —0.032 Q000 Q012 —0.000 215 276 61761 —6802 —67.33 0010 277 —67.74
42 72 001 000 000 000 0011 QOO0 QOO0 QOO0 171 236 62640 —6873 —6813 0006 236 —6846
43 73 012 000 —0.03 001 0128 Q000 Q043 —0.005 Q79 242 63157 —6583 —6541 0040 245 —65.53
44 74 013 000 —0.03 002 0139 Q000 Q045 —0.015 —0.02 187 63971 —-6590 —6571 0047 192 —6559
45 75 013 000 —-0.03 002 0139 Q000 Q045 —0.015 —0.70 128 64481 —-6293 —-6247 0071 134 —-6263
46 76 014 000 —-0.02 002 0150 Q000 Q034 —0.016 —1.48 061 65234 —6239 —6214 0080 067 —6211
47 77 012 000 —-0.01 002 0128 Q000 Q019 —0.018 —2.03 —0.26 65706 —59.04 —-5872 0120 -0.21 —58.79
48 78 012 000 —0.01 001 0128 QOO0 Q019 —0.008 —2.66 —0.91 66389 —57.80 —57.34 0090 -0.88 —57.59
49 79 007 000 00O OO0 0QO75 Q000 Q002 QOO0 —3.29 —2.07 66827 —54.11 —2.07 —5394
50 80 -0.01 000 001 000 —0.010 Q000 —0.012 Q000 —3.94 -2.88 67463 —5240 —5185 0172 —2.88 —5225
51 81 006 000 —0.02 000 0064 Q000 Q025 Q002 —346 —235 67673 —46.43 —2.33 -46.28
52 82 (012 000 —-0.04 002 0128 Q000 Q056 —0.014 —-3.27 —137 68071 —4233 —1.25 —4209
53 83 012 000 —-0.04 002 0128 Q000 Q056 —0.014 —-265 —-0.79 68222 —-3577 —0.67 —35.55
54 84 (016 000 —-0.03 004 0171 Q000 Q050 —0.033 —2.32 -0.12 68592 —31.40 014 —3107
55 85 016 000 -0.03 004 0171 Q000 Q050 —0.033 —1.86 030 68709 —24.50 056 —24.17
56 86 017 000 —-0.02 005 0183 Q000 Q040 —0.045 —134 076 69049 —1982 115 —-1937
57 87 018 000 —-0.01 004 0194 Q000 Q029 —0.037 —0.77 138 69096 —12.23 165 —1190
58 88 019 000 -0.01 004 0205 Q000 Q031 —0.036 —0.41 174 69397 -—7.16 203 -6.81
59 89 022 000 -0.01 004 0238 Q000 Q037 —0.035 —0.32 213 69422 065 242 102
60 90 025 000 —0.03 003 0271 Q000 Q067 —0.017 —0.60 244 69680 615 269 648
61 91 028 000 —0.03 003 0305 Q000 Q075 —-0.015 —1.21 220 69727 1376 245 1410
62 92 028 000 —0.02 003 0305 Q000 Q062 —0.018 —0.89 230 69962 1947 255 1984
63 93 030 000 —0.01 003 0328 Q000 Q056 —0.021 —1.19 226 69948 2769 248 2805
64 94 028 000 000 002 0306 Q000 Q037 —0.016 —051 255 70122 3401 268 3433
65 95 028 000 001 002 0307 Q000 Q025 —0.019 —-0.63 244 70076 4254 257 4288
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Z =30 (Zn)

66 96 028 000 003 000 0308 Q000 —0.002 —0.006 —0.46 251 70234 4903 257 4936
67 97 029 000 Q04 000 0320 Q000 —0.012 —0.010 —093 223 70170 5775 230 5814
68 98 028 000 005 —0.01 0310 Q000 —0.028 —0.004 —0.91 212 70308 6444 225 6495
69 99 030 000 008 —0.03 0335 Q000 —0.062 Q004 —175 164 70230 7329 203 7412
70 100 028 000 Q07 —0.02 0311 Q000 —0.053 —0.001 —129 168 70317 8049 198 8130
71 101 027 000 006 —0.01 0299 Q000 —0.042 —0.007 —1.33 149 70179 8994 167 9073
72 102 025 000 006 —0.01 0276 Q000 —0.047 —0.006 —0.91 142 70243 9737 165 9829
73 103 021 000 Q03 001 0229 Q000 —0.016 —0.016 —047 127 70070 10718 137 10806
74 104 011 000 —0.03 001 0117 Q000 Q042 —0.005 —0.13 090 70133 11461 102 11563
75 105 011 000 —0.02 001 0117 Q000 Q030 —0.007 —0.90 019 69987 12415 026 12522
76 106 011 000 —0.02 002 0117 Q000 Q030 —0.017 —162 —0.49 70051 13158 ~0.33 13287
77 107 011 000 —0.02 002 0117 Q000 Q030 —0.017 —2.64 —1.43 69901 14115 —1.27 14257
78 108 011 000 —0.01 001 0118 Q000 Q018 —0.008 —3.25 —195 69920 14903 ~1.91 15047
79 109 009 000 Q00 001 0096 Q000 Q004 —0.010 —4.34 —3.13 69767 15863 ~3.10 16020
80 110 005 000 001 000 0053 Q000 —0.011 —0.001 —503 —3.89 69783 16655 ~3.88 16825
81 111 004 000 001 000 0043 Q000 —0.011 —0.000 —659 —536 69634 17610 ~5.35 17798
82 112 000 000 000 000 Q000 QOO0 QOO0 QOO0 —7.38 —6.07 69620 18432 ~6.07 18636
83 113 003 000 —0.01 000 0032 Q000 Q012 QOO0 —6.85 —566 69260 19599 ~565 19822
Z =31 (Ga)

22 53 010 000 —0.03 006 0106 Q000 Q043 —0.056 Q42 157 37554 2799 172 2650
23 54 017 000 —0.02 005 0183 Q000 Q040 —0.045 038 196 39408 1752 201 1616
24 55 018 000 —0.02 005 0194 Q000 Q042 —0.044 —025 152 41501 466 157 351
25 56 018 000 Q00 003 0195 Q000 Q016 —0.029 —027 155 43221 —4.47 153 -5.48
26 57 016 000 Q00 002 0172 Q000 Q012 —0.019 —067 134 45122 —1540 133 -16.23
27 58 013 000 000 001 0140 Q000 Q008 —0.010 —0.73 097 46725 —2336 095 —24.03
28 59 000 000 000 000 0000 QOO0 QOO0 QOO0 —0.92 —0.22 48568 —33.73 ~0.23 —34.24
29 60 013 000 —0.02 002 0139 Q000 Q032 —0.016 —094 092 49877 —3874 092 3913

30 61 016 000 —0.02 004 0172 Q000 Q038 —0.035 —-0.83 151 51400 —4590 —-47.09 0053 151 —-4615
31 62 018 000 000 003 0195 0000 Q016 —0.029 —-039 172 52622 —-50.05 —-5200 0028 171 -5071

32 63 018 000 001 002 0195 Q000 Q003 —0.021 Q10 225 53972 -5548 -5655 0001 225 -5554
33 64 018 000 004 001 0197 0000 —0.034 —-0.017 Q45 267 55008 —57.77 —5883 0002 267 —57.77
34 65 018 000 005 —0.01 0197 0000 —0.047 Q000 Q74 302 56213 —6174 —6266 0001 303 —6166
35 66 —0.25 000 000 —-0.06 —0.256 Q000 Q029 Q052 053 327 57160 —6314 —6372 0003 329 —6299
36 67 —0.24 000 001 —0.05 —0.247 Q000 Q015 Q046 Q99 348 58272 —66.19 —66.88 0001 352 —6597

37 68 —0.20 000 002 —0.02 —0.207 Q000 —0.006 Q022 185 378 59115 —66.55 —-67.09 0002 379 —66.33
38 69 —-0.17 000 003 000 —0.177 Q000 —0.023 Q005 212 372 60155 —-6888 —6933 0001 373 —68.63
39 70 -0.17 000 003 000 —0.177 Q000 —0.023 Q005 213 380 60928 —6854 —6891 0001 381 —68.28
40 71 -0.20 000 003 000 —0.207 Q00O —0.018 Q006 163 336 61914 —-7033 —7014 0001 339 —-70.04
41 72 -0.20 000 004 001 —-0.207 Q000 —0.030 —0.001 152 356 62591 —69.03 —-6859 0001 359 —-6873

42 73 -0.20 000 004 001 —-0.207 Q000 —0.030 —0.001 115 319 63486 —6990 —69.70 0002 323 —6959
43 74 013 000 -0.02 001 0139 Q000 Q032 —0.006 151 324 64098 —67.95 —6805 0004 325 —67.67
44 75 013 000 -0.02 001 0139 Q000 Q032 —0.006 Q71 257 64943 —6833 —6846 0002 259 —68.04
45 76 016 000 -0.02 002 0172 Q000 Q036 —0.015 —-0.30 211 65532 —-66.15 —66.30 0002 215 —6586
46 77 016 000 000 001 0172 Q000 Q012 —0.009 —1.02 136 66311 —6587 —6599 0002 138 —65.61

47 78 014 000 000 001 0150 QOO0 Q009 —0.009 —156 057 66864 —6333 —6371 0002 Q59 —63.09
48 79 012 000 001 000 0129 Q000 —0.006 —0.001 —2.09 —0.30 67586 —6247 —6251 0098 —-0.29 —6226
49 80 008 000 001 OO0 0086 Q000 —0.009 —0.001 —2.64 —1.36 68101 —5956 —-5913 0123 -1.35 -59.37
50 81 003 000 -0.01 000 0032 QOO0 Q012 QOO0 —3.10 —2.13 68748 —57.96 —57.98 0192 -213 -57.78

51 82 -0.10 000 000 —-0.01 —0.104 Q000 Q004 Q009 —2.88 —1.53 69038 —5278 —-152 -5261
52 83 012 000 —-0.02 001 0128 Q000 Q031 —-0.007 —242 —-0.63 69456 —48.89 —0.59 4872
53 84 013 000 -0.02 002 0139 Q000 0032 —-0.016 —192 —-0.09 69695 —4321 —0.02 —4302
54 85 016 000 -0.02 003 0172 Q000 Q037 —0.025 —-1.63 064 70074 —3893 077 —38.69
55 86 017 000 —-0.01 003 0183 Q000 0026 —0.027 —1.24 080 70297 —33.09 093 —-3287
56 87 018 000 000 004 0195 0000 Q017 —0.039 —-081 112 70664 —28.68 135 —2837
57 88 018 000 001 003 0195 Q000 Q004 —0.031 —-0.24 181 70784 —21.82 196 —2159
58 89 019 000 001 003 0206 Q000 Q006 —0.031 Q12 217 71095 —16.86 234 -16.61

50 90 020 000 000 003 0217 Q000 Q0020 —0.028 Q55 268 71187 —-9.70 283 —947
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Z =31 (Ga)
60 91 028 000 —0.05 002 0304 Q000 Q099 Q003 —1.08 284 71471 -—-4.47 312 411
61 92 028 000 —0.04 002 0305 Q000 Q086 —0.001 —0.93 282 71570 261 302 290
62 93 029 000 —0.04 002 0316 Q000 Q089 Q000 —090 302 71806 832 325 866
63 94 030 000 —-0.02 002 0328 Q000 Q067 —0.007 —0.83 310 71854 1591 322 1617
64 95 (030 000 —0.01 002 0328 Q000 Q054 —-0.011 —-0.61 312 72065 2188 324 2216
65 96 027 000 002 000 0296 Q000 Q007 —0.003 —0.05 307 72086 2973 308 2994
66 97 027 000 003 —-0.01 0297 Q000 —0.006 Q003 Q01 300 72265 3601 306 3629
67 98 027 000 004 —0.01 0297 Q000 —0.018 Q000 —0.23 260 72284 4390 266 4422
68 99 027 000 005 —-0.02 0298 Q000 —0.032 Q007 —0.39 252 72427 5054 267 5100
69 100 027 000 006 —0.02 0299 Q000 —0.044 Q003 —-0.77 217 72406 5882 235 5938
70 101 027 000 007 —0.02 0299 Q000 —0.056 QOO0 —0.89 203 72518 6577 231 6648
71 102 025 000 006 —0.01 0276 Q000 —0.047 —0.006 —0.82 174 72457 7446 193 7514
72 103 024 000 006 —-0.01 0265 Q000 —0.049 —0.005 —-0.63 157 72539 8171 178 8250
73 104 021 000 004 000 0230 Q000 —0.030 —0.009 —0.53 148 72426 9090 156 9166
74 105 018 000 002 001 0195 Q000 —0.010 —0.013 —0.50 120 72486 9838 126 9920
75 106 011 000 -0.01 001 0118 Q000 Q018 —0.008 —054 066 72388 10743 069 10833
76 107 011 000 —-0.01 001 0118 Q000 Q018 —0.008 —1.13 011 72443 11494 015 11595
77 108 011 000 —-0.01 001 0118 Q000 Q018 —0.008 —2.16 —0.84 72357 12388 —0.80 12500
78 109 011 000 000 001 0118 Q000 Q005 —0.010 —291 -—-155 72401 13151 —152 13275
79 110 011 000 001 000 0118 Q000 —0.007 —0.001 —4.11 —-2.68 72305 14054 —2.68 14188
80 111 006 000 002 —0.01 0064 Q000 —0.023 Q009 —4.70 —3.57 72339 14828 —3.50 14983
81 112 004 000 001 000 0043 Q000 —0.011 —0.000 —6.19 —5.00 72247 15726 —4.99 15891
82 113 000 OO0 OO0 000 0000 QOO0 Q000 Q000 —6.97 —573 72238 16543 —5.73 16722
83 114 004 000 -0.01 —0.01 0043 Q000 Q013 Q010 —6.50 —5.36 71941 17646 —5.31 17847
Z =32 (Ge)
23 55 (017 000 -0.01 004 0183 Q000 Q027 —0.037 Q77 232 39139 2750 235 2599
24 56 018 000 000 003 0195 Q000 Q016 —0.029 020 194 41343 1353 196 1221
25 57 018 000 001 002 0195 Q000 Q003 —0.021 Q13 188 43098 405 186 290
26 58 016 000 002 000 0173 Q000 —0.013 —0.003 —0.25 135 45147 -8.37 134 -9.32
27 59 014 000 001 000 0151 Q000 —0.004 —0.001 —0.27 148 46726 —16.09 146 —16.88
28 60 007 00O OO0 OO0 0OO75 Q00O Q002 Q000 —0.29 066 48645 —27.20 066 —27.83
29 61 014 000 -0.01 002 0150 Q00O Q022 —0.018 —0.36 151 50008 —3277 151 3326
30 62 (017 000 000 003 0184 Q000 Q014 —0.029 —0.20 214 51637 —40.99 215 —4134
31 63 018 000 002 002 0196 Q000 —0.009 —0.023 Q19 223 52945 —4599 223 —46.25
32 64 019 000 004 000 0207 Q000 —0.033 —0.008 Q46 265 54461 —5308 —5435 0032 266 —5323
33 65 019 000 005 —0.01 0208 Q000 —0.046 —0.000 069 316 55512 —-5552 —5642 0100 316 —5559
34 66 019 000 006 —0.02 0208 Q000 —0.059 Q007 089 338 56835 —60.68 —61.62 0030 341 —60.65
35 67 —0.27 000 001 -0.07 —0.276 Q000 Q023 Q063 Q49 364 57804 —6230 —6266 0005 368 —6219
36 68 —0.27 000 001 —0.07 —0.276 Q000 Q023 Q063 Q71 365 59039 -66.58 —66.98 0006 374 —66.37
37 69 —0.23 000 002 —0.04 —0.237 Q000 Q001 Q040 178 416 59883 —-66.94 —67.10 0001 420 —66.74
38 70 -0.21 000 003 —-0.02 —0.218 Q000 —0.015 Q024 209 420 61013 —-7018 —7056 0001 424 —-69.94
39 71 -0.20 000 004 000 —0.207 Q000 —0.029 Q008 221 403 61833 —7030 —69.91 0001 405 —70.06
40 72 -0.21 000 004 000 —0.217 Q000 —0.028 Q008 184 381 62896 —7286 —7259 0002 385 —7257
41 73 -0.22 000 005 001 -0.227 Q000 —0.038 Q002 155 388 63605 —7188 —7130 0002 392 —7158
42 74 -0.23 000 005 001 —0.237 Q000 —0.036 Q002 102 349 64596 —7372 —-7342 0002 355 —7340
43 75 017 000 000 001 0183 Q000 Q013 —0.009 143 337 65245 —-7213 —-71.86 0002 339 —-7185
44 76 015 000 —-0.01 001 0161 QOO0 Q022 —0.007 107 311 66142 —-7304 —7321 0002 313 —-7275
45 77 016 000 000 001 0172 Q000 Q012 —0.009 Q32 260 66754 —7108 —71.21 0002 262 —70.80
46 78 016 000 001 001 0173 Q000 —0.001 —0.011 —-0.57 179 67630 —7177 —71.86 0004 182 —7149
47 79 016 000 002 000 0173 Q000 —0.013 —0.003 —1.34 108 68192 —69.32 —6949 0090 111 —-69.06
48 80 013 000 002 000 0140 Q000 —0.017 —0.003 —1.72 022 69001 —-69.34 —6951 0028 025 —-69.10
49 81 012 000 002 000 0129 Q000 —0.018 —0.002 —2.33 —0.54 69503 —-66.29 —66.30 0120 —0.52 —66.06
50 82 002 000 QOO0 000 0021 QOO0 QOO0 QOO0 —220 —1.44 70250 —6568 —65.62 0244 —-145 —6550
51 83 012 000 000 000 0129 Q000 Q006 Q000 —2.39 —-0.67 70536 —60.48 —0.65 —60.30
52 84 012 000 -0.01 001 0128 Q000 Q019 —-0.008 —1.71 —0.01 71065 —57.69 001 5751
53 85 016 000 -0.01 002 0172 Q000 Q024 —-0.017 —-152 Q76 71294 -5191 082 5171
54 86 016 000 -0.01 002 0172 Q000 Q024 —-0.017 —-097 088 71816 —49.06 095 —-48.87
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Z =32 (Ge)
55 87 017 000 000 003 0184 0000 0014 —-0.029 —-069 118 72039 —4322 131 —4298
56 88 (018 000 001 003 0195 Q000 Q004 —0.031 —0.28 172 72463 —39.39 188 —39.14
57 89 019 000 002 003 0207 Q000 —0.006 —0.033 Q03 216 72622 —3290 233 —3264
58 90 019 000 003 002 0207 Q000 —0.019 —0.025 Q50 257 73007 —2868 271 —28.46
59 91 (022 000 001 002 0240 Q000 Q011 —0.021 064 294 73124 —-21.78 304 —2160
60 92 029 000 -0.05 002 0316 Q000 Q102 Q004 —-1.09 318 73477 —-1724 348 -16.86
61 93 030 000 —-0.04 002 0327 Q000 Q092 Q002 —-113 313 73590 —10.30 337 —-9.98
62 94 030 000 —-0.03 002 0327 Q000 Q079 —0.003 —0.72 336 73898 -—5.31 357 -5.00
63 95 030 000 —-0.02 002 0328 Q000 Q067 —0.007 —0.57 339 73961 213 354 240
64 96 027 000 001 000 0296 Q000 Q020 Q000 Q34 349 74237 744 355 764
65 97 027 000 002 —0.01 0296 Q000 Q006 QOO7 Q14 331 74280 1508 337 1529
66 98 027 000 004 —0.02 0297 Q000 —0.020 Q010 Q17 323 74533 2062 337 2095
67 99 027 000 005 —-0.02 0298 Q000 —0.032 Q007 —0.09 281 74563 2840 296 2877
68 100 027 000 006 —0.02 0299 Q000 —0.044 Q003 —0.39 267 74782 3428 289 3476
69 101 027 000 007 —0.02 0299 Q000 —0.056 Q000 —0.85 231 74769 4248 258 4306
70 102 027 000 008 —-0.03 0300 Q000 —0.069 Q007 —1.02 205 74962 4862 248 4941
71 103 026 000 008 —0.02 0289 Q000 —0.070 —0.002 —1.18 177 74907 5724 215 5804
72 104 024 000 007 —0.02 0265 Q000 —0.062 Q002 —0.72 171 75045 6393 204 6475
73 105 021 000 005 —-0.01 0230 Q000 —0.043 —0.001 —-0.43 171 74930 7315 187 7387
74 106 020 000 005 —0.01 0219 Q000 —0.044 —0.001 —0.63 137 75062 7991 155 8073
75 107 018 000 004 000 0196 Q000 —0.034 —0.007 —0.96 087 74966 8894 099 8979
76 108 015 000 002 000 0162 Q000 —0.015 —0.003 —0.82 068 75051 9616 071 9702
77 109 011 000 002 000 0118 Q000 —0.019 —0.002 —151 -0.23 74966 10507 —0.20 10604
78 110 011 000 002 000 0118 Q000 —0.019 —0.002 —2.34 -0.98 75077 11204 —0.95 11312
79 111 011 000 002 000 0118 Q000 —0.019 —0.002 —3.57 —2.14 74989 12099 —211 12219
80 112 009 000 002 —-0.01 0097 Q000 —0.021 Q008 —4.20 —292 75074 12821 —2.86 12957
81 113 005 000 001 000 0053 Q000 —0.011 —0.001 —-556 —4.38 74990 13713 —4.37 13857
82 114 001 00O OO0 000 0011 QOO0 QOO0 Q000 —6.36 —5.14 75044 14465 —5.14 14623
83 115 005 000 —0.01 000 0053 Q000 Q013 Q001 —-589 —4.72 74747 15570 —4.71 15744
84 116 006 000 —-0.01 000 0064 Q000 Q014 Q001 —-503 -—3.89 74615 16509 —3.87 16698
Z =33 (As)
24 57 018 000 003 —-0.01 0196 Q000 —0.023 Q004 Q57 235 40812 2613 233 2464
25 58 019 000 004 —0.02 0207 Q000 —0.035 Q012 Q35 234 42676 1556 231 1427
26 59 018 000 005 —-0.02 0196 Q000 —0.048 Q010 —0.14 186 44744 295 185 187
27 60 016 000 004 —-0.01 0174 Q000 —0.038 Q003 —0.04 200 46434 588 199 -6.79
28 61 012 000 002 000 0129 Q000 —0.018 —0.002 Q05 150 48346 —16.92 150 —-17.67
29 62 014 000 001 001 0151 Q000 —0.003 —0.011 025 207 49848 —2387 205 —24.48
30 63 017 000 002 001 0184 0000 —0.011 —-0.013 Q37 219 51552 —-3285 218 —3332
31 64 018 000 004 000 0196 Q000 —0.034 —0.007 058 271 52923 —3848 270 —3885
32 65 019 000 005 —0.01 0208 QOO0 —0.046 —0.000 Q72 305 54471 —4590 305 —46.14
33 66 020 000 007 —-0.02 0220 Q000 —0.069 Q005 Q60 340 55690 —50.01 —-5150 0680 339 -50.63
34 67 020 000 008 —0.03 0220 Q000 —0.082 Q012 (065 366 57078 —5582 —56.65 0100 368 —55.87
35 68 —0.28 000 002 —0.07 —0.287 Q000 Q014 Q065 Q029 381 58159 —5856 —5890 0043 382 —5855
36 69 —0.29 000 002 —-0.07 —0.297 Q000 Q017 Q065 Q36 397 59401 —-6291 —-63.09 0031 403 —-6279
37 70 —-0.26 000 002 —0.05 —0.267 Q000 Q008 Q048 141 433 60360 —6442 —6434 0050 435 —64.29
38 71 -0.25 000 003 —0.04 —0.258 Q000 —0.006 Q042 163 441 61508 —67.83 —67.89 0004 445 —67.64
39 72 -0.25 000 003 —-0.03 —0.258 Q000 —0.007 Q033 177 462 62386 —6855 —6823 0004 464 —6834
40 73 -0.23 000 004 -0.01 —0.238 Q000 —0.023 Q018 177 430 63480 —7141 —-7096 0004 433 —7117
41 74 -0.23 000 005 000 —0.238 Q000 —0.035 Q011 160 418 64303 —7157 —7086 0002 421 -7131
42 75 —-0.23 000 005 000 —-0.238 Q000 —0.035 Q011 131 383 65310 —7357 —7303 0002 388 —7328
43 76 —0.24 000 006 001 —0.248 Q000 —0.045 Q005 Q95 362 66060 —7300 —7229 0002 366 —7271
44 77 016 000 002 -0.01 0173 Q000 —0.014 Q007 138 352 66960 —7393 —7392 0002 354 -7365
45 78 016 000 001 000 0173 Q000 —0.001 —0.001 Q77 303 67661 —7286 —7282 0010 304 —7260
46 79 016 000 003 000 0174 Q000 —0.025 —0.005 —-0.27 215 68561 —7380 —7364 0006 217 —7352
47 80 016 000 003 —-0.01 0173 Q000 —0.026 Q005 —1.05 143 69213 —-7224 —-7216 0023 145 —7198
48 81 014 000 003 —-0.01 0151 Q000 —0.029 Q005 —1.57 057 70039 —7243 —7253 0006 Q60 —7217
49 82 012 000 002 -0.01 0129 Q000 —0.019 Q007 —2.03 —-0.22 70630 —70.26 —70.32 0200 —0.20 —70.03
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Z =33 (As)

