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This evaluation provides a complete representation of the
nuclear data needed for transport, damage, heating,
radioactivity, and shielding applications over the incident
proton energy range from 1 to 150 MeV. The evaluation utilizes
MF=6, MT=5 to represent all reaction data. Production cross
sections and emission spectra are given for neutrons, protons,
deuterons, tritons, alpha particles, gamma rays, and all

residual nuclides produced (A>5) in the reaction chains. To—
summarize, the

MF=3 MT= -2’

MT= 5

MF=6 MT= 2

MT= 5

ENDF sections with non-zero data above are:

Integral of nuclear plus interference components
of the elastic scattering cross section

Sum of binary

Elastic (p,p)
ratios of the

(p,n’) and (p,x) reactions

angular distributions given as
differential nuclear-Dlus-

interference to the integrated valu~.

Production cross sections and energy-angle
distributions for emission neutrons; pr~tons,
deuterons, and alphas; and angle-integrated
spectra for gamma rays and residual nuclei that

are stable against particle emission

The evaluation is based on nuclear model calculations that
have been benchmarked to experimental data, especially for n +
Ni58 and p + Ni58 reactions (Ch97) ..We use the GNASH code system
(Y092) , which utilizes Hauser-Feshbach statistical,
preequilibrium and direct-reaction theories. Spherical optical
model calculations are used to obtain particle transmission
coefficients for the Hauser-Feshbach calculations, as well as
for the elastic proton angular distributions.

Cross sections and spectra for producing individual residual
nuclei are included for reactions. The energy-angle-correlations
for all outgoing particles are based on Kalbach systematic
(Ka88) .
A model was developed to calculate the energy distributions of

all recoil nuclei in the GNASH calculations (Ch96) . The recoil
energy distributions are represented in the laboratory system in
MT=5, MF=6, and are given as isotropic in the lab system. All
other data in MT=5,MF.6 are given in the center-of-mass system.
This method of representation utilizes the LCT=3 option approved
at the November, 1996, CSEWG meeting.

Preequilibrium corrections were performed in the course of the
GNASH calculations using the exciton model of Kalbach (Ka77,
Ka85) , validated by comparison with calculations using Feshbach,
Kerman, Koonin (FKK) theory [Ch93] . Discrete level data from
nuclear data sheets were matched to continuum level densities
using the formulation of Ignatyuk et al. (Ig75) and pairing and
shell parameters from the Cook (C067) analysis. Neutron and

charged- particle transmission coefficients were obtained from
the optical potentials, as discussed below. Gamma-ray



transmission coefficients were calculated using the Kopecky-Uhl
model (K090) .

SOME Cr-SPECIFIC INFORMATION CONCERNING THE EVAL.

The transmission coefficients calculated for p+ Cr-52 evaluation
were employed for all the p + Cr-50 channels, by multiplying by a
factor of 0.974192, i.e., a ratio of A**(2/3) between Cr-50 and
Cr-52 .

The Cr-52 transmission coefficients were calculated by using
the following potentials:

Neutrons: a newly-searched potential for Cr-52 as described in the
File 1 description of the n + Cr-52 evaluation.

Protons: a combination of 2 potentials was used :

below 40 MeV : Becchetti-Greenlees (Be69)
above 40 MeV : Madland medium energy potential (Ma88)

The proton reaction cross section and transmission coefficients
below 40 MeV were multiplied by a factor of 0.845 to make the
agreement with the measured proton reaction cross section
(Ca96) better, and also to make the connection to higher energy
values smoothly.

For deuterons, the Lohr-Haeberli (L074) global potential was used;
for alpha particles the McFadden-Satchler (Mc66) potential was
used; and for tritons the Becchetti-Greenlees (Be71) potential was
used. The He-3 channel was ignored.

