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FAST-NEUTRON CROSS SECTIONS OF
HAFNIUM, GADOLINIUM, AND SAMARIUM*

by

G. L. Sherwood, A. B. Smith, and J. F. Whalen

ABSTRACT

Elastic and inelastic neutron-scattering cross sec-
tions of elemental hafnium, gadolinium, and samarium were
measured at incident neutron energies of 0.3-1.5 MeV. The
experimental resolutionwas sufficientto reasonably resolve
elastic and inelastic processes and to define individual in-
elastic cross sections for the most appreciably excited states.
The total neutron cross sections were determined up to
1.5 MeV with resolutions of £2.5 keV. Within the precisions
of the measurements, all observed cross sections were rela-
tively smooth functions of energy. The experimental results
were compared with those obtained from calculations based
upon both spherical and deformed optical potentials and sta-
tistical theory, inclusive of fluctuation corrections. The cal-
culated results were descriptive of measured total, elastic
scattering, and, to a lesser extent, inelastic scattering cross
sections. Experimental and calculated results were com-
pared with previously reported measured values and with the
contents of several evaluated neutron ‘data sets used in re-
actor design.

I. INTRODUCTION

The elements hafnium, gadolinium, and samarium are complex mix-
tures of even and odd isotopes. Some of the isotopes are fission products,
and some have large thermal-capture cross sections. As a result, they
are found in reactor systems and are often used as reactor poisons or con-
trol components. The isotopes of these elements are deformed, and their
low-lying excited states are predominantly rotational and vibrational
structures.!’”? Even at relatively low incident neutron energies, these col-
lective states can be directly excited by inelastic neutron-scattering pro-
cesses. The strength of these direct reactions (DR's) increases with
incident energy and leads to inelastic neutron distributions differing sign-
nificantly from those associated with compound nucleus (CN) processes.

x*
All numerical data contained here have been transmitted to the National Neutron Cross Section Center
(NNCSC), Brookhaven National Laboratory.



Despite the applied importance and physical interest of hafn.ium,
the interaction of

gadolinium, and samarium, relatively little is known of .
Studies of low-energy cross sections

fast neutrons with these elements. ;
have provided values of the [ = 0 strength function, 3but not always w1th. good
agreement between experiments or with calculation.” At neutron energies
above ~100 keV, measured total cross sections are not consistent, partic-
: 4-6 N
Elastic

ularly with respect to the presence of intermediate structure.
oss sections have been reported at selected incident

neutron-scattering cr
7,8 Often the experimental resolutions

energies, primarily near 1.0 MeV. :
previously used did not clearly differentiate the elastic scattering from

inelastic processes. Studies of inelastic neutron scattering from these ele-
ments have been largely confined to indirect observation of the (n,n"y) pro-
cesses? and to determinations of nonelastic scattering cross sections.!®

The excited structure of a number of the isotopes of hafnium, gado-
linium, and samarium has been extensively studied through coulomb excita-
tion, charge particle, and neutron-capture gamma-ray measurements.?!!

In some cases, a reasonably detailed knowledge of the excited structure has
resulted, particularly for the odd isotopes. However, general understanding
of the structure is incomplete, and, coupled with uncertainties in reaction
mechanisms and associated potentials, this makes the quantitative calculation

of neutron cross sections difficult.

The objective of the present work is to provide fast-neutron cross
sections of hafnium, gadolinium, and samarium for applied use in reactor
design; to provide the experimental basis for developing reaction models
of wide and quantitative usefulness; and to further the understanding of the
structure of deformed nuclei.



II. EXPERIMENTAL METHODS

The fast-neutron time-of-flight method was used to determine
scattered neutron-velocity distributions. Total neutron cross sections were
derived from monoenergetic neutron transmissions. These techniques and
associated apparatus have been described elsewhere and will not be detailed
here.'?"!* The time-of-flight method employed concurrently-determined
scattered neutron-velocity distributions at eight scattering angles distributed
over the interval 25-155°. The scattering angles varied during the studies,
but were carefully determined for a given measurement. Throughout the
work, the 7l_.i(p,n)’Be reaction was used as a neutron source in such a man-
ner as to provide the desired incident neutron spreads at the sample under
study.' All scattering samples were metallic right cylinders 2.0 cm high
and 2.0 cm in diameter fabricated from the natural element. Their chemical
purities were >98% per atom, and the sample densities those of the natural
element. Neutrons were incident upon the base of the cylinders in the total
cross-section measurements and upon the lateral cylindrical surfaces in the
scattering studies. All scattering cross sections were determined relative
to the differential elastic scattering cross sections of carbon.!® Using a
Monte Carlo procedure,'? we corrected the scattering measurements for
incident beam attenuation, for finite angular resolution of the apparatus, and
for multiple scattering effects. All measured results were reduced to
barns per atom of the natural element.
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III. EXPERIMENTAL RESULTS

A. Total Neutron Cross Sections

The total neutron cross sections of hafnium, gadolinium, and samar-
ium were measured from ~0.10 to 1.5 MeV. Incident neutron—ef'mergy reso-
lutions were 2-3 keV, and measurements were made at energy mterv.als of
<5 keV. The statistical errors associated with the measured data points
were ~1%. "In-scattering" corrections were esti@atgd. found to be smal},
and neglected. Figures 1-3 summarize the experimental results for hafnium,

-
“
ot s et 1 L RN
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En MeV

113-1666 Rev. 1

Fig. 1. Measured Total Neutron Cross Sections of Hafnium. The vertical
bars indicate measured values and their uncertainties. The dashed
line denotes the sum of measured elastic and inelastic scattering
cross sections. The solid curve is the "eye guide"” of BNL-325.4
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113-1665 Rev. 1

Fig. 2. Measured Total Neutron Cross Sections of Gadolinium. Format
and notation are identical to those of Fig. 1.

"‘L M o Lt 5 i W o —
2 gk
= —— BNL-325
ORI ——- TOTAL SCAT.

2+

ol 04 07 1.0 13 L6

Ep MeV
.

113-1664 Rey. 1
Fig. 3. Measured Total Neutron Cross Sections of Samarium. Format and
notation are identical to those of Fig. 1.
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gadolinium and samarium, respectively. Numerical values are given in the
appendix. The present hafnium results are in good agreement with those
obtained in a number of earlier measurements,® but significantly higher than
some of the recent values reported in Ref. 4. The present gadolinium values
are in good agreement with those reported by Stupegia et ax_l.4 and by Gilboy
and Towle.® However, they tend to be somewhat larger than the results of
Seth® and do not show the reported strong intermediate structure. The pos-
sible presence of such structure is discussed in Section IV.A of this report.
Generally, the total cross sections of samarium obtained in the present
work are similar to previously reported values obtained with less detailed
energy resolution.*

B. Elastic Neutron Scattering

Elastic neutron scattering was measured at incident neutron-energy
intervals of <50 keV from 0.3 to 1.5 MeV. The incident neutron-energy
spreads were ~20 keV, the scattered neutron-energy resolution ~1.5 nsec/m.
and the scattered neutron sensitivity a few millibarns per steradian. The
scattered-neutron resolution was usually sufficient to resolve the elastic
neutron group from inelastic contributions, as is illustrated in Fig. 4. How-
ever, at incident neutron energies >1.2 MeV, the resolution was less than
definitive, particularly at forward scattering angles, and the observed elastic
scattering was corrected for contributions from inelastic processes asso-
ciated with small reaction Q values (|Q|= 100 keV). These corrections
were based upon selected good-resolution measurements and theoretical
extrapolation from measured values.

g Y g4

Time-of-flight Distribution Obtained by Scattering 0.8-MeV
Neutrons from Hafnium through an Angle of 115°. A small
background has been subtracted. Vertical bars indicate sta-
tistical counting uncertainties, Neutrons due to elastic
scattering and the observed inelastic excitation of states at
0.094 and 0.307 MeV are indicated. Neutrons corresponding
to the excitation of a state at 0.190 MeV are attributed to
double inelastic scattering to the 0.094-MeV state,

——=—0.094

~COUNTS —=

S-=—0.190

{,"

S 113-806 Rev, 1

The differential elastic scattering angular distributions were usually
determined at eight scattering angles. These angles were similar, but not
always identical, at various incident neutron energies. Typical values of
these laboratory scattering angles were 28.5, 38.5, 53.5, 69.5, 84,5, 114.3,
129.5, 154.2°. The angular resolution of the measurements was <5° largely
determined by the source-sample configuration. All measured elastic scat-
tering angular distributions were reduced to corrected cross sections
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(relative to the carbon standard) and expressed as an expansion of

Legendre polynomials of the form

n
do o -5 (1)
E = ‘G 1+ iZI wlPl(Q) 3

where the scattering angle is given in the laboratory system. The param-
eters 0 and w;j were derived from a least-squares fit of Eq. 1 to the actual
experimental values. The value n was chosen so that the fitting error on
the nth coefficient did not generally exceed its value. This led to values of
n = 5 at higher energies (~0.8-1.5 MeV) and n = 4 at energies of 0.8 MeV,
The experimental results expressed in the form of the above expansion were
descriptive of the individual differential measurements as indicated by the
solid curves and data points of Figs. 5-8. The use of this expansion per-
mitted easy comparison of results obtained at slightly differing scattering
angles and incident neutron energies. However, extrapolation of the meas-
ured results by means of Eq. 1 beyond the experimental angular interval

of ~25 to ~155° may not necessarily be valid.