50 83 007 000 000 000 0075 Q000 Q002 QOO0 —2.00 —0.82 71362 —6952 —69.88 0220 —0.82 —69.32
51 84 012 000 Q01 —0.01 0129 Q000 —0.007 Q009 —199 —0.27 71755 —65.38 —0.25 —6518
52 85 012 000 001 —-0.01 0129 Q000 —0.007 Q009 —1.30 037 72300 —62.76 039 —6257
53 86 014 000 001 000 0151 Q000 —0.004 —0.001 —0.81 114 72612 —57.81 115 —57.64
54 87 016 000 Q01 001 0173 Q000 —0.001 —0.011 —048 174 73100 —5461 178 —54.44
55 88 017 000 001 002 0184 Q000 Q002 —0.021 —0.23 174 73433 —4987 180 —49.69
56 89 019 000 003 002 0207 Q000 —0.019 —0.025 —0.03 225 73874 —4622 236 —4599
57 90 019 000 Q04 001 0208 Q000 —0.032 —0.018 032 265 74115 —4055 274 —-40.36
58 91 019 000 004 001 0208 Q000 —0.032 —0.018 Q76 294 74525 —3658 304 —36.38
50 92 019 000 005 000 0208 Q000 —0.045 —0.010 121 339 74710 —30.36 350 —3017
60 93 029 000 —0.05 001 0316 Q000 Q101 Q015 —0.88 352 75086 —26.05 377 -2571
61 94 029 000 —0.04 001 0316 Q000 Q088 Q010 —0.68 354 75268 —19.79 372 —1953
62 95 030 000 —0.03 001 0328 Q000 Q078 Q007 —0.49 366 75597 —1501 383 1476
63 96 030 000 —0.01 001 0329 Q000 Q053 —0.001 —027 378 75725 —8.22 385 -8.04
64 97 027 000 002 —0.01 0296 Q000 Q006 Q007 055 384 76015 —3.05 390 -288
65 98 027 000 003 —0.02 0297 Q000 —0.007 Q013 036 359 76137 380 368 402
66 99 027 000 Q05 —0.02 0298 Q000 —0.032 Q007 034 353 76397 927 368 957
67 100 027 000 Q06 —0.04 0298 Q000 —0.047 Q023 —011 295 76513 1618 329 1670
68 101 027 000 007 —0.03 0299 Q000 —0.057 Q010 —0.42 285 76738 2201 315 2253
69 102 027 000 008 —0.03 0300 Q000 —0.069 Q007 —0.94 241 76802 2944 277 3006
70 103 025 000 Q07 —0.02 0277 Q000 —0.060 Q001 —054 237 76981 3572 265 3630
71 104 025 000 008 —0.02 0278 Q000 —0.072 —0.002 —1.04 195 77008 4352 230 4422
72 105 023 000 007 —0.02 0254 Q000 —0.064 Q002 —059 193 77148 5019 224 5090
73 106 021 000 Q06 —0.02 0230 Q000 —0.056 Q006 —0.44 181 77112 5863 206 5934
74 107 020 000 006 —0.01 0220 Q000 —0.056 —0.003 —0.56 155 77243 6539 178 6617
75 108 018 000 005 —0.01 0197 Q000 —0.047 Q000 —0.84 107 77209 7379 124 7458
76 109 015 000 004 —0.01 0163 Q000 —0.039 Q003 —0.76 080 77308 8088 093 8171
77 110 011 000 002 000 0118 Q000 —0.019 —0.002 —129 003 77273 8930 006 9013
78 111 011 000 003 000 0119 Q000 —0.031 —0.004 —2.18 —0.78 77396 9614 —071 9712
79 112 011 000 002 000 0118 Q000 —0.019 —0.002 —338 —1.92 77368 10449 ~1.89 10553
80 113 009 000 Q03 —0.01 0097 Q000 —0.033 Q007 —4.09 —2.78 77465 11159 -2.68 11281
81 114 005 000 001 000 0053 Q000 —0.011 —0.001 —538 —4.20 77438 11993 ~419 12118
82 115 001 000 Q00 Q00 0011 QOO0 Q000 Q000 —626 —5.03 77505 12734 -5.03 12871
83 116 004 000 —0.01 000 0043 Q000 Q013 Q001 —573 —459 77265 13781 —458 13933
84 117 008 000 000 000 0085 Q000 Q003 QOO0 —4.87 —3.64 77126 14727 —3.64 14893
85 118 010 000 Q00 000 0107 QOO0 Q004 Q000 —4.62 —3.29 76870 15790 ~330 15970
86 119 011 000 Q00 000 0118 Q000 Q005 Q000 —3.79 —2.44 76715 16752 —245 16948
Z =34 (Se)

25 59 020 000 Q06 —0.04 0219 Q000 —0.059 Q026 032 243 42429 2532 246 2397
26 60 019 000 007 —0.04 0208 Q000 —0.073 Q025 —0.19 199 44605 1162 205 1049
27 61 016 000 005 —0.02 0174 Q000 —0.051 Q011 Q14 207 46326 249 207 148
28 62 —0.20 000 —0.02 —0.06 —0.204 Q000 Q043 Q051 —0.39 154 48351 —9.69 160 —1048
29 63 —0.20 000 —0.01 —0.06 —0.205 Q000 Q032 Q053 Q07 216 49871 —16.82 219 —-17.49
30 64 018 000 004 000 0196 Q000 —0.034 —0.007 Q61 260 51652 —2655 260 —27.12
31 65 019 000 005 —0.01 0208 Q000 —0.046 —0.000 Q79 307 53051 —3248 306 —3293
32 66 020 000 Q07 —0.02 0220 Q000 —0.069 Q005 Q72 337 54709 —40.98 339 —4129
33 67 020 000 008 —0.03 0220 Q000 —0.082 Q012 068 366 56002 —4584 367 —46.06

34 68 021 000 010 —0.04 0233 Q000 —0.106 Q016 038 385 57544 -5319 -—-5422 0033 390 —5328

35 69 -0.30 000 002 —-0.07 —0.307 QOO0 Q019 (0064 Q08 396 58652 —56.20 —56.30 0034 399 -56.24
36 70 —0.30 000 002 —0.07 —0.307 QOO0 Q0019 Q064 Q27 406 60001 —6161 —6205 0062 413 —6154
37 71 -0.29 000 002 —0.07 —0.297 Q000 Q017 Q065 Q98 453 60970 —63.24 —-6312 0032 458 —-6313
38 72 -0.29 000 003 —-0.06 —0.298 Q000 Q005 Q059 107 455 62222 —67.69 —67.89 0012 463 —67.50
39 73 -0.27 000 003 —0.04 —0.278 Q000 —0.002 Q041 163 476 63121 —6861 —6822 0011 480 —6842

40 74 -0.23 000 004 -0.01 —-0.238 Q000 —0.023 Q018 200 456 64298 —7231 —7221 0002 460 —7209
41 75 -0.23 000 004 —-0.01 —0.238 Q000 —0.023 Q018 185 446 65140 —7265 —7217 0002 449 —7242
42 76 —0.24 000 005 000 —0.248 Q000 —0.033 Q011 136 410 66242 —7560 —7525 0002 415 —75.33
43 77 —-0.25 000 005 000 —0.258 Q000 —-0.031 Q012 107 383 67017 —7528 —7460 0002 388 —75.00
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Z =34 (Se)

44 78 016 000 003 —0.01 0173 Q000 —0.026 Q005 171 375 68006 —77.10 —77.03 0002 378 —76.83
45 79 016 000 003 —0.01 0173 Q000 —0.026 Q005 106 325 68725 —7622 —7592 0002 328 —7595
46 80 016 000 004 —0.01 Q174 Q000 —0.038 Q003 —0.01 239 69714 —7803 —77.76 0002 243 —77.75
47 81 016 000 004 —0.01 0174 Q000 —0.038 Q003 —0.85 163 70386 —7668 —7639 0002 167 —7641
48 82 014 000 005 —0.02 0152 Q000 —0.053 Q012 —1.49 075 71301 —77.76 —77.59 0002 082 —77.46

49 83 012 000 003 -0.01 0129 Q000 —-0.031 Q006 —1.75 0O5 71901 —-7568 —7534 0004 Q08 —7544
50 84 Q07 000 001 000 Q075 0000 —0.010 —-0.001 —-1.72 —-0.57 72719 —7580 —7595 0015 -0.56 —7559
51 85 012 000 002 -0.01 0129 Q000 —-0.019 Q007 —-157 Q09 73117 —7171 —7243 0030 Q12 —7150
52 86 012 000 002 000 0129 0000 —0.018 —0.002 —-0.86 074 73744 —6991 —-7054 0016 Q76 —69.71
53 87 014 000 002 000 0151 0000 —0.016 —0.003 —-0.35 153 74069 —65.08 —66.58 0039 156 —64.90

54 88 016 000 002 000 0173 Q000 —0.013 —0.003 Q00 216 74636 —6269 —6388 0049 219 —-6251

55 89 018 000 003 001 0196 Q000 —0.022 —0.015 Q07 227 74973 —57.98 233 —57.78
56 90 019 000 005 001 0208 Q000 —0.044 —0.020 Q21 262 75509 —5527 275 —5502
57 91 020 000 Q05 001 0220 Q000 —0.042 —0.020 Q44 296 75768 —49.79 309 —4956
58 92 020 000 Q05 000 0219 Q000 —0.043 —0.010 088 338 76243 —46.47 349 -46.25
59 93 —0.28 000 —0.03 —0.06 —0.283 Q000 Q069 Q043 —0.08 339 76485 —4081 386 —40.25
60 94 031 000 —0.04 001 0339 Q000 Q094 Q013 —111 374 76915 —37.04 398 —36.72
61 95 030 000 —0.03 000 0328 Q000 Q077 Q018 —0.74 365 77119 —3102 383 —30.75
62 96 031 000 —0.02 001 0340 Q000 Q069 Q004 —055 372 77528 —27.03 388 —26.78
63 97 031 000 —001 001 0340 Q000 Q056 QOO0 —0.50 390 77660 —20.28 401 —2008
64 98 030 000 Q01 —0.01 0330 Q000 Q026 Q011 —001 399 78020 —1581 410 1561
65 99 029 000 003 —0.02 0319 Q000 —0.002 Q013 Q05 375 78152 —9.06 386 -8.84
66 100 027 000 006 —0.03 0298 Q000 —0.045 Q013 026 356 78497 —4.43 382 -4.05
67 101 027 000 Q07 —0.04 0299 Q000 —0.059 Q019 —028 301 78618 242 339 294
68 102 027 000 008 —0.04 0300 Q000 —0.071 Q016 —0.69 271 78932  7.36 318 799
69 103 028 000 009 —0.04 0312 Q000 —0.080 Q012 —1.42 228 79004 1470 279 1542
70 104 027 000 Q09 —0.04 0301 Q000 —0.083 Q013 —131 217 79259 2022 273 2103
71 105 025 000 009 —0.03 0278 Q000 —0.085 Q005 —1.32 188 79281 2808 238 2886
72 106 024 000 008 —0.03 0266 Q000 —0.075 Q009 —0.92 186 79489 3407 231 3485
73 107 022 000 Q09 —0.03 0244 Q000 —0.091 Q008 —095 137 79497 4206 194 4302
74 108 021 000 Q07 —0.02 0231 Q000 —0.068 Q004 —054 147 79658 4853 181 4933
75 109 019 000 007 —0.02 0209 Q000 —0.071 Q005 —0.87 121 79609 5708 157 5797
76 110 017 000 006 —0.02 0186 Q000 —0.062 Q009 —0.84 092 79774 6350 123 6440
77 111 015 000 Q05 —0.01 0163 Q000 —0.051 Q002 —138 043 79717 7214 062 7301
78 112 011 000 004 000 0119 Q000 —0.043 —0.005 —1.78 —0.38 79902 7836 ~024 7926
79 113 011 000 003 —0.01 0119 Q000 —0.032 Q006 —2.97 —152 79881 8664 ~1.43 8760
80 114 009 000 Q03 —0.01 0097 Q000 —0.033 Q007 —366 —2.36 80038 9315 —226 9421
81 115 005 000 001 000 0053 Q000 —0.011 —0.001 —502 —3.84 80022 10138 —3.83 10246
82 116 000 000 000 Q00 Q000 QOO0 QOO0 QOO0 —596 —4.75 80157 10810 —475 10929
83 117 —0.03 000 Q00 000 —0.032 Q000 Q000 Q000 —534 —430 79922 11853 —430 11984
84 118 002 000 000 000 0021 Q000 QOO0 QOO0 —4.39 —341 79848 12734 —3.41 12878
85 119 009 000 000 000 0096 Q000 Q003 QOO0 —4.09 —2.86 79576 13812 —2.86 13971
86 120 010 000 Q00 000 0107 Q000 Q004 Q000 —321 —1.98 79477 14719 ~1.98 14893
Z =35 (Br)

26 61 017 000 006 —0.04 0185 Q000 —0.064 Q028 Q49 216 44095 2401 221 2276
27 62 016 000 Q05 —0.03 0174 Q000 —0.052 Q021 Q61 234 45915 1389 234 1277
28 63 —0.27 000 —0.03 —0.07 —0.272 Q000 Q068 Q053 —0.73 143 48001 110 150 020
29 64 —0.26 000 —0.01 —0.07 —0.264 Q000 Q044 Q058 —0.10 228 49605 —6.87 230 -7.66
30 65 —0.27 000 —0.01 —0.07 —0.275 Q000 Q046 Q058 Q02 313 51368 —16.42 316 —17.06
31 66 —0.28 000 001 —0.07 —0.286 Q000 Q025 Q062 Q024 317 52915 —2382 317 2436
32 67 —0.28 000 001 —0.07 —0.286 Q000 Q025 Q062 035 345 54597 —3258 347 —3298
33 68 —0.29 000 002 —0.07 —0.297 Q000 Q017 Q065 020 376 55990 —38.44 375 —3876
34 69 —0.30 000 002 —0.07 —0.307 Q000 Q019 Q064 —0.02 381 57569 —4615 383 —46.35
35 70 —0.32 000 002 —0.07 —0.327 Q000 Q024 Q063 —0.29 398 58815 —5053 397 5112

36 71 -035 000 003 —-0.08 —0.357 Q000 Q022 Q073 —-0.81 404 60232 —-56.64 —57.06 0568 408 —56.66
37 72 -035 000 003 —0.08 —0.357 Q000 Q0022 Q073 —-035 447 61303 —59.27 —-5901 0060 449 —-5926
38 73 033 000 004 —0.06 0366 0000 —0.009 Q049 Q03 466 62558 —63.76 —6363 0051 471 —6366
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39 74 036 000 004 —0.04 0401 Q000 Q002 Q029 —0.38 485 63555 —6566 —6531 0015 486 —6556
40 75 —0.27 000 003 —0.03 —0.278 Q000 —0.003 Q032 167 477 64740 —6944 —6914 0014 480 —6927
41 76 —0.27 000 004 —0.02 —0.278 Q000 —0.015 Q027 156 476 65666 —70.62 —7029 0009 478 —70.44
42 77 —0.26 000 005 —0.01 —0.268 Q000 —0.028 Q021 135 438 66790 —7379 —7324 0003 442 —7356
43 78 —027 000 005 Q00 —0.278 Q000 —0.027 Q012 102 414 67653 —7435 —7345 0004 416 —7412

44 79 -0.27 000 005 000 —0.278 Q000 —0.027 Q012 069 408 68659 —76.33 —76.07 0002 412 —76.07
45 80 013 000 002 -0.01 0140 Q000 —0.018 Q007 193 345 69480 —7648 —7589 0002 346 —76.25
46 81 013 000 003 —-0.01 0140 Q000 —0.030 Q006 Q86 259 70486 —7846 —77.97 0002 261 —7821
47 82 013 000 003 -0.01 0140 Q000 —0.030 QOO6 Q09 191 71238 —7791 —7750 0002 193 —77.67
48 83 012 000 003 -0.01 0129 Q000 —-0.031 Q006 —0.75 092 72181 —-7927 —7901 0004 Q94 —79.03

49 84 Q009 000 002 —-0.01 0097 QOO0 —0.021 Q008 —-1.16 013 72874 —7813 —7780 0015 Q14 -7791
50 85 —-0.04 000 000 000 —0.042 Q000 Q001 QOO0 —154 -0.64 73724 —7856 —7861 0019 —-0.64 —7835
51 86 —0.09 000 000 000 —0.094 Q000 Q003 —0.000 —1.15 —-0.08 74216 —7540 —75.64 0011 -0.07 —7521
52 87 -0.10 000 000 000 —0.105 Q000 Q004 —0.000 —0.29 Q79 74836 —7354 —7386 0018 Q79 —7335
53 88 012 000 002 000 0129 Q000 —0.018 —0.002 Q30 175 75225 —69.36 —70.73 0038 177 —69.17

54 89 018 000 001 000 0195 0000 Q002 —0.001 Q44 274 75770 —66.73 —6857 0060 277 —66.56
55 90 019 000 002 000 0206 QOO0 —0.009 —0.003 Q60 278 76193 —6289 —6462 0077 281 —6273
56 91 022 000 004 001 0241 Q000 —0.026 —0.019 043 313 76743 —-60.32 —6151 0073 322 —-60.11
57 92 022 000 004 000 0241 0000 —0.028 —0.009 Q80 349 77079 —5561 —-56.58 0050 355 —-5544

58 93 022 000 004 000 0241 Q000 —0.028 —0.009 115 377 77580 —5256 384 —5238
59 94 029 000 —0.03 000 0317 Q000 Q075 Q017 —051 384 77892 —A47.60 397 -47.38
60 95 031 000 —0.03 001 0339 Q000 Q081 Q009 —1.00 383 78370 —44.30 399 —44.06
61 96 031 000 —0.02 000 0340 Q000 Q068 Q014 —0.92 375 78648 —39.02 386 —3883
62 97 031 000 —0.01 001 0340 Q000 Q056 Q000 —0.56 383 79067 —35.13 394 —3495
63 98 031 000 —0.01 000 0340 Q000 Q055 Q010 —0.60 396 79278 —29.17 404 —2901
64 99 030 000 001 —0.01 0330 Q000 Q026 Q011 —0.06 408 79645 —24.78 416 —2461
65 100 029 000 003 —0.02 0319 Q000 —0.002 Q013 Q03 389 79844 —18:69 397 —1851
66 101 028 000 005 —0.03 0309 Q000 —0.031 Q016 Q11 356 80212 —14.30 375 —1401
67 102 028 000 006 —0.03 0310 Q000 —0.043 Q013 —0.36 325 80380 -—7.91 346 -7.59
68 103 028 000 007 —0.04 0310 Q000 —0.056 Q019 —0.75 290 80708 —3.12 326 -2.62
69 104 029 000 Q09 —0.04 0324 Q000 —0.078 Q011 —162 246 80850 353 200 414
70 105 028 000 009 —0.04 0312 Q000 —0.080 Q012 —146 233 81115 895 282 964
71 106 027 000 Q09 —0.04 0301 Q000 —0.083 Q013 —156 202 81207 1611 251 1683
72 107 025 000 Q08 —0.03 0277 Q000 —0.073 Q008 —0.89 218 81405 2220 257 2286
73 108 025 000 008 —0.04 0277 Q000 —0.075 Q018 —0.90 186 81461 2971 234 3051
74 109 021 000 Q07 —0.03 0231 Q000 —0.069 Q014 —0.13 188 81637 3602 226 3678
75 110 020 000 Q06 —0.03 0219 Q000 —0.058 Q017 —051 160 81656 4391 192 4466
76 111 —0.15 000 006 003 —0.155 Q000 —0.060 —0.017 —0.27 122 81837 5017 159 5103
77 112 —0.15 000 006 003 —0.155 Q000 —0.060 —0.017 —114 044 81872 5788 081 5881
78 113 011 000 Q04 000 0119 Q000 —0.043 —0.005 —152 —0.14 82041 6427 —-0.02 6504
79 114 009 000 002 000 0097 Q000 —0.021 —0.002 —254 —130 82083 7192 ~127 7268
80 115 009 000 003 —0.01 0097 Q000 —0.033 Q007 —3.54 —224 82256 7826 —214 7917
81 116 004 000 Q01 000 0043 Q000 —0.011 —0.000 —501 —3.83 82313 8576 —-383 8669
82 117 000 000 000 000 0000 QOO0 QOO0 QOO0 —6.15 —4.88 82467 9230 —488 9332
83 118 —0.03 000 000 000 —0.032 Q000 Q000 QOO0 —541 —432 82279 10224 ~4.32 10338
84 119 001 000 Q00 000 0011 QOO0 QOO0 Q000 —4.44 —3.43 82211 11100 —3.43 11225
85 120 006 000 000 000 0064 Q000 Q002 QOO0 —3.87 —2.81 81991 12126 —2.82 12265
86 121 009 000 000 000 0096 QOO0 Q003 QOO0 —2.98 —185 81888 13037 ~1.85 13189
87 122 010 000 002 000 0107 Q000 —0.020 —0.002 —2.54 —1.40 81659 14073 ~1.37 14242
88 123 011 000 001 000 0118 Q000 —0.007 —0.001 —1.68 —0.54 81540 14999 ~054 15181
Z =36 (Kr)

27 63 —013 000 001 —0.01 —0.135 Q000 —0.004 Q011 112 221 45683 2350 219 2226
28 64 —0.13 000 000 —0.01 —0.135 Q000 Q007 Q009 066 157 47849 991 156 884
29 65 —0.14 000 001 —0.01 —0.146 Q000 —0.003 Q011 122 234 49484 163 233 Q71
30 66 —0.27 000 —0.01 —0.07 —0.275 Q000 Q046 Q058 Q30 284 51386 —9.32 291 —1001
31 67 —0.27 000 000 —0.07 —0.275 Q000 Q034 Q060 066 326 52918 —1657 329 -17.17

32 68 —0.30 000 001 —0.07 —0.306 QOO0 Q030 Q061 Q38 359 54697 —26.29 365 —26.74




Moller, Sierk, Ichikawa, Sagawa/FRDM (2012) 96
N A & &3 &4 &6 B2 B3 Ba Bs Esip  Emic  Ebind Mih Mexp Oexp E,'T:]Ii'c MIIEL
(MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV)

Z =36 (Kr)