The direct collective inelastic scattering to the following levels
in Cr-52 was considered by the DWBA-mode calculation of ECIS95
(Ra96) :

Jpi Ex(MeV)
2+ 0.786
2-!-2.922
2+ 3.156
4+ 3.317
4+ 3.621
4+ 3.692
4+ 3.898
3- 4.045
2+ 4.188
5- 4.363
3- 4.543
2+ 4.676
2+ 4.772
4+ 4.924
4+ 5.233
3- 6.45
3- 6.65
3- 6.79
3- 7.86

Deformation length
1.063
0.479
0.591
0.4
0.565
0.447
0.214
0.692
0.648
0.565
0.223
0.316
0.316
0.4
0.469
-Cl.2&4
0.360
0.244
0.2

These data were retrieved from the literature (Bu95) .

***************** ***************** ***************** *************
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24050 . T=GET 1000Z+A (if A=O then elemental)
1001 = PROJECTILE 1000z+A
Nonelastic, elastic, and Production cross sections for A<5 ejectiles in barns:
Energy nonelas elastic neutron proton deutercm triton helium3

1.000E+OO 1.999E-”050.000E+OO O.OOOE+OO”l”.441E-”05’O.000E+OO’0.000E+OO 0.000E+OO
2.000E+OO 5.925E-04 0.000E+OO 0.000E+OO 4.272E-04 0.000E+OO 0.000E+OO 0.000E+OO
3.000E+OO 2.415E-02 0.000E+OO 0.000E+OO 2.400E-02 0.000E+OO 0.000E+OO 0.000E+OO
4.000E+OO 1.189E-01 0.000E+OO 0.000E+OO 1.188E-01 0.000E+OO 0.000E+OO 0.000E+OO
5.000E+OO 2.638E-01 0.000E+OO 0.000E+OO 2.635E-01 0.000E+OO 0.000E+OO 0.000E+OO
6.000E+OO 4.073E-01 0.000E+OO 0.000E+OO 4.069E-01 0.000E+OO 0.000E+OO 0.000E+OO
7.000E+OO 5.375E-01 0.000E+OO 0.000E+OO 5.370E-01 0.000E+OO 0.000E+OO 0.000E+OO
8.000E+OO 6.597E-01 0.000E+OO 0.000E+OO 6.588E-01 0.000E+OO 0.000E+OO 0.000E+OO
9.000E+OO 7.553E-01 0.000E+OO 1.552E-02 7.359E-01 0.000E+OO 0.000E+OO 0.000E+OO
1.000E+O1 8.197E-01 0.000E+OO 4.677E-02 7.588E-01 0.000E+OO 0.000E+OO 0.000E+OO
1.1OOE+O1 8.629E-01 0.000E+OO 7.129E-02 7.634E-01 0.000E+OO 0.000E+OO 0.000E+OO
1.200E+01 8.916E-01 0.000E+OO 9.140E-02 7.636E-01 4.318E-09 0.000E+OO 0.000E+OO
1.300E+01 9.156E-01 0.000E+OO 1.031E-01 7.774E-01 1.383E-05 0.000E+OO 0.000E+OO
1.400E+01 9.356E-01 0.000E+OO 1.059E-01 8.264E-01 2.861E-04 0.000E+OO 0.000E+OO
1.500E+01 9.520E-01 0.000E+OO 1.136E-01 9.314E-01 1.227E-03 0.000E+OO 0.000E+OO