The measured differential elastic scattering cross sections of haf-
nium, gadolinium, and samarium, expressed in the form of Eq. 1, are sum-
marized in Figs. 9-11 and expressed in tabular form in the appendix. These
results are composites of a number of measurements made over several
years. Where multiple values were available within an energy increment
approximating the incident-energy resolution, they were averaged to obtain

T T T T T
T T T T
I~
[ e B Aoacus =
{\- o= EXP E X — 2p(l)e )
1.0 o WS Ty r bt — P-fit 7
—P-FIT L C \ ]
§ —— ABACUS Oy . ]
3 '\ —-—2-PLUS o \\ b
8 \ . A N ==
& 5 T
f \ ° = |NEL\ *—9
A 2 ot R TR N o, SV [
m.:-f_—f_?f—« =4 SR
INEL T E
[ ey ! B o B L
a % 5 50 180
6 (lab) , deg 8(1ab), deg

113-12717 Rev. 1 113-1278 Rev. 1

Fig. 6. Scattering of 0.5-MeV Neutrons from

Fig. 5. Scattering of 1.0-MeV Neutrons from
Hafnium. Solid data points are the
present elastic and inelastic (Q =
-98 keV) results. Open points are
from Ref. 7. Curves are the result of
calculation as discussed in the text.

Gadolinium, Elastic and inelastic
(Q = -80 keV) results are indicated,
The curves are discussed in the text,
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113-1279 Rev. 1
Fig. 7. Scattering of 0,98-MeV Neutrons from

Gadolinium, Solid data points are the
results of the present elastic and in-
elastic (Q = -B0 keV) measurements.
Open points are from Ref. 8.

-r;"'.'

o

I

W

[} I vl o O T Y VT T 0 0

w,
i R

Oldmba ol 2 L L AL L
. 8 2-PLUS
oy 7 M
o ‘[  ABacus
TR T U G T T T . -
o 0 oe e e
Ep. MeV

113-1921 Rev. 1

Fig. 9. Differential Elastic Scattering Cross

Sections of Hafnium, Expressed in the
Form of Eq. 1. The curves indicate
the results of model calculations
described in the text.

113-1280 Rev, 1
Fig. 8. Scattering of 0.98-MeV Neuwons from

Samarium. Results of present elastic
and inelastic (Q = -100 keV) meas-
urements are indicated by solid data
points. Open circles indicate the
values of Ref. 8. The curves are
discussed in the text.
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Fig. 10, Differential Elastic Scattering

Cross Sections of Gadolinium,
Expressed in the Form of Eq. 1.
The curves are discussed in
the text.
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Fig. 11. Differential Elastic Scattering
Cross Sections of Samarium.
The format is the same as
that of Fig. 9.

the results shown. The uncertainties asso-
ciated with individual differential cx:oss'-
section determinations must be sub_]e.ctlvely
estimated, as they are complex functu?ns. of
statistical effects, systematic uncertainties,
and instrumental properties and are not nec-
essarily constant from energy to energy or
from measurement to measurement. Fig-
ures 5-8 indicate conservative estimates of

these uncertainties. The influence of multiple

scattering and other correction factors was
generally small (10% in the worst configura-
tions) and led to uncertainties in the measured
values of only a few percent. It was judged
that the integrated elastic cross section de-
rived from Eq. 1 was known to £8% inclusive
of uncertainties in the carbon standard cross
sections. This error was somewhat larger
at incident energies above 1.2 MeV, because
of the correction for partially resolved in-
elastic scattering contributions. The quoted
errors associated with the w; values are
representative of the "goodness" of the fit of

Eq. 1 to the measured values and do not necessarily reflect the uncertainties
in the individual points. Generally, the fit to the individual experimental

points was well within the estimated experimental uncertainty.

Figs. 5-8.)

(See

The results of the present elastic scattering measurements are in
reasonable agreement with previously reported elastic scattering angular
distributions when cognizance is taken of the various experimental resolu-
tions employed. The results of Gilboy and Towle® obtained by scattering
0.98-MeV neutrons from gadolinium and from samarium compare well with
the sum of the elastic and first inelastic group cross sections determined

in the present work.

(See Figs. 7 and 8.) When corrected for inelastic con=-

tent, the results obtained by Walt and Barschall’ for the scattering of
1.0-MeV neutrons from hafnium are reasonably consistent with the results
obtained in the present work, though there appears to be some discrepancy
at very forward and back scattering angles. (See Fig. 5.) These differences
are not outside of the experimental uncertainties.

C. Inelastic Neutron Scattering

The elements hafnium, gadolinium, and samarium Zeach consist of
five or more isotopes, of which at least 30% are of odd A.® All are deformed
and, particularly the odd isotopes, are characterized by complex low-lying

excited structure.

If only isotopes of greater than 10% abundance are
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considered, the number of states per element below an excitation energy of
~1.0 MeV exceeds 40. This estimate is conservative, since the structure of
many isotopes is only partially known. Thus the average spacing between
states barely exceeded the optimum scattered-neutron resolution of the
present experiments, and it was difficult to associate an observed neutron
group with the excitation of a specific nuclear state. More correctly, a
neutron-emission cross section was determined. This was associated with
an average reaction Q * dQ value, assuming inelastic neutron scattering
processes were the contributing factors. The Q values were determined
from measured neutron flight times and flight paths and were verified by
comparison with the inelastic excitation of well-known states (850-keV

(2+) state in **Fe, for example). The assigned uncertainties in Q values,
dQ, were generally governed by the complexity of the nuclear structure and
available resolution and indicated the energy interval associated with the
specified cross-section determination. These dQ uncertainties usually
exceeded the experimental scattered-neutron resolutions.

The observed structure of hafnium, gadolinium, and samarium is
summarized in Table I and compared with known states in the individual
isotopes in Figs, 12-14. The measured Q values and cross sections near
excitation energies of 500 keV were distorted by elastically scattered neu-
trons originating in the second neutron group from the 7Li(p,n)7Be source
reaction.!” The results were corrected for this elastic contamination using
the known yield of the second source group'” and the measured elastic cross
sections. This correction procedure did introduce uncertainties. Inelastic
scattering of second-group neu-
trons introduced further uncer-
tainties, which were particularly

TABLE I. Energies in keV of States in
Hafnium, Gadolinium, and Samarium,
as Observed in the Present Inelastic

Neutron Scattering Measurements? egident in hafnium where the
second-group excitation of the
Hafnium Gadolinium Samarium 98-keV state was estimated to
I% v e T account foxj <20% of the o.bse.rved
310 + 50 260 + 40 200 (2) cross section for the excitation
450 + 50 350 + 40 270 + 30 of the 610-keV state. Similar
525 + 25D 430 + 30 350 + 30 second-group inelastic excita-
610 + 50P 500 + 40(2)P 520 + 50(2)®  tions were not explicitly observed
800 + 100 870 + 50 690 + 50 in either gadolinium or samarium
:g:gi Zg 1?22}1100 T g;g i Zg a.nd were estimated to ma.ke x:ela-
Y330 1020 + 30 tively small (<10%) contributions
1090 * 40 to the observed cross sections in
the worst cases. Throughout
3See text for discussion of uncertainties. the measurements, no corrections
Contains contribution from elastic scattered were made for any second-

neutrons originating in the second group

3 - source-group inelasti
from the 7L1(p.n)7Be source reaction. g P tic

scattering.
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Fig. 12. Excited Structure of Hafnium. Left, reported values.2 Right, model used in calculations. Center, experimental observation,
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Fig. 13, Excited Sturucture of Gadolinium. The format is the same as that of Fig, 12,
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Fig. 14. Excited Structure of Samarium. The format is the same as that of Fig. 13,
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Many measured time spectra indicated that the observed "levels"
were multiplets. (The 960-, 1140-, and 1230-keV states in gadolinium were
acute examples.) "Unfolding" techniques could have been used to break
these complex groups into individual components, particularly if the struc-
ture were known from other sources. However, such procedures could have
led to deceptive results and were avoided, since the spirit of the investiga-
tion was the provision of cross sections for applied use. It was doubtful if
extensive unfolding procedures would have contributed to this end. There-
fore the resolutions given in Table I and the corresponding cross-section
values are to be interpreted as observational quantities in the context of a
more complex structure.

The inelastic scattering angular distributions were observed at eight
or more laboratory scattering angles, usually concurrent with elastic scat-
tering angular distributions. The observed angular distributions were es-
sentially isotropic with, in some instances, slight tendencies toward forward
scattering angles. (See Figs. 5-8.) The latter effect was most in evidence
for reactions associated with small Q values (e.g., <100 keV) and at higher
incidence energies, where it was difficult to resolve the inelastic neutron
group from an order of magnitude more intense elastically scattered com-
ponent at forward angles. The angle-integrated inelastic cross sections
were derived from the measured differential cross sections by constructing
a simple average and multiplying by 47. In the context of the above observed
isotropy and small anisotropy, it was estimated that this procedure incurred
no more than a 5% error. Scattered neutrons of <<200 keV were observed,
but in this region detector sensitivity changed rapidly with energy, and
cross-section determination was judged unreliable. Thus cross sections
were only determined at incident energies >200 keV above the respective
inelastic scattering thresholds. Figures 15-# show the resulting inelastic
excitation cross sections of hafnium, gadolinium, and samarium, respectively.
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Cross Sections of Gadolinium, Cross Sections of Samarium,
The notation is the same as The notation is the same as
that in Fig. 14, that in Fig. 14.

The corresponding numerical values are listed in the appendix. The indi-
cated uncertainties are subjective and conservative estimates due to a
number of sources, including errors in the carbon reference standard.

The lack of previous experimental results made it difficult to make
quantitative comparisons with the present measured inelastic values. The
nonelastic cross section of hafnium reported by Walt and Barschall” was
~10% less than that derived from the present work. There was little cor-
relation between the reported cross sections for inelastic gamma-ray
emission from hafnium and the directly measured cross sections for in-
elastic scattering of the present experixnent.9 A search of the literature
did not reveal any previous direct determinations of inelastic neutron scat-
tering cross sections of either gadolinium or samarium in an energy range
comparable to that of the present work.

