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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 l.to .150 MeV.

The evaluation utilizes MF=6, MT=5 to represent all reaction
data. Production cross sections and emission spectra are given
for emission neutrons, protons, deuterons, alpha particles,
gamma rays, and all residual nuclides produced (A>5) in the
reaction chains. To summarize, the following ENDF sections are
included:

MF=3 MT= 2

MT= 5

MF=6 MT= 2

MT= 5

Integral of nuclear plus interference COrtpOnW’ItS_

of the elastic scattering cross section

Sum of binary (n,n’) and (n,x) reactions

Elastic angular distributions given as ratios of
the differential nuclear-plus-interference to the
integrated value.

Production cross sections and enerqy-anqle
distributions for emission neutron=; 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 +
C12 and p + C12 reactions (Ch96a, Ch96b, Ch96c) . We use the
GNASH code system (Y092), which utilizes Hauser-Feshbach
statistical, preequi-librium and direct-reaction theories.
Coupled-channel and spherical optical model calculations are
used to obtain particle transmission coefficients for the
13auser-Feshbach calculations, as well as for the elastic neutron
angular distributions.

Cross sections and spectra for producing individual residual
nuclei are included for reactions that exceed a cross section of
approximately 1 nb at any energy. The energy-angle-correlations
for all outgoing particles are based on Kalbach systematic
(Ka88) .

A.rnockl. was.devebped ho. cal.clulahe hb.e enerqy distrihu~ions of
all recoil nuclei in the GNASH calculations (Ch96b) . The recoil
~nergy distributions are represented in the laboratory system in
MT=5 , MF=6, and are given as isotropic in the lab system. Note
that all other data in MT.5,MF=6 are given in the center-of-mass
system. This method of representation requires a modification of
the original ENDF-6 format.

Preequilibrium corrections were performed in the course of the



GNASH calculations using either Feshbach, Kerman, Koonin (FKK)
theory [Ch93d] or the exciton model of Kalbach (Ka77, Ka85) .
Discrete level data from nuclear data sheets were matched to
continuum level densities using the f-orrnul”aliionof Ignatyuk
(Ig75) and pairing and shell parameters from the Cook (C067)
analysis. Neutron and charged-particle transmission
coefficients were obtain~d from the optical potentials, as
discussed below. Gamma-ray transmission coefficients were
calculated using the Kopecky-Uhl model (K090) .

MT=2 elastic scattering data, in MF=3 and MF=6 are based on
optical model calculations with the SCAT2 code (Be92) . We have
made use of the ‘I,nuclear-plus–interference” option in MF=6,
which corresponds to LAw=5, LTP=12, and the appropriate
integrated cross section is stored in MF=3. Note that because
of the interference effect, the tabulations in both MF=6 and
MF=3 can be negative at some energies and angles.

**************** **************** **************** ****************
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6912 = TARGET 1000Z+A (if A=O themelemental)
1001 = PROJECTILE 1000Z+A
Nonelastic, elastic, and Producticm cross sectkms fc.rA<5 ejectiles in barns:
Energy nonelas elastic neutron proton deuteron triton helium3 alpha ganmla