33 69 -0.32 000 002 -0.07 —0.327 Q000 Q024 Q063 Q06 392 56111 —3235 394 3274
34 70 -0.32 000 002 —-0.07 —0.327 Q000 Q024 Q063 —0.10 389 57798 —4115 394 —4140
35 71 -0.35 000 003 —-0.08 —0.357 Q000 Q022 Q073 —0.74 403 59112 —-46.22 —4692 0652 406 —46.40
36 72 -0.36 000 003 —-0.08 —0.366 Q000 Q025 Q073 —0.91 405 60672 —5376 —5394 0008 413 -5381
37 73 -0.36 000 003 —-0.08 —0.366 Q000 Q025 Q073 —-0.50 432 61780 —56.76 —5655 0007 437 —56.78
38 74 (036 000 004 -0.05 0401 Q000 QO01 Q039 —0.92 435 63149 —6238 —6233 0002 441 —-6232
39 75 036 000 005 —-0.04 0402 Q000 —0.010 Q024 —-0.89 439 64182 —6463 —6432 0008 441 —64.56
40 76 036 000 006 —0.05 0403 Q000 —0.024 Q029 -0.71 450 65442 —69.16 —69.01 0004 458 —6899
41 77 032 000 005 —0.04 0355 Q000 —0.022 Q@025 Q39 455 66381 —7048 —7017 0002 459 —-7032
42 78 —0.24 000 005 000 —-0.248 Q000 —0.033 Q011 184 444 67569 —7429 —7418 0001 448 —-74.10
43 79 -0.25 000 006 001 —0.258 Q000 —0.043 Q006 146 422 68449 —7502 —7444 0004 425 —7481
44 80 —-0.26 000 005 000 —0.268 Q000 —0.029 Q012 102 379 69582 —7828 —77.89 0001 384 —7803
45 81 012 000 002 -001 0129 Q000 —0.019 QO007 225 341 70397 —7835 —7769 0002 342 -7814
46 82 012 000 003 -0.01 0129 Q000 —0.031 Q006 115 256 71490 —8121 —-8059 0002 258 —80.98
47 83 012 000 003 -0.01 0129 Q000 —0.031 Q006 038 189 72258 —80.82 —79.98 0003 191 —80.59
48 84 008 000 002 OO0 0086 QOO0 —0.021 —0.002 —0.27 080 73297 —8314 —-8243 0003 Q081 —8292
49 85 007 000 002 000 0075 Q000 —0.022 —0.002 —1.04 008 73999 —8209 —8148 0002 Q09 —8188
50 86 000 000 0QOO 0O0O 0000 QOO0 QOO0 QOO0 —1.76 —0.75 74940 —8343 —8327 0000 —0.75 —8323
51 87 -0.07 000 001 000 —-0.073 Q000 —0.010 Q001 —-1.12 -0.17 75444 —80.40 —80.71 0000 —-0.16 —80.21
52 88 -0.10 000 000 000 —0.105 Q000 Q004 —0.000 —0.28 082 76135 —79.24 —79.69 0013 (083 —79.05
53 89 012 000 002 000 0129 Q000 —0.018 —0.002 Q55 187 76530 —7512 —76.73 0052 189 —74.93
54 90 016 000 001 000 0173 Q000 —0.001 —0.001 Q94 279 77164 —7338 —7497 0019 281 —-7320
55 91 019 000 002 001 0206 Q000 —0.008 —0.013 Q@89 297 77585 —69.53 —7131 0057 302 —69.34
56 92 (022 000 004 001 0241 Q000 —0.026 —0.019 Q69 334 78213 —67.73 —6879 0012 344 —67.51
57 93 022 000 005 000 0242 Q000 —0.040 —0.011 Q99 366 78566 —6319 —6402 0100 376 —6298
58 94 028 000 -0.01 -0.01 0306 Q000 Q046 Q018 Q17 399 79139 —-60.85 412 —60.62
59 95 (030 000 —-0.02 000 0328 Q000 Q065 Q013 —0.70 383 79488 —56.26 395 —56.05
60 96 031 000 -0.02 000 0340 Q000 Q068 Q014 —1.02 378 80045 —-5377 393 5353
61 97 031 000 —-0.01 000 0340 Q000 QO55 Q010 —0.96 365 80340 —4864 376 —48.46
62 98 (032 000 000 000 0352 Q000 Q045 Q006 —0.92 367 80839 —4556 379 —4537
63 99 031 000 001 —-0.01 0341 Q000 Q029 Q012 —-0.65 355 81086 —39.96 364 —39.80
64 100 031 000 002 —-0.02 0342 Q000 Q015 Q017 —-046 374 81519 —36.22 388 —-36.01
65 101 030 000 003 —0.02 0331 Q000 QOO0 Q013 —-0.37 364 81719 —30.15 375 —29.97
66 102 030 000 005 —0.03 0332 Q000 —0.026 Q015 —-0.48 339 82150 —26.39 360 —26.10
67 103 030 000 006 —-0.04 0333 Q000 —0.039 Q021 —-0.99 303 82333 —-20.15 333 -19.76
68 104 029 000 007 —-0.04 0322 Q000 —0.054 Q018 —-1.07 281 82718 —1593 316 —1546
69 105 030 000 008 —0.04 0334 Q000 —0.064 Q014 -1.79 244 82862 —9.29 282 -879
70 106 029 000 009 -0.04 0324 Q000 —0.078 Q011 —-1.73 236 83190 —-4.51 285 -3.87
71 107 028 000 009 -0.04 0312 Q000 —0.080 Q012 -1.73 212 83283 264 260 330
72 108 027 000 008 —0.04 0300 Q000 —0.071 Q016 —-1.13 227 83549 805 273 872
73 109 025 000 009 -0.04 0278 Q000 —0.087 Q015 —-0.97 212 83597 1564 267 1645
74 110 021 000 007 —-0.03 0231 Q000 —0.069 Q014 Q13 217 83835 2133 255 2201
75 111 -0.15 000 006 003 —0.155 Q000 —0.060 —0.017 Q36 184 83865 2910 218 2979
76 112 —0.15 000 006 003 —0.155 Q000 —0.060 —0.017 —0.03 142 84115 3468 178 3544
77 113 —-0.12 000 006 003 —0.124 Q000 —0.063 —0.019 —0.82 042 84179 4210 080 4295
78 114 —-0.12 000 006 003 —0.124 Q000 —0.063 —0.019 —1.39 —0.20 84415 4781 019 4874
79 115 009 000 003 000 0097 Q000 —0.032 —0.003 —2.26 —1.02 84430 5574 —0.95 5642
80 116 005 00O 001 OO0 0053 Q000 —0.011 —0.001 —3.10 —2.01 84670 6141 —2.00 6211
81 117 004 000 001 000 0043 Q000 —0.011 —0.000 —4.91 —3.71 84742 6875 —-370 6954
82 118 000 OO0 OO0 OO0 0000 QOO0 QOO0 QOO0 —6.11 —4.80 84962 7463 —4.80 7551
83 119 —-0.03 000 001 000 —0.032 Q000 —0.011 QOO0 —-5.32 —4.19 84774 8458 —4.18 8556
84 120 000 000 000 000 0000 QOO0 QOO0 QOO0 —4.35 —3.34 84770 9269 —3.34 9378
85 121 004 000 000 000 0043 Q000 Q001 QOO0 —3.63 —2.62 84544 10302 —2.62 10422
86 122 006 000 QOO0 OO0 0064 QOO0 Q002 QOO0 —258 —1.61 84495 11159 —-161 11291
87 123 008 005 000 000 0086 —0.068 Q004 Q002 —234 —1.12 84267 12194 —1.03 12348
88 124 010 007 000 000 0109 —0.096 Q006 Q004 —-1.87 —0.37 84216 13052 —0.20 13228
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29 66 —0.13 000 002 000 —0.136 Q000 —0.016 Q003 144 253 49071 1305 251 1204
30 67 028 000 002 —0.01 0308 QOO0 Q009 QOO7 Q69 307 50991 192 300 101
31 68 —0.27 000 001 -0.05 —0.277 Q000 Q021 Q045 121 370 52604 -6.14 368 -6.87
32 69 -0.32 000 002 —-0.07 —0.327 Q000 Q0024 Q063 Q60 397 54411 -1613 400 —-16.70
33 70 —-0.34 000 004 —0.07 —0.348 Q000 Q008 Q069 Q16 415 55939 —2334 414 -2384
34 71 -0.35 000 003 —-0.08 —0.357 Q000 Q022 Q073 —-0.29 411 57648 —3236 414 -3271
35 72 -0.36 000 003 —-0.08 —0.366 Q000 Q025 Q073 —-059 427 59057 —3838 426 —38.68
36 73 —0.36 000 003 —0.08 —0.366 Q000 Q025 Q073 —0.64 424 60645 —46.19 427 —-46.36
37 74 (033 000 004 —-0.06 0366 Q000 —0.009 Q049 —-055 422 61919 -50.86 —5192 0004 420 —5142
38 75 036 000 005 —-0.05 0402 Q000 —0.012 Q034 —-147 390 63383 —5743 —-57.22 0007 391 -57.48
39 76 036 000 006 —0.05 0403 Q000 —0.024 Q029 —-158 390 64513 —60.65 —6048 0002 389 —60.68
40 77 036 000 006 —0.04 0403 Q000 —0.022 Q020 —1.36 400 65794 —6540 —6482 0007 402 -6534
41 78 033 000 005 —-0.03 0367 Q000 —0.018 Q015 —-0.34 423 66807 —67.45 —6694 0007 422 —67.38
42 79 032 000 005 —-0.03 0355 Q000 —0.020 Q015 Q16 427 67999 —-7131 —-7080 0006 430 —7116
43 80 —0.24 000 006 002 —0.247 Q000 —0.045 —0.004 175 428 68946 —7270 —7217 0007 429 —7255
44 81 -0.23 000 006 003 —0.237 Q000 —0.048 —0.013 152 380 70101 —-76.18 —7546 0006 384 —7599
45 82 008 000 001 000 0086 QOO0 —0.009 —0.001 273 326 71020 —77.30 —7619 0003 326 —77.12
46 83 008 000 002 000 0086 Q000 —0.021 —0.002 167 245 72126 —80.29 —79.07 0006 246 —80.10
47 84 009 000 001 OO0 009 Q000 —0.009 —0.001 Q89 183 72976 —-80.71 —79.75 0003 183 —8051
483 85 006 000 001 000 0064 Q000 —0.010 —0.001 —0.08 083 74023 —-8312 —-8217 0000 Q083 —8292
49 86 007 000 002 000 0075 Q000 —0.022 —0.002 —1.09 006 74814 —-8295 —-8275 0000 Q07 —-8275
50 87 -0.02 000 001 000 —0.021 Q000 —0.012 Q000 —182 —-0.75 75769 —84.43 —8460 0000 —0.75 —84.24
51 88 -0.07 000 000 000 —0.073 Q000 Q002 —0.000 —1.15 -0.14 76354 —8221 —8261 0000 —-0.14 —-8202
52 89 —-0.09 000 000 000 —0.094 Q000 Q003 —0.000 —0.19 086 77057 —8117 —81.71 0005 Q87 —80.99
53 90 -0.10 000 001 000 —0.105 Q000 —0.008 Q001 Q81 197 77528 —7781 —7936 0007 197 —77.63
54 91 -0.13 000 000 000 —0.135 Q000 Q007 —0.000 155 289 78175 —7621 —77.75 0008 290 —76.04
55 92 (022 000 002 001 0240 Q000 —0.002 —0.013 Q77 330 78653 —7292 —7477 0006 334 —7274
56 93 023 000 003 001 0252 Q000 —0.013 —0.016 Q085 360 79301 —7133 —7262 0008 366 —7113
57 94 026 000 001 000 0284 Q000 Q017 QOO0 Q57 386 79737 —67.62 —6855 0008 390 —67.46
58 95 (029 000 -0.01 —-0.01 0318 Q000 Q048 Q019 -0.30 393 80350 —65.68 —6585 0021 403 —6547
59 96 030 000 -0.01 —-0.01 0329 Q000 Q051 Q019 -0.88 369 80782 —-6192 —6122 0029 378 —6173
60 97 031 000 —0.01 000 0340 QOO0 Q055 Q010 —114 365 81351 5954 -5836 0031 375 —-59.35
61 98 031 000 000 —0.01 0341 Q000 Q041 Q016 —1.21 343 81729 -5525 —5422 0050 351 —-5510
62 99 032 000 000 000 0352 Q000 Q045 Q006 —1.26 352 82232 -5221 -50.88 0126 361 —5205
63 100 032 000 001 —-0.01 0353 Q000 Q032 Q012 —-125 345 82547 —47.28 352 —47.15
64 101 032 000 002 —-0.01 0353 Q000 Q019 Q008 —1.02 350 83005 —4379 —4360 0166 358 —43.65
65 102 031 000 003 —0.02 0342 Q000 Q003 Q013 —-0.95 330 83286 —3853 339 —3839
66 103 031 000 004 —-0.03 0343 0000 —0.011 Q019 —-098 328 83704 —3464 345 3442
67 104 031 000 006 —0.03 0344 Q000 —0.035 Q011 —144 299 83951 —29.04 316 —2880
68 105 031 000 007 —0.04 0345 Q000 —0.049 Q017 —1.69 277 84345 —2491 307 —2453
69 106 030 000 008 —0.04 0334 0000 —0.064 Q014 —202 241 84556 —1895 274 —1853
70 107 030 000 008 —0.04 0334 0000 —0.064 Q014 —-193 241 84886 —14.18 277 —1370
71 108 029 000 008 —0.04 0323 Q000 —0.066 Q015 —1.83 224 85038 -—7.62 261 -7.13
72 109 029 000 008 —0.04 0323 Q000 —0.066 Q015 —148 245 85307 -—-224 285 -1.69
73 110 029 000 007 —-0.04 0322 Q000 —0.054 Q018 —-122 256 85394 495 289 548
74 111 027 000 007 —0.04 0299 Q000 —0.059 Q019 —-0.56 258 85643 1054 297 1115
75 112 —-0.15 000 007 003 —0.154 Q000 —0.071 —0.015 Q42 202 85761 1743 239 1808
76 113 —-0.12 000 006 003 —0.124 Q000 —0.063 —0.019 Q17 147 86032 2279 181 2346
77 114 -0.12 000 007 003 —0.123 Q000 —0.074 —0.017 —1.01 044 86162 2956 086 3036
78 115 —-0.12 000 006 002 —-0.124 Q000 —0.063 —0.010 —1.46 -—-0.09 86396 3529 019 3602
79 116 005 000 001 OO0 0053 Q000 —0.011 —0.001 —-192 -—-0.96 86477 4255 —0.95 4306
80 117 004 000 001 000 0043 Q000 —0.011 —0.000 —3.08 —2.00 86729 4811 —2.00 4869
81 118 003 000 001 000 0032 Q000 —0.012 —0.000 —4.96 —3.73 86865 5482 —3.72 5547
82 119 001 00O 000 000 0011 QOO0 QOO0 Q000 —6.20 —4.83 87091 6063 —4.83 6136
83 120 —0.03 000 000 000 —0.032 Q000 Q000 QOO0 —539 —4.22 86964 6997 —4.22 7080
84 121 001 000 QOO 000 0011 QOO0 Q000 QOO0 —4.39 —3.30 86957 7811 —-3.30 7904
85 122 003 000 000 000 0032 Q00O QOO0 Q000 —3.64 —265 86798 8777 —2.65 8880
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86 123 003 000 000 000 0032 Q000 QOO0 QOO0 —2.46 —159 86749 9633 —1.60 9748
87 124 008 007 000 000 0087 —0.095 Q004 Q004 —-257 —1.07 86575 10615 —0.92 10756
88 125 009 008 QOO0 OO0 0099 —0.109 Q006 Q005 —1.91 —-0.27 86523 11473 —0.06 11632
89 126 011 009 -0.01 000 0121 -0.124 Q020 Q007 —1.86 008 86342 12462 034 12640
90 127 011 009 -0.02 000 0121 -0.124 Q032 Q009 -1.12 073 86278 13333 104 13530
91 128 025 000 —-0.05 —-0.01 0273 Q000 Q090 Q031 —-1.43 162 86017 14402 205 14625
Z =38(Sr)

30 68 036 000 004 —0.02 0401 Q000 Q006 Q010 —-0.59 331 50815 1097 322 995
31 69 027 000 003 -0.01 0297 Q000 —0.006 Q003 116 361 52481 238 355 152
32 70 029 000 004 -0.03 0320 Q000 —0.016 Q019 110 394 54383 —-8.56 392 -9.26
33 71 -0.29 000 002 —-0.07 —0.297 Q000 Q017 Q065 117 416 55928 —1594 420 -16.47
34 72 -0.32 000 003 —-0.08 —0.327 Q000 Q014 Q075 058 419 57728 —25.87 428 —26.24
35 73 036 000 003 —-0.03 0400 Q000 Q016 Q024 —-0.29 451 59142 —3194 447 —3234
36 74 036 000 004 —0.05 0401 Q000 Q001 Q039 —-095 405 60868 —4114 407 —-4138
37 75 036 000 005 —0.05 0402 Q000 —0.012 Q034 —-1.41 383 62223 —4661 —46.62 0220 382 —46.82
38 76 036 000 005 —-0.04 0402 Q000 —0.010 Q024 —-1.85 347 63826 —5457 —5424 0037 350 —54.66
39 77 036 000 006 —0.04 0403 Q000 —0.022 Q020 —1.99 340 64982 —5806 —57.80 0009 340 -5812
40 78 036 000 006 —0.03 0403 Q000 —0.020 0010 -1.82 351 66355 —6372 —6317 0007 355 —6369
41 79 036 000 006 —0.03 0403 QOO0 —0.020 Q010 —1.47 381 67380 —6589 —6548 0008 383 —6584
42 80 036 000 006 —0.03 0403 Q000 —0.020 Q010 -1.04 412 68636 —70.39 —70.31 0007 418 —70.25
43 81 036 000 006 —0.02 0403 Q000 —0.019 Q001 -0.69 440 69574 —7169 —7153 0006 443 —7155
44 82 000 00O OO0 OO0 O0OOO0O QOOO QOOO QOO0 305 376 70835 —7623 —76.01 0006 376 —76.10
45 83 000 00O OO0 OO0 0000 QOOO QOO0 QOO0 263 329 71764 —7745 —76.79 0010 329 —77.30
46 84 001 000 000 000 0011 QOO0 QOO0 QOO0 157 231 72973 —8147 —-8064 0003 231 —8131
47 85 —-0.05 000 001 000 —0.053 Q000 —0.0112 @001 Q73 157 73852 —-8218 —-8110 0003 157 —8201
48 86 000 00O OO0 OO0 O0O0O0 QOOO QOO0 QOO0 —0.50 045 74995 —8555 —8452 0001 Q45 —-8537
49 87 004 000 001 000 0043 Q000 —0.011 —0.000 —1.33 —0.24 75795 —8548 —84.88 0001 —-0.24 —8529
50 83 000 00O QOO OO0 0000 QOO0 QOO0 QOO0 —236 —116 76844 —87.89 —8792 0001 —-1.16 —87.71
51 89 -0.03 000 000 000 —0.032 Q000 QOO0 QOO0 —1.44 —-046 77435 —8573 —8621 0001 —-0.46 —85.55
52 90 000 000 0QOO 0O0O 0000 QOO0 QOO0 QOO0 —0.25 054 78221 —8552 —8594 (0003 (054 —8535
53 91 002 000 000 000 0021 QOO0 QOO0 QOOO 100 154 78717 —8241 —-8364 0005 153 —8225
54 92 -0.13 000 001 000 —-0.135 Q000 —0.005 Q001 140 270 79420 —-8136 —8287 0003 272 —8120
55 93 (022 000 001 001 0239 Q000 Q010 —0.011 Q88 326 79898 —7808 —80.08 0008 330 —77.90
56 94 024 000 003 001 0263 Q000 —0.010 —0.016 Q78 362 80618 —77.21 —7884 0007 370 —77.00
57 95 028 000 002 000 0308 Q000 Q010 —0.003 Q16 383 81073 —7368 —7512 0007 389 —7351
58 96 031 000 000 —0.01 0341 Q000 Q041 0016 —-0.78 384 81768 —7256 —7294 0027 396 —7234
59 97 (032 000 000 —-0.01 0352 Q000 Q044 Q016 —-1.36 363 82210 —6891 —-6879 0019 373 —-6871
60 98 032 000 000 000 0352 Q000 Q045 Q006 —1.49 344 82868 —67.42 —6665 0026 356 —67.22
61 99 (032 000 000 000 0352 Q000 Q045 Q006 —1.62 331 83249 —6316 —6219 0080 340 —63.00
62 100 032 000 001 000 0353 Q000 Q033 Q002 —-1.42 335 83832 —6092 —-6022 0127 345 —60.75
63 101 033 000 002 000 0365 Q000 Q024 —0.002 —1.68 325 84160 —56.13 —-5541 0124 333 -56.00
64 102 032 000 002 000 0353 Q000 Q021 —0.002 —1.27 333 84688 —5333 —-5308 0111 343 -5318
65 103 032 000 004 —-0.01 0355 Q000 —0.005 —0.000 —1.41 313 84979 —4818 322 —4804
66 104 032 000 005 —-0.02 0355 Q000 —0.019 Q005 —1.42 309 85471 —45.02 324 —-44.83
67 105 032 000 006 —-0.03 035 Q000 —0.032 Q011 —-1.86 279 85727 —3951 298 —39.28
68 106 031 000 007 —0.04 0345 Q000 —0.049 Q017 -1.89 258 86190 —36.07 289 3570
69 107 031 000 008 —-0.04 0346 Q000 —0.061 Q013 —241 222 86410 —30.20 256 —29.81
70 108 031 000 008 —0.04 0346 Q000 —0.061 Q013 —228 230 86801 —26.03 267 —25.59
71 109 031 000 008 —0.04 0346 Q000 —0.061 Q013 —227 229 86946 —1942 264 —1897
72 110 031 000 008 —0.04 0346 Q000 —0.061 Q013 —191 252 87279 —14.68 291 -14.18
73 111 031 000 007 —-0.03 0345 Q000 —0.047 Q007 —1.61 244 87393 —-7.75 269 -7.36
74 112 -0.16 000 007 003 —-0.165 Q000 —0.070 —0.014 102 260 87695 —2.69 295 -216
75 113 -0.15 000 008 004 —0.154 Q000 —0.082 —0.022 Q09 176 87849 384 228 457
76 114 —-0.15 000 007 003 —-0.154 Q000 —0.071 —0.015 —-0.34 142 88162 878 180 942
77 115 -0.12 000 007 003 —-0.123 Q000 —0.074 —0.017 —-1.19 033 88305 1542 074 1612
78 116 —0.12 000 006 003 —-0.124 Q000 —0.063 —0.019 —1.66 —0.27 88609 2045 008 2115
79 117 -0.12 000 006 003 —-0.124 Q000 —0.063 —0.019 —2.78 —1.34 88718 2744 —0.99 2820
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Z =38(Sr)
80 118 000 OO0 QOO OO0 0000 QOO0 QOO0 QOO0 —3.06 —2.09 89001 3267 —-2.09 3314
81 119 002 000 001 000 0021 Q000 —0.012 —0.000 —5.01 —3.78 89141 3935 —3.77 3989
82 120 000 OO0 OO0 OO0 0000 QOO0 QOO0 QOO0 —6.34 —4.97 89436 4447 —4.97 4508
83 121 -0.02 000 000 000 —0.021 Q000 QOO0 QOO0 —-5.47 —4.26 89305 5385 —4.27 5454
84 122 000 000 000 000 0000 QOO0 QOO0 QOO0 —4.49 —3.39 89363 6134 —-3.39 6212
85 123 001 00O QOO OO0 00112 QOO0 QOO0 QOO0 —3.64 —266 89201 7103 —266 7191
86 124 000 OO0 OO0 OO0 0OOOO QOO0 QOO0 QOO0 —246 -—1.62 89211 7900 —-162 7998
87 125 005 007 000 000 0055 —0.095 Q003 Q003 —239 —0.99 89032 8886 —-0.84 9010
88 126 007 009 -0.01 000 0078 —0.123 Q017 Q007 —1.95 —-0.19 89038 9688 009 9835
89 127 010 010 -002 000 0111 -0.138 Q032 Q010 —190 025 88852 10681 060 10849
90 128 010 010 -0.02 001 0111 -0.137 Q032 —0.000 —1.02 096 88838 11502 133 11683
91 129 024 000 -0.05 —0.01 0261 Q000 Q087 Q030 —1.07 203 88563 12584 246 12785
92 130 026 000 —-0.05 —-0.01 0284 Q000 Q092 Q032 —1.38 192 88606 13348 240 13568
93 131 027 000 —0.05 000 0294 Q000 Q095 Q023 —-1.82 170 88436 14326 205 14548
Z=39(Y)

31 70 036 000 003 -0.01 0400 QOO0 Q020 QOO5 —0.11 347 52089 1359 331 1256
32 71 036 000 004 —-0.02 0401 Q000 Q006 Q010 —0.01 389 54002 253 378 168
33 72 036 000 004 —0.03 0401 Q000 Q004 Q019 Q19 441 55615 -553 428 -6.28
34 73 036 000 005 —-0.04 0402 Q000 —0.010 Q024 —-0.12 429 57451 —-1581 422 —16.40
35 74 036 000 004 —0.04 0401 Q000 Q002 Q029 —-0.37 438 58983 —2306 429 -2358
36 75 036 000 005 —0.04 0402 Q000 —0.010 Q024 -098 392 60729 —3246 388 —3283
37 76 036 000 006 —-0.04 0403 Q000 —0.022 Q020 —1.48 370 62178 —3887 363 —39.20
38 77 036 000 007 —0.03 0404 Q000 —0.032 Q006 —2.05 322 63812 —47.14 319 —47.35
39 78 036 000 007 —0.03 0404 Q000 —0.032 Q006 —2.26 316 65099 —5194 311 —5249
40 79 037 000 008 —0.03 0417 QOO0 —0.041 Q001 —245 323 66533 —5821 -5836 0450 322 5827
41 80 038 000 008 —0.02 0429 Q000 —0.036 —0.009 —2.28 362 67638 —61.19 —6122 0177 359 —-6124
42 81 036 000 007 —0.02 0404 Q000 —0.031 —0.004 —-1.42 384 68923 —6596 —66.02 0062 385 —6592
43 82 036 000 007 —-0.02 0404 QOO0 —0.031 —0.004 —1.08 412 69948 —6814 —-6819 0103 411 -6809
44 83 000 00O OO0 OO0 O0OO0O0 QOOO QOO0 QOO0 292 367 71208 —7267 —7233 0044 367 —7258
45 84 000 000 000 000 QOO0 QOO0 QOO0 QOO0 251 321 72223 —7475 —7416 0091 320 —74.64
46 85 000 00O OO0 OO0 OOO0O QOOO QOO0 QOO0 145 221 73451 —7896 —7784 0019 221 -7883
47 86 —0.01 000 000 000 —0.011 QOOO QOO0 QOO0 Q74 153 74408 —8046 —7928 0014 153 —-8031
48 87 000 000 000 00O QOO0 QOO0 QOO0 QOO0 —0.63 035 75576 —84.06 —8302 0002 (035 —8390
49 88 003 000 001 000 0032 QOO0 —0.012 —0.000 —1.40 —0.33 76456 —84.80 —8430 0002 —-0.33 —84.64
50 89 000 00O OO0 OO0 0000 QOO0 QOO0 QOO0 —2.48 —1.27 77524 —87.40 —87.70 0003 —-1.27 —87.24
51 90 -0.02 000 000 000 —0.021 Q000 QOO0 QOO0 —1.54 —0.55 78193 —86.03 —86.49 0003 —0.55 —8587
52 91 (000 000 000 000 0000 QOO0 QOO0 QOO0 —0.34 047 78993 —8596 —86.35 0003 (047 —8580
53 92 000 00O QOO OO0 O0O0OO QOO0 QOO0 QOO0 Q@95 148 79568 —8363 —84.81 0009 148 —8348
54 93 -0.14 000 001 000 —0.146 Q000 —0.004 Q001 130 277 80272 —8260 —8422 0011 279 —-8244
55 94 (020 000 000 001 0217 Q000 Q018 —0.009 118 337 80824 —80.05 —8235 0007 339 —79.89
56 95 026 000 003 001 0286 Q000 —0.006 —0.016 Q49 364 81566 —79.40 —81.21 0007 371 —79.22
57 96 028 000 002 001 0308 Q000 Q011 —0.013 Q15 384 82099 —7665 —7835 0023 389 —7650
58 97 (031 000 001 000 0341 Q000 QO30 Q002 —0.68 384 82808 —7568 —76.26 0012 391 —7551
59 98 032 000 001 000 0353 Q000 Q033 Q002 —1.23 363 83324 —7277 —7247 0025 369 —7263
60 99 033 000 001 000 0364 Q000 Q036 Q003 —1.69 344 83996 —7141 —7020 0024 353 —7125
61 100 034 000 001 001 0376 Q000 Q041 —0.006 —2.11 331 84451 —67.89 —67.29 0079 338 —67.76
62 101 034 000 002 001 0376 Q000 Q029 —0.011 —-1.97 330 85051 —6581 —6491 0095 339 —65.67
63 102 034 000 002 001 0376 Q000 Q029 —0.011 —-2.06 320 85450 —6174 —6189 0086 328 —6163
64 103 033 000 003 000 0366 Q000 Q012 —0.006 —1.64 325 85992 —59.09 334 —5897
65 104 033 000 004 -0.01 0366 Q000 —0.002 —0.000 —1.78 309 86351 —54.60 316 —-5451
66 105 032 000 005 —-0.02 0355 Q000 —0.019 Q005 —157 304 86854 —5156 316 —5142
67 106 032 000 006 —0.02 0356 Q000 —0.031 Q001 —-2.00 277 87177 —46.72 289 —4657
68 107 032 000 008 —-0.03 0358 Q000 —0.057 Q003 —235 258 87648 —43.36 282 —43.08
69 108 032 000 009 -0.04 0359 Q000 —0.070 Q009 —2.95 218 87941 —3822 250 —37.86
70 109 032 000 009 —-0.04 0359 Q000 —0.070 Q009 -—2.84 222 88344 —3417 258 —3377
71 110 033 000 008 —-0.03 0370 Q000 —0.054 Q003 —2.78 238 88539 —28.06 261 —-27.77
72 111 032 000 008 —-0.03 0358 Q000 —0.057 Q003 —222 260 88883 —2342 286 —23.08
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Z=39(Y)
73 112 032 000 007 —-0.03 0357 Q000 —0.045 Q007 —1.93 273 89041 —-16.93 294 -16.63
74 113 -0.16 000 007 002 —-0.165 Q000 —0.069 —0.005 Q98 272 89366 —1212 300 —1173
75 114 —-0.16 000 007 003 —-0.165 Q000 —0.070 —0.014 014 212 89562 —-6.00 244 553
76 115 —-0.15 000 007 003 —-0.154 Q000 —0.071 —0.015 —0.40 146 89914 —-1.45 181 -0.92
77 116 —0.15 000 007 004 —-0.154 Q000 —0.071 —0.024 —145 041 90117 459 085 525
78 117 —-0.12 000 006 003 —-0.124 Q000 —0.063 —0.019 —1.64 —0.19 90428 955 013 1014
79 118 -0.12 000 005 003 —-0.124 Q000 —0.052 —0.021 —-2.67 —1.25 90598 1593 —0.98 1651
80 119 000 000 000 000 0000 QOO0 QOO0 QOO0 —298 —2.04 90892 2106 —2.04 2142
81 120 002 000 001 000 0021 Q000 —0.012 —0.000 —4.95 —-3.72 91092 2713 -3.72 2757
82 121 000 OO0 OO0 OO0 0000 QOO0 QOO0 QOO0 —6.33 —4.96 91398 3214 —4.96 3263
83 122 —0.01 000 000 000 —0.011 Q000 QOO0 Q000 —-5.41 —4.22 91323 4096 —4.22 4153
84 123 000 000 000 000 0000 QOO0 QOO0 QOO0 —4.42 —3.33 91385 4841 —3.33 4905
85 124 001 00O OO0 OO0 00112 QOO0 QOO0 QOO0 —353 —254 91275 5758 —254 5831
86 125 000 000 000 00O 0Q0O0 QOO0 QOO0 QOO0 —235 —1.52 91294 6546 —-152 6628
87 126 003 007 —0.01 000 0034 —0.095 Q014 Q004 -227 —-0.92 91175 7472 -0.77 7579
88 127 004 009 -0.01 001 0046 —-0.122 Q016 —0.004 —-1.75 —-0.13 91187 8268 013 8395
89 128 004 011 -0.01 001 0048 —-0.149 Q017 —0.001 -1.74 028 91060 9202 064 9351
90 129 004 012 -0.01 002 0048 -0.162 Q018 —0.010 —-1.09 101 91050 10019 149 10192
91 130 009 013 -0.03 001 0103 —-0.180 Q046 Q006 —1.42 137 90901 10975 193 11168
92 131 025 000 —0.05 000 0272 Q000 Q090 Q020 —-1.16 205 90869 11814 238 11996
93 132 026 000 —0.05 000 0283 Q000 Q092 Q022 -1.68 175 90761 12729 206 12924
94 133 026 000 —0.04 000 0283 Q000 Q080 Q018 —1.24 196 90752 13546 217 13746
95 134 027 000 -0.04 001 0294 Q000 Q083 Q008 —-157 176 90609 14495 192 14705
Z =40 (Zr)