It is of interest to examine the present elastic scattering, inelastic
scattering, and total cross-section results for internal consistency. The
total scattering cross sections were estimated by extrapolating the meas-
ured inelastic cross sections to threshold and combining with the observed
elastic scattering cross sections. Figures 1-3 compare these results with
the directly measured total cross sections. The total and the total scatter-
ing cross sections of gadolinium are in good agreement; the total scattering
cross section of hafnium and of samarium deviate from the total cross sec-
tion by as much as 5-6% at higher energies. These discrepancies can be



21

partly attributed to uncertainties associated with the second source group,
discussed above. In all three elements, there are some differences between
total and total scattering cross sections near the lowest measured energies.
These differences are not systematic nor due to capture effects. They are
believed due to uncertainties in the extrapolation of the first and relatively
intense inelastic group to threshold. The low-energy discrepancies are
<10%, within the respective experimental accuracies.
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IV. PHYSICAL INTERPRETATION

A. Total Neutron Cross Sections and Intermediate Resonance Structure

s been reported in the total

Intermediate resonance structure ha
This structure has been

eavy deformed nuclei.’? e
" states and should be evident at low inci-

available exit channels is

neutron cross sections of h
attributed to collective "doorway
dent neutron energies where the number of '
limited.!®!? Such structure has been particularly reported in the total cross
sections of gadolinium over the energy range 0.1-0.6 MeV and W.j:ts charac-
terized by a magnitude 10-20% that of the entire total cross section and‘an
f~20 keV. Such structure was not qualitatively evident
1-3, though the statistical pre-
enerally were superior to those

average periodicity o
in the present work, as illustrated by Figs.
cisions and energy resolutions used here g

used in past measurements.

Close inspection of the present total cross-section results indicated
a possible tendency toward an intermediate structure of small magnitude

(a few percent). The possible existence of such structure was quantitatively
assayed using the correlation function'®

<o(E+6) - o(E)>
T Zo(E+0)> - <o(E)> T 1 (2)

C(5)

C(8) was evaluated as a function of 6 over the entire measured energy in-
terval and several subintervals thereof for the total cross sections of
hafnium, gadolinium, and samarium. The measured total cross sections
consisted of compound nucleus (CN) and direct reaction (DR) components.
The latter were assumed to vary slowly with energy and were estimated by
least-squares fitting the measured values with a cubic power series in
energy. The DR cross section obtained in this manner was subtracted from
the measured values, leaving a fluctuating CN contribution. This latter
fluctuating cross section was assayed using Eq. 2.

Figure 18 shows representative results of the above correlation
analysis of hafnium, samarium, and gadolinium. In each case, C(8) rapidly
decreases with increasing & in a manner expected from the theoretical
Lorentzian form.'® Superimposed on this Lorentzian shape is a general
oscillatory behavior, characteristic of the finite range of the experimental
sample and of the predicted rms magnitude. For hafnium, there seems to
be an additional component slowly decreasing with increasing values of 6.
This is believed due to a residual direct reaction not fully corrected for in
the above fitting procedures. Fitting with higher-order power series greatly
reduced the effect. In all instances, these correlation functions indicated an
apparent resonance width of 2-4 keV. This width was essentially equivalent
to the experimental resolution and much larger than the characteristic CN
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resonance widths. It was judged that these correlation distributions gave
no quantitative evidence for resonance structure with average widths appre-
ciably larger than that associated with the experimental resolution of

2-3 keV.

Sm
Fig. 18
ah Gd Correlation Function, C(§), Distributions of the
T Formn of Eq. 2 Determined from the Measured
. Total Neutron Cross Sections of Gadolinium,

— Samarium, and Hafnium
T (E+8) OE)
LU (a(:o!))(a-(:)% -
= dll

S~
s L

8, 190 kev e I 113-2032

B. Calculations Using the Optical Model and Statistical Theory

The experimental results were compared with values calculated
from the optical model and statistical theory.'?~?% The initial calculations
used a spherical potential and established the qualitative basis for subse-
quent use of a deformed potential. Individual calculations for each isotope
of these complex elements would have been unduly tedious. As an alterna-
tive, even and odd "models" of each element were used. (See Figs. 12- 14.)
The even models were reasonably consistent with the structure observed
in this and other work and with the known systematics of nuclear structure.
The structure of the odd models was more speculative, but they were of
minority natural abundance. Calculations were carried out for each element
using the pair of model isotopes. The results were combined in accordance
with the respective model isotopic abundance and averaged over energy in-
tervals equivalent to the experimental resolutions for comparison with
measured values. (The averaging increments are indicated by the brackets
of Figs. 12-14.)

23

The optical potentials were adjusted to provide a subjectively judged
"best" description of the total and the differential elastic neutron scattering
cross sections determined in the present study. Throughout, the statistical
methods of Hauser-Feshbach were used to determine compound elastic and
inelastic neutron scattering cross sections.?! When deformed potentials
were used, attention was given to direct inelastic excitation processes asso-
ciated with the coupling of the ground (0+) and first excited (2+) states of
the even nuclei.



e-absorption potential of Moldauer was taken

The spherical surfac o dencriplivelng

as a point of departure.24 This potential has been show ' i
low-energy neutron-scattering processes and strength functions. e

potential has the form

=
o\ 1 dq
-Vq - iWp + Vso (m,n-C) a- ‘li;g;’
e
qle) = + exp{— 5 g (3)
and
r - R =c\e|s
p(r) = exp|- — J
where
R = 1.16 AY3 + 0.6 F,
Ah=0l62 F,
e = 0.5 F,
and
Vo (spin-orbit term) = 7.0 MeV.

Calculations were carried out using the ABACUS-NEARREX computer
program.ZS V, W, and the absorption width, b, were varied to obtain the
best agreement with measured elastic scattering. Table II lists the result-
ing "selected" parameter values. Total cross sections calculated from
these parameters are reasonably descriptive of the experimental values for
hafnium, gadolinium, and samarium, as indicated by the ABACUS curve of
Figs. 19 and 20, for example. Further, the calculated elastic scattering is
in qualitative agreement with experiment (see Figs. 9-11), though detailed
comparisons with measured angular distributions reveal appreciable dis-
crepancies, particularly at scattering angles greater than 90°. (See Figs. 5,
6, and 8.) Inelastic excitation
TABLE II. "Best" Optical-model Parameters cross sections calculated with the
above spherical potentials are in
fair agreement with the experi-
A 150 156 178 mental results, as indicated in
Fig. 15 (ABACUS). Detailed

Quantity Samarium Gadolinium Hafnium

Vg, MeV 42.0 43.0 44.1

Wiy MeV 8.0 12.0 12.0 agreement 1-;Pr‘t"babt113’ not signif-
; other than for the excitation

b, F 1.37 1.25 1.0 ieact

of the first few states, since the
VDIR: MeV - a0 Akl relation of the measured values
i v Grde W to the model structures used in
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Fig. 19. Measured Total Neutron Cross Sections (crosses) of Hafnium,
Compared with Results of Spherical (ABACUS) and Deformed
(2-PLUS) Optical-model Calculations. Square data points are
the results of check measurements using a different (time-of-
flight) technique,
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Fig, 20. Comparison of Measured and Calculated Total Cross Sections
of Gadolinium, The notation is the same as in Fig. 19,

the calculations is uncertain. However, the nonelastic cross sections de-
rived from the calculations, from the present measurements, and as re-
ported from previous experiments, are similar.” The above calculated
inelastic angular distributions are symmetric about 90° and, in the present
cases, nearly isotropic. (See Fig. 5, for example.) This is in agreement
with the measured results, though there appears to be a systematic tendency
for the largest experimental values to occur toward forward scattering
angles.

Differences between measured and calculated inelastic scattering
can be attributed to incorrect excited structures used in the calculations.
In simple cases, it is reasonable to compare experimental results with
values calculated from alternate structure assignments and thereby obtain
some insight into the nuclear structure. In the context of the isotopic and
structural complexity of the elements of this study, such a procedure was
judged unrewarding and not attempted. Moreover, in the present work
there can be little doubt that inelastic processes associated with small Q
values are predominantly due to the excitation of the levels of the well-
known ground-state rotational bands of the even isotopes.