5.000E+OO 7.557E-02 0.000E+OO 0.000E+OO 7.5’57E-020.000i+OO 0.000E+OO 0.000E+OO 0.000E+OO 7.556E-02
6.000E+OO 1.450E-01 0.000E+OO 0.000E+OO 1.450E-01 0.000E+OO 0.000E+OO 0.000E+OO 0.000E+OO 1.450E-01
7.000E+OO 1.960E-01 0.000E+OO 0.000E+OO 1.960E-01 0.000E+OO 0.000E+OO 0.000E+OO 0.000E+OO 1.960E-01
8.000E+OO 2.560E-01 0.000E+OO 0.000E+OO 2.560E-01 0.000E+OO 0.000E+OO 0.000E+OO 0.000E+OO 2.560E-01
9.000E+OO 2.920E-01 0.000E+OO 0.000E+OO 2.920E-01 0.000E+OO 0.000E+OO 0.000E+OO 2.237E-01 2.312E-01
1.000E+O1 3.1OOE-O1 0.000E+OO 0.000E+OO 3.1OOE-O1 0.000E+OO 0.000E+OO 0.000E+OO 2.871E-01 2.354E-01
1.1OOE+O1 3.324E-01 0.000E+OO 0.000E+OO 3.324E-01 0.000E+OO 0.000E+OO 0.000E+OO 5.020E-01 2.092E-01
1.200E+01 3.448E-01 0.000E+OO 0.000E+OO 3.448E-01 0.000E+OO 0.000E+OO 0.000E+OO 6.326E-01 1.864E-01
1.300E+01 3.572E-01 0.000E+OO 0.000E+OO 3.570E-01 0.000E+OO 0.000E+OO 0.000E+OO 7.319E-01 1.660E-01
1.400E+01 3.696E-01 0.000E+OO 0.000E+OO 3.691E-01 0.000E+OO 0.000E+OO 0.000E+OO 8.047E-01 1.449E-01
1.500E+01 3.820E-01 0.000E+OO 0.000E+OO 3.812E-01 0.000E+OO 0.000E+OO 0.000E+OO 8.364E-01 1.320E-01
1,600E+01 3.959E-01 0.000E+OO 0.000E+OO 3.951E-01 0.000E+OO 0.000E+OO 0.000E+OO 1.015E+O0 1.048E-01
1.700E+01 4.109E-O1 0.000E+OO 0.000E+OO 4.101E-O1 0.000E+OO 0.000E+OO 0.000E+OO 1.128E+O0 9.254E-02
1.800E+01 4.246E-01 0.000E+OO 0.000E+OO 4.240E-01 5.783E-05 0.000E+OO 0.000E+OO 9.779E-01 8.977E-02
1.900E+01 4.357E-01 0.000E+OO ,0.000E+OO4.356E-01 4.274E-04 0.000E+OO 0.000E+OO 9.996E-01 8.959E-02
2.000E+O1 4.41OE-O1 0.000E+OO 8.509E-09 4.412E-01 2.159E-03 0.000E+OO 0.000E+OO 1.O1OE+OO 8.844E-02
2.300E+01 4.340E-01 0.000E+OO 3.761E-03 4.292E-01 1.571E-02 0.000E+OO 0.000E+OO 9.618E-01 8.387E-02
2.700E+,014.149E-01 0.000E+OO 2.262E-02 4.084E-01 3.055E-02 0.000E+OO 0.000E+OO 8.320E-01 9.474E-02
3.000E+O1 4.006E-01 0.000E+OO 3.572E-62 3.904E-01 4.167E-02 0.000E+OO 0.000E+OO 7.238E-01 1.145E-01
3.500E+01 3.785E-01 0.000E+OO 5.628E-02 3.718E-01 5.143E-02 0.000E+OO 0.000E+OO 5.956E-01 1.300E-01
4.000E+O1 3.630E-01 0.000E+OO 7.443E-02 3.635E-01 5.760E-02 0.000E+OO 0.000E+OO 5.098E-01 1.350E-01
5.000E+O1 3.340E-01 0.000E+OO 9.890E-02 3.525E-01 6.744E-02 0.000E+OO 0.000E+OO 4.014E-01 1.340E-01
6.000E+O1 3.060E-01 0.000E+OO 1.185E-01 3.514E-01 7.338E-02 0.000E+OO 0.000E+OO 3.387E-01 1.223E-01
7.000E+O1 2.81OE-O1 0.000E+OO 1.328E-01 3.469E-01 8.045E-02 0.000E+OO 0.000E+OO 3.000E-01 1.081E-01
8.000E+O1 2.560E-01 0.000E+OO 1.437E-01 3.400E-01 8.187E-02 0.000E+OO 0.000E+OO 2.704E-01 9.459E-02
9.000E+O1 2.366E-01 0.000E+OO 1.517E-01 3.326E-01 8.385E-02 O.000~+00 0.000E+OO 2.477E-01 8.329E-02
1.000E+02 2.270E-01 0.000E+OO 1.633E-01 3.371E-01 8.589E-02 0.000E+OO 0.000E+OO 2.369E-01 7.704E-02
1.1OOE+O2 2.230E-01 0.000E+OO 1;747E-01 3.451E-01 8.815E-02 0.000E+OO 0.000E+OO 2.288E-01 7.416E-02
1.200E+02 2.220E-01 0.000E+OO 1.858E-01 3.546E-01 9.283E-02 0.000E+OO 0.000E+OO 2.253E-01 7.127E-02
1.300E+02 2.234E-01 0.000E+OO 1.995E-01 3.696E-01 9.614E-02 0.000E+OO 0.000E+OO 2.266E-01 7.051E-02
1.400E+02 2.240E-01 0.000E+OO 2.112E-01 3.811S-01 9.714E-02 0.000E+OO 0.000E+OO 2.254E-01 7.00IE-02
1.500E+02 2.224E-01 0.000E+OO 2.182E-01 3.866E-01 9.691E-02 0.000E+OO 0.000E+OO 2.238E-01 6.889E-02

6012 = TARGET 1000Z+A (if A=O then elemental)
1001 = PROJECTILE 1000Z+A
Aver. lab emission energies for A<5 ejectiles in MeV:
Energy neutron proton deuteron triton halium3 alpha mmma