32 72 -0.24 000 004 —-0.01 —-0.248 Q000 —0.022 Q018 170 357 53866 1118 355 1036
33 73 -0.26 000 005 —-0.01 —-0.268 Q000 —0.028 Q021 163 400 55507 285 397 212
34 74 036 000 006 —0.03 0403 Q000 —0.020 Q010 Q15 425 57401 -8.03 419 -8.67
35 75 036 000 005 —-0.03 0402 Q000 —0.008 Q015 —0.03 439 58949 —-1544 430 —16.00
36 76 036 000 007 —-0.03 0404 Q000 —0.032 Q006 —0.74 395 60788 —25.75 392 -26.17
37 77 036 000 007 —0.03 0404 Q000 —0.032 Q006 —1.22 376 62253 —3233 370 —3269
38 78 037 000 008 —-0.03 0417 Q000 —0.041 Q001 —2.05 332 63975 —4148 331 4172
39 79 037 000 008 —-0.03 0417 Q000 —0.041 Q001 —231 323 65322 —46.88 320 —47.08
40 80 038 000 009 —0.02 0430 Q000 —0.047 —0.014 -257 329 66885 —5444 —-5552 1490 331 —5453
41 81 039 000 009 —-0.02 0442 Q000 —0.044 —0.014 —245 366 68011 -5763 —5849 0167 365 —57.70
42 82 039 000 009 -0.01 0443 Q000 —0.042 —0.023 —2.08 393 69379 —6323 398 —-63.20
43 83 -0.23 000 010 005 —0.234 Q000 —0.092 —0.019 Q76 389 70455 —6593 —6646 0096 392 —6587
44 84 -0.23 000 009 005 —0.235 Q000 —0.081 —0.022 049 339 71807 —71.37 344 —-7126
45 85 -0.01 000 000 000 —0.011 QOO0 QOO0 Q000 232 298 72834 —7358 —7315 0101 298 —7349
46 86 001 000 000 000 0011 QOO0 QOO0 QOO0 124 198 74148 —7865 —77.80 0030 198 —7854
47 87 —-0.01 000 000 000 —0.011 Q000 QOO0 QOO0 053 127 75125 —80.34 —7935 0008 127 —80.22
48 88 -0.01 000 000 000 —0.011 QOO0 QOO0 Q000 —0.84 010 76375 —8476 —8362 0010 Q10 —8463
49 89 003 000 001 000 0032 Q000 —0.012 —0.000 —1.80 —0.69 77283 —85.78 —84.87 0004 —0.69 —8564
50 90 000 000 0QOO 00O 0000 QOO0 QOO0 QOO0 —2.80 —1.59 78428 —8915 —8877 0002 —159 —89.01
51 91 -0.02 000 000 000 —0.021 Q000 QOO0 QOO0 —1.84 —-0.84 79111 —-87.92 —-87.89 0002 —-0.85 —87.77
52 92 000 00O OO0 OO0 0000 QOO0 QOO0 QOO0 —0.69 012 79996 —88.69 —8845 0002 012 —8855
53 93 (001 000 000 000 0011 QOO0 QOO0 QOO0 Q65 119 80579 —8646 —87.12 0002 119 —86.32
54 94 -0.15 000 001 001 -0.156 Q000 —0.003 —0.008 Q95 262 81349 -—-86.08 —87.27 0002 264 —8593
55 95 -0.17 000 001 000 —0.176 Q000 —0.000 Q001 135 302 81935 —8387 —8566 0002 304 —8373
56 96 022 000 001 002 0240 Q000 Q011 —0.021 113 338 82747 —8391 —-8544 0003 344 -8374
57 97 027 000 002 001 029 Q000 QO09 —0.013 Q@50 379 83271 —8109 —8295 0003 385 —80.93
58 98 031 000 002 000 0342 Q000 Q018 —0.002 —0.37 394 84041 —-80.72 —8129 0020 403 —80.54
59 99 (032 000 001 000 0353 Q000 Q033 Q002 —092 382 84562 —77.85 —77.77 0020 390 —77.69
60 100 033 000 001 001 0364 Q000 QO38 —0.007 —1.39 362 85308 —77.24 —7660 0036 374 —77.06
61 101 034 000 002 001 0376 Q000 Q029 —0.011 —-1.78 345 85779 —7389 —7346 0031 355 —-7374
62 102 034 000 002 001 0376 Q000 Q029 —0.011 -1.73 344 86451 —7253 —7174 0051 357 —7237
63 103 034 000 003 001 0377 Q000 Q016 —0.015 —1.77 335 86863 —6858 —6837 0109 345 —6844
64 104 034 000 004 000 0378 Q000 QO03 —0.010 —1.64 338 87478 —66.66 351 -66.51
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Z =40 (Zr)
65 105 033 000 005 —-0.01 0367 Q000 —0.014 —0.004 —-157 322 87847 —6228 333 —6216
66 106 033 000 006 —0.01 0368 Q000 —0.026 —0.008 —1.62 321 88416 —59.90 337 —59.73
67 107 032 000 007 —-0.02 0357 Q000 —0.043 —0.002 —-1.89 291 88754 —55.20 308 —55.02
68 108 032 000 008 —0.03 0358 Q000 —0.057 Q003 —213 278 89286 —52.46 304 -5219
69 109 032 000 009 —-0.03 0359 0000 —0.068 —0.001 —-2.76 238 89590 —47.42 266 —47.12
70 110 032 000 009 —-0.03 0359 Q000 —0.068 —0.001 —2.65 243 90059 —44.04 275 —4370
71 111 033 000 009 -0.03 0371 Q000 —0.066 —0.001 —2.79 249 90273 —3811 279 -37.79
72 112 032 000 009 —-0.03 0359 0000 —0.068 —0.001 —-218 277 90678 —34.08 310 —-3371
73 113 033 000 008 —0.03 0370 Q000 —0.054 Q003 —201 283 90852 —27.75 309 —2744
74 114 —0.18 000 007 003 —-0.185 Q000 —0.067 —0.013 Q52 247 91278 —2394 278 —2357
75 115 —-0.16 000 008 004 —-0.164 Q000 —0.081 —0.021 -0.34 148 91520 —1829 192 —-17.75
76 116 —0.16 000 008 004 —-0.164 Q000 —0.081 —0.021 —-0.95 117 91901 —14.03 165 —1343
77 117 —0.15 000 008 004 -0.154 Q000 —0.082 —0.022 —-1.90 017 92107 -8.02 066 —7.38
78 118 —0.15 000 007 003 —-0.154 Q000 —0.071 —0.015 —-227 —-0.31 92468 -3.56 005 -3.01
79 119 —-0.12 000 006 003 —0.124 Q000 —0.063 —0.019 —-3.04 —1.48 92656 263 —-1.16 318
80 120 000 OO0 000 OO0 0000 QOO0 QOO0 QOO0 —3.18 —2.22 93008 719 —2.22 747
81 121 002 000 001 000 0021 Q000 —0.012 —0.000 -5.16 —3.92 93216 1318 —3.92 1352
82 122 000 000 OO0 000 0000 QOO0 QOO0 QOO0 —6.57 —5.19 93585 1756 -519 1795
83 123 —0.02 000 000 000 —0.021 QOO0 QOO0 QOO0 —-5.63 —4.41 93514 2634 —441 2680
84 124 000 000 OO0 000 0000 QOO0 QOO0 QOO0 —4.62 —3.51 93634 3321 —-351 3374
85 125 001 000 OO0 000 0011 QOO0 QOO0 QOO0 —3.69 —2.67 93525 4237 —2.67 4297
86 126 000 000 000 000 0000 QOO0 QOO0 QOO0 —250 —1.64 93601 4969 —-1.64 5037
87 127 002 005 000 000 0022 —0.067 Q001 Q002 —2.00 —0.93 93476 5900 —0.86 5984
88 128 003 009 -0.01 001 0035 -0.122 Q015 —0.004 —-1.78 —0.15 93546 6637 010 6749
89 129 003 011 -0.01 001 0037 —0.149 Q017 —0.001 —-1.74 028 93422 7568 064 7701
90 130 003 012 -0.01 002 0038 —0.162 0018 —0.010 —1.10 101 93469 8329 149 8484
91 131 004 013 -0.02 001 0049 -0.178 Q031 Q003 —-0.91 156 93305 9300 209 9471
92 132 024 000 —-0.06 000 0261 QOO0 Q101 Q023 —-1.08 214 93339 10073 259 10248
93 133 025 000 —0.05 000 0272 Q000 Q090 Q020 —1.28 196 93223 10996 228 11170
94 134 026 000 —-0.04 000 0283 Q000 Q080 Q018 —1.02 218 93266 11760 242 11940
95 135 028 000 -0.03 001 0305 QOO0 Q073 Q005 —-1.35 206 93120 12713 217 12894
96 136 028 000 —-0.02 001 0305 QOO0 Q060 Q002 —1.03 223 93144 13497 228 13688
97 137 029 000 -0.01 001 0317 Q000 Q051 —0.001 —-141 197 92988 14460 196 14659
Z =41 (Nb)
33 74 —0.26 000 006 000 —0.268 Q000 —0.040 Q015 139 391 55096 1424 385 1344
34 75 -0.26 000 006 —0.01 —0.269 Q000 —0.039 Q024 153 421 57005 322 418 256
35 76 036 000 005 —0.03 0402 Q000 —0.008 Q015 035 453 58627 —-4.93 440 -559
36 77 038 000 006 —0.02 0426 Q000 —0.012 Q001 —-058 420 60475 —15.33 410 —15.88
37 78 038 000 007 —0.03 0427 Q000 —0.026 Q005 —1.09 405 62028 —2279 393 —2327
38 79 038 000 007 —0.02 0428 0000 —0.024 —0.004 -1.78 356 63773 —3217 349 —3253
39 80 039 000 008 —0.02 0441 Q000 —0.032 —0.009 —2.37 347 65211 —3848 337 —-3880
40 81 040 000 009 —-0.01 0455 Q000 —0.038 —0.023 —2.71 348 66797 —46.27 344 —46.47
41 82 041 000 009 000 0467 Q000 —0.032 —0.033 —2.85 374 68060 —50.83 367 —5137
42 83 -0.23 000 010 005 —0.234 Q000 —0.092 —0.019 058 378 69506 —57.21 —5896 0315 380 —57.25
43 84 -023 000 010 005 —-0.234 Q000 —0.092 —0.019 033 355 70687 —60.96 356 —60.97
44 85 -0.23 000 010 005 -0.234 Q000 —0.092 —0.019 -0.08 307 72054 —66.56 —67.15 0224 310 —66.50
45 86 —0.23 000 009 005 —-0.235 Q000 —0.081 —0.022 —-0.21 276 73157 —6952 —69.83 0085 277 —69.45
46 87 001 001 000 000 0011 —-0.013 Q000 QOO0 122 191 74473 —7460 —7418 0061 191 —7452
47 883 001 001 000 000 0011 —-0.013 Q000 Q000 Q052 122 75531 -77.11 —76.07 0101 122 —77.02
48 89 001 001 000 000 0011 —0.013 QOO0 QOO0 —0.86 005 76797 —81.70 —80.65 0027 Q05 —8159
49 90 003 001 000 000 0032 —0.014 Q000 Q000 —1.77 —0.69 77782 —8348 —8266 0005 —0.69 —83.36
50 91 001 001 OO0 000 0011 —0.013 Q000 QOO0 —2.87 —1.66 78950 —87.09 —86.63 0004 —166 —86.96
51 92 002 001 -0.01 000 0021 -0.014 Q012 QOO0 —191 -0.86 79707 —86.59 —8645 0003 —0.86 —86.46
52 93 001 001 000 000 0011 —0.013 Q000 QOO0 —-0.73 006 80613 —87.57 —87.21 0002 Q06 —87.44
53 94 002 001 OO0 000 0021 —0.014 Q000 QOO0 061 113 81274 —86.12 —86.36 0002 113 —-85.99
54 95 -0.17 000 002 001 -0.176 Q000 —0.012 —0.006 Q51 229 82086 —86.16 —86.78 0002 231 —86.02
55 96 016 000 -0.02 001 0172 Q000 Q036 —0.005 108 291 82726 —84.49 —-8560 0004 293 —84.36
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N A & &3 &4 &6 B2 B3 Ba Bs Esip  Emic  Ebind Mih Mexp Oexp E,'T:]Ii'c MIIEL
(MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV)
Z =41 (Nb)
56 97 022 000 001 002 0240 Q000 Q011 —0.021 Q90 338 83541 —8457 —-8561 0003 342 —8442
57 98 024 000 001 002 0262 Q000 Q015 —0.020 095 370 84151 —8259 —-8353 0006 374 —8246
58 99 027 000 001 001 0296 QOO0 Q021 —0.010 Q57 379 84939 —8241 -8233 0013 385 8227
59 100 037 000 003 001 0412 Q000 Q027 —0.014 —-192 414 85487 —79.82 —7994 0026 422 —79.67
60 101 036 000 002 002 0400 Q000 Q037 —0.019 —-1.88 388 86253 —7940 —7894 0019 400 —79.22
61 102 036 000 002 002 0400 QOO0 Q037 —0.019 —-212 365 86802 —76.83 —7635 0041 374 —76.69
62 103 035 000 002 002 0388 Q000 Q034 —0.020 —-1.78 364 87486 —7559 —7532 0068 377 —7544
63 104 035 000 003 002 0389 Q000 Q022 —0.024 —-1.84 354 87970 —7236 —7222 0105 364 —7224
64 105 035 000 004 001 0390 QOO0 Q008 —0.019 —-160 365 88589 —7048 —-7085 0100 376 —70.35
65 106 034 000 005 000 0379 Q000 —0.009 —0.014 -157 365 89012 —66.64 373 —66.56
66 107 034 000 006 —0.01 0380 Q000 —0.023 —0.009 —-155 364 89592 —64.37 376 —64.25
67 108 030 000 006 —0.02 0333 Q000 —0.036 Q002 —-0.95 332 90001 —60.38 343 -60.28
68 109 030 000 007 —0.02 0334 Q000 —0.048 —0.002 —1.19 314 90549 —57.79 330 -57.64
69 110 030 000 008 —0.03 0335 Q000 —0.062 Q004 -182 276 90917 —5340 297 -5321
70 111 030 000 009 —-0.03 0336 Q000 —0.074 Q001 -1.93 274 91404 -50.20 302 —49.93
71 112 029 000 008 —0.03 0323 Q000 —0.064 Q005 —1.54 273 91692 —4501 296 —44.78
72 113 028 000 008 —0.03 0312 Q000 —0.067 Q006 —0.98 289 92116 —4118 316 —4091
73 114 —0.21 000 007 002 —-0.217 Q000 —0.062 —0.002 038 278 92373 —3567 299 —35.46
74 115 —-0.19 000 008 003 —0.195 Q000 —0.076 —0.010 Q04 228 92822 —3210 260 —3175
75 116 —0.18 000 008 004 —-0.184 Q000 —0.078 —0.020 —0.60 145 93111 -2691 184 —26.48
76 117 —0.16 000 008 004 —-0.164 Q000 —0.081 —0.021 —-1.06 083 93532 —2305 127 —2255
77 118 —0.16 000 007 004 -0.164 Q000 —0.070 —0.023 —-1.93 022 93761 —17.28 060 —16.80
78 119 —0.15 000 007 003 -0.154 Q000 —0.071 —0.015 —2.37 —0.32 94137 —1296 000 —1251
79 120 —-0.15 000 007 003 —-0.154 Q000 —0.071 —0.015 —-342 -1.36 94373 -7.25 —-1.03 -6.76
80 121 001 001 000 000 0011 —0.013 Q000 QOO0 —3.09 —211 94733 -—-2.78 —-211 -258
81 122 002 001 001 000 0021 —0.013 —-0.012 —0.000 —5.09 —3.87 95008 255 —3.86 280
82 123 001 001 -0.01 000 0011 —-0.014 Q012 Q000 —-6.54 —512 95382 6.87 —-5.11 718
83 124 —0.02 000 —-0.01 000 —-0.021 Q000 Q012 —0.000 —5.48 —4.29 95364 1512 —4.28 1548
84 125 001 001 000 000 0011 —0.013 Q000 QOO0 —4.54 —3.42 95494 2190 —-342 2231
85 126 001 001 OO0 000 0011 —-0.013 Q000 QOO0 —358 —2.58 95445 3047 —2.58 3095
86 127 001 001 OO0 000 0011 —-0.013 Q000 QOO0 —238 —1.52 95523 3776 —-152 3831
87 128 003 005 —-0.01 000 0033 —0.068 Q013 Q002 —1.88 —0.81 95455 4650 —0.74 4720
88 129 003 007 -0.01 000 0034 —-0.095 Q014 Q004 -119 007 95522 5391 021 5476
89 130 001 011 -0.01 002 0016 —-0.147 Q017 —0.012 —-136 053 95451 6269 091 6387
90 131 000 012 -0.02 002 0006 —0.162 Q029 —0.010 —0.86 122 95506 7021 170 7159
91 132 021 000 -0.05 000 0227 Q000 Q081 Q016 —-0.73 186 95390 7943 212 8070
92 133 021 000 -0.05 000 0227 Q000 Q081 Q016 —-0.46 210 95462 8679 239 8818
93 134 (024 000 —0.05 000 0261 QOO0 Q088 Q019 —1.17 198 95396 9552 226 9703
94 135 025 000 -0.05 001 0271 Q000 Q091 Q010 —-1.06 211 95451 10304 238 10466
95 136 026 000 —-0.04 001 0282 Q000 Q080 Q007 —1.19 195 95363 11199 212 11364
96 137 027 000 —-0.02 001 0294 Q000 Q058 Q001 —0.86 228 95374 11995 232 12161
97 138 028 000 —-0.01 001 0306 QOO0 Q048 —0.002 —1.23 199 95274 12903 198 13077
98 139 029 000 000 001 0318 Q000 Q038 —0.005 —1.24 211 95281 13703 207 13890
99 140 029 000 001 001 0318 Q000 Q026 —0.009 —159 176 95163 14628 170 14828
Z =42 (Mo)
35 77 —-0.27 000 006 —0.01 —0.278 Q000 —0.037 Q024 144 417 58496 368 413 306
36 78 036 000 006 —0.03 0403 Q000 —0.020 Q010 Q12 435 60384 -—7.13 428 —7.69
37 79 036 000 006 —0.03 0403 Q000 —0.020 Q010 -0.30 409 61966 —14.89 400 —-15.39
38 80 038 000 007 —0.02 0428 0000 —0.024 —0.004 —-1.26 379 63784 —24.99 373 —2538
39 81 039 000 007 -0.01 0440 Q000 —0.018 —0.014 -1.74 376 65234 —31.42 368 —3176
40 82 041 000 008 000 0465 Q000 —0.020 —0.028 —2.29 380 66906 —40.07 378 —40.29
41 83 043 000 009 001 0492 Q000 —0.021 —0.042 —291 396 68234 —45.28 391 —45.46
42 84 -023 000 010 005 —-0.234 Q000 —0.092 —0.019 022 341 69860 —5347 345 5353
43 85 -0.23 000 010 005 —-0.234 Q000 —0.092 —0.019 —-0.04 313 71064 —57.44 315 5747
44 86 —-0.23 000 010 005 -0.234 Q000 —0.092 —0.019 -0.46 264 72519 —6391 —6456 0438 268 —63.88
45 87 -0.23 000 010 005 —0.234 Q000 —0.092 —0.019 -0.75 232 73639 —67.04 —67.69 0223 235 —66.99

46 88 000 00O 0OOO OO0 0OOOO QOO0 QOO0 QOO0 @85

150

75036 —7294 —7270 0020 150 —7290




Moller, Sierk, Ichikawa, Sagawa/FRDM (2012) 103
N A & &3 &4 &6 B2 B3 Ba Bs Esip  Emic  Ebind Mih Mexp Oexp E,'T:]Ii'c MIIEL
(MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV) (MeV)

Z =42 (Mo)