Compound nuclear processes are influenced by resonance-width
fluctuations and correlations.?® These concepts can be incorporated in the
Hauser-Feshbach formulation as corrected transmission coefficients,
< 6> where
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i (4)

@) =Ta+é[ .,/T_Q_Ta]

Q can vary between zero (strongly overlapping compound nuclear levels)
and one (isolated levels), and in the present cases, Q WO‘jlld be expected to
approach the former limit. The above spherical calculAatxons were extended
to include both limiting values of Q--zero and one--using the ABACUS': .
NEARREX computational program. The use of the labove "correc'tlons did
not significantly alter the calculated elastic scattermgl cross sectl'ons.
However, the calculated cross sections for the excitations of the first (2+)
state of the even isotopes were (for either choice of Q) 15% or more lower
than the uncorrected Hauser-Feshbach result and in poorer agreement with
experiment. This does not imply that the concepts of Eq. 4 and Ref. 26 are
incorrect, but rather may indicate the deficiency of the model in other areas,
The calculations were extended to include the effects of the known
static deformations of the even isotopes of hafnium and gadolinium. A de-
formed potential and the 2-PLUS computer program were used to calculate
total, elastic, and inelastic scattering cross sections of the even model iso-
topes.” The direct excitation of the first (2+) state was explicitly con-
sidered. The excitations of higher levels in the even isotopes and all
inelastic scattering from the odd isotopes were calculated with the conven-
tional Hauser-Feshbach formula. The nuclear deformation parameter, B
was taken from the literature,'? and the direct well was assumed equivalent
to the real well, Initial attempts to determine "best" deformed potential
values indicated that the parameters would be similar to those obtained for
the spherical potential, and the latter wereaccepted for further detailed de-
formed calculations. (See Table II.) The calculated total cross sections
were, particularly for gadolinium, in somewhat poorer agreement with ex-
periment than those derived from the spherical potential. (See Fig. 20.)
The deformed calculations did result in better agreement with experimental
elastic angular distributions than those obtained from the spherical potential.
(See Figs. 5, 6, 9, and 10.) This was particularly true of angular distribu-
tions at scattering angles greater than 90°. For hafnium, there were very
small differences between the energy-dependent shapes and the magnitudes
of the excitation cross sections of the first (2+) states as calculated using
the two methods. (See Fig. 16.) For gadolinium, the two results were es-
sentially indistinguishable, and only the 2-PLUS result is shown in Fig. 16.
Generally, the calculated direct excitation of this first (2+) state was small
(=5% of the compound nucleus contribution) at the energies of the present
experiment. Thus, though the direct contribution was peaked forward, it
should not have led to large asymmetries in the observable cross sections.
(See Figs. 5 and 6.) Small asymmetries in the inelastic cross sections were
possibly supported by the measured distributions. But, as pointed out above,
it was not clear to what extent the small experimental asymmetries were
due to instrumental effects. No attempt was made to incorporate the
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"corrections" of Eq. 4 into the deformed potential calculations. It is rea-
sonable to expect their effect to be similar to that of the spherical case
discussed above.

At the energies of the present experi-
ments, the contribution of the direct excitation
of the first (2+) state is small. This is not true
at higher incident neutron energies., Figure 21
compares elastic and inelastic (2+) scattering
of 6.0-MeV neutrons from hafnium as calculated
with the spherical (ABACUS) and the deformed
(2-PLUS) potential. At these energies, the ef-
fect of the DR component is pronounced in the
minima of the elastic cross section and in the

E E angular distribution of the inelastic scattered
«: e S :” neutrons. Experimental resolution of such ef-
8, deg fects would require measured scattered-neutron
113-892 Rev. 1 velocity resolutions more than an order of mag-

nitude better than that used in the present

Fig A experiments.

Comparison of Calculated Elastic

Andbielasde (2+4) Scatering of The spherical and the deformed optical
6.0-MeV Neutrons from Hafnium

Using Spherical (ABACUS) and potentials selected above. were used .to calculate
Deformed (2-PLUS) Potentials the £ = 0 strength functions of hafnium and
gadolinium. Table III compares the calculated
results and reported experimental values. Unfortunately, the uncertainties
associated with the experimental values are large, often exceeding the dif-
ference between the two calculated results. In this mass region, the
strength function is known to follow a "double,humped" behavior,*#28 and
hafnium and gadolinium are approximately symmetrically placed on either

TABLE III. £ = 0 Strength Functions of Even Isotopes of Hafnium and Gadolinium

Isotope Experimental Calculated

156Gd (1.9£0.3) x 107*

(1.9+0.4) x 107+ (1.9£0.9) x 10-4° 2.08 x 10™* (ABACUS)

Bica (2.2£1.2) x 10-%€

Gd (1.5 0.3) x 10-4® 1.58 x 107* (2-PLUS)
14yt (2.8+1.3) x 10744

176 ¢ (1.44+0.5) x 10-44 (1.4420.5) x 1074° 2.47 x 107* (ABACUS)
178y (2.120.7) x 1044 (2.1£0.7) x 10-4°

180 (0.3 £0.26) x 10-44 1.73 x 10™* (2-PLUS)
Hf (2.5%0.5) x 10-4°

AR, Chrien and S. Mughabghab, Proc. of Antwerp Conf., p. 21 (1965).
bRecommend value.?

C€R. Chrien, private communication as quoted in Ref. 3.

d"l'. Fuketa and J. Harvey, private communication as quoted in Ref. 3.
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side of the intermediate valley. This characteristic behavior of the strength

function can be interpreted in terms of nuclear deformation, and, indeed,
the above deformed potential does lead to such a dependence of strength

function on mass. However, comparison of calculated strength functions
with the present experimental values of hafnium and of gadolinium, as in
Table III, does not alone indicate any clear preference for the spherical

(ABACUS) or deformed (2-PLUS) potentials.

The potential parameters derived from the present experiments
differ somewhat from those found generally applicable in the lighter-mass
region.?* Both real and imaginary potential parameters tend to be several
MeV smaller, and the absorption width, b, tends to be larger, though the
width of the surface absorption cannot be entirely divorced from its mag-
nitude. The tendency toward increased surface-absorption widths in the
deformed nuclear region has been noted before in studies of tantalum,
rhenium, platinum, and tungsten.za’” Very qualitatively, the absorption

width appears related to the deformation parameter, . Values of b = 0.5 F

tend to be suitable for B = 0.15. The width increases from this value in a
relatively linear manner as f increases beyond 0.15, reaching a value of

~1.4F at B = 0.35.



V. COMPARISON WITH EVALUATED NUCLEAR
DATA FILE-B (ENDF-B)

Since a primary motivation of the present work is the provision of
cross-section data for reactor design, it is of interest to compare the pres-
ent experimental results with the contents of the Evaluated Nuclear Data
File-B, ENDF-B.??"3! This file contains a relatively complete set of eval-
uated cross sections for hafnium and gadolinium, but only material pertinent
to a single isotope of samarium (“°Sm). Therefore evaluated samarium data
of Ref. 32 were used in the comparison with experimental results.

Figures 22-24 compare measured and evaluated total cross sections
of samarium, gadolinium, and hafnium. Each figure uses the total cross
section values given in BNL-325* to extend the present measurements from
1.5 to 10.0 MeV. The hafnium ENDF-B total cross sections tend to follow
the BNL-325 values and deviate from the present results by $10%, particu-
larly in the energy range 1.0-1.5 MeV. The hafnium evaluation of Ref. 32
differs somewhat from that of ENDF-B, but is in no better agreement with
the present experimental results. The evaluated total cross sections of gad-
olinium are in better agreement with experiment than those of hafnium,

—ExP.

—rK

10
Ll
.

o b
2

Fig. 22

Comparison of Measured and Evaluated Total
Cross Sections of Samarium, Present experi-
mental results are noted by bars, Boxes are
from Ref. 4, The line labeled KFK is from

° n PO T e S | L =g i i) the evaluated data of Ref, 32,
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Fig. 23 or . a
Comparison of Measured and Evaluated Total 8 Feia 4

Cross Sections of Gadolinium. Bars denote
the present experimental results, boxes the
data of Ref, 4, The ENDF-B evaluation is
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Fig. 24, Comparison of Measured and Evaluated Total Cross
Sections of Hafnium. Bars denote the present ex-
perimental results, boxes the data of Ref. 4. The
solid curve shows the evaluated results of Ref, 29,
and the dashed curve Ref. 32.
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deviating slightly from measurement only at the lower energies. The ex-
perimental total cross sections of samarium are a little larger than the
values given in Ref. 32, which follows the BNL-325 compilation.

The hafnium evaluated elastic scattering cross sections given in
ENDF-B are in reasonable agreement with experiment above ~400 keV,
as indicated in Fig. 25. The agreement with experiment is less satisfactory
for gadolinium, as shown in Fig. 26. The evaluated total elastic scattering
cross sections of gadolinium are appreciably below the measured values.
Since the ENDF-B file is internally consistent, the evaluated total cross
sections of gadolinium agree with the presently measured results, and the
measured elastic and inelastic cross sections are reasonably consistent
with the total cross sections. The discrepancy between measured and eval-
uated elastic scattering cross sections would be expected to persist in the
inelastic scattering cross sections, as it does (see below).
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Comparison of Measured (crosses) Comparison of Measured (crosses) and
and Evaluated (curve from Ref, 29) Evaluated (solid curve from Ref, 29)
Elastic Scattering Cross Sections of Elastic Scattering Cross Sections of
Hafnium Gadolinium. The dashed curve de-

notes the results of spherical calcu-
lations described in the text.

Figure 27 compares the observed inelastic scattering cross sections
of hafnium with the ENDF-B evaluated quantities. In making this compari-
son, we averaged the reaction Q-values' of the evaluated data to make pos-
sible a comparison with the observed quantities. The evaluated data diq
not contain a cross section that could be reasonably associated with the
excitation of the 1.05-MeV state. Generally, the evaluated and experimental
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inelastic scattering cross sections of

o5t Q=-124 hafnium are in reasonable agreement,
B At L A but for the excitation of the first state

B e < (Q = -0.098 MeV). The evaluated ex-
[: Q:=-1.05 y ' citation cross sections for this first
° s S S WS B state were based upon optical-model
“F Q--0.80 | | l and statistical calculations and led to
5 0 as L e results appreciably below the experi-
o8 mental quantities, particularly at
E Ansimnl #t4 .J higher incident energies. A similar
o el tendency of calculated results was
M: Q:-0.525 noted in Section IV, No detailed ex-
o }HWH# } perimental inelastic-excitation cross
3 ° e sections of gadolinium were available
b °°[ Q=-045 when the ENDF-B evaluation was
F 44 A'A * J 3 :
o i [ — T carried out. As a result, the gadolin-

ium evaluation gives only total in-

L Q=03 { * elastic cross sections and temperature
o M distributions. Figure 28 compares the
oh L L L ! L ! 1 total inelastic scattering cross sections
- of gadolinium derived from the present

20 measurements and as givenin ENDF-B.
i Mm The evaluated result tends to be appre-

ciably larger than the measured values
o+ ENDF/B at incident neutron energies above

3 0.6 MeV. This discrepancy compen-

[ Q@=-0.098 Mev sates for the discrepancy in the elas-
[ I |l [ [ I tic scattering cross sections and leads
¢ il e iy "*  to a total cross section rather in good
. agreement with experiment.