5.000E+OO 0.000E+OO 2.033E-01 0.000E+OO 0.000E+OO 0.000E+OO 0.000E+OO”4.500E+O0
6.000E+OO 0.000E+OO 9.586E-ol 0.000E+OO 0.000E+OO 0.000E+OO 0.000E+OO 4.5ooE+oo
7.000E+OO 0.000E+OO 1.887E+O0 0.000E+OO 0.000E+OO 0.000E+OO 0.000E+OO 4.500E+O0
8.000E+OO 0.000E+OO 2.816E+O0 0.000E+OO 0.000E+OO 0.000E+OO 0.000E+OO 4.500E+O0
9.000E+OO 0.000E+OO 2.937E+O0 0.000E+OO 0.000E+OO 0.000E+OO 3.460E-01 4.500E+O0
1.000E+O1 0.000E+OO 3.718E+O0 0.000E+OO 0.000E+OO 0.000E+OO 3.719E-01 4.500E+O0
I.1OOE+O1 0.000E+OO 4.145E+O0 0.000E+OO 0.000E+OO 0.000E+OO 4.700E-01 4.500E+O0
1.200E+01 0.000E+OO 4.842E+O0 0.000E+OO 0.000k+OO 0.000E+OO 5.586E-01 4.500E+O0
1.300E+01 0.000E+OO 5.025E+O0 0.000E+OO 0.000E+OO 0.000E+OO 7.053E-01 4.500E+O0
1.400E+01 0.000E+OO 5.301E+O0 0.000E+OO 0.000E+OO 0.000E+OO 8.664E-01 4.495E+O0
1.500E+01 0.000E+OO 5.672E+O0 0.000E+OO 0.000E+OO 0.000E+OO 1.035E+O0 4.483E+O0
1.600E+01 0.000E+OO 5.624E+O0 0.000E+OO 0.000E+OO 0.000E+OO 1.205E+O0 4.465E+O0
1.700E+01 0.000E+OO 5.933E+O0 0.000E+OO 0.000E+OO 0.000E+OO 1.355E+O0 4.452E+O0
1.800E+01 0.000E+OO 6.344E+O0 3.747E-01 0.000E+OO 0.000E+OO 1.497E+O0 4.453E+O0
1.900E+01 0.000E+OO 6.728E+O0 1.074E+O0 0.000E+OO 0.000E+OO 1.647E+O0 4.449E+O0
2.000E+O1 2.931E-01 7.117E+O0 1.931E+O0 0.000E+OO 0.000E+OO 1.812E+O0 4.451E+O0
2.300E+01 1.668E+O0 8.335E+O0 2.991E+O0 0.000E+OO 0.000E+OO 2.285E+O0 4.175E+O0
2.700E+01 3.133E+O0 9.524E+O0 5.496E+O0 0.000E+OO 0,000E+OO 2.765E+O0 4.022E+O0
3.000E+O1 4.250E+O0 1.064E+01 6.997E+O0 0.000E+OO 0.000E+OO 3.076E+O0 4.107E+OO
3.500E+01 5.856E+O0 1.247E+01 9.686E+O0 0.000E+OO 0.000E+OO 3.445E+O0 4.120E+O0
4.000E+O1 7.491E+O0 1.403E+01 1.229E+01 0.000E+OO 0.000E+OO 3.818E+O0 3.948E+O0
5.000E+O1 1.035E+01 1.707E+01 1.734E+01 0.000E+OO 0.000E+OO 4.422E+O0 3.764E+O0
6.000E+O1 1.282E+01 1.936E+01 2.039E+01 0.000E+OO 0.000E+OO 4.930E+O0 3.611E+O0
7.000E+O1 1.516E+01 2.150E+01 2.295E+01 0.000E+OO 0.000E+OO 5.390E+O0 3.537E+O0
8.000E+O1 1.721E+01 2.349E+01 2.502E+01 0.000E+OO 0.000E+OO 5.827E+O0 3.488E+O0
9.000E+O1 1.928E+01 2.529E+01 2.764E+01 0.000E+OO 0.000E+OO 6.250E+O0 3.470E+O0
1.000E+02 2.125E+01 2.712E+01 2.971E+01 0.000E+OO 0.000E+OO 6.664E+O0 3.450E+O0
1.1OOE+O2 2.325E+01 2.926E+01 3.214E+01 0.000Ii+OO0.000E+OO 7.139E+O0 3.408E+O0
1.200E+02 2.517E+01 3.136E+01 3.520E+01 0.000E+OO 0.000E+OO 7.494E+O0 3.462E+O0
1.300E+02 2.715E+01 3.357E+01 3.704E+01 0.000E+OO 0.000E+OO 7.873E+O0 3.514E+O0
1.IiOOE+022.920E+013.580E+013.894E+010.000E+OO0.000E+OO8.185E+O03.588E+O0
1.500E+02 3.116E+01 3.826E+01 4.069E+01 0.000E+OO 0.000E+OO 8.437E+O0 3.696E+O0
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p + ‘*Cangle-integrated emission spectra



p+12C Kalbach preequilibrium ratios
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