1.600E+01 9.652E-01 0.000E+OO 1.220E-01 1.075E+O0 3.061E-03 0.000E+OO 0.000E+OO
1.700E+01 9.750E-01 0.000E+OO 1.401E-01 1.198E+O0 6.042E-03 2.688E-08 0.000E+OO
1.800E+01 9.814E-01 0.000E+OO 1.689E-01 1.273E+O0 9.411E-03 2.087E-06 0.000E+OO
1.900E+01 9.849E-01 0.000E+OO 2.041E-01 1.307E+O0 1.298E-02 1.728E-05 0.000E+OO
2.000E+O1 9.864E-01 0.000E+OO 2.322E-01 1.320E+O0 1.780E-02 4.866E-05 0.000E+OO
2.200E+01 9.851E-01 0.000E+OO 2.724E-01 1.319E+O0 2.630E-02 1.41OE-O4 0.000E+OO
2.400E+01 9.805E-01 0.000E+OO 3.012E-01 1.296E+O0 3.433E-02 3.399E-04 0.000E+OO
2.600E+01 9.733E-01 0.000E+OO 3.269E-01 1.281E+O0 3.896E-02 6.073E-04 0.000E+OO
2.800E+01 9.631E-01 0.000E+OO 3.409E-01 1.298E+O0 4.568E-02 9.003E-04 0.000E+OO
3.000E+O1 9.503E-01 0.000E+OO 3.593E-01 1.324E+O0 5.196E-02 1.205?3-030.000E+OO
3.500E+01 9.078E-01 0.000E+OO 4.135E-01 1.320E+O0 6.289E-02 1.911E-03 0.000E+OO
4.000E+O1 8.865E-01 0.000E+OO 4.562E-01 1.334E+O0 6.978E-02 2.434E-03 0.000E+OO
4.500E+01 8.680E-01 0.000E+OO 4.909E-01 1.365E+O0 7.370E-02 2.825E-03 0.000E+OO
5.000E+O1 8.488E-01 0.000E+OO 5.366E-01 1.411E+O0 7.382E-02 3.098E-03 0.000E+OO
5.500E+01 8.301E-01 0.000E+OO 5.893E-01 1.459E+O0 7.453E-02 3.335E-03 0.000E+OO
6.000E+O1 8.123E-01 0.000E+OO 6.438E-01 1.501E+O0 7.502E-02 3.587E-03 0.000E+OO
6.500E+01 7.953E-01 0.000E+OO 6.984E-01 1.539E+O0 7.527E-02 3.838E-03 0.000E+OO
7.000E+O1 7.791E-01 0.000E+OO 7.433E-01 1.571E+O0 7.464E-02 4.129E-03 0.000E+OO
7.500?s+017.637E-01 0.000E+OO 7.889E-01 1.601E+o0 7.537E-02 4.448E-03 0.000E+OO
8.000E+O1 7.493E-01 0.000E+OO 8.385E-01 1.632E+O0 7.631E-02 4.882E-03 0.000E+OO
8.500E+01 7.358E-01 0.000E+OO 8.837E-01 1.654E+O0 7.717E-02 5.323E-03 0.000E+OO
9.000E+O1 7.233E-01 0.000E+OO 9.229E-01 1.673E+O0 7.815E-02 5.827E-03 0.000E+OO
9.500E+01 7.119E-01 0.000E+OO 9.637E-01 1.695E+O0 7.882E-02 6.493E-03 0.000E+OO
1.000E+02 7.015E-01 0.000E+OO 1.000E+OO 1.713E+O0 7.999E-02 7.147E-03 0.000E+OO
1.1OOE+O2 6.845E-01 0.000E+OO 1.071E+O0 1.748E+O0 8.270E-02 8.661E-03 0.000E+OO