113-975 Rev, 1

Fig. 27. Comparison of Measured (crosses) Generally, the results of the
and Evaluated (curve from Ref, 29) present experiments provide a far
Inelastic Excitation Cross Sections more definitive experimental basis
of Hafnium for a sound evaluation. If used for

this purpose, they would lead to modi-
fication of the evaluated cross sections of ENDF-B, particularly for the
elastic and inelastic scattering cross sections of gadolinium.,

Fig. 28
Total Inelastic Scattering Cross Section of
Gadolinium Derived from Measurements
(dashed curve), and Corresponding Values
of Refs. 29 and 31
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VI. CONCLUDING REMARK

The observed total cross sections of hafnium, gadolinium, and
samarium tend to be a little larger than some of the previously reported
values and do not show measurable evidence of intermediate structure.
Elastic and inelastic differential neutron-scattering cross sections of the
three elements were determined in detail throughout the energy range
0.3-1.5 MeV. The results are suitable for meeting most applied needs.
The experimental resolution and the complexity of these elements pre-
cluded extensive interpretations leading to appreciably improved knowl-
edge of nuclear structure. Results of optical-model and statistical
calculations were quantitatively descriptive of total, elastic, and, to a
lesser extent, inelastic cross sections. At the energies of the present
experiments, the contributions of direct-reaction processes were not
pronounced. The evaluated total neutron cross sections contained in
ENDF-B were reasonably descriptive of the experimental results. The
agreement between the ENDF-B data and the measured elastic and in-
elastic scattering cross sections was less satisfactory, particularly for
gadolinium. The present experimental results should make possible an
appreciable improvement in the evaluated elastic and inelastic neutron-
scattering data sets.



APPENDIX

Tabular Results

The experimental numerical data forming the basis for this paper

are tabulated here. These data have been forwarded to the National Neutron
Cross Section Center (NNCSC), Brookhaven National Laboratory.

HAFNIUM DATA BLOCK

ELASTIC SCATTERING FROM NATURAL HAFNIUM
FINAL VALUES
TIME=OF=FLIGHY METHOD
INCIDENT RESOLUT]ON ABOUT 20 kEv
SCATTERED RESOLUTION 1.5 NSEC/M
ESTIMATED ERROR IN INTEGRATED X=SEr
ERROR [N OwEGA COEF, ESYIMATED FROM
FORMAT
D X=SEc® (XeSEC/ 4*P])*(y,+ SUM
SUv FROM 1-9

MEASURED ANGULAR INTERVAL 25-155 DF

WHERE RESPECTIVE VALUES ARE,
E=N IN KEV
X*SEC*100
OMEGA=1 *1000
D-QMEGA=1%1000
OMEGA=5 #1000
DrOMEGA=5+1000
FOLLOWING EQG(1) ABD

acaoooooaoooooooaooooaoaoaoaoaoocaoaaoaa

Gy, SHERWOOD, A, SMITH» J, WHALEN===T0O BE PUBLISHED

DAYE 11-68

8 PERCENT INCLUDING STD,

LEAST SQ, FITTING,
OMEGA*P)

Q.

.

VE,

P EGENDRE POLYNOMIAL IN LAB, SYSTEM

AT EJGHT ANGLES
ALL DATA CORRECTED POR MULTIPLE SCATTERING
ALL RESULTS RELATIVE TO DIF, CARBON X=SEC OF ANL=5567(REV)
FOLLOWING CARD FORMAT X, 2144 5(15,14)

300 839 621 120 47p 100 100 80=-n030 100

315 820 728 120 342 100 115 100
330 705 692 120 4031 8p 80 60«
346 753 673 100 637 108 100 100
373 695 821 100 553 100 100 80
390 675 922 100 75p 8p 216 100~
406 653 927 100 678 B8p 244 80
425 635 963 100 693 6p 230 60
435 608 909 100 788 6p 186 60
450 605 932 100 749 60 28n 60
466 594 934 100 786 5p 262 50
476 602 944 8p 829 5p 235 5o
490 591 935 60 785 5p 232 5o
806 562 924 60 783 S5p 227 Sp
826 570 95n 50 90p 5S¢ 337 So
543 555 998 S50 947 S5p 373 5o
570 525 977 50 963 5p 368 5p
585 500 950 50 94p 50 360 50
606 522 989 5p 997 55 4359 6o

80
10
0
10
60
100
78
50
100
60
60
45
25
203
125
144
120
172

100
80
100
8p
80
8p
8p
8g
8o

» BCD

EQ(1)

OB NN AN

33
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1
1

650
690
730
770
810
860
900
960
010
050

1093
1130
1178
1210
1308
1353
1388
1400
1412
1445
1475
1500
1501

HF Q3«
+3200E
+3300E
+3400E
+3500E
+3700E
+3900E
+4100E
+4300E
+4500E
+4700E
+4800E
+4900E
+5000E
+5100E
+5200E
+5300E
+5400E
+5500E
+5600E
+5700E
+5800E
+5900F
+6000E

504 1039 50 1080
48641149 50+1257
493+1112 60 1206
491+1142 80 1274

50 475 60

170

5p+ 557 B8n+ 247

6g 591 8o
8p 611 80

500 1350 100 1452 100 808 100
494 1299 100 1448 100 853 100
509 1421 100 1575 129 903 100
513 1479 120 1735 149 1090 120
482 144p 120 1660 120 1070 100
507 1479 120 168n 12p 1060 100
523 1406 130 1617 130 1046 120
498 1412 130 1655 13p 1109 120
495 1398 150 1600 150 1044 130
515 1429 150 1670 150 1200 130
530 1543 150 178g 150 1300 130
502 159p 150 1741 150 1457 159
486 1512 150 1679 150 1367 150
475 1500 164 1700 249 1400 291
487 1587 150 1782 15p 1534 15p
480 1557 150 1831 15p 1550 150
48p 1529 150 1870 15p 1622 150
450 164g 150 1809 150 1412 150
480 1667 180 1950 273 1689 32p

INELASTIC SCATTERING FROM HAFNIUM

FORMAT( 7E40.4)
RESPECTIVELY ===
1) INCIDENT ENERGY IN MEV

2)

3) REACTIoN Q@ IN MgV

4)

5)
6)
7)
ALL
ALL

194
250
350
433
405
440
487
490
424
561
432
500
600
761
732
587
793
833
900
571
980

UNCERTAINTY (+=) IN INCIDENT ENERSY

80
100
80
100
8o+
80
80
100
100
100
100
120
120
120
150
150
150
210
150
150
150
150
405

DATE 11-68

110 80
100 80
140 80
300 100
170 130
200 120
100 150
142 130
120 130
180 150
250 150
173 150
130 150
309 214
312 120
120 100
180 100
100 180
318 364

TOTAL UNCERTAINTY IN Q VALUE, USSUALLY INTERVAL

OVER WHICH CROSS SECTION IS INTEGRATED,

RESPECTIVE INELASTIC CROSS SECTION,
+ ERROR [N CROSS SEETION
= ERROR [N CROSS SECTION
DATA ASSOCIATED W]ITW ABOVE ELASTIC MEASUREMENTS
DATA RELATIVE To THE DIFFERENTIAL FLASTIC SCATTERING

CROSS SECTION OF CARBON=-= ANL*5567(REV)

098
00
00
00
00
00
00
00
00
00
00
00
00
0o
00
0o
00
00
00
00
00
00
00
00

KEV
+1000E=01+=,9800Er01
+1000E=01~-,9800E=01
+1000E=p1~-,9800E=01
+1000E=p1~-.9800Es01
+1000E”p1=.9800E=01
+1000E=01=.9800E=01
+1000E=p1=.9800E=01
+1000E=p1~-.9800Ee01
+1000E=01=-.9800E=01
+1000E=p1-+9800E=01
+1000E*p1-.9800E=01
+1000E~p1~-.9800E=01
+1000E=p1~-.9800E=01
+1000E"p1=.9800Ee01
+1000E=01~-,9800E=01
+1000E=01=-,9800E=01
»1000E=p1~,9800Ew01
+1000E=p1-,9800E=01
+1000E*01=-,9800E=01
+1000E"p1~,9800E=01
+1000E=01»,9800E=01
+1000E"01~-,9800E=01
+1000E=n1-,9800E=01

+»1000E=01
+1000F=n1
+»1000E=01
+1000F=p1
+1000F=01
+1000E=01
+1000E=01
«1000F=01
+»1000E=01
+1000F=01
+1000F=01
+1000F=01
+1000F=01
+1000E=01
+1000F=01
+1000F=01
+1000F=01
»1000F=01
+1000F=01
+1000E=01"
+1000E=201
+1000Fw0Y
+1000F=01

«1170F
v1148F
«9694F
«9658F
«1072F
»1273F
11254F
W11B7F
v1379E
W1313F
«1314F
+1358F
«1335F
«1314F
«1374E
«1333F
«1352F
«1340F
+1325F
«1435E
«1436F
«1442F
1444F

+3622€ 00
+1722E 00
+1454E 00
11449€ 00
+1609E 00
«1909E 00
+18B1E 00
«1781E 00
12068E 00
+1138E 00
+1397E 00
+1178€ 00
+1416E 00
+1140€ 00
11456€ 00
+1155€ 00
+1172€ 00
«1419€ 00
+1150€ 00
+1522€ 00
+1245€ 00
+1530€ 00
»1248¢ 00