47 89 -0.02 000 000 000 —0.021 QOO0 QOO0 QOO0 Q012 080 76112 —7563 —7500 0015 Q80 —7556
48 90 000 000 000 00O QOO0 QOO0 QOO0 QOO0 —1.25 —0.38 77461 —8105 —80.17 0006 —0.38 —80.96
49 91 003 000 001 OO0 0032 QOO0 —0.012 —0.000 —2.19 —1.13 78463 —8300 —8220 0011 -1.13 —-8291
50 92 000 00O QOO QOO OOOO QOO0 QOO0 QOO0 —3.30 —214 79716 —87.46 —86.81 0004 —2.15 —87.35
51 93 -0.01 000 000 000 —0.011 Q000 QOO0 Q000 —2.39 —1.44 80499 —87.22 —-86.80 0004 —-145 —87.11
52 94 000 00O QOO OO0 0000 QOO0 QOO0 QOO0 —1.24 —0.48 81478 —8894 —8841 0002 —-0.48 —8883
53 95 000 00O QOO OO0 0000 QOO0 QOOO QOO0 Q10 055 82159 —87.68 —87.71 0002 Q55 —-87.57
54 96 014 000 -0.03 001 0150 Q000 Q045 —0.004 Q17 185 83034 —8836 —8879 0002 188 —8822
55 97 016 000 -0.02 002 0172 Q000 Q036 —0.015 Q60 239 83698 —86.92 —87.54 0002 242 —-86.79
56 98 019 000 000 002 0206 Q000 Q017 —0.019 08 297 84577 —87.64 —8811 0002 302 —87.50
57 99 022 000 000 002 0239 Q000 Q023 —0.018 085 348 85181 —8561 —8597 0002 353 —8548
58 100 023 000 001 002 0251 Q000 Q013 —0.021 110 382 86021 —8594 —-86.18 0006 388 —85.80
59 101 027 000 000 001 0295 Q000 Q033 —0.006 Q@55 393 86605 —8371 —8351 0006 399 —8359
60 102 030 000 000 001 0329 Q000 Q041 —0.005 —-0.11 392 87420 —8378 —8356 0021 401 —8364
61 103 034 000 001 002 0376 Q000 Q042 —0.016 —-1.19 379 87972 —8123 —-80.85 0061 389 —8109
62 104 034 000 002 002 0377 Q000 QO30 —0.020 —1.09 381 88725 —80.69 —80.33 0054 395 —80.52
63 105 035 000 003 002 0389 Q000 Q022 —0.024 —1.40 394 89197 —7735 —77.34 0071 407 -77.20
64 106 032 000 003 001 0354 Q000 Q010 —0.016 —0.65 399 89893 —7623 —7625 0018 411 -7611
65 107 031 000 004 000 0343 Q000 —0.006 —0.010 —0.63 384 90343 —7266 —7294 0162 392 —7258
66 108 030 000 005 —0.01 0333 Q000 —0.023 —0.004 —0.47 379 90996 —7112 391 —-7102
67 109 030 000 006 —0.02 0333 Q000 —0.036 Q002 —0.65 359 91403 —67.11 372 —67.01
68 110 030 000 007 —-0.03 0334 Q000 —0.050 Q008 —0.91 328 92033 —-65.34 349 -65.17
69 111 030 000 008 —-0.03 0335 Q000 —0.062 Q004 —150 301 92400 —60.94 323 -60.76
70 112 029 000 008 —0.03 0323 Q000 —0.064 Q005 —1.25 299 92954 —5841 325 -5819
71 113 028 000 008 —-0.03 0312 Q000 —0.067 Q006 —1.14 287 93262 —5342 312 5321
72 114 —0.22 000 007 001 —-0.227 Q000 —0.059 Q007 Q25 284 93772 —-5044 305 -50.28
73 115 -0.22 000 008 002 —0.227 Q000 —0.071 Q001 —-0.35 225 94085 —4551 251 —4528
74 116 —0.19 000 008 003 —0.195 Q000 —0.076 —0.010 —0.34 195 94580 —42.38 226 —4208
75 117 -0.18 000 008 004 —-0.184 Q000 —0.078 —0.020 —-0.97 106 94883 —37.35 144 —-36.97
76 118 —0.16 000 008 004 —0.164 Q000 —0.081 —0.021 —-1.42 051 95361 —34.05 093 —3362
77 119 -0.16 000 008 004 —0.164 Q000 —0.081 —0.021 —-2.45 —-0.14 95602 —2839 029 —27.93
78 120 —0.15 000 007 003 —-0.154 Q000 —0.071 —0.015 —2.73 —0.66 96038 —24.68 —0.34 —-24.30
79 121 -0.12 000 006 003 —0.124 Q000 —0.063 —0.019 —-343 —1.79 96291 —19.14 —1.50 -1876
80 122 000 000 —-0.01 000 0000 QOO0 Q012 QOO0 —3.65 —2.64 96722 —1538 —-2.63 -1525
81 123 002 000 001 000 0021 Q000 —0.012 —0.000 —5.61 —4.36 97000 —10.09 —4.36 —9.92
82 124 000 000 001 000 0000 QOO0 —0.012 QOO0 —7.06 —5.67 97441 —6.42 -566 -6.21
83 125 —-0.01 000 —-0.01 001 —-0.011 Q000 Q012 —0.010 —6.05 —4.83 97428 177 —4.80 205
84 126 000 00O 001 OO0 0OOOO Q000 —0.012 QOO0 —-5.03 —3.89 97611 802 —3.89 833
85 127 000 000 001 000 0000 QOO0 —0.012 QOO0 —4.06 —3.05 97566 1654 —-3.04 1691
86 128 000 000 001 000 0000 QOO0 —0.012 Q000 —2.86 —1.96 97701 2326 —-1.96 2370
87 129 000 00O 001 OO0 0000 Q000 —0.012 QOO0 —1.93 —1.16 97630 3204 —-115 3254
88 130 000 00O QOO 001 0000 QOO0 QOO0 —0.010 —0.83 —0.22 97747 3894 —-0.19 3954
89 131 002 009 -0.01 002 0025 -0.121 Q015 —0.014 -1.22 029 97677 4771 057 4865
90 132 000 010 -0.01 001 0004 —-0.135 Q016 —0.003 —0.53 111 97776 5479 140 5583
91 133 020 000 —-0.06 000 0216 Q000 Q092 Q018 —0.94 170 97670 6393 207 6514
92 134 021 000 —0.05 000 0227 Q000 Q081 Q016 —0.53 208 97784 7086 237 7208
93 135 021 000 -0.05 000 0227 QOO0 Q081 Q016 —059 201 97716 7960 229 8093
94 136 024 000 —-0.05 001 0260 QOO0 Q088 Q009 —0.80 224 97817 8667 252 8810
95 137 025 000 -0.04 001 0271 Q000 QO78 Q006 —091 222 97719 9572 240 9718
96 138 025 000 —-0.03 001 0271 Q000 QO65 QO03 —0.50 251 97787 10311 264 10464
97 139 027 000 —-0.02 002 0294 Q000 Q059 —0.009 —0.98 224 97689 11216 235 11380
98 140 028 000 —0.01 002 0306 Q000 Q049 —0.012 —-090 230 97755 11957 238 12133
99 141 028 000 000 002 0306 Q000 Q037 —0.016 —1.21 191 97645 12875 197 13063
100 142 (029 000 001 002 0318 Q000 Q027 —0.019 —-1.29 196 97686 13641 204 13845
101 143 029 000 002 002 0319 Q000 Q015 —0.022 —1.61 163 97548 14586 172 14807
102 144 029 000 003 002 0320 Q000 Q003 —0.026 —151 164 97570 15371 179 15616
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Z =43 (Tc)

36 79 —-0.27 000 008 002 —-0.277 Q000 —0.061 Q004 112 389 60013 386 385 330
37 80 -0.24 000 008 003 —0.247 Q000 —0.068 —0.007 164 418 61630 —4.24 414 472
38 81 037 000 006 —-0.02 0415 Q000 —0.015 Q001 —-0.62 393 63461 —14.47 383 —-14.95
39 82 038 000 007 —-0.01 0428 Q000 —0.022 —0.014 —1.10 392 64996 —2176 379 —2219
40 83 -0.23 000 010 005 —0.234 Q000 —0.092 —0.019 056 359 66723 —30.96 360 —3119
41 84 -0.23 000 010 005 —-0.234 Q000 —0.092 —0.019 028 351 68162 —37.27 350 —37.47
42 85 -0.24 000 011 006 —0.243 Q000 —0.101 —0.024 —-0.49 300 69802 —4560 302 —45.72
43 86 —0.24 000 012 006 —0.243 Q000 —0.112 —-0.021 —-0.95 273 71127 —-50.78 273 -5121
44 87 —0.24 000 011 006 —0.243 Q000 —0.101 —0.024 —1.21 221 72635 —57.79 223 -57.81
45 88 -0.24 000 011 005 —-0.244 Q000 —0.101 —0.015 —150 211 73817 —6154 211 —-6155
46 89 003 000 000 000 0032 Q000 QOO0 QOO0 Q49 117 75242 —67.72 117 —-67.70
47 90 005 000 000 000 0053 QOO0 Q001 QOO0 —0.28 053 76395 —7117 —7121 0242 053 —-7113
48 91 002 000 OO0 OO0 0021 QOOO QOOO QOO0 —1.57 —0.68 77762 —76.77 —7598 0200 —0.68 —76.72
49 92 004 000 000 000 0043 Q000 Q001 QOO0 —251 —1.43 78845 —7953 —7893 0026 —1.43 —79.46
50 93 (000 000 00O 00O 0000 QOO0 QOO0 QOO0 —359 —245 80115 —84.15 —8360 0004 —245 —84.07
51 94 002 000 000 OO0 0021 QOO0 QOO0 QOO0 —259 —-1.62 80964 —84.58 —84.15 0004 —-1.62 —84.49
52 95 (002 000 000 000 0021 QOO0 QOO0 QOO0 —1.43 —0.67 81960 —86.47 —86.02 0005 —0.67 —86.37
53 96 012 000 —-0.03 000 0128 Q000 Q043 Q005 —-091 089 82666 —8545 —8582 0005 Q90 —8535
54 97 014 000 -0.03 001 0150 Q000 Q045 —0.004 —-0.31 150 83624 —-8696 —87.22 0005 152 —86.85
55 98 (016 000 —-0.01 002 0172 Q000 Q024 —0.017 Q21 203 84365 —8630 —8643 0004 204 —86.20
56 99 018 000 -0.01 003 0194 Q000 Q028 —0.027 Q47 260 85258 —87.16 —87.32 0002 265 —87.04
57 100 019 000 001 002 0206 QOO0 QOO5 —0.021 Q088 319 85929 —-8580 —86.02 0002 321 —-8571
58 101 021 000 000 002 0228 Q000 Q021 —0.018 Q99 351 86784 —86.28 —86.34 0024 355 -—-86.17
59 102 025 000 -0.01 002 0272 Q000 Q041 —0.014 Q51 380 87424 —8461 —8457 0009 384 —8452
60 103 027 000 —0.01 001 0294 Q000 Q045 —0.003 027 396 88234 —8464 —8460 0010 401 —8454
61 104 028 000 000 001 0306 Q000 Q036 —0.006 Q13 401 88840 —8262 —8249 0046 405 —8256
62 105 029 000 000 001 0318 Q000 Q038 —0.005 —0.07 403 89605 —8221 —8229 0055 409 —8213
63 106 029 000 001 001 0318 Q000 Q026 —0.009 —-0.16 394 90171 —79.79 —7978 0013 399 7974
64 107 028 000 002 000 0308 Q000 Q010 —0.003 QO8 392 90885 —7886 —79.10 0150 397 —7882
65 108 028 000 003 000 0308 Q000 —0.002 —0.006 —0.13 373 91409 —7603 —7595 0126 377 —76.01
66 109 028 000 004 —-0.01 0309 Q000 —0.016 —0.000 —0.17 367 92073 —7460 —7454 0096 375 —7457
67 110 028 000 005 —-0.02 0309 Q000 —0.029 Q006 —0.29 358 92538 —7117 —7096 0077 366 —7114
68 111 028 000 006 —0.02 0310 Q000 —0.041 Q003 —0.35 358 93147 —6919 —-6922 0109 370 —69.12
69 112 028 000 007 —-0.03 0311 Q000 —0.055 Q009 —-0.92 320 93593 —6558 —66.00 0124 336 —6548
70 113 —0.25 000 008 000 —0.258 Q000 —0.064 Q021 —-0.36 309 94166 —63.24 331 —-63.08
71 114 -0.25 000 008 001 —0.258 Q000 —0.064 Q012 —-0.58 274 94563 —59.14 293 —59.01
72 115 -0.22 000 007 001 —0.227 Q000 —0.059 Q007 —-0.12 252 95101 —56.45 270 -56.34
73 116 —0.22 000 008 002 —-0.227 Q000 —0.071 Q001 —-0.74 203 95469 —5206 226 —5190
74 117 -0.19 000 008 003 —0.195 Q000 —0.076 —0.010 —0.72 169 95976 —49.06 197 —4883
75 118 —0.18 000 008 003 —-0.185 Q000 —0.078 —0.011 —-1.34 109 96315 —44.37 138 —44.13
76 119 —-0.16 000 008 004 —-0.164 Q000 —0.081 —0.021 —-1.62 041 96813 —4129 079 —-40.94
77 120 —-0.16 000 008 004 —-0.164 Q000 —0.081 —0.021 —2.67 —0.60 97154 —36.62 —-0.22 —-36.26
78 121 —-0.16 000 007 004 —0.164 Q000 —0.070 —0.023 —3.05 —0.83 97568 —32.69 —0.47 —-3233
79 122 —-0.15 000 007 003 —-0.154 Q000 —0.071 —0.015 —3.99 —-1.83 97870 —27.64 —153 -27.32
80 123 000 OOO OO0 OO0 0000 QOO0 QOO0 QOO0 —3.67 —2.75 98315 —24.02 —2.75 —23.96
81 124 002 000 001 000 0021 Q000 —0.012 —0.000 —5.71 —4.49 98655 —19.35 —4.48 -19.25
82 125 000 OOO OO0 OO0 0000 QOO0 QOO0 QOO0 —7.15 —578 99102 —15.74 —5.78 —15.62
83 126 —-0.02 000 000 000 —0.021 Q000 QOO0 QOO0 —6.13 —4.94 99149 -8.15 —4.94 —-7.98
84 127 000 000 000 000 0000 QOO0 QOO0 QOO0 —5.09 —3.99 99336 —1.95 -399 -173
85 128 —-0.01 001 001 000 —-0.010 —0.013 —0.012 Q000 —4.10 —3.11 99347 602 —-3.10 629
86 129 000 OO0 OO0 001 0000 QOO0 QOO0 —0.010 —2.87 —2.03 99488 1268 —2.01 1302
87 130 000 001 000 000 0000 —0.013 Q000 Q000 —1.90 —1.18 99471 2092 -1.18 2131
88 131 000 000 001 —-0.01 0000 Q000 —0.012 Q010 —0.84 —0.22 99592 2778 -0.19 2827
89 132 003 008 000 001 0034 —0.108 Q003 —0.006 —0.90 044 99563 3614 060 3683
90 133 015 000 —-0.04 001 0161 Q000 Q059 —0.002 —0.46 136 99657 4328 151 4403
91 134 018 000 —0.05 001 0194 Q000 Q076 Q003 —0.61 156 99645 5147 178 5237
92 135 020 000 —-0.06 000 0216 Q000 Q092 Q018 -0.89 184 99775 5824 219 5938
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Z =43 (Tc)
93 136 021 000 —-0.05 000 0227 QOO0 Q081 Q016 —-0.85 184 99755 6651 209 6764
94 137 023 000 —0.05 001 0249 Q000 Q086 Q008 —0.80 210 99857 7356 235 7479
95 138 025 000 —-0.04 002 0271 Q000 Q079 —0.004 —108 215 99805 8215 234 8342
96 139 025 000 -0.03 001 0271 QOO0 Q065 Q003 —0.69 237 99886 8942 247 9072
97 140 026 000 —-0.02 002 0283 Q000 Q056 —0.010 —0.97 217 99833 9301 226 9942
98 141 027 000 —-0.01 002 0294 Q000 Q046 —0.013 —-0.86 225 99900 10541 233 10694
99 142 028 000 000 002 0306 Q000 Q037 —0.016 —1.31 189 99840 11409 194 11572
100 143 028 000 001 002 0307 Q000 Q025 —0.019 —-1.18 192 99887 12169 199 12348
101 144 (29 000 002 002 0319 Q000 Q015 —-0.022 —-166 162 99797 13066 169 13260
102 145 (028 000 002 002 0308 Q000 Q013 —0.023 —1.34 170 99815 13855 179 14067
103 146 029 000 003 002 0320 Q000 Q003 —0.026 —1.80 140 99701 14776 151 15006
104 147 028 000 004 002 0310 Q000 —0.011 —0.029 —-1.44 146 99698 15586 166 15842
Z = 44 (Ru)

37 81 -0.24 000 008 003 —0.247 Q000 —0.068 —0.007 135 369 61491 444 367 394
38 82 -0.23 000 009 004 —0.235 Q000 —0.081 —-0.013 115 357 63397 -6.54 359 -6.93
39 83 -0.23 000 010 005 —0.234 Q000 —0.092 —0.019 088 356 64951 —14.01 357 —-14.33
40 84 -0.23 000 010 005 —0.234 Q000 —0.092 —0.019 036 321 66767 —24.10 323 —2434
41 85 -0.23 000 010 005 —0.234 Q000 —0.092 —0.019 Q08 304 68232 —30.68 304 —30.88
42 86 —-0.24 000 011 006 —0.243 Q000 —0.101 —0.024 —-0.69 263 69947 —39.76 267 —39.89
43 87 —-0.24 000 011 006 —0.243 Q000 —0.101 —0.024 —0.98 243 71316 —4538 244 —4548
44 88 —-0.24 000 011 006 —0.243 Q000 —0.101 —0.024 —1.41 213 72921 —-5336 217 —-5339
45 89 -0.24 000 011 006 —0.243 Q000 —0.101 —0.024 —-1.72 187 74135 —-57.43 189 -57.45
46 90 001 000 000 000 0011 QOO0 QOO0 Q000 —0.27 052 75685 —64.86 052 —64.87
47 91 -0.02 000 000 000 —0.021 Q000 QOO0 Q000 —0.98 —0.19 76860 —6853 —0.19 -6852
48 92 000 00O OO0 OO0 QOO0 QOO0 QOO0 QOO0 —237 —141 78310 —7497 —141 —-7493
49 93 003 000 001 OO0 0032 Q000 —0.012 —0.000 —3.27 —216 79409 —7788 —7727 0085 —216 —77.83
50 94 (000 000 0QOO 0O0O Q00O QOO0 QOO0 QOO0 —4.38 —3.17 80756 —8328 —8257 0013 —3.17 —8322
51 95 -0.02 000 000 000 —0.021 Q00O QOO0 Q000 —3.36 —240 81627 —8392 —8345 0012 —-240 —-8385
52 96 000 00O OO0 OO0 OOOO QOO0 Q000 Q000 —222 —145 82701 —86.59 —86.07 0008 —1.45 —86.51
53 97 010 000 —-0.03 000 0107 QOO0 Q041 Q004 —145 012 83420 -8570 —8611 0008 Q13 —8561
54 98 013 000 -0.03 001 0139 Q000 (0044 —0.005 —0.89 105 84423 —87.66 —8822 0006 108 —87.56
55 99 015 000 -0.02 002 0161 QOO0 Q035 —0.016 —-040 172 85164 —87.00 —87.62 0002 174 —-86.91
56 100 017 000 —0.01 003 0183 Q000 Q026 —0.027 Q00 192 86171 —89.00 —89.22 0002 197 —8889
57 101 018 000 001 002 0195 Q000 Q003 —0.021 058 263 86843 —87.65 —87.95 0002 266 —87.56
58 102 019 000 001 002 0206 Q000 Q005 —0.021 Q086 313 87754 —8869 —89.10 0002 317 —8859
59 103 021 000 001 002 0228 Q000 Q009 —0.021 086 345 88404 —87.12 —87.26 0002 349 —87.04
60 104 024 000 —0.01 001 0261 Q000 Q038 —0.004 053 365 89282 —87.83 —8809 0003 371 —-87.74
61 105 026 000 —0.01 001 0283 Q000 Q043 —0.003 Q024 371 89900 —8594 —8593 0003 376 —85.87
62 106 026 000 000 001 0284 Q000 Q031 —0.007 Q42 383 90727 —86.14 —8632 0008 389 —86.07
63 107 026 000 001 001 0284 Q000 Q018 —0.010 036 376 91302 —8381 —8392 0124 381 —8377
64 108 026 000 002 000 0285 Q000 Q005 —0.003 Q37 373 92087 —8359 —8367 0116 380 —8356
65 109 026 000 003 —0.01 0285 Q000 —0.008 Q003 021 363 92613 —80.78 —80.85 0066 369 —80.76
66 110 —0.24 000 006 000 —0.248 Q000 —0.044 Q014 (042 353 93352 —80.10 —7998 0053 365 —80.03
67 111 —0.24 000 006 000 —0.248 Q000 —0.044 Q014 Q34 334 93837 —76.88 —76.67 0074 345 —-76.82
68 112 —0.25 000 007 000 —0.258 Q000 —0.053 Q018 —-0.08 329 94519 —-7562 —7548 0074 346 —75.53
69 113 —0.25 000 008 000 —0.258 Q000 —0.064 Q021 —-0.62 292 94973 —7210 —7220 0070 312 —7198
70 114 —0.25 000 008 001 —0.258 Q000 —0.064 Q012 —-0.69 272 95622 —70.51 293 —-70.39
71 115 -0.25 000 008 001 —0.258 Q000 —0.064 Q012 —0.94 236 96030 —-66.53 —6643 0129 256 —6641
72 116 —0.22 000 007 001 —0.227 Q000 —0.059 Q007 —0.51 216 96632 —64.47 234 —64.38
73 117 —-0.22 000 008 002 —-0.227 Q000 —0.071 Q001 -1.13 169 97008 —60.16 191 -60.03
74 118 —-0.19 000 008 003 —0.195 Q000 —0.076 —0.010 —1.17 136 97577 —57.78 164 —57.59
75 119 —-0.18 000 009 004 —0.184 Q000 —0.089 —0.017 —1.97 064 97937 —-5331 102 -5301
76 120 —0.16 000 008 004 —0.164 Q000 —0.081 —0.021 —202 013 98483 —-50.69 049 -50.40
77 121 —-0.16 000 008 004 —-0.164 Q000 —0.081 —0.021 —3.05 —-0.65 98808 —45.87 —0.28 —4556
78 122 —-0.12 000 006 003 —0.124 Q000 —0.063 —0.019 —296 -1.32 99328 —43.00 —1.07 —-4281
79 123 -0.12 000 006 003 —0.124 Q000 —0.063 —0.019 —4.15 —-244 99650 —38.15 —219 —-37.93
80 124 000 OO0 OO0 000 0OOOO QOO0 Q000 Q000 —4.47 —3.48 100168 —35.26 —3.48 —-3527
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Z = 44 (Ru)
81 125 002 000 001 000 0021 Q000 —0.012 —0.000 —6.48 —522 100516 —30.67 —521 -30.64
82 126 000 000 000 000 0000 QOO0 QOO0 QOO0 —7.98 —6.57 101028 —27.72 —6.57 —27.67
83 127 -0.01 000 000 000 —0.012 Q000 QOO0 QOO0 —-6.89 —565 101075 —20.12 —5.65 —20.03
84 128 000 OO0 OO0 OO0 0OOOO QOO0 QOO0 QOO0 —-5.86 —4.71 101322 —1452 —4.71 —-14.39
85 129 001 000 000 000 0011 QOO0 QOO0 QOO0 —4.77 —3.73 101329 -6.52 -373 -6.34
86 130 000 OO0 OO0 000 0000 QOO0 QOO0 QOO0 —354 —264 101528 —-0.43 —264 -021
87 131 000 OO0 OO0 000 O0OOO Q000 QOO0 QOO0 —255 —1.78 101515 777 —-1.78 805
88 132 000 000 000 000 0000 QOO0 QOO0 QOO0 —1.42 —0.76 101687 1412 —0.76 1446
89 133 011 003 -0.03 000 0118 —0.041 Q042 Q005 —1.33 017 101637 2269 027 2319
90 134 014 002 -0.04 001 0150 —0.028 Q058 —0.002 —0.83 097 101800 2913 113 2977
91 135 015 000 —-0.04 001 0161 Q000 Q059 —0.002 —0.40 144 101766 3754 159 3824
92 136 019 000 —0.05 001 0205 Q000 QO78 Q004 —059 178 101945 4383 202 4470
93 137 021 000 -0.05 001 0227 Q000 Q082 QOO6 —0.93 181 101928 5207 204 5303
94 138 021 000 —0.05 001 0227 Q000 Q082 Q006 —0.61 208 102084 5858 233 5965
95 139 023 000 —0.04 001 0249 Q000 Q073 Q005 —0.72 224 102026 6724 241 6832
96 140 024 000 —-0.04 002 0260 Q000 QO76 —0.005 —-0.72 229 102176 7380 251 7504
97 141 025 000 —-0.03 002 0271 Q000 Q066 —0.007 —0.93 216 102121 8242 231 8370
98 142 025 000 —-0.02 002 0271 Q000 Q054 —0.010 —0.55 236 102229 8941 249 9078
99 143 026 000 —-0.01 002 0283 Q000 Q044 —0.013 —-0.90 205 102168 9810 213 9955
100 144 027 000 000 002 0295 Q000 Q034 —0.016 —0.89 211 102263 10521 220 10680
101 145 028 000 001 003 0307 QOO0 Q026 —0.029 —141 165 102192 11399 188 11585
102 146 (28 000 002 002 0308 Q000 Q013 —0.023 —1.17 187 102248 12150 198 12340
103 147 (28 000 003 002 0309 Q000 Q001 —0.026 —145 160 102134 13071 175 13279
104 148 028 000 004 002 0310 Q000 —0.011 —-0.029 —125 175 102173 13840 198 14071
105 149 (26 000 004 001 0287 Q000 —0.018 —0.019 —1.07 164 102022 14799 174 15033
106 150 26 000 005 000 0287 Q000 —0.031 —-0.013 —-0.97 177 102038 15589 188 15841
Z =45 (Rh)