~ 1.200E+02 6.723E-01 0.000E+OO 1.I145E+O01.796E+O0 8.457E-02 1.057E-02 0.000E+OO
1.300E+02 6.654E-01 0.000E+OO 1.202E+O0 1.840E+O0 8.862E-02 1.260E-02 0.000E+OO
1.400E+02 6.638E-01 0.000E+OO 1.254E+O0 1.883E+O0 9.245E-02 1.458E-02 0.000E+OO
1.500E+02 6.691E-01 0.000E+OO 1.311E+O0 1.946E+O0 9.723E-02 1.716E-02 0.000E+OO

24050 = TARGET 1000Z+A (if A.O then elemental)
1001 = PROJECTILE 1000z+A
Aver. lah emission energies for A<5 ejectiles in MeV:
Energy neutron proton deuteron triton helium3 alpha gamne

1.000E+OO O.OOOE+OO ’3.914E-04 0.000E+OO 0.000E+OO 0.000E+OO 0.000E+OO 5.000E-12
2.000E+OO 0.000E+OO 1.226E+O0 0.000E+OO 0.000E+OO 0.000E+OO 0.000E+OO 1.832E+O0
3.000E+OO 0.000E+OO 2.206E+O0 0.000E+OO 0.000E+OO 0.000E+OO 0.000E+OO 7.796E-01
4.000E+OO 0.000E+OO 3.162E+O0 0.000E+OO 0.000E+OO 0.000E+OO 0.000E+OO 7.629E-01
5.000E+OO 0.000E+OO 3.845E+O0 0.000E+OO 0.000E+OO 0.000E+OO 0.000E+OO 7.749E-01
6.000E+OO 0.000E+OO 4.644E+O0 0.000E+OO 0.000E+OO 0.000E+OO 2.202E+O0 8.447E-01
7.000E+OO 0.000E+OO 5.017E+O0 0.000E+OO 0.000E+OO 0.000E+OO 3.113E+O0 1.11OE+OO
8.000E+OO 0.000E+OO 4.991E+O0 0.000E+OO 0.000E+OO 0.000E+OO 3.976E+O0 1.481E+O0
9.000E+OO 2.811E-01 5.028E+O0 0.000E+OO 0.000E+OO 0.000E+OO 4.868E+O0 1.750E+O0
1.000E+O1 9.064E-01 5.212E+O0 0.000E+OO 0.000E+OO 0.000E+OO 5.734E+O0 1.894E+O0
1.1OOE+O1 1.377E+O0 5.454E+O0 0.000E+OO 0.000E+OO 0.000E+OO 6.534E+O0 1.998E+O0
1.2W3E-+61. l;699Ew06–5.673E*06--5:03*E=Gi-6:60GS00-G;OOO~OO-i; iW?iE7+00-2:i3%Ow
1.300E+01 2.029E+O0 5.917E+O0 1.818E+O0 0.000E+OO 0.000E+OO 7.637E+O0 2.226E+O0
1.400E+01 2.252E+O0 6.009E+O0 2.71OE+OO 0.000E+OO 0.000E+OO 7.969E+O0 2.304E+O0
1.500E+01 2.502E+O0 5.784E+O0 3.454E+O0 0.000E+OO 0.000E+OO 8.186E+O0 2.282E+O0
1.600E+01 2.707E+O0 5.580E+O0 4.039E+O0 0.000E+OO 0.000E+OO 8.334E+O0 2.166E+O0
1.700E+01 2.772E+O0 5.553E+O0 4.547E+O0 1.438E+O0 0.000E+OO 8.401E+O0 2.00IE+OO
1.800E+01 2.759E+O0 5.704E+O0 5.231E+O0 2.287E+O0 0.000E+OO 8.504E+O0 1.802E+O0

1.9QOE+012.768E+O05.965E*O05.814E+O03.004EI!IO00.000E+OO8.598E+O01.643E+O0
2.000E+O1 2.995E+O0 6.287E+O0 6.346E+O0 3.693E+O0 0.000E+OO 8.688E+O0 1.622E+O0
2.200E+01 3.375E+O0 6.939E+O0 7.621E+O0 4.571i+O0 0.000E+OO 8.876E+O0 1.573E+O0
2.400E+01 3.846E+O0 7.579E+00 8.906E+O0 5.499E+O0 0.000E+OO 9.103E+OO 1.678E+O0