«3622E
11722E
11454E
11449
+1609E
+1909E
+1884E
017815
«2068E
+1138E
11397€
«1178E
11416E
v1149E
+1458E
1158
w1172
11419
011505
11522
11245
t1530€
+1248€



+6100E
+6200E
+6300E
+8400E
«6500E
«6600E
+6B00E
+6500E
0’0005
+7100€
+7200F
«7300E
+J400E
+7500E
+7600E
+7700E
«7800E
+7900E
+B000E
+B100E
«B200E
+B300E
+8400E
+B600E
+B800E
+9000E
+9200E
+9400E
+9800E
+1000E
+1020E
+1040E
«1050E
+1060E
+1080E
+1100E
«1120E€
«1140E
+1160E
+1180E
+1200E
«1220E
v1240E
+1250E
+1260E
12708
+1280E
+1290E
+1300E
+1310E
+1320E
+1330E
«1340E
«1360E
+1380E
+1400F

HF Q==310

+80008
+8800E
+9000E
+1000E
+1040E

00
00
00
01
01

+100LE=01~,9600E=01
.xonubvnx-.eeooEeo1
+1000E=p1-.9800E01
+1000F*n1-,9800E=n1
+1000E=n1-.9800E=01
«1000E=01-,9600E=01
«1000E=pg1~-,9800E=0D1
+»1000E=n1-.9600E=01
+100UE=n1~-.9800E=n1
+1000E=01-,9800E=01
+1000E=n1-,9800E=01
+1000E~n1=-,9800E=01
+1000E"p1-,9800Een1
+1000E=-n1-.9600E=n1
+1000E=n1-,9800E=01
+1000E=p1-.9800E=01
+1000E=p1-.9800E=n1
+1000E=p1~,9600E=01
+1000E*p1-,9600E=n1
+1000E=n1-,9800E=01
+1000E~p1~-.9800E=n1
«1000E=p1=.9800E=01
+1000E=01-,9800Em01
+1000E=p1-,9800Ev01
+1000E"n1=,9800E=01
+1000FE~*01=-,9800E=01
+1000E=p1=.9600E=01
+1000E*n1-.9800E=01
+1000E*01~-,9800E=01
+1000E=n1~-,9800E=01
+1000E»p1~,9800E=01
+1000E=p1-,9800E=01
+1000E*n1=,9800E=01
+1000E~01~-,9800Eenl
+1000E~p1~-,9800Ee01
+1000E=p1+.9800E=01
+1000E=n1=.9800E=p1
+1000E=n1=,9800E=01
+100UE®p1~-,9800Ew01
+1000E=n1~-,9800E01
+1000E~p1~.9800E=01
+1000E~p1=-.9800Ew01
+1000E=01~-.9800E=01
.10005'01‘-9500E'01
+1000E*01~,9800Ewp1
+1000E=g1~,9800E=01
+1000E=p1~-,9800E=01
+1000E"~p1~,9800E=01
+1000E*01~,9800E=01
+1000E"n1-,9800Ew01
+1000Erpi~,9800E=01
+1000E=01~,9800Ew01
+1000E*01+,9800E=01
+1000E"~p1~,9800Ewp1
+1000E*p1+,9800Ew01
+1000E=01~,9800E=01

KEV

+1000E*p1-,3100E ¢n
+1000E*n1=-+3100E o0
+1000E=01~.3100E 00
+1000E=01~-,3100E 00
+1000E=n1=,3400E o0

«1000F=n1
«1000F=n1
«1000F=01
+1000F=01
+1000F=01
«1000E=01
«1000F=01
«1000F=01
+1000F=01
«100UE-01
«1000F=ny
«1000F=01
«1000F=01
«1000E=01
+1000F=01
+1000F=01
«1000F=01
+«1000F=01
«1000F=n1
+1000F=01
«1000F=-n1
«1000F=n1
+1000F=n1
+1000F=01
+1000F=-01
«1000F=n14
+1000F=01
+1000F=01
+1000E+0y
+1000F=01
+10N00E=01
+1000F=01
«1000F=01
+»1000F=-01
+1000F=01
+1000E%01
+1000F=01
+1000F=nN1
+1000FE=0D1
+1000F=01
+1000F=01
+1000F*01
+1000F=~01
«1000F=01
«1000E~01
+1000F=01
«1000Fv01
+1000E=01
+1000E*01
+1000F=01
«+1000F=01
+1000F=01
+1000F=01
+1000E~01
+1000E=01
+1000Fe01

+5000E~01
+5000F=01
+5000E01
«5000FE=01
+5000Fe01

«1370F
+1393F
«14730F
«1517¢
1360F
+1423¢c
14728
«1430F
v1547€
«1440F
1549F
+1450F
1626F
«1520F
«1499F
«1520F
+1552F
RE LIS
«1445F
«1530F
«1600F
+1560F
«1700F
«16n8F
«1545F
«1673F
«1554¢
«15R9F
+18n3F
«1873F
«1611F
«1737F
«1740F
+18n9F
«1835e
«184pF
+1864E
1757
«1828F

1718"

«1735F
«1528F
1610F
+1601F
«1506F
v1533F
+149%€F
W1609F
+1378F
1470F
+1418F
15578
v1640F
«1432F
«1236F
1344

A943E
4500F
WALASE
13410F
5914rF

00
00
00
00
0o

«2050¢
114812
+2150¢%
16117
«2040¢
1519
15572
21490%
1643
121602
+1643¢
«2170¢
12439¢
228p€
«1592¢=
W2290%
«1650%
v2220¢
15545
123008
+1695¢
«2340¢
v2540¢
+2413¢
2319
«2519¢
23315
12383¢
v2705¢
+2818E
«2416F
«1844s
v2610E
W1919¢
19466
+1952€
1977¢
12636F
19385
+1820E
+1503¢
12292
+1708¢
v2401¢
+1598€
12299E
+1592€
12413
12068¢
12205
2127
v2336¢
2460¢F
12025€¢
12481¢
12469

12041F
117498
«1520€

00
00
00
00
00
00
00
0o
00
ou
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
0o

00
00
00
00

+9871Er01

+2050€ 00
+1481E 00
+2150€ 00
+1614E 00
+2040E 00
+1519€ g0
«155%€ 00
+2149F o
+1643E 00
+2160F 00
+1643E 00
+2170€ 00
+2439E 00
+22B80E 00
«1592€ 00
+2290E 00
+1650E 00
+2220F 00
+1554E 00
+2300E 00
+1695€ 00
12340E 00
«2549€ 00
+2413E 00
+2319€ 00
«2519E€ 00
+2334€ 00
«23B3E 00
«2705€ 00
12818E 00
+2416E 00
+1844F 0o
+2610E 00
+1919€ 00
+1946E 00
+1952€ 00
+1977€ 00
2636 00
+1938E 00
+1820E 00
+1503€ 00
+2292€ 00
+1708E 00
+2404E 00
+1598E€ 00
+12299E 00
+1592€ 00
+2413E 00
+2068E 00
+2205E 00
+2127E 00
+2336E 00
+2460F 00
+2025€ 00
+2484E 00
+2469E 00

+2044E 00
+1749E 00
+1547E 00
+1520E 00
+9874E-01

114
115
116
117
118
119
120
124
122
123
124
125
126
127
128
129
130
1314
132
133
134
135
136
137
138
139
1490
144
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176



36

«1060E
+1100E
+1120EF
+1140E
+1160E
.1180E
+1200E
«1220€
+1240E
+1250E
W1260E
W1270E
+1280E
W1290E
+1300E
+1310E
.1320F
+1330E
+1340F
+1360E
.1380E
11400E
.1410E
+1420E
+1430E
1450E
L1470E
+14B0E
+1500E
W1510E

01
01
n1
ni
01
01
01
01
01
01
ni
01
01
01
01
01
01
01
n1
01
01
01
01
01
ni
01
ni
n1
01
01

HF Q=<-450

+1000E
+1040E
+1100E
+1120E
»1160E
+1360E
+1380E

01
ni
01
01
01
ni
01

HF SECOND

+1000E
+1040E
+1060E
+1080E
+1100E
+1120E
+1160E
+1180E
+1200E
«1220E
«1320€
+1400€F
«1500E
«1500E

HF
«1160E
+1180E
+1240E
+1320E
«1500E

01
ni
ni
01
01
01
01
01
01
01
ni
01
01
01

Q3=610

01
el
ni
ni
01

+1000E=01=+3100E
+1000E=g3-+3100E
+1000E=01~-.3100E
+1000E*01=,3100E
+1000E=p1-.3100E
L1000E=p1-.3400E
+1000E=n1-.3100E
,1000E=01-+3100E
+1000E"01-.3100E
+1000F"01-~,3100E
+1000E=p1-.3100E
+1000E"01-+3100E
+1000E"01=+3100E
+1000E=01-.3100E
+1000E=g1-.3100E
+1000E~01-,3100E
+1000E=g1-.3100E
+1000E=g1-.3100E
+1000E~01-,3100E
+1000E=01-,3100E
+1000E=pg1-,3100E
«1000E=0g1-+3100E
+1000E=p1-.3100E
+1000E=p1-.3100E
+1000Evp1~,3100E
+1000E7n1-.3100E
+1000E"g1~+3100E
+10N0E=p1-,3100E
+1000E=0g1-+3100E
+1000E=01=.3100E

KEV

+1000E»g1-,4500E
+1000E=p1=,4500E
«1000Evg1~-,4500E
+1000E=n1-,4500E
+1000E=n1-.4500E
+1000E=g1-,4500E
+1000E-p1-.4500E