38 83 -0.23 000 009 004 -0.235 Q000 —0.081 —0.013 069 318 63002 470 318 428
39 84 -0.23 000 010 005 —-0.234 Q000 —0.092 —0.019 045 328 64631 -—3.53 327 -3.89
40 85 -0.23 000 010 005 —0.234 Q000 —0.092 —0.019 —-0.08 274 66483 —1397 275 —14.26
41 86 —-0.23 000 010 005 —-0.234 Q000 —0.092 —0.019 —-0.36 257 68033 —2140 255 —-2165
42 87 -0.24 000 011 006 —-0.243 Q000 —0.101 —0.024 —1.14 220 69761 —-3061 221 -30.79
43 88 —-0.24 000 011 006 —0.243 Q000 —0.101 —0.024 —144 209 71205 —36.98 207 —-37.13
44 89 -0.24 000 011 006 —0.243 Q000 —0.101 —0.024 —1.87 170 72835 —4521 171 —4530
45 90 010 000 —-0.01 000 Q107 QOOO QO16 Q001 —0.06 124 74186 —50.65 123 -5105
46 91 007 000 000 000 0075 Q000 Q002 QOO0 —1.00 002 75771 —5843 002 —5847
47 92 008 000 000 000 0085 Q000 Q003 QOO0 —1.82 —-0.64 77022 —62.87 —0.64 —62388
48 93 000 00O OO0 001 QOO0 QOOO QOO0 —0.010 —2.96 —2.02 78504 —69.61 —2.02 —69.60
49 94 003 000 001 000 0032 Q000 —0.012 —0.000 —3.83 —-2.76 79681 —7331 —2.76 —7328
50 95 (000 000 000 00O 0000 QOO0 QOO0 QOO0 —4.95 —3.78 81044 —7887 —7834 0150 —3.78 —7883
51 96 005 000 -0.02 000 0053 Q000 Q025 Q001 —4.07 —282 81974 —-8010 —7968 0013 —2.82 —80.04
52 97 004 000 —-0.01 000 0043 Q000 Q013 Q001 -285 —191 83067 —8296 —8259 0036 —1.91 —8290
53 98 (010 000 —-0.03 000 0107 Q000 Q041 Q004 —-221 —-0.56 83884 —8306 —8318 0012 —055 —8299
54 99 (013 000 -0.03 001 0139 Q000 Q044 —0.005 —1.60 042 84897 —8511 —-8557 0007 Q44 —-8504
55 100 015 000 -0.01 002 0161 Q000 Q023 —-0.018 —1.03 109 85713 —8521 —-8558 0018 110 —-8514
56 101 017 000 000 003 0184 Q000 Q014 —0.029 —-065 125 86738 —87.38 —8741 0017 128 —87.29
57 102 017 000 001 002 0184 Q000 Q002 —0.021 Q03 182 87498 —8691 —86.78 0005 184 —-86.84
58 103 018 000 001 002 0195 Q000 Q003 —0.021 043 233 88421 —-8807 —8802 0003 235 —8800
59 104 020 000 001 001 0217 Q000 QOO6 —0.011 Q63 306 89103 —86.82 —8695 0003 307 —86.77
60 105 020 000 001 001 0217 Q000 QO0O6 —0.011 088 328 89992 -8764 —8785 0004 330 —87.60
61 106 023 000 -0.01 001 0250 QOO0 Q036 —0.005 Q051 347 90668 —86.32 —86.36 0008 350 —86.29
62 107 023 000 000 000 0250 QOO0 Q023 Q002 Q63 349 91517 —8674 —8686 0012 353 —86.72
63 108 023 000 001 000 0250 QOO0 Q011 —0.001 Q70 355 92150 —8500 —-8502 0105 357 —8500
64 109 024 000 002 —-0.01 0262 Q000 —0.001 QOO6 048 346 92953 —8496 —8501 0012 350 —84.96
65 110 —0.24 000 005 001 —-0.248 Q000 —0.034 Q002 Q31 332 93552 —8288 —8278 0050 337 —8287
66 111 —0.24 000 006 001 —0.248 Q000 —0.045 Q005 021 329 94294 —-8223 —-8236 0030 338 —8221
67 112 —0.24 000 006 000 —0.248 Q000 —0.044 Q014 Q06 303 94853 —7975 —7974 0052 312 —7974
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Z =45 (Rh)
68 113 —0.24 000 007 000 —0.248 Q000 —0.055 Q017 —-0.32 292 95553 7867 —7868 0049 305 —7862
69 114 —0.25 000 007 000 —0.258 Q000 —0.053 Q018 —-0.83 262 96067 —7574 —-7563 0113 275 —-7571
70 115 —-0.25 000 008 001 —-0.258 Q000 —0.064 Q012 —-1.07 237 96730 —7430 —7421 0081 255 —7423
71 116 —0.25 000 008 001 —-0.258 Q000 —0.064 Q012 —-1.32 203 97202 —7095 —-7074 0138 220 —70.89
72 117 -0.23 000 007 001 —0.237 Q000 —0.058 Q008 —1.07 180 97816 —69.02 195 —6899
73 118 —0.22 000 008 002 —-0.227 Q000 —0.071 Q001 —-153 138 98252 —6531 157 —65.23
74 119 -0.19 000 008 003 —-0.195 Q000 —0.076 —0.010 —159 104 98832 —6304 128 —-6291
75 120 -0.18 000 008 003 —0.185 Q000 —0.078 —0.011 —-2.16 043 99243 —-59.08 067 —58.95
76 121 -0.16 000 008 004 —-0.164 Q000 —0.081 —0.021 —-238 —-0.12 99801 —56.59 020 —-56.37
77 122 —-0.16 000 008 004 —-0.164 Q000 —0.081 —0.021 —-3.38 —0.92 100191 —-5241 —059 -5218
78 123 -0.12 000 006 003 —-0.124 Q000 —0.063 —0.019 —3.35 —1.67 100728 —49.71 —1.45 —4958
79 124 —0.03 000 000 000 —0.032 Q000 QOO0 QOO0 —354 —2.76 101108 —4544 —2.76 —4552
80 125 -0.02 000 000 000 —0.021 Q000 QOO0 QOO0 —4.96 —4.00 101654 —4283 —4.00 —4289
81 126 002 000 001 000 0021 Q000 —0.012 —0.000 —6.82 —5.57 102045 —3867 —5.57 —38.70
82 127 000 000 000 0O0O 0000 QOO0 QOO0 QOO0 —8.36 —6.96 102569 —35.83 —6.96 —35.85
83 128 -0.01 000 000 000 —0.012 Q000 QOO0 QOO0 —-7.24 —6.00 102670 —2878 —6.00 —2876
84 129 000 000 000 000 0000 QOO0 QOO0 QOO0 —6.20 —5.05 102924 —2325 —5.05 —2319
85 130 001 000 000 000 0011 Q000 QOO0 QOO0 —5.07 —4.04 102986 —15.80 —4.04 -1571
86 131 000 OO0 OO0 000 0000 Q000 QOO0 QOO0 —3.84 —294 103190 -—-9.76 —294 -9.62
87 132 000 000 000 000 0000 QOO0 QOO0 QOO0 —2.82 —2.06 103232 -—211 —-2.06 -1.93
88 133 000 000 000 000 Q000 QOO0 QOO0 QOO0 —1.69 —1.04 103411 417 -1.04 440
89 134 011 002 -0.03 000 0118 —-0.028 Q042 Q005 —1.60 —0.11 103417 1218 —0.03 1255
90 135 014 000 -0.04 001 0150 Q000 Q058 —0.002 —1.17 050 103604 1838 064 1887
91 136 015 000 —0.02 001 0161 Q000 QO34 —0.006 —0.49 123 103601 2649 128 2696
92 137 015 000 -0.03 001 0161 Q000 Q047 —0.004 —-0.03 170 103771 3285 179 3344
93 138 021 000 —-0.05 001 0227 Q000 Q082 QOO6 —1.20 165 103816 4047 186 4126
94 139 021 000 —-0.05 001 0227 Q000 Q082 Q006 —0.88 186 103983 4688 209 4776
95 140 021 000 —-0.04 001 0227 Q000 Q069 QO0O3 —0.64 193 103988 5490 208 5580
96 141 023 000 —-0.04 002 0249 Q000 Q074 —0.006 —0.68 219 104122 6163 239 6267
97 142 025 000 —-0.03 002 0271 Q000 Q066 —0.007 —1.05 209 104118 6975 222 7082
98 143 026 000 —0.02 002 0283 Q000 Q056 —0.010 —0.92 225 104234 7665 236 7782
99 144 026 000 —0.01 002 0283 Q000 Q044 —0.013 —1.10 194 104224 8482 201 8606
100 145 027 000 Q00 002 0295 Q000 Q034 —0.016 —1.07 203 104321 9192 210 9328
101 146 027 000 001 002 029 Q000 Q022 —0.019 —1.30 174 104285 10036 181 10184
102 147 (027 000 002 002 029 Q000 Q010 —0.023 —1.16 180 104359 10769 191 10934
103 148 028 000 003 002 0309 Q000 Q001 —0.026 —1.59 158 104293 11642 170 11823
104 149 027 000 003 002 0297 Q000 —0.002 —0.026 —1.17 166 104340 12402 181 12599
105 150 @25 000 004 001 0275 Q000 —0.020 —0.019 —1.12 154 104240 13309 163 13516
106 151 025 000 005 000 0276 Q000 —0.033 —0.012 —1.01 160 104267 14090 170 14314
107 152 024 000 006 —0.01 0265 Q000 —0.049 —0.005 —1.29 127 104165 14998 143 15245
108 153 (24 000 007 —-0.01 0266 Q000 —0.061 —0.008 —1.33 120 104182 15788 148 16063
Z =46 (Pd)
40 86 —0.23 000 009 005 —0.235 Q000 —0.081 —0.022 —0.10 239 66395 -5.80 241 -6.09
41 87 -0.23 000 009 005 —-0.235 Q000 —0.081 —0.022 —-0.35 224 67959 —-1337 224 -1362
42 88 -0.23 000 010 005 —-0.234 Q000 —0.092 —0.019 —1.00 189 69769 —2340 191 —2358
43 89 -0.23 000 010 006 —0.234 Q000 —0.093 —0.028 —1.28 178 71229 —29.93 179 —-30.08
44 90 000 00O O0OOO OO0 QOO0 QOOO QOO0 Q000 —0.12 063 73018 —39.75 063 —39.87
45 91 -0.01 000 000 000 —0.011 QOO0 QOO0 Q000 —0.53 019 74417 —-4566 018 —45.75
46 92 000 000 000 000 0000 QOO0 QOO0 QOO0 —1.72 —090 76103 —54.45 —0.90 —5451
47 93 -0.02 000 000 000 —-0.021 QOO0 QOO0 Q000 —2.42 —-158 77371 —-59.07 —159 -5910
48 94 001 000 O0OO OO0 0011 QOOO QOOO QOO0 —3.84 —2.84 78920 —66.49 —2.84 —66.49
49 95 003 000 001 000 0032 Q000 —0.012 —0.000 —4.73 —-3.58 80113 —70.35 —3.59 -70.33
50 96 000 000 00O 0OO 0000 QOO0 QOOO QOO0 —-5.87 —4.63 81559 —7673 —7623 0151 —-4.64 —76.70
51 97 -0.02 000 000 000 —0.021 Q000 QOO0 QOO0 —4.84 —381 82516 —7823 —7780 0302 —-3.81 —7819
52 98 -0.01 000 000 000 —0.011 Q000 QOO0 QOO0 —3.69 —2.83 83680 —8179 —8130 0021 -2.83 —8175
53 99 (010 000 -0.02 000 0107 Q000 Q028 Q003 —292 —-132 8449 -—-8188 —8219 0015 —-1.32 —8183
54 100 012 000 -0.02 001 0128 Q000 Q031 —0.007 —215 —-035 85585 —8471 —-8523 0011 —-0.34 —8464
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Z =46 (Pd)

55 101 014 000 -0.01 002 0150 Q000 Q022 —0.018 —1.67 034 86412 —8491 —-8543 0018 (035 —8485
56 102 015 000 000 003 0162 Q000 Q012 —0.029 —-1.11 098 87463 —87.35 —87.93 0003 101 -87.27
57 103 016 000 001 002 0173 Q000 QOO0 —0.021 —-054 160 88232 —8697 —87.48 0003 162 —86.91
58 104 016 000 001 002 0173 Q000 QOO0 —0.021 Q05 179 89261 —8918 —8939 0004 181 —8912
59 105 016 000 003 000 0174 Q000 —0.025 —0.005 Q63 234 89973 —8823 —-8841 0004 236 —8819
60 106 017 000 003 000 018 Q000 —0.024 —0.005 Q97 268 90922 —8965 —8990 0004 271 —8961
61 107 018 000 002 000 0195 Q000 —0.010 —0.003 122 324 91574 —-8809 —-8837 0004 326 —8808
62 108 020 000 002 —-0.01 0217 Q000 —0.008 Q006 110 332 92488 —8916 —8952 0003 336 —89.14
63 109 022 000 001 -001 0239 Q000 QO0O8 QOO9 084 337 93133 8754 —8761 0003 341 —-87.54
64 110 022 000 003 —-0.01 0240 Q000 —0.017 Q004 081 331 94003 —8817 —8835 0011 336 —8816
65 111 —0.24 000 005 001 —0.248 Q000 —0.034 Q002 Q36 331 94599 —86.07 —8600 0011 337 —86.06
66 112 —0.24 000 005 000 —0.248 Q000 —0.033 Q011 Q29 320 95418 —8618 —-8634 0018 328 —86.17
67 113 —0.24 000 006 000 —0.248 Q000 —0.044 Q014 —-0.12 297 95985 —-8378 —8369 0036 307 —8377
68 114 —0.25 000 007 000 —0.258 Q000 —0.053 Q018 —-0.73 263 96775 —8360 —8350 0024 277 —8356
69 115 —-0.25 000 007 000 —0.258 Q000 —0.053 Q018 —1.10 237 97295 —8074 —-8040 0061 251 -80.71
70 116 —0.25 000 007 000 —0.258 Q000 —0.053 Q018 —1.23 215 98021 —7993 —7996 0056 231 —79.89
71 117 -0.25 000 007 000 —0.258 Q000 —0.053 Q018 —1.46 184 98501 —7665 —7653 0059 199 —76.63
72 118 -0.22 000 007 001 —-0.227 Q000 —0.059 Q007 —1.15 156 99185 —7542 —-7547 0210 172 -7540
73 119 -0.20 000 007 002 —-0.206 Q000 —0.063 —0.003 —1.33 121 99623 —7173 136 —7172
74 120 -0.16 000 007 003 -0.165 Q000 —0.070 —0.014 -1.37 078 100275 —7018 —-7015 0124 Q99 -70.12
75 121 -0.16 000 007 003 —-0.165 Q000 —0.070 —0.014 —-2.06 010 100703 —66.39 030 —66.33
76 122 —-0.12 000 006 003 —-0.124 Q000 —0.063 —0.019 —2.25 —-0.66 101346 —64.74 —0.47 —64.69
77 123 -0.12 000 006 003 —-0.124 Q000 —0.063 —0.019 —3.28 —156 101754 —60.76 —1.37 -60.70
78 124 002 000 001 000 0021 Q000 —0.012 —0.000 —3.12 —2.30 102351 —5865 —229 -5878
79 125 001 00O OO0 001 0012 QOO0 QOO0 —0.010 —4.52 —-358 102758 —54.65 —3.57 —-54.76
80 126 000 OO0 OO0 OO0 0OOOO QOO0 QOO0 QOO0 —6.11 —503 103386 —5286 —5.03 —-5297
81 127 002 000 001 000 0021 Q000 —0.012 —0.000 —7.72 —6.42 103767 —4860 —6.42 —48.69
82 128 000 OO0 OO0 OO0 OOOO QOO0 QOO0 QOO0 —9.09 —7.66 104335 —46.21 —7.66 —46.28
83 129 -0.01 000 000 000 —0.012 Q000 QOO0 QOO0 —8.17 —6.89 104463 —3942 —6.89 —3947
84 130 000 000 000 000 0000 QOO0 QOO0 QOO0 —7.12 —5.92 104773 —34.45 —5.92 —34.47
85 131 000 000 000 000 0000 QOO0 QOO0 QOO0 —5.95 —4.88 104840 —27.04 —4.88 —27.03
86 132 000 OOO OO0 000 0OOOO QOO0 QOO0 QOO0 —4.70 —3.74 105097 —21.55 —3.74 —-2150
87 133 000 000 000 000 0000 QOO0 QOO0 QOO0 —3.66 —2.82 105143 —1393 —2.82 -1384
88 134 003 002 000 000 0032 —0.027 Q001 Q000 —-260 —1.75 105373 -8.16 -1.74 -8.01
89 135 011 000 -0.03 000 0118 Q000 Q042 Q005 —219 -0.72 105375 -0.11 —0.65 014
90 136 011 000 —-0.03 000 0118 Q000 Q042 Q005 —-1.44 —0.04 105612 559 004 591
91 137 014 001 -0.02 001 0150 —0.014 Q033 —0.006 —091 071 105612 1367 077 1403
92 138 015 000 -0.03 001 0161 Q000 Q047 —0.004 —0.52 124 105832 1954 134 2000
93 139 020 000 —0.06 001 0216 Q000 Q093 Q008 —1.53 165 105836 2756 194 2830
94 140 020 000 —-0.05 001 0216 Q000 Q080 QOO5 —0.89 174 106069 3330 197 3405
95 141 021 000 -0.05 001 0227 Q000 Q082 QOO6 —1.07 176 106085 4122 199 4205
96 142 023 000 —-0.04 002 0249 Q000 Q074 —0.006 —0.83 211 106263 4751 232 4840
97 143 024 000 —-0.03 002 0260 Q000 Q064 —0.008 —0.96 203 106260 5561 218 5654
98 144 025 000 -0.02 002 0271 Q000 Q054 —0.010 —0.81 220 106429 6200 233 6300
99 145 025 000 -0.02 003 0271 Q000 Q055 —-0.021 —-112 179 106433 7002 201 7122
100 146 026 000 —0.01 003 0283 Q000 Q045 —0.023 —1.03 193 106578 7665 215 7796
101 147 (26 000 000 002 0284 Q000 Q032 —0.016 —1.13 184 106525 8525 192 8653
102 148 (26 000 001 002 0284 Q000 Q020 —0.020 —0.94 192 106649 9208 203 9351
103 149 026 000 002 002 0285 Q000 Q007 —0.023 —1.15 168 106588 10076 179 10233
104 150 026 000 003 001 0286 Q000 —0.006 —0.016 —0.88 186 106676 10795 193 10961
105 151 (025 000 004 001 0275 Q000 —0.020 —0.019 —-0.99 166 106587 11691 177 11875
106 152 024 000 005 000 0264 Q000 —0.036 —0.012 —0.80 175 106660 12425 188 12626
107 153 023 000 005 —-0.01 0253 Q000 —0.039 —0.002 —0.91 148 106556 13336 159 13551
108 154 (22 000 006 —-0.01 0242 Q000 —0.053 —0.004 —-0.82 142 106621 14079 164 14320
109 155 021 000 007 —-0.02 0231 Q000 —0.068 Q004 —-1.14 103 106507 15000 139 15272
110 156 021 000 007 —-0.02 0231 Q000 —0.068 Q004 —1.05 092 106554 15760 130 16051
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Z =47 (Ag)

41 88 005 001 00O OO0 0053 —0.014 Q001 QOO0 Q74 148 67665 —-314 148 -341
42 89 003 000 000 000 0032 QOO0 QOO0 QOO0 —0.04 076 69529 —1371 076 —13.93
43 90 007 00O OO0 OO0 Q075 QOO0 Q002 Q000 —0.35 066 71070 —2105 065 —21.22
44 91 005 000 00O OO0 0053 QOO0 Q001 Q000 —1.30 —0.35 72861 —30.89 —0.36 —3102
45 92 008 000 000 000 0085 Q000 Q003 QOO0 —1.89 —0.67 74327 —37.48 —0.68 —37.58
46 93 007 00O OO0 OO0 Q075 QOO0 Q002 Q000 —3.01 —1.79 76033 —4647 —1.80 —46.53
47 94 007 000 00O OO0 Q075 QOO0 QO02 QOO0 —3.76 —250 77416 —5223 —251 -5259
48 95 006 000 000 002 0064 Q000 Q002 —0.020 —504 —-3.70 79007 —60.06 —3.70 —60.08
49 96 006 000 00O OO0 0064 QOO0 QO02 QOO0 —5.91 —454 80287 —64.79 —454 —64.79
50 97 -0.03 000 000 000 —0.032 Q000 QOO0 QOO0 —-6.86 —562 81750 —7135 —-7082 0322 —-5.62 —7133
51 98 (005 000 —0.01 000 0053 Q000 Q013 Q001 -6.01 —4.72 82777 —7355 —7306 0067 —-472 —-7352
52 99 (007 000 —-0.01 000 0075 Q000 Q014 Q001 —-495 —3.62 83943 —7714 -7676 0151 -362 —77.11
53 100 010 000 -0.02 000 0107 Q000 Q028 Q003 —4.07 —239 84862 —7826 —7815 0077 —239 —7822
54 101 011 000 —-0.02 001 0117 QOO0 Q030 —0.007 —3.16 —142 85966 —81.22 —8122 0104 —-142 —-8118
55 102 013 000 —-0.01 002 0139 Q000 Q020 —0.018 —2.61 —0.68 86863 —8212 —8226 0028 —0.67 —8208
56 103 014 000 000 003 0151 Q000 Q010 —0.029 —194 008 87916 —8458 —8479 0017 Q10 —8452
57 104 014 000 001 002 0151 Q000 —0.002 —0.021 —-1.20 072 88755 —8490 —-8511 0006 Q73 —84.86
58 105 015 000 002 001 0162 Q000 —0.014 —0.013 —-065 130 89758 —86.86 —87.07 0011 131 -86.82
59 106 015 000 003 000 0162 Q000 —0.027 —0.005 —-0.11 184 90543 —86.64 —86.94 0005 184 —-86.62
60 107 016 000 003 000 0174 Q000 —0.025 —0.005 Q33 230 91493 —8807 —8840 0004 231 —8805
61 108 017 000 003 —0.01 0184 Q000 —0.025 Q005 Q70 249 92252 —8759 —-87.60 0004 250 —87.58
62 109 017 000 003 —-0.01 0184 Q000 —0.025 QOO5 Q9% 274 93160 —8860 —8872 0003 276 —8860
63 110 019 000 003 —-0.01 0207 Q000 —0.022 Q004 Q9% 301 93854 —8746 —8746 0003 303 —8748
64 111 019 000 003 —0.02 0206 Q000 —0.023 Q014 101 299 94731 —-8816 —8822 0003 303 —8817
65 112 —0.23 000 004 000 —0.238 Q000 —0.024 Q009 041 308 95387 —8665 —8662 0017 311 —86.68
66 113 —0.24 000 005 000 —0.248 Q000 —0.033 Q011 —-0.08 290 96224 —-8695 —87.03 0017 296 —86.97
67 114 —0.23 000 005 000 —0.238 Q000 —0.035 Q011 -0.22 270 96855 —8519 —8495 0025 276 —8523
68 115 —-0.24 000 006 —0.01 —0.248 Q000 —0.043 Q023 —-0.87 238 97653 —8510 —8499 0035 248 —-8511
69 116 —0.24 000 006 000 —0.248 Q000 —0.044 Q014 —-115 208 98244 —-8293 —8257 0047 216 —8298
70 117 -0.24 000 007 000 —0.248 Q000 —0.055 Q017 —1.45 184 98983 —8226 —8226 0050 196 —8227
71 118 —0.24 000 006 000 —0.248 Q000 —0.044 Q014 -1.49 162 99517 —7953 —-7957 0064 171 —7958
72 119 —0.22 000 006 001 —-0.227 Q000 —0.048 Q005 —1.32 133 100213 —7841 —7856 0090 143 —7846
73 120 016 000 004 —-0.01 0174 Q000 —0.038 Q003 —0.88 091 100721 —7542 —7565 0073 096 —7554
74 121 —-0.12 000 005 002 —-0.124 Q000 —0.052 —-0.012 —-1.17 017 101414 —-7429 —-7466 0147 Q27 —74.36
75 122 -0.12 000 005 002 -0.124 Q000 —0.052 —0.012 —-1.98 —-0.47 101901 —71.08 —-0.37 —-7116
76 123 —-0.12 000 006 003 —-0.124 Q000 —0.063 —0.019 —-2.99 —-1.28 102557 —69.57 -1.11 -69.57
77 124 -0.12 000 006 003 —-0.124 Q000 —0.063 —0.019 —-3.99 —2.21 103030 —66.22 —2.03 —-66.22
78 125 -0.01 000 000 000 —0.012 Q000 QOO0 QOO0 —3.99 —319 103660 —64.46 —3.19 —-64.63
79 126 002 000 —0.01 001 0021 Q000 Q012 —0.010 —5.34 —4.43 104124 —6102 -4.41 -61.17
80 127 000 000 000 0O0O 0000 QOO0 QOO0 QOO0 —6.80 —5.69 104742 —59.13 —5.69 —59.28
81 128 003 000 OO0 000 0032 Q000 QOO0 QOO0 —8.38 —7.03 105176 —5540 —7.03 —5554
82 129 000 OO0 OO0 000 0OOOO QOO0 QOO0 QOO0 —9.76 —8.33 105758 —5315 —8.33 5328
83 130 —0.02 000 000 000 —0.021 Q000 QOO0 QOO0 —8.86 —7.56 105945 —46.95 —7.56 —47.06
84 131 000 OOO OO0 000 0OOOO QOO0 QOO0 QOO0 —7.76 —6.54 106258 —4201 —6.54 —4210
85 132 000 OO0 OO0 000 0000 QOO0 QOO0 QOO0 —6.58 —549 106382 —3517 —549 -3523
86 133 000 000 000 000 0000 QOO0 QOO0 QOO0 —5.33 —4.34 106645 —29.74 —4.34 -29.76
87 134 000 OO0 OO0 000 0OOOO QOO0 QOO0 QOO0 —4.23 —3.36 106742 —2263 —3.36 —2262
88 135 002 000 OO0 000 0021 QOO0 QOO0 QOO0 —3.10 —230 106979 —16.93 —2.30 —16.88
89 136 009 000 —0.03 000 0096 Q000 Q040 Q004 —262 —1.30 107041 -—9.48 —-124 -9.33
90 137 011 000 -0.03 001 0117 Q000 Q042 —0.005 —2.01 -058 107279 -3.79 -050 -357
91 138 013 000 -0.02 001 0139 Q000 Q032 —0.006 —1.33 007 107345 363 011 387
92 139 014 000 -0.01 001 0150 Q000 Q021 —0.008 —0.68 084 107545 969 088 998
93 140 015 000 —-0.03 001 0161 Q000 Q047 —0.004 —0.55 123 107607 1715 131 1754
94 141 020 000 -0.05 001 0216 Q000 QO8O0 QOO5 —1.17 179 107798 2330 200 2390
95 142 021 000 -0.04 001 0227 Q000 Q069 Q003 —1.12 162 107887 3049 176 3109
96 143 021 000 —-0.04 001 0227 Q000 Q069 Q003 —0.83 187 108079 3663 202 3733
97 144 024 000 —-0.03 002 0260 Q000 Q064 —0.008 —1.24 179 108130 4420 192 4495
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98 145 025 000 -0.02 002 0271 Q000 Q054 —0.010 —1.08 198 108301 5057 210 5139
99 146 025 000 —-0.02 003 0271 Q000 Q055 —0.021 —-1.40 163 108352 5812 182 5912
100 147 (@25 000 —-0.01 002 0272 Q000 Q041 —0.014 —1.05 188 108489 6482 197 6582
101 148 (@25 000 000 002 0273 Q000 Q029 —0.017 —1.22 168 108498 7280 175 7389
102 149 026 000 001 002 0284 Q000 Q020 —0.020 —1.20 178 108625 7961 187 8082
103 150 @25 000 002 001 0274 Q000 Q004 —0.013 —116 163 108604 8789 165 8914
104 151 (025 000 003 001 0274 Q000 —0.008 —0.016 —1.00 169 108709 9491 175 9634
105 152 024 000 004 000 0264 Q000 —0.024 —0.009 —1.02 156 108663 10344 160 10499
106 153 (023 000 005 001 0254 (0000 —0.036 —0.021 —0.90 157 108747 11067 176 11249
107 154 (23 000 005 —-0.01 0253 Q000 —0.039 —0.002 —1.02 141 108682 11940 151 12128
108 155 021 000 006 —0.01 0231 Q000 —0.054 —0.004 —0.91 127 108757 12671 148 12885
109 156 021 000 007 —-0.02 0231 Q000 —0.068 Q004 —149 080 108699 13536 114 13778
110 157 (021 000 007 —-0.02 0231 Q000 —0.068 Q004 —-148 077 108742 14300 112 14560
111 158 020 000 008 —-0.03 0220 Q000 —0.082 Q012 —209 011 108682 15168 067 15466
112 159 020 000 008 —0.03 0220 Q000 —0.082 Q012 —216 -0.02 108712 15945 056 16263
113 160 —0.23 000 011 004 —-0.235 Q000 —0.102 —0.007 —3.27 —0.89 108651 16813 014 17193
Z =48 (Cd)