alpha gamma

0.000E+OO 2.225E-05
0.000E+OO 6.594E-04
0.000E+OO 2.423E-02
0.000E+OO 1.215E-01
0.000E+OO 2.846E-01
4.783E-09 4.929E-01
5.869E-06 7.936E-01
3.198E-04 1.186E+O0
3.314E-03 1.525E+O0
1.352E-02 1.790E+O0
2.774E-02 2.016E+O0
3.603E-02 2.198E+O0
3.736E-02 2.399E+O0
3.654E-02 2.515E+O0
3.493E-02 2.429E+O0
3.337E-02 2.189E+O0
3.167E-02 1.960E+O0
3.123E-02 1.804E+O0
3.147E-02 1.733E+O0
3.233E-02 1.677E+O0
3.617E-02 1.816E+O0
4.129E-02 2.009E+O0
4.674E-02 2.112E+O0
5.025E-02 2.113E+O0
5.196E-02 2.081E+O0
5.023E-02 1.979E+O0
5.090E-02 1.972E+O0
5.167E-02 1.878E+O0
5.789E-02 1.832E+O0
6.875x-02 1.815E+O0
8.101E-O2 1.788E+O0
9.260E-02 1.743E+O0
1.028E-01 1.650E+O0
1.135E-01 1.606E+O0
1.249E-01 1.564E+O0
1.341E-01 1.477E+O0
1.432E-01 1.451E+O0
1.531E-01 1.429E+O0
1.613E-01 1.407E+O0
1.752E-01 1.345E+O0
1.903E-01 1.287E+O0
2.018E-01 1.242E+O0
2.104E-O1 1.192E+O0
2.212E-01 1.187E+O0
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2.600E+01 4.292E+O0 8.129E+O0 9.970E+O0 6.509E+O0 0.000E+OO 9.358E+O0 1,.824E+O0
2.800E+01 4.812E+O0 8.549E+O0 1.112E+01 7.488E+O0 0.000E+OO 9.671E+O0 1.878E+O0
3.000E+O1 5.276E+O0 8.892E+O0 1.228E+01 8.429E+O0 0.000E+OO 1.003E+01 1.853E+O0
3.500E+01 6.268E+0’O1.019E+01 1.531E+01 1.066E+01 0.000E+OO 1.095E+01 1.717E+O0
4.000E+O1 7.465E+O0 1.147E+01 1.844E+01 1.267E+01 0.000E+OO 1.165E+01 1.706E+O0
4.500E+01 8.656E+O0 1.263E+01 2.163E+01 1.479E+01 0.000E+OO 1.226E+01 1.706E+O0
5.000E+O1 9.391E+O0 1.349E+01 2.449E+01 1.667E+01 0.000E+OO 1.240E+01 1.697E+O0
5.500E+01 9.912E+O0 1.405E+01 2.733E+01 1.818E+01 0.000E+OO 1.225E+01 1.709E+O0
6.000E+O1 1.029E+01 1.458E+01 2.990E+01 1.924E+01 0.000E+OO 1.211E+01 1.723E+O0
6.500E+01 1.068E+01 1.512E+01 3.229E+01 2.00IE+O1 0.000E+OO 1.205E+01 1.729E+O0
7.000E+O1 1.115E+01 1.572E+01 3.430E+01 2.055E+01 0.000E+OO 1,.205E+011.775E+O0
7.500E+01 1.156E+01 1.628E+01 3.658E+01 2.077E+01 0.000E+OO 1.205E+01 1.808E+O0
8.000E+O1 1.185E+01 1.676E+01 3.849E+01 2.045E+01 0.000E+OO 1.205E+01 1.818E+O0
8.500E+01 1.221E+01 1.732E+01 4.046E+01 2.015E+01 0.000E+OO 1.209E+01 1.842E+O0
9.000E+O1 1.260E+01 1.789E+01 4.232E+01 1.967E+01 0.000E+OO 1.214E+01 1.838E+O0
9.500E+01 1.294E+01 1.841E+01 4.346E+01 1.890E+01 0.000E+OO 1.218E+01 1.846E+O0
1.000E+02 1.332E+01 1.897E+01 4.498E+01 1.821E+01 0.000E+OO 1.224E+01 1.839E+O0
1.1OOE+O2 1.409E+01 2.O1OE+O1 4.768E+01 1.689E+01 0.000E+OO 1.241E+01 1.850E+O0
1.200E+02 1.485E+01 2.lllE+O1 4.854E+01 1.548E+01 0.000E+OO 1.256E+01 1.873E+O0
1.300E+02 1.580E+01 2.221E+01 5.049E+01 1.419E+01 0.000E+OO 1.276E+01 1.904E+O0
1.400E+02 1.688E+01 2.340E+01 5.262E+01 1.314E+01 0.000E+OO 1.299E+01 1.897E+O0
1.500E+02 1.798E+01 2.456E+01 5.348E+01 1.219E+01 0.000E+OO 1.322E+01 1.875E+O0

‘
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p+ 50Cr angle-integrated emission spectra



p+ 50Cr Kalbach preequilibrium ratios
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