GROUP CORRECTED»
+1000E=-n1-.5250E
«1000Erp1-,5250E
+1000E=p1=.5250E
+1000E=p1=,5250E
+1000E"01=,5250E
+1000E~n1=,5250E
+1000E=p1=.5250F
+1000E*n1=,5250E
+1000E=p1-.5250E
+1000E=p1-,5250€E
+1000E=p1~-,5250E
+1000E=01-.5250E
+1000E=p1-.5250F
+1000E=g1-.5250E

KEV

+1000E"01~-.6100E
+1000E=01-.6100E
+1000F=p1=-,6100E
y1000F=01=4+6100E
+1000E*p1-.6100E

o0
00
00
on
00
on
on
00
00
on
0n
on

00
00
on
00
on
on
00
on
on
on
on
00
on
on
on
on
on

on
on
on
on
on
0o
on

Q=
on
on

on
0n
on
on
00
00
on
0n
0n
00
00

00
on
on
on
0o

«5870F
+4800F
+4B44F
«5158F
+5872F
+5578F
W5917F
15527E
+5154F
«H660F
+5811F
+4395F
W4743F
16376F
+5245F
«5891F
«4644F
+5472F
h66TE
«5475F
«4696F
W5016F
+5625F
+15318F
«4908F
W5260F
«4921F
4442F
+4BA3F
2 3391F

+5000F=01
+5000F*01
«5000F=01
+5000F=01
«5000E=01
«5000F=01
«5000F=01
+5000E=01
+5000FeN1
«5000F=01
+5000F=01
+5000F=01
+5000E=01
+5000F=01
+5000E=01
+5000F*01
+5000F701
«5000E=01
+5000F=01
+5000F=01
«5000F=01
«5000F®01
+5000F=01
+5000F=01
+5000F=01
«5000F=01
+5000F-01
«5000F=01
+5000F=01
+5000F=01

+5000E=01
+5000F=01
+5000F=01
+5000F=01
¢5000F=01
+5000F=01
+5000F=01

+1850F
+17R0F
+1600F
+2640F
«1720F
+3150F
«2930F

ABOUT =525 KEV

+2500F=01 ,4049F
+2500F*01 .3032F
12500F=01 .3257F
12500E=01 ,2168F
+2500E01 ,2363F
12500F=01 .2553F
12500F=01 ,2628F
«2500E201 ,2258F
+2500F=01 .2450F
+2500F=01 .1240F
12500F=01 .1710F
12500F=n1 ,2848F
12500F=01 .1675F
12500F=n1 ,1454F

«5000F=n1
+5000F=n1
«5000F=01
+5000F=01
+5000F=01

+2790F
»2940F
+3070F
«2600F
+19R2F

00
00
00
00
00
00
00
00
00
00

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

00
00
00
00
00
00
00

00
00
00
00
00
00
00
00
00
00
0o
no
00
00

00
00
00
00
00

16931E~

01

+6827Em01
«6740E=01
271095=01
.8085cw01
16876Er01

+1168E

00

+1290E. 00
19246E=-01

«19908
v1717¢€
11592€
11031E
11564E
+1B68E
+1837€

00
00
00
00
00
00
00

282065201

+1208¢
«1000E

00
00

«8777E=01
+8112E=01
18345c=p1

114372
+1090E
1361
+1890¢
11382¢

00
00
00
00
00

+19408E=p1

11257¢
12086E

00
00

v4770E=01
146708=01

14390E~

01

+5960E=01

+4270E=

01

+8730E=01

+B390E=

12336¢
+1000E
110748

17154€E=
7797

01

00
00
00
01
0l

+B424E~01

+1B672E=

01

+17451E=01
+8084E=p1

JRO92E=

0l

+5643Em01
+9464z=01
+5527E=p1
14798E~01

+19206E=
«9702€"

10138

«B580E=

01
0l
00
0l

14897Er01

16931E~
+6827E~
+6740E~
+7109E~
+8085E=
16876E~

+1168E
+1290E

19246E~

+1990E
+1717E
+1592E
+1034E
11564
11868E
«+1837€

+18206E~

+1208E
+1000E

«8777E=
+8112E~
18345~

+1437E
+1090E
11364
+1890E
+1382E

+9408E~

11257
+2086E

01
01
01
01
01
01
00
00
01
00
00
00
00
00
00
00
01
00
00
01
01
01
00
00
00
00
00
01
00
00

+4770E=01

1 4670E=

01

+v4390E=01
+5960E=01

+4270E=
+8730E=
+B390E~

12336E
+1000E
+1074€

+7154E=
W7797E=
+8424E~
|8672E~
+7451F -
t8034E'
+8092E~=
+5643F=
+9464F~
+5527E~
14798E~=

19206E~
+9702E~

+1013E

01
01
01

00
00
00
01
01
01
01
01
01
01
01
01
01
01

01
01
00

+8580E=01
+4897E=01

177
178
179
189
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
209
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239



HF Q® 800 KEV
+1400€ 01 ,1000Ewg1-,8000E
+1500€ 01 ,1000Evp1-,8000E

HF Qm=1050 KEV
+1400E 01 ,1000E=g1-,1050E
+1500E 01 ,1000Ewoi~-,1050E

HF Q®==1240 KEV

+1490E 01 ,2000E~pi-,1240FE
+1500E 01 ,2000E=pi~.1240FE
+1510€ 01 ,2000E"01~,1240F

RESOLUTION 223 KEV

FORMAT(3Eq2,6)
ENERGY IN KEV
XSEC IN BARNS

ooaoaooaoaaoaaan

01
01

01
01
01

+1000E 00
+1000E 0O

+9000E=01
«9000Fw0y

+9000E=01
+9000F=01
+9000€=01

TCTAL CROSS SECTIONS OF HAFNIUM
MONOENERGETIC SOURCE METWOD

ERROR IN XSEC IN BARNS

+104499E 03 ,918000€ 01 ,230000E 00
+106600F 03 ,942000F 01 ,130000F 00
+108600E 03 ,952000F 01 ,130000F 00
+110600E 03 ,920000F 01 +130000E 00
+112700E 03 918000 01 ,130009E 00
+114700E 03 ,921000F 01 ,230000F 00
+116700E 03 +941000F 01 +130000F 00
+118700E 03 ,899000F 01 ,220000E 00
+126800FE 03 ,916000F 01 +130000F 00
+128800E 03 ,940000F 01 ,130000E 0O
+130900E 03 4910000 01 +130000F 00
+132900E 03 ,909000F 01 ,130000F 00
+134900E 03 ,876000F 01 .130000F 00
+136900E 03 ,907000F 01 ,130000F 00
+138900E 03 ,865000F 01 ,130000F 00
+140900E 03 ,B889000E 0% ,130000F 00
+142900F 03 ,860000F 01 ,13000pF 00
+144999E 03 ,891000F 01 +130000F 00
+146999E 03 ,883000F 01 .130000F 00
+148999E 03 ,867000E 04 +130000F 00
+150999E 03 ,863000F 01 +130009F 00
+182999E 03 876000 01 +130000E 00
+154999E 03 ,868000F 01 +130000E 00
+156999E 03 ,886000F 01 .130000E 00
+158999E 03 ,858000€ 01 +130000E 00
+160999E 03 ,885000€ 01 .130000E 00
+163100F 03 ,871000€ 01 .130000E 00
+165100E 03 ,873000E 01 ,130000F 00
+167400E 03 ,858000F 01 .130000F 00
+169100E 03 ,845000E 01 ,119999F 00
+171100E 03 ,832000F 01 +119999€ 00
+173400E 03 ,B46000F 01 +130000E 00
+175100E 03 .832000F 01 ,130000E 00
+177100E 03 ,849000E 01 ,1319999E 00
+179400E 03 +B33000E 01 +149999E 00
+181100E 03 ,810000E 01 +119999E 00
+183400E 03 ,814000F 01 +149999E 00
L185100E 03 +857000E 01 +119999E 00
L187200E 03 .847000EF 01 .119999E 00
+189200E 03 +R0B000F 01 +149999E 00
.191200€ 03 ,820000E 01 .220000F 00

14022F
+2858F

+1262E
+1961F

4790F
+2000F
+5030F

0o
00

00
00

+13278 00
+9431Emp1

+3155E»01
+4902E=01

+1580€ 00
+6600E=01
+1659E€ 00

«1327€ 00
+9431E~01

+3155€-01
«4902€~01

+1580E 00
16600E=01
+1659€ 00

24p
244
242
243
244
245
246

247
248
249
250
251
252
253
254
255
256
257
258
259
2690
261
262
263
264
265
264
267
268
269
270
274
272
273
274
275
276
277
278
279
28p
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303

37



38

+193200E
+195200E
+197200E
+199200E
+201200E
+203200E
+205200F
+207200F
+209200E
+211200E
+213200E
1217300E
«219300E
+221300E
+223300E
1225300E
«227300E
+229300E
+231300E
1233300E
»235300E
+237300E
+239300E
+241300E
+243300E
+1245300E
1247300E
1249300E
+251400E
+253400E
1255400E
+257400E
+259400E
1261400E
+263400E
«265400E
1267400E
«269400E
+271400E
1273400E
+275400E
+277400E
1279400E
+281400E
+283400E
+285400E
+287400E
+289400E
+291400E
«293499E
+295459E
+1297499E
+299499E
+301499E
+»303499E
+305499E
+307499E
+309499E
+311499E
+313499E
+315499€
+317499E
+319499E
+321499E
1 323499E

03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
n3
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03