42 90 -0.01 004 000 000 —0.010 —0.054 Q001 Q001 —-122 -0.13 69469 -—5.82 -0.12 -6.04
43 91 004 000 00O OO0 0043 QOO0 QO01 QOO0 —1.23 —0.27 71030 —1336 —0.27 —-1354
44 92 004 000 000 000 0043 Q000 Q001 QOO0 —227 —1.21 72895 —2394 —-1.21 —24.08
45 93 004 000 000 000 0043 Q000 Q001 QOO0 —270 —1.65 74390 —30.82 —-1.66 —30.92
46 94 004 000 00O OO0 0043 QOO0 QO01 QOO0 —3.90 —2.78 76176 —40.60 —2.78 —40.68
47 95 005 000 00O OO0 0053 QOO0 Q001 Q000 —4.65 —3.45 77602 —46.80 —3.46 —46.85
48 96 —0.02 000 000 000 —0.021 Q000 QOO0 QOO0 —6.00 —4.84 79321 —55.92 —4.84 -5594
49 97 004 000 001 -001 0043 QOO0 —0.011 Q009 —-6.95 —5.58 80606 —60.70 —558 —60.70
50 98 -0.02 000 000 000 —0.021 Q000 QOO0 QOO0 —8.03 —6.68 82148 —6805 —67.63 0078 —6.68 —68.04
51 99 -0.03 000 000 000 —0.032 Q000 QOO0 QOO0 —-7.05 —5.85 83197 —7047 —5.85 —7045
52 100 —0.03 000 000 000 —0.032 Q000 QOO0 QOO0 —5.89 —4.84 84448 —7490 —7425 0095 —4.84 —7487
53 101 007 00O QOO0 000 0075 Q000 Q002 QOO0 —4.68 —339 85360 —7595 —7575 0151 —-3.39 —7592
54 102 010 000 —0.01 000 0107 Q000 Q016 Q001 —-3.78 —224 86520 —7948 —79.68 0029 —224 —79.44
55 103 011 000 -0.01 001 0118 Q000 Q018 —0.008 —3.06 —143 87423 —-8044 —-8065 0015 —1.43 —8040
56 104 012 000 000 001 0129 Q000 Q007 —0.010 —227 —-0.63 88546 —8360 —8397 0009 —0.63 —8356
57 105 013 000 001 001 0140 Q000 —0.004 —0.011 —-1.72 —0.01 89401 —-8407 —8433 0012 —-001 —84.04
58 106 014 000 002 001 0151 Q000 —0.015 —0.013 —-1.21 059 90474 —86.73 —87.13 0006 060 —86.70
59 107 013 000 003 000 01412 Q000 —0.029 —0.004 —-0.63 106 91279 —86.71 —86.99 0006 107 —86.69
60 108 014 000 003 —-0.01 0151 Q000 —0.029 Q005 —-0.21 153 92299 8884 —-8925 0006 155 —8882
61 109 013 000 003 —-0.01 0140 Q000 —0.030 Q006 Q38 192 93050 —8828 —8851 0004 193 -8828
62 110 014 000 004 —-0.01 0152 Q000 —0.041 Q004 Q50 220 94026 —8997 —9035 0003 223 —8996
63 111 015 000 004 —-0.02 0162 Q000 —0.040 Q013 Q74 252 94726 —8890 —8926 0003 255 —8891
64 112 016 000 004 —-0.02 0174 Q000 —0.039 Q013 Q73 259 95664 —90.20 —9058 0003 263 —90.21
65 113 017 000 004 -0.02 018 Q000 —0.038 Q013 Q73 273 96325 —-8874 —8905 0003 277 —8877
66 114 018 000 004 —0.02 0196 Q000 —0.036 Q012 Q52 261 97224 —89.67 —9002 0003 266 —89.70
67 115 —0.22 000 004 000 —0.228 Q000 —0.026 Q008 —0.13 254 97853 —87.88 —8809 0003 259 —87.94
68 116 —0.23 000 005 —-0.01 —-0.238 Q000 —0.034 Q020 —-0.712 227 98712 —-8840 —8872 0003 236 —8843
69 117 —-0.23 000 005 —-0.01 —-0.238 Q000 —0.034 Q020 —1.01 203 99309 —8629 —8643 0003 211 —-86.35
70 118 —0.23 000 005 000 —0.238 Q000 —0.035 Q011 -1.13 181 100111 —8625 —-8671 0020 189 -86.31
71 119 016 000 004 -001 0174 Q000 —0.038 Q003 —0.51 151 100663 —8370 —8391 0080 156 —8381
72 120 013 000 003 -0.01 0140 Q000 —0.030 QO0O6 —0.62 098 101447 —8347 —8397 0019 101 —-8360
73 121 013 000 003 —-0.01 0140 Q000 —0.030 Q006 —1.15 052 101969 —80.61 —81.06 0085 056 —80.76
74 122 —-0.10 000 004 001 -0.104 Q000 —0.042 —0.005 —1.81 —-0.65 102769 —80.54 —80.73 0043 —-0.59 —80.68
75 123 —0.10 000 004 002 —-0.104 Q000 —0.042 —0.014 —259 -—-1.34 103270 —7748 —7731 0041 -—-1.27 —7761
76 124 000 000 000 000 0000 QOO0 QOO0 QOO0 —297 —2.22 103995 —7666 —76.71 0063 —222 —76.86
77 125 000 001 000 0O0O 0000 —0.013 QOO0 QOO0 —398 —3.15 104477 —7341 —-7336 0069 —-315 —7361
78 126 —0.02 000 —-0.01 001 -0.021 Q000 Q012 —0.010 —5.33 —4.34 105189 —7246 —7233 0054 —4.32 —7265
79 127 -0.01 000 000 000 —0.011 Q000 QOO0 QOO0 —6.51 —5.48 105652 —69.01 —6852 0074 -548 —69.21
80 128 000 OO0 OO0 OO0 0QOOOO QOO0 QOO0 QOO0 —8.07 —6.86 106342 —67.84 —67.29 0294 —-6.86 —68.04
81 129 002 000 001 000 0021 Q000 —0.012 —0.000 —9.61 —8.22 106787 —64.22 —8.22 —64.40
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Z =48 (Cd)

82 130 000 000 Q00 Q00 0000 QOO0 QOO0 Q000 —1102 —9.52 107428 —6256 —6157 0283 —9.52 —6274
83 131 —0.01 000 Q00 Q00 —0.011 Q000 Q000 Q000 —10.04 —8.67 107615 —56.36 ~8.67 —5652
84 132 000 000 Q00 Q00 0000 QOO0 QOO0 QOO0 -8.98 —7.67 107988 —52.02 ~7.67 —5216
85 133 001 000 000 Q00 0011 QOO0 Q000 Q000 —-7.73 —6.54 108110 —4517 —6.54 —4529
86 134 000 000 Q00 Q00 0000 QOO0 QOO0 Q000 —6.47 —539 108431 —40.31 ~5.39 —4040
87 135 000 000 Q00 Q00 0000 QOO0 QOO0 Q000 —5.36 —4.38 108532 —33.25 ~439 —3331
88 136 000 000 Q00 Q00 0000 QOO0 QOO0 Q000 —4.20 —3.31 108826 —2811 -331 -2814
89 137 001 000 Q00 000 0011 Q000 Q000 Q000 —3.11 —2.34 108896 —20.74 —2.34 —20.74
90 138 009 000 —0.03 Q00 0096 Q000 Q040 Q004 -2.56 —1.30 109159 —15.30 ~1.24 -1519
91 139 011 000 —0.02 000 0118 Q000 Q029 Q003 -1.87 —0.58 109222 —7.86 054 -7.73
92 140 011 000 —0.02 001 0117 Q000 Q030 —0.007 —1.17 002 109496 —2.53 007 -2.33
93 141 014 000 —0.02 001 0150 Q000 Q033 —0.006 -0.70 082 109522 528 087 554
94 142 015 000 —0.02 Q01 0161 Q000 Q034 —0.006 -0.32 130 109776 1082 136 1114
95 143 021 000 —0.05 Q01 0227 QOO0 Q082 Q006 —1.62 135 109847 1817 156 1872
96 144 021 000 —0.04 001 0227 QOO0 Q069 Q003 —1.07 167 110086 2385 184 2442
97 145 023 000 —0.04 002 0249 Q000 Q074 —0.006 -1.45 160 110141 3138 179 3204
98 146 024 000 —0.03 002 0260 Q000 Q064 —0.008 —1.23 183 110361 3725 199 3797
99 147 025 000 —0.02 003 0271 Q000 Q055 —0.021 —155 154 110410 4483 175 4568
100 148 025 000 —0.01 002 0272 Q000 Q041 —0.014 -118 181 110597 5103 192 5188
101 149 25 Q00 000 002 0273 Q000 Q029 —0.017 -132 163 110610 5897 171 5990
102 150 025 Q00 001 002 0273 Q000 Q017 —0.020 —112 175 110785 6529 185 6634
103 151 025 000 001 002 0273 Q000 Q017 —0.020 -1.30 154 110774 7348 164 7462
104 152 025 000 002 001 0274 Q000 Q004 —0.013 -102 174 110915 8014 178 8135
105 153 024 Q00 003 000 0263 Q000 —0.012 —0.006 —1.00 155 110879 8857 157 8988
106 154 023 000 004 000 0252 Q000 —0.026 —0.009 —0.75 170 110999 9544 177 9692
107 155 021 Q00 005 —0.01 0230 Q000 —0.043 —0.001 -081 136 110954 10396 149 10564
108 156 021 Q00 005 —0.01 0230 Q000 —0.043 —0.001 —0.80 142 111059 11098 157 11281
109 157 020 000 006 —0.01 0220 Q000 —0.056 —0.003 -1.18 101 110999 11966 123 12171
110 158 020 000 007 —0.02 0220 Q000 —0.069 Q005 -141 078 111109 12663 115 12898
111 159 019 Q00 007 —0.02 0209 Q000 —0.071 Q005 -1.78 039 111025 13554 076 13806
112 160 018 Q00 007 —0.03 0197 Q000 —0.073 Q016 —187 006 111122 14263 057 14545
113 161 018 000 008 —0.03 0198 Q000 —0.085 Q014 -261 —0.36 111019 15174 026 15483
114 162 015 Q00 007 —0.02 0164 Q000 —0.076 Q008 —2.29 —0.46 111072 15928 000 16239
115 163 015 Q00 007 —0.03 0164 Q000 —0.077 Q018 —299 —119 110980 16827 ~062 17168
Z =49 (In)

43 92 004 000 001 Q00 0043 Q000 —0.011 —0.000 —3.03 —181 70792 —3.69 ~-181 -386
44 93 003 000 001 Q00 0032 Q000 —0.012 —0.000 —4.07 —2.81 72678 —14.48 —2.81 —14.62
45 94 004 000 001 000 0043 Q000 —0.011 —0.000 -4.51 —3.24 74251 —2214 —324 —2224
46 95 003 000 001 Q00 0032 Q000 —0.012 —0.000 —572 —4.42 76057 —3213 —4.42 —3220
47 96 004 000 000 QOO0 0043 Q000 Q001 Q000 —6.44 —509 77562 —39.11 ~510 —39.16
48 97 003 000 001 Q00 0032 Q000 —0.012 —0.000 -7.86 —6.43 79291 —4833 ~6.43 4835
49 98 004 000 001 Q00 0043 Q000 —0.011 —0.000 —879 —7.24 80692 —54.26 ~7.25 —5458
50 99 002 000 Q00 Q00 0021 QOO0 QOO0 Q000 —9.85 —8.28 82273 —6201 ~8.28 —6200
51 100 003 000 Q00 000 0032 Q000 Q000 Q000 -8.88 —7.42 83394 —6514 —6417 0249 —7.42 —6512
52 101 003 000 Q01 000 0032 Q000 —0.012 —0.000 —7.77 —6.41 84659 —69.73 ~6.41 —69.70

53 102 004 000 001 000 0043 Q000 —0.011 —0.000 -6.41 -5.16 85665 —7171 —7071 0112 -516 —7168
54 103 005 000 000 —0.01 0053 0000 Q0001 Q010 -517 —400 86838 —7537 —7460 0025 —4.01 —-7534
55 104 008 000 —-0.01 000 0085 QOO0 Q015 Q001 —-4.29 —295 87791 -7683 —7611 0085 —-2.95 —76.80
56 105 008 000 —-0.01 001 0085 Q000 Q015 —0.009 —-3.33 —2.09 88920 —80.04 —7948 0017 —2.08 —80.01
57 106 010 000 000 001 0107 0000 Q005 -0.010 -—-271 -—-133 89834 —-8111 -8061 0012 -1.33 —8109

58 107 011 000 001 001 0118 0000 —0.007 —0.011 —-205 -—-0.63 90909 —8379 —-8356 0011 -0.62 —83.77
59 108 010 000 002 000 0107 Q000 —0.020 —0.002 —-1.44 -0.13 91783 —8446 —8412 0010 —-0.13 —84.45
60 109 010 000 002 —0.01 0107 0000 —0.020 Q008 —-0.77 045 92803 —86.60 —86.49 0006 Q46 —86.60
61 110 009 000 002 000 0097 Q000 —0.021 —-0.002 -0.11 094 93615 —-86.64 —8647 0012 094 —86.66
62 111 010 000 003 —-0.01 0108 QOO0 —0.032 Q007 010 129 94596 —8838 —8840 0005 130 —8840

63 112 010 000 003 —0.01 0108 Q000 —0.032 Q007 054 165 95361 —87.96 —88.00 0005 166 —88.00
64 113 008 000 002 —0.01 0086 Q000 —0.022 Q008 087 166 96316 —89.43 —89.37 0003 167 —89.48
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Z =49 (In)
65 114 008 000 002 —-0.01 0086 Q000 —0.022 Q008 110 180 97045 —88.65 —8857 0003 181 8872
66 115 —0.11 000 000 —-0.01 —0.115 Q000 Q005 Q009 082 183 97940 —8954 —8954 0004 184 —89.62
67 116 —0.14 000 001 -0.01 -0.146 Q000 —0.003 Q011 Q49 187 98625 —88.31 —8825 0004 188 —8841
68 117 —-0.12 001 001 -0.01 -0.125 -0.013 —0.005 Q011 Q38 150 99505 —89.04 —8894 0006 152 —-89.15
69 118 —0.12 000 002 000 —0.125 Q000 —0.017 Q003 Q022 132 100161 —87.53 —87.23 0008 133 —87.66
70 119 -0.12 000 002 000 —-0.125 Q000 —0.017 Q003 -0.26 086 100997 —87.82 —87.70 0008 Q87 —87.97
71 120 —-0.10 000 002 000 —0.105 Q000 —0.019 Q002 -0.45 046 101624 —86.02 —8574 0040 Q47 —86.18
72 121 -0.10 000 003 001 —-0.104 Q000 —0.031 —0.006 -—1.23 —0.17 102428 —8599 -8584 0027 -0.15 —86.14
73 122 —0.09 000 003 001 —-0.094 Q000 —0.032 —0.006 —-1.70 —0.68 103018 —83.82 —8358 0050 -0.65 —8399
74 123 —0.09 000 003 001 —-0.094 Q000 —0.032 —0.006 —2.59 —1.48 103790 —8347 —8343 0024 -145 —-8364
75 124 —0.09 000 004 002 —0.094 (0000 —0.043 —0.014 —-3.44 —-217 104354 —-81.03 —-8088 0049 -211 8118
76 125 004 000 001 000 0043 Q000 —0.011 —0.000 -4.08 —3.10 105093 —80.35 —80.48 0030 -3.09 —8057
77 126 004 000 001 000 0043 Q000 —0.011 —0.000 —4.99 -394 105627 —77.62 —77.81 0040 —-3.93 —77.85
78 127 001 000 001 000 0011 Q000 —0.012 —0.000 -6.33 —5.26 106362 —76.89 —7699 0040 -526 —77.12
79 128 003 000 000 000 0032 Q000 QOO0 QOO0 -—7.49 —6.24 106868 —7389 —7436 0049 -6.24 —-7412
80 129 001 000 001 -0.01 0012 Q000 —0.012 Q010 —-9.11 -—7.80 107584 —7298 —7294 0043 -7.78 —7319
81 130 002 000 001 000 0021 Q000 —0.012 —0.000 —10.45 —9.01 108074 —69.80 —69.89 0039 -9.01 —70.03
82 131 001 000 000 000 0011 Q000 QOO0 QOO0 —1170 —10.15 108707 —6806 —6814 0028 —10.15 —6828
83 132 002 000 000 000 0021 QOO0 QOO0 QOO0 —1081 —9.35 108958 —6250 —6242 0062 —-9.35 —6271
84 133 001 000 000 000 0011 Q000 QOO0 QOO0 —9.70 —8.34 109337 —5822 —8.34 —5842
85 134 003 000 001 000 0032 Q000 —0.012 —0.000 -851 —7.21 109517 —5195 —7.20 —-5212
86 135 002 000 001 000 0021 Q000 —0.012 —0.000 —7.20 —6.01 109841 —47.11 —6.01 —47.27
87 136 002 000 000 001 0021 QOO0 QOO0 —0.010 —-6.09 —5.03 110001 —40.64 —5.02 —40.76
88 137 003 000 001 000 0032 Q000 —0.012 —0.000 —4.95 —3.92 110297 —3554 —-3.92 -3564
89 138 003 000 001 -0.01 0032 Q000 —0.012 Q009 —3.85 —293 110422 -2871 —291 —-2876
90 139 004 000 OO0 000 0043 Q000 QO01 QOO0 —2.85 —2.01 110703 —2345 —2.01 —2349
91 140 009 000 —-0.02 000 0096 Q000 Q028 Q002 -232 -—1.19 110812 —16.47 -1.17 -16.44
92 141 010 000 -0.02 000 0107 QOO0 Q028 Q003 —-165 -—-0.51 111083 —1111 —0.48 -1103
93 142 011 000 -001 001 0118 Q000 Q018 —0.008 -—1.02 011 111181 —-4.02 013 -3.90
94 143 011 000 -0.01 001 0118 Q000 Q018 —0.008 -0.47 057 111443 144 060 162
95 144 020 000 —-0.05 001 0216 Q000 QO8O0 Q005 -1.74 130 111499 894 149 934
96 145 020 000 —-0.04 001 0216 Q000 QO67 Q002 -—-1.18 161 111746 1455 175 1497
97 146 023 000 —-0.04 002 0249 Q000 Q074 —0.006 -1.72 144 111863 2144 160 2196
98 147 023 000 -0.03 002 0249 Q000 Q062 —0.009 -1.29 167 112087 2728 181 2784
99 148 024 000 -0.02 002 0260 Q000 Q051 —-0.011 -1.52 152 112175 3447 161 3507
100 149 025 000 —0.01 002 0272 Q000 Q041 -0.014 -1.38 173 112372 4057 182 4124
101 150 025 000 Q00 002 0273 Q000 Q029 -0.017 -151 150 112441 4795 157 4870
102 151 025 000 001 002 0273 Q000 Q017 —-0.020 -—-1.32 161 112621 5422 170 5508
103 152 025 000 002 001 0274 Q000 Q004 —0.013 -—1.45 146 112655 6195 149 6284
104 153 025 000 002 001 0274 Q000 Q004 —0.013 -1.25 158 112808 6850 161 6950
105 154 (023 000 003 000 0252 Q000 —0.014 —0.006 —1.12 136 112825 7640 137 7750
106 155 (023 000 004 000 0252 Q000 —0.026 —0.009 -—-1.03 150 112949 8322 157 8449
107 156 023 000 005 —-0.01 0253 Q000 —0.039 —0.002 -1.29 126 112943 9136 136 9278
108 157 (021 000 005 —-0.01 0230 Q000 —0.043 —0.001 -1.04 123 113061 9825 136 9983
109 158 (021 000 006 —0.02 0230 Q000 —0.056 Q006 —1.52 085 113046 10647 108 10829
110 159 020 000 006 —0.02 0219 Q000 —0.057 Q007 -—1.37 081 113140 11360 107 11559
111 160 018 000 006 —-0.02 0197 Q000 —0.060 Q008 —1.62 035 113110 12197 063 12413
112 161 015 000 005 -0.01 0163 Q000 —0.051 Q002 -—-1.38 033 113180 12935 051 13156
113 162 015 000 006 —0.02 0163 Q000 —0.064 Q010 -—-211 —0.32 113147 13774 000 14026
114 163 015 000 006 —0.02 0163 Q000 —0.064 Q010 —-243 —-0.64 113225 14504 —0.31 14773
115 164 015 000 007 —-0.03 0164 Q000 —0.077 Q018 —-3.32 —1.45 113188 15348 —0.91 15656
116 165 011 000 005 —-0.02 0119 Q000 —0.056 Q014 —-3.20 -1.88 113254 16089 —1.58 16390
117 166 011 000 005 —-0.02 0119 Q000 —0.056 Q014 —-4.05 -268 113195 16955 —2.38 17274
Z =50 (Sn)

44 94 000 000 000 000 0000 QOO0 QOO0 QOO0 -524 -385 72609 -—6.50 —-3.85 -6.62
45 95 000 00O OO0 OO0 0000 QOOO QOO0 Q000 —565 —4.28 74196 —1431 —4.28 —14.39
46 96 000 00O OO0 OOO QOO0 QOOO QOOO QOO0 -—-6.88 —546 76081 —2508 —546 —-2514
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Z =50 (Sn)

47 97 —0.01 000 000 000 —0.011 QOO0 Q000 Q000 —-7.57 —6.16 77603 —3223 ~6.16 —3227
48 98 000 000 000 Q00 0000 QOO0 QOO0 QOO0 —9.06 —7.53 79413 —4226 ~7.53 —4228
49 99 002 000 000 Q00 0021 QOO0 QOO0 QOO0 —9.84 —824 80848 —4853 —8.24 —4854
50 100 000 000 QOO0 000 Q000 Q000 QOO0 QOO0 —1112 -9.44 82552 —57.50 —5678 Q705 -9.44 —57.49
51 101 —0.01 000 000 Q00 —0.011 Q000 Q000 Q000 —1004 -850 83679 —60.71 —850 —6069
52 102 000 000 QOO0 000 QOO0 QOO0 QOO0 QOO0 —896 -—7.53 85023 —66.07 —6493 0132 -7.53 —66.04
53 103 000 000 QOO0 000 Q000 QOO0 Q000 QOO0 —-7.51 —624 86039 —6816 ~6.25 —6813

54 104 000 000 QOO 00O QOO0 QOO0 QOO0 Q000 —-6.20 —507 87284 —7254 —7159 0104 -5.07 —7250
55 105 000 000 OO0 OO0 0000 QOO0 Q00O Q000 —-504 —4.03 88251 —7414 —7326 0081 —-4.03 —-7411
56 106 000 000 OO0 OO0 0000 QOO0 QOO0 QOO0 —-396 —3.04 89441 —7797 —7743 0050 -—-3.04 —77.94

57 107 000 000 QOO 00O QOO0 QOO0 QOO0 QOO0 —-3.00 —215 90354 —79.03 —7858 0083 -—-215 —79.00
58 108 006 000 QOO0 000 Q064 QOO0 Q002 QOO0 -—221 —122 91478 —8220 —8204 0020 -1.22 —-8218
59 109 008 000 001 000 0086 QOO0 —0.009 —0.001 —-1.70 -—-0.62 92354 —8288 —8264 0010 -0.62 —8288
60 110 000 000 QOO 00O Q00O QOO0 QOO0 Q000 —-0.90 —-0.18 93459 —-8587 —8584 0014 -0.18 —8587
61 111 -0.01 000 —-0.01 000 —0.010 QOO0 Q012 —0.000 -0.47 026 94289 —86.09 —8594 0007 026 —86.10

62 112 000 000 OO0 OO0 Q000 QOO0 Q00O Q000 -0.19 051 95349 —-8862 —8866 0004 051 —8865
63 113 003 000 001 000 Q032 QOO0 —0.012 —0.000 Q18 087 96125 —8831 —8833 0004 087 —8835
64 114 000 000 QOO QOO QOO0 QOO0 QOO0 QOO0 026 089 97147 —9045 —-9056 0003 089 —-9051
65 115 002 000 001 000 0021 QOO0 —0.012 —0.000 052 112 97879 —89.70 —90.04 0003 112 —-89.78
66 116 000 000 QOO 000 QO0OOC QOO0 QOO0 QOO0 Q37 096 98860 —91.45 —91.53 0003 095 —-9154

67 117 —0.07 000 000 000 —0.073 Q000 Q002 —0.000 031 109 99547 —-90.24 —90.40 0003 109 —90.36
68 118 —0.09 000 000 000 —0.094 0000 Q003 —0.000 -0.15 081 100484 —9154 —9166 0003 081 —91.67
69 119 —-0.10 000 001 000 —0.105 Q000 —0.008 Q001 -—-0.37 064 101148 —90.12 —90.07 0003 065 —90.26
70 120 —0.08 000 001 000 —0.084 QOO0 —0.009 Q001 -0.74 014 102054 —91.10 —9111 0003 014 —-9126
71 121 —-0.09 000 001 000 —0.094 0000 —0.008 Q001 -112 -0.14 102680 —8929 —89.20 0002 -0.14 —89.46

72 122 000 000 000 OO0 0000 QOO0 QOO0 QOO0 -—-162 —0.93 103563 —90.05 —89.95 0003 —-0.93 —90.24
73 123 000 000 QOO 00O QOO0 QOO0 QOO0 QOO0 —-210 —1.39 104159 —87.93 —87.82 0003 -140 —8814
74 124 000 000 000 OO0 0000 QOO0 QOO0 Q000 -320 —2.35 105010 —8837 —8824 0001 -—-2.36 —8860
75 125 000 000 OO0 OO0 0000 QOO0 Q00O QOO0 -—-388 —3.01 105579 —8599 —8590 0002 -—-3.01 —86.23
76 126 000 000 QOO 00O QOO0 QOO0 QOO0 QOO0 -5.16 —4.15 106402 —86.15 —86.02 0011 -4.15 —86.39

77 127 —0.01 000 000 000 —0.011 QOO0 QOO0 QOO0 —-6.05 —502 106947 —8353 —8350 0025 -5.02 —8379
78 128 000 000 OO0 OO0 0O0O0O0 QOO0 QOO0 QOO0 -—-751 —6.34 107742 —8341 —-8333 0027 -6.34 —8367
79 129 -0.01 000 000 000 —0.011 QOO0 QOO0 QOO0 -—-861 —7.39 108266 —80.57 —8059 0029 -7.39 —80.83
80 130 001 000 QOO0 000 0011 QOO0 QOO0 QOO0 —1024 —884 109031 —80.15 —80.14 0011 -8.84 —8041
81 131 001 000 001 000 0011 Q000 —0.012 —0.000 —1140 -—-9.92 109515 -7692 —77.31 0021 -9.92 -77.18

82 132 000 000 QOO0 000 Q00O QOO0 QOO0 Q000 —1282 —11.22 110223 —7594 —7655 0014 —-1122 —-76.20
83 133 -0.01 000 000 000 —0.011 QOO0 QOO0 Q000 —11.82 —10.33 110473 —7036 —70.95 0036 —1033 —7061
84 134 000 000 OO0 OO0 0000 QOOO QOO0 Q000 —1073 —9.31 110909 —66.65 —66.80 0100 —9.31 —66.89

85 135 000 000 QOO0 000 0000 QOO0 QOO0 Q000 —9.42 -—-812 111091 —60.40 —-8.12 —60.63
86 136 000 000 000 000 0000 QOO0 QOO0 Q000 -—-813 —691 111471 -56.13 —6.91 -56.34
87 137 000 000 OO0 OO0 QOO0 QOO0 QOO0 Q000 —-6.97 —5.86 111630 —49.65 —5.86 —49.85
88 138 000 000 OO0 OO0 QOO0 QOO0 QOO0 QOO0 —-579 —4.76 111984 —4511 —4.76 —4528
89 139 000 000 QOO0 00O 0000 QOO0 Q000 Q000 —4.65 —-373 112111 —3832 —3.73 —3846
90 140 000 000 OO0 OO0 QOO0 QOO0 QOO0 Q000 —-362 —276 112443 —3357 —2.76 —33.68
91 141 000 000 001 OO0 Q000 QOO0 —0.012 Q000 —-253 —1.74 112539 —-26.45 —-174 —-26.52
92 142 000 000 QOO 00O QOO0 QOO0 QOO0 Q000 -—-1.72 —1.03 112862 —2161 —-1.03 —2165
93 143 007 000 —0.02 000 0075 Q000 0026 Q002 -—-112 -—0.38 112962 —14.54 —-0.35 -1451
94 144 009 000 —0.02 000 009 Q000 0028 Q002 —0.65 016 113270 —-9.55 020 -—-947
95 145 020 000 —-0.05 001 0216 QOO0 QO8O0 Q005 -—2.04 101 113321 -1.99 120 -1.69
96 146 021 000 —0.05 002 0226 0000 Q082 —0.004 -—-1.89 129 113623 307 153 346
97 147 021 000 —0.04 002 0226 Q000 Q070 —0.007 —-1.68 112 113745 991 130 1031
98 148 023 000 —-0.03 002 0249 Q000 Q062 —0.009 -—1.53 146 114012 1532 161 1576
99 149 024 000 —-0.02 002 0260 QOO0 Q051 —-0.011 -1.72 135 114100 2251 146 2298
100 150 024 000 —-0.01 002 0261 Q000 Q039 —-0.014 -1.40 154 114352 2806 164 2860
101 151 (024 000 —0.01 002 0261 QOO0 Q039 —-0.014 -—-1.59 135 114421 3544 144 3606
102 152 (024 000 000 002 0261 Q000 Q027 —-0.017 -—-1.34 152 114646 4126 162 4197

103 153 025 000 001 002 0273 Q000 Q017 —0.020 -—-1.66 132 114690 4889 141 4969
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Z =50 (Sn)
104 154 (24 000 002 001 0262 Q000 Q002 —0.013 -—-1.23 149 114888 5499 154 5584
105 155 024 000 002 001 0262 Q000 Q002 —0.013 -1.36 138 114897 6297 142 6391
106 156 (023 000 003 000 0252 Q000 —0.014 —0.006 —0.99 153 115071 6930 157 7034
107 157 (023 000 004 000 0252 Q000 —0.026 —0.009 -—-1.19 135 115062 7746 142 7864
108 158 021 000 004 —-0.01 0229 Q000 —0.031 Q001 -0.85 136 115225 8390 145 8523
109 159 (021 000 005 —-0.01 0230 Q000 —0.043 —0.001 -—-1.24 103 115208 9214 116 9364
110 160 018 000 004 —-0.01 0196 Q000 —0.035 Q002 -0.71 105 115345 9884 115 10044
111 161 018 000 005 —-0.02 0196 Q000 —0.048 Q010 -1.29 074 115304 10733 094 10917
112 162 015 000 004 -0.01 0163 Q000 —0.039 Q003 -—-1.09 052 115441 11403 063 11592
113 163 015 000 005 —-0.01 0163 Q000 —0.051 Q002 -—-1.76 —0.05 115402 12249 013 12459
114 164 011 000 003 000 0119 Q000 —0.031 —0.004 -1.73 -056 115546 12911 —-0.50 13127
115 165 011 000 004 —-0.01 0119 0000 —0.043 Q005 -—-254 —1.28 115502 13763 —1.14 14002
116 166 010 000 004 —-0.01 0108 Q000 —0.044 Q005 —-3.05 —1.84 115629 14444 —1.69 14700
117 167 010 000 004 -0.01 0108 Q000 —0.044 Q005 —-3.92 -266 115573 15306 —2.51 15580
118 168 010 000 004 -0.02 0108 Q000 —0.045 Q015 —-446 —322 115679 16008 —2.99 16308
119 169 008 000 003 —-0.01 0086 Q000 —0.034 Q007 —515 —4.01 115601 16893 —391 17199
Z =51 (Sh)

46 97 —0.02 000 000 000 —0.021 Q000 Q000 QOO0 -526 —4.10 75545 —1243 —4.10 —1248
47 98 002 000 —-0.01 00O 0021 QOOO QO12 QOO0 —-595 -—-476 77140 —2031 —4.77 —20.33
483 99 001 000 —0.01 000 0011 QOO0 Q012 QOO0 -7.36 —6.06 78957 —30.41 —6.06 —30.42
49 100 003 000 —0.01 000 0032 Q000 Q012 QOO0 -819 -6.78 80468 —37.45 —6.78 —37.44
50 101 001 000 —-0.01 OO0 0011 QOO0 Q012 QOO0 —9.37 —790 82178 —46.48 —7.90 —46.46
51 102 003 000 —-0.02 —-0.01 0032 Q000 Q024 Q011 -841 -6.98 83412 -50.75 —6.98 -5101
52 103 002 000 -0.01 —-0.01 0021 Q000 Q012 Q010 -7.24 -6.03 84801 —5657 —6.03 —56.53
53 104 007 000 —0.04 000 0075 Q000 Q051 Q004 -6.25 —-461 85877 —59.25 —4.60 —-5921
54 105 008 000 —-0.04 -0.01 008 Q000 Q051 Q015 -520 -—-351 87144 —-6385 —6382 0105 -—-3.50 —63.80
55 106 010 000 —-0.04 000 0107 Q000 Q053 Q006 —4.40 -—-257 88194 —66.28 —2.57 -66.24
56 107 011 000 —-0.03 001 0117 Q000 Q042 —0.005 —-3.40 -—-1.70 89408 —70.35 —-170 -7031
57 108 011 000 -0.03 001 0117 Q000 Q042 —0.005 —-2.61 —-0.99 90410 —7230 —-0.99 7227
58 109 012 000 -0.02 001 0128 Q000 Q031 —0.007 -1.87 —-0.32 91573 —7585 —-7626 0019 -0.32 -7583
59 110 011 000 -0.01 000 0118 Q000 Q017 QOO2 -1.08 018 92529 -77.34 017 —77.33
60 111 011 00O QOO0 000 0118 Q000 QOO5 QOO0 -—0.46 068 93640 —80.39 —80.89 0028 068 —80.39
61 112 011 000 000 000 0118 Q000 Q005 QOO0 Q05 111 94539 -8131 -8160 0018 111 -81.32
62 113 010 000 000 —0.01 Q107 Q000 Q004 Q010 046 136 95611 —8396 —8442 0018 136 —83.98
63 114 —-0.13 000 -0.01 000 —-0.135 Q000 Q018 —0.002 Q48 190 96438 —84.15 —8451 0028 190 —-84.19
64 115 —-0.13 000 -0.01 —0.01 —0.135 Q000 Q019 Q008 Q45 188 97475 —86.45 —87.00 0016 189 —86.50
65 116 —0.13 000 -0.01 —0.01 —0.135 Q000 Q019 Q008 046 194 98291 -8654 —86.82 0006 195 —86.61
66 117 —0.14 000 —-0.01 -0.01 -0.145 Q000 Q020 Q007 Q17 179 99282 -88.38 —8864 0009 180 —8846
67 118 —0.15 000 000 —0.02 —0.156 Q000 Q010 Q018 -0.04 171 100056 —8805 —8800 0004 173 —88.15
68 119 —0.14 000 000 —0.01 —0.146 Q000 Q008 Q009 -0.14 144 101004 —89.45 —89.48 0008 145 —89.57
69 120 -0.14 000 000 —-0.01 —-0.146 Q000 Q008 Q009 -0.26 132 101727 —88.61 —8842 0008 133 —-8876
70 121 -0.12 001 001 000 —0.125 —0.013 —-0.006 Q001 -0.52 078 102648 —89.75 —89.60 0002 Q79 —8991
71 122 -0.12 000 002 000 —0.125 Q000 —0.017 Q003 -0.86 046 103341 —8861 —8833 0002 046 —8879
72 123 -0.11 000 002 000 —-0.115 Q000 —0.018 Q002 —-1.42 —0.19 104220 —89.33 —8922 0002 -0.18 —8952
73 124 —0.10 000 002 001 -0.105 Q000 —0.019 —0.007 —1.85 -—0.67 104881 —87.86 —87.62 0002 —-0.66 —88.07
74 125 -0.10 000 002 001 —-0.105 Q000 —0.019 —0.007 -2.74 —1.49 105728 —8826 —8826 0003 -1.48 —8848
75 126 —-0.10 000 003 001 -0.104 Q000 —0.031 —0.006 —3.52 —2.16 106360 —86.51 —86.40 0032 -214 —86.73
76 127 —0.05 000 000 000 —0.052 Q000 Q001 QOO0 —4.20 —-3.28 107189 —-86.73 —86.70 0005 —-3.28 —86.99
77 128 —0.04 000 000 000 —0.042 Q000 Q001 Q000 -5.06 —4.15 107797 —84.74 —8461 0025 -415 -8501
78 129 —0.03 000 000 000 —0.032 Q000 QOO0 QOO0 —6.43 —543 108596 —84.67 —84.63 0021 -—-543 —8494
79 130 —0.03 000 000 000 —0.032 Q000 QOO0 QOO0 —7.54 —6.48 109179 —8242 —-8229 0017 -6.48 —8271
80 131 —-0.02 000 000 000 —0.021 Q000 QOO0 QOO0 —9.17 —7.96 109955 —8211 —8199 0021 -7.96 —8240
81 132 003 000 000 —0.01 0032 Q000 QOO0 Q010 —10.33 —8.90 110486 —79.34 —79.67 0014 -890 —79.63
82 133 —-0.01 000 000 000 —0.012 Q000 QOO0 QOO0 —1164 —10.17 111199 —-7840 —7894 0025 —1017 —7869
83 134 —-0.02 000 —-0.01 000 —0.021 Q000 Q012 —0.000 —10.82 —9.43 111521 —7356 —7417 0043 -9.43 -7384
84 135 -0.02 000 000 000 —0.021 Q000 QOO0 QOO0 —9.60 —8.31 111955 —-69.82 —69.71 0103 -831 —7010
85 136 002 000 -0.01 000 0021 QOO0 Q012 QOO0 —833 —7.13 112196 —64.16 —7.12 —64.43
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Z =51 (Sh)
86 137 —0.02 000 —-0.01 000 —0.021 QOO0 Q012 —0.000 —7.06 —5.97 112588 —60.01 —597 -60.27
87 138 —0.03 000 —-0.01 000 —0.032 Q000 Q012 —0.000 —5.92 —4.91 112803 —54.09 —4.91 —-5433
88 139 005 000 —-0.03 —0.02 0054 Q000 Q037 Q022 —515 —3.94 113177 —49.76 —3.84 —4988
89 140 006 000 —0.03 —0.02 0065 Q000 Q038 Q023 —4.19 —3.03 113372 —4364 —293 —4374
90 141 009 000 -0.04 —0.01 0097 Q000 Q052 Q015 —3.61 -—2.13 113717 —39.02 —2.03 —39.09
91 142 010 000 —-0.04 000 0107 QOO0 Q053 Q006 —286 —140 113896 —3274 —1.31 —-3280
92 143 011 000 —-0.04 000 0118 QOO0 Q054 Q006 —2.23 —0.72 114229 —27.99 —0.62 —2802
93 144 013 000 —-0.04 000 0140 Q000 Q056 Q007 —1.74 —0.00 114377 —21.40 009 —21.39
94 145 015 000 —-0.05 000 0161 QOO0 Q071 Q011 —-171 052 114692 —-16.48 069 —16.35
95 146 020 000 —0.05 001 0216 Q000 Q080 Q005 —230 086 114848 —9.96 102 -9.79
96 147 020 000 —-0.05 001 0216 Q000 Q080 Q005 —1.97 114 115155 -—4.97 132 472
97 148 021 000 —-0.04 002 0226 Q000 Q070 —0.007 —1.92 095 115332 134 111 160
98 149 021 000 —-0.04 002 0226 Q000 Q070 —0.007 —1.63 119 115613 659 136 693
99 150 023 000 —-0.02 002 0249 Q000 Q049 -0.012 —-1.67 124 115737 1343 134 1376
100 151 021 000 —0.02 002 0227 QOO0 Q045 —0.013 —-1.12 139 115998 1889 150 1930
101 152 (023 000 —-0.01 002 0250 QOO0 Q037 —0.015 —-152 131 116107 2587 139 2633
102 153 023 000 000 002 0250 QOO0 Q025 —0.018 —1.25 147 116338 3163 155 3217
103 154 024 000 001 002 0262 Q000 Q015 —0.020 —-1.57 128 116431 3877 136 3940
104 155 (023 000 001 001 0250 Q00O Q012 —0.011 —-114 149 116629 4486 152 4552
105 156 024 000 003 001 0263 Q000 —0.010 —0.016 —1.53 128 116698 5224 134 5302
106 157 023 000 003 000 0252 Q000 —0.014 —0.006 —1.10 145 116874 5855 148 5941
107 158 (023 000 004 000 0252 Q000 —0.026 —0.009 —1.33 128 116914 6623 133 6721
108 159 (021 000 004 —-0.01 0229 Q000 —0.031 Q001 —-0.98 128 117081 7263 136 7375
109 160 021 000 004 —-0.01 0229 Q000 —0.031 Q001 -1.22 103 117104 8Q47 110 8169
110 161 018 000 004 —-0.01 0196 Q000 —0.035 Q002 -0.80 100 117250 8708 109 8845
111 162 018 000 005 —-0.02 0196 Q000 —0.048 Q010 —1.34 052 117273 9493 071 9652
112 163 015 000 003 -0.01 0162 Q000 —0.027 Q005 —-0.99 064 117380 10193 070 10353
113 164 015 000 004 -0.01 0163 Q000 —0.039 Q003 —162 009 117386 10993 019 11172
114 165 —-0.14 000 002 —-0.01 —-0.146 Q000 —0.015 Q012 —-1.79 —-0.46 117537 11650 —0.40 11839
115 166 011 000 002 000 0118 Q000 —0.019 —0.002 —2.23 —1.04 117526 12468 —1.02 12668
116 167 011 000 003 -0.01 0119 Q000 —0.032 Q006 —2.85 —1.59 117653 13148 —1.51 13370
117 168 010 000 004 —-0.01 0108 Q000 —0.044 Q005 —3.75 —247 117650 13958 —2.33 14202
118 169 010 000 004 -0.02 0108 Q000 —0.045 Q015 —-4.31 —3.05 117759 14656 —2.83 14925
119 170 010 000 004 —-0.02 0108 Q000 —0.045 Q015 —-5.37 —4.30 117773 15449 —4.08 15736
120 171 008 000 002 —-0.01 0086 Q000 —0.022 Q008 —546 —4.45 117819 16211 —4.40 16500
121 172 —0.06 000 001 000 —0.063 Q000 —0.010 Q001 -6.49 —5.70 117812 17025 —-5.70 17327
Z =52 (Te)
47 99 -0.01 000 000 000 —0.011 Q000 QOO0 QOO0 —4.73 —3.71 76849 —1012 -371 -1011
483 100 000 000 000 000 0000 QOOO QOO0 Q000 —6.13 —4.98 78740 —20.95 —4.98 —20.93
49 101 002 000 001 000 0021 Q000 —0.012 —0.000 —6.92 —-5.66 80261 —2809 —5.66 —28.06
50 102 000 OO0 OO0 000 OOOO QOO0 Q000 Q000 —8.09 —6.75 82043 —37.84 —6.75 —37.80
51 103 —0.02 000 000 000 —0.021 Q000 Q000 QOO0 —6.99 —-5.82 83320 —4254 —5.83 —4249
52 104 000 000 QOO 000 Q000 QOO0 QOO0 QOO0 —5.87 —4.85 84809 —49.36 —4.85 —4931
53 105 008 000 —-0.04 —-0.01 0086 Q000 Q051 Q015 -516 —3.48 85904 —-5223 —3.47 -5217
54 106 011 000 —-0.05 —-0.01 0119 Q000 Q066 Q018 —454 —237 87241 -5753 -5821 0132 -235 -57.46
55 107 012 000 -0.05 001 0128 Q000 Q068 —0.002 —3.78 —1.58 88319 —60.24 —-1.57 -60.18
56 108 013 000 —-0.04 001 0139 Q000 Q056 —0.003 —2.84 —-0.77 89611 —6509 —6572 0104 —-0.76 —65.03
57 109 013 000 -0.03 001 0139 Q000 Q044 —0.005 —191 -0.06 90626 —67.17 —67.61 0063 —0.06 —67.13
58 110 014 000 —-0.03 001 0150 Q000 Q045 —-0.004 —1.36 052 91868 —7152 —7228 0053 053 —7148
59 111 016 000 -0.03 001 0172 Q000 Q048 —0.003 —094 114 92825 —-73.02 —-7349 0071 114 —7299
60 112 017 000 —-0.04 001 0183 Q000 Q062 —0.000 —0.71 158 94013 -76.82 —77.30 0170 160 —76.79
61 113 018 000 —0.04 000 0194 Q000 Q063 Q011 —-0.50 185 94939 -7802 —7835 0028 187 —7800
62 114 018 000 —0.03 000 0194 Q000 Q051 Q008 —0.01 203 96087 —8142 —8189 0028 205 —8142
63 115 019 000 —-0.03 000 0205 Q000 Q052 Q009 QO3 227 96955 —8203 —8206 0028 229 —8205
64 116 020 000 —0.02 000 0216 Q000 Q042 Q007 Q19 243 98042 —84.83 —8527 0028 245 —84.86
65 117 020 000 —-0.01 -0.01 0216 Q000 Q@029 Q014 Q32 250 98868 —8501 —8510 0013 252 —-85.07
66 118 —0.16 000 —-0.01 —-0.02 —0.165 Q000 Q0023 Q016 Q70 256 99904 —-87.31 —87.72 0015 259 —-87.38
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Z =52 (Te)

67 119 —-0.17 000 000 —-0.02 —-0.176 Q000 Q012 Q018 Q44 230 100707 —87.27 —87.18 0008 232 —87.36
68 120 —0.17 000 000 —-0.02 —0.176 Q000 Q012 Q018 020 218 101705 —89.18 —8940 0010 220 —89.28
69 121 -0.17 000 000 —-0.02 —-0.176 Q000 Q012 Q018 Q05 185 102460 —88.65 —8855 0026 188 —8878
70 122 —-0.16 000 001 -0.01 -0.166 Q000 —0.001 Q010 -0.11 165 103411 —-90.10 —90.31 0001 167 —90.24
71 123 -0.14 000 001 —-0.01 —-0.146 Q000 —0.003 Q011 -0.14 136 104112 —89.03 —8917 0001 137 —89.20
72 124 -0.12 001 001 000 —-0.125 —-0.013 —0.006 Q001 -0.54 074 105051 —90.35 —9053 0001 Q75 —9055
73 125 -0.12 000 002 000 —-0.125 Q000 —0.017 Q003 —-1.05 026 105721 —8898 —89.02 0001 Q27 —8919
74 126 —0.10 000 002 000 —0.105 Q000 —0.019 Q002 -1.74 —0.57 106631 —90.01 —90.07 0001 -0.56 —90.24
75 127 —-0.10 000 002 001 -0.105 Q000 —0.019 —0.007 —-2.43 —-1.21 107270 —8833 —8828 0002 —-1.20 —8857
76 128 —0.09 000 002 001 —-0.094 Q000 —0.020 —0.007 —3.37 —2.17 108145 —89.01 —-8899 0002 —-215 —89.26
77 129 -0.09 000 002 001 —0.094 Q000 —0.020 —0.007 —4.24 —3.01 108758 —87.06 —87.00 0002 -2.99 -87.33
78 130 000 000 QOO 000 QOO0 QOO0 QOO0 QOO0 —-5.39 —4.50 109640 —87.81 —87.35 0002 —-450 —8811
79 131 001 00O QOO0 001 0012 QOO0 QOO0 —0.010 —-6.45 —5.44 110220 —8554 —8521 0002 —-544 —-8584
80 132 000 000 00O 000 0000 QOO0 QOOO QOO0 -819 —7.04 111068 —8595 —8518 0007 —7.04 —86.26
81 133 002 000 001 000 0021 Q000 —0.012 —0.000 -9.26 —7.95 111603 —8322 —8294 0024 -7.94 —8354
82 134 000 OO0 OO0 000 0000 QOO0 QOO0 QOO0 —10.64 —9.23 112377 —8290 —8256 0011 —-9.23 —8322
83 135 —0.01 000 000 000 —0.011 Q000 QOO0 Q000 —-9.71 —8.42 112700 —7806 —77.83 0090 -842 —-7838
84 136 000 000 00O 000 0000 QOO0 QOO0 QOO0 -—-861 —7.40 113202 —7500 —7443 0045 -7.40 —75.32
85 137 001 00O OO0 000 0012 QOO0 QOO0 QOO0 —7.26 —6.18 113446 —6937 —6956 0122 —-6.18 —69.68
86 138 000 000 000 000 Q000 QOO0 QOO0 QOO0 —-5.96 —5.00 113892 —6576 —5.00 —66.07
87 139 008 000 —-0.05 —0.02 0087 Q000 Q064 Q026 -5.82 —3.91 114112 -59.89 —3.74 —60.02
88 140 009 000 —-0.05 —0.01 0097 Q000 Q064 Q017 —4.80 —2.95 114543 —-56.13 —2.81 —-56.27
89 141 011 000 -0.05 000 0118 Q000 Q066 Q008 —4.13 —215 114756 —50.19 —2.03 -50.33
90 142 011 000 -0.05 000 0118 Q000 Q066 Q008 —3.37 —1.49 115181 —46.36 —1.35 —46.47
91 143 014 000 -0.05 001 0150 QOO0 Q070 —0.000 —-3.03 —-0.79 115370 —40.19 —0.65 —40.26
92 144 015 000 -0.06 001 01612 Q000 Q084 Q003 -—-2.82 —-0.24 115770 —36.12 —0.03 —36.10
93 145 018 000 —-0.07 001 0194 Q000 Q102 Q009 -3.32 012 115961 —29.95 040 —29.83
94 146 018 000 —-0.06 001 0194 Q000 Q089 Q006 —252 056 116338 —2565 080 —25.53
95 147 019 000 —-0.06 001 0205 QOO0 Q091 QOO7 —258 049 116539 —1959 072 —-19.44
96 148 020 000 —-0.05 002 0215 Q000 Q080 —0.005 —-2.09 080 116897 —1510 101 -1492
97 149 021 000 -0.05 002 0226 Q000 Q082 —0.004 -226 084 117057 -8.62 105 -841
98 150 021 000 —-0.04 002 0226 Q000 Q070 —0.007 —-1.73 112 117386 —3.84 130 -361
99 151 021 000 -0.03 002 0227 Q000 QO57 —0.010 -159 111 117521 288 124 312
100 152 021 000 —0.03 002 0227 Q000 Q057 —0.010 -1.33 134 117826 790 148 822
101 153 (023 000 -0.01 002 0250 QOO0 Q037 —0.015 -—-156 130 117935 1487 139 1522
102 154 024 000 000 003 0261 Q000 Q028 —0.027 —158 135 118229 2002 155 2053
103 155 024 000 001 002 0262 Q000 Q015 —0.020 —-1.64 125 118317 2720 134 2769
104 156 (24 000 002 002 0263 Q000 Q003 —0.023 —-1.46 138 118573 3271 151 3332
105 157 023 000 002 001 0251 QOO0 —0.001 —0.013 —-1.35 129 118635 4017 134 4078
106 158 023 000 003 001 0252 Q000 —0.013 —0.016 —1.18 141 118866 4593 149 4667
107 159 (023 000 004 000 0252 Q000 —0.026 —0.009 —-1.34 131 118902 5363 138 5446
108 160 (021 000 003 000 0229 Q000 —0.018 —0.006 —-0.85 136 119113 5960 140 6050
109 161 021 000 004 000 0230 Q000 —0.0