+B24090E
+B22000F
+816000E
+833000F
+794000F
+821000E
+818000F
+798000F
+783000F
+811000E
«843000F
1832000E
«815000E
+839000E
+819000E
+816000E
1824000
+1799000E
+791000E
+793000F
1788000F
+790000E
+805000E
«794000E
+811000E
+757000E
+819000E
+786000E
1799000E
1B12000E
1791000E
1801000E
1 762000E
1 774999E
1798000E
«771000E
+761000E
«751000E
+781000E
+796000E
+772000E
+1806000E
+774999€
1763000F
1 774999E
1762000
v767000E
+752000F
1755000F
+792000F
«778000F
+778000F
+7830p0E
+777000E
+782000F
+773000E
«769000E
+751000F
+750000E
+749000F
+735000F
v757000F
+762000F
1760000
1762000F

01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01

119999E
+119999E
L119999E
+119999E
+119999F
W119999F
149999F
W119999E
+119999F
+119999E
,149999F
,119999€
+149999E
,119999€
L119999E
+119999E
L149999%E
1119999
1119999€
+119999E
+119999E
+119999E
1119999€
1119999€
1119999F
1119999
1119999EF
119999€
+119999E
1119999
+119999F
+119999E
+119999E
+119999E
+119999E
1119999
+119999E
1119999
1119999€
+119999E
+119999F
1220000E
1119999€
1119999€
1119999
+119999E
+119999€
+149999€
+149999F
+119999€
119999
119999
1119999E
+119999E
+119999E
+119999€
1119999E
+119999E
+119999E
«119999F
+149999E
+119999E
+149999E
1149999E
+119999F

304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
329
321
322
323
324
32%
326
327
328
329
330
331
332
333
334
335
336
337
338
339
349
344
342
343
344
345
J46
347
348
349
350
354
352
353
354
355
356
357
358
359
360
364
362
363
364
365
366
367
368



+325499F
+327459E
+329459¢
+331499F
1 333459E
+335499€
+337459E
+339499F
+341459F
+343600F
+345600F
«347600F
+349600F
+351600F
+353600F
+354600F
+355600F
+356600F
+357600F
+358600E
+360600E
+362600E
«364600F
1 366600F
+368600F
+370600E
+372600F
+374600E
+376600F
+378600E
+382600E
+384600F
+386600F
+3B88600F
+350600F
+392600F
+354600E
+396600E
+398600F
+400600E
1402600F
+404600F
+406600F
+408600E
+410600E
+412700F
+414700E
+416700E
+418700E
«420700E
«422700E
1424700F
+426700E
+428700F
+430700E
+432700E
«434700F
+436700E
+438700E
+440700E
1442700F
+444700E
+446700E
«448700E

03

«7770n0F
«774999F
«783000F
«763000F
2v778000E
«774000F
+772000F
+75B000F
+745000F
+767000F
+746000F
+763000F
+778000F
+771000F
+773000F
+760000F
+73B000E
+779000E
1759000€
+783000F
+744000F
v 743000F
+741000F
2763000F
+777000F
+761000F
+790000F
«729000F
1758000F
+745000F
+770000€
+764000F
«7770n00F
+743000F
+748000F
+793000F
1744000E
+733000F
+726000F
+737000F
+750000F
1756000F
+765000F
1 730000E
+770000F
+755000F
1 744000F
«728000F
+729000E
+735000F
+789000F
+752000F
+759000F
+737000F
+734000F
1 745000E
+729000E
+734000F
+761000F
+749000E
+767000F
«737000F
2+ 746000E
+738000F

1119999
+119999F
J119999F
«119999F
+119999¢
+119999F
+119999F
+119999€
+119999F
+119999F
+119999€
+119999F
+149999F
1119999€
«119999E
+130000E
119999
«130000F

+700000F=01

+130000F
«130009F
+130009F
«130000E
«130009F
+130000F
«130000F
+130000E
+130000F
+130000F
+130000F
+130000F
«130000F
«130000E
+130000F
+160000F
+130000F
«130000F
+130N000F
+130000F
+130009F
+130000E
+130000F
+130000F
+130000F
+130000E
+130000F
«130000F
+130000F
«130000F
+130000F
+130000F
«13nN0QF
«130000E
«130000E
+130000F
+13000pE
+130000F
+130000E
«130000F
+130000F
+1300098F
+130000F
+130000E
«130009F

00
00
00
00
00
00
00
00

369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
AT
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
419
411
412
413
414
4159
416
417
418
419
429
421
422
423
424
425
426
427
428
429
430
431
432

39



40

+450700E
452700F
+454700F
+456700E
1458700F
460700E
+462700E
+464700E
»466700E
+468700F
+470700E
+472700E
,474700E
+476700E
+478700E
+480700E
+482700E
+484700F
,486700E
+488700E
,490700E
+452700E
+494700E
+496700E
.498700E
+500700E
+502700F
,504700E
+»506700E
+508700E
+510700E
+512700E
+514700F
+516700F
+520700E
.522700E
«524700E
+526700E
.528700E
+530700E
+532700F
+534700E
.536700E
,538700E
54n700E
+542700E
+544700F
»546800EF
«548800F
+550800E
+552800F
«554800E
+556800F
+558800F
+560800E
+562800E
«564800F
+566800F
+»568800F
+570800E
+572800E
+574800F
+576800F
+578800E
+580800F

03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
n3
03
03
03
03
03
03
03
03
n3
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
n3
03
n3
03
n3
03
03
03
03
03
03
03
03
03
n3

W 737000
+762000F
+724000F
+739000E
1752000E
+708000E
1728000E
+721000F
1 736000F
+758000E
1 739000E
1 743000E
+742000F
»735000F
+747000F
1741000
+730000E
+736000F
+773000E
+73B000F
+733000E
1 744000F
+724000F
+703000F
+1722000E
+739000E
+716000F
+721000E
+740000F
1736000E
+733000F
+719000E
«732000F
+732000F
+720000E
«711000F
+751000E
+720000E
+722000F
+711000E
+747000E
1730000E
+714000E
+730000F
+772000F
+757000F
+718000F
«718000E
+740000F
+731000E
1699999E
+705000E
+714000F
«727000E
1 726000E
«7590n0E
+740000F
+718000F
.719000F
+743000F
+745000F
«733000F
+763000F
+723000F
+722000F

01
01
01
01
01
04
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01

+130000E
+130000E
v130000F
+130000E
+130000E
+130000F
+130000F
+130000F
«130000E
+130000F
«130000F
»130000F
»130000F
«160000E
+130000F
+130000E
+130000F
«130000E
+130000F
«130000E
+130000F
y130000E
+130000E
+160000F
«130N000F
«130000F
+130000E
+130000E
+130000F
«130000F
«130000F
+130000E
«130000F
+130000F
+»130000F
+130000E
+130000E
«130000F
«130000F
+130000F
«130000E
+13000pF
+130000E
+130000F
+130000F
+130009F
+130000E
+13000pF
+130000E
«130000F
+«13000pE
,130000F
+»130000F
»130000F
.130000F
+160000F
+130000F
«130000F
+130000F
+130000F
+130000F
+130000F
+130000F
+130000F
+130000F

433
434
435
436
437
438
439
449
444
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
4790
474
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
499
493
492
493
494
495
496
497



+582800E
+584800F
+586800F
«588800E
+590800E
+1592800F
+59480pF
+596800E
+598800E
+600800E
+602800F
+604800F
+606800F
y608800F
+610800E
+612800E
+614800F
1616800E
+618800E
1620800E
1622800F
+1624800F
+626800E
+628800F
+630800E
+1632800F
«434800F
+636800F
+638800E
+640800E
+642800E
+644800F
+646800F
«648800F
+648999E
+651823F
v654004F
+656834F
«861839F
+666846F
+671854E
«676862F
1881869F
+686877E
+1691884E
«696892E
«J01899E
+J06906F
+711914E
+716921E
+721928E
+726935E
+731942E
WT36949F
«741956F
+T46963E
+751970F
+756977E
«JE19B4E
+T766951E
«771997€
+777004E
«782011E
787018F

+735000€
+747000E
+714000F
+708000E
+724999F
|7;2UUUE
+744000F
+740000F
1 736000E
+708000E
+730000F
+707000E
+723000F
1726000E
+730000F
+717000F
1744000E
1 719000F
+734000F
+741000E
1 736000F
1716000F
1722000E
1719000E
1744000F
1747000E
«73%000F
+716000F
«747000F
+709000F
+703000€
1740000F
07‘70005
+v747000F
16949R2F
654032F
1 753805F
1 705875F
1695828F
+7055640F
+709253F
+702908F
1 709447E
173284 8E
1 714669E
1 734269E
725200F
W731727€
+711649F
474184 6F
«709487E
1684642F
+732749F
+730807F
«T02897F
713477
+711347F
+706628F
+706394F
+704603F
718747F
.737783F
747053
.703525F

+130000E 00
+130000F 00
+130000F 00
+130000F 00
+130000E 00
+130000F 00
«130000F 00
+130000F 00
+130000F 00
+130000F 00
+130000F 00
+130000EF 00
+130000F 00
+130000F 00
+130000E 00
+130000F 00
«130000E 00
+130000F 00
+130000F 00
+130000F 00
+130N000F 00
+130000F 00
+130000F 00
+130000F 00
+»130000F 00
+130000E 00
+130000F 00
«130000F 00
+130000F 00
+130000F 00
+130000F 00
+130000F 00
+130000F 00
+160000F 00
+89915pEm01
+155446F 00
+109925F 00
+89691gFm01
189B8209F=01
+89810pF~01
,89874gE=01
+897519E~01
+89952pF=01
+900630F=01
+898179E~01
+899190F=01
«89974pF =01
+90076pF=01
«902270E=01
.898750E=01
+901210F=01
189957pE=01
,89784gFE=~01
,89946pF=01
«90103pE=01
+899629F=01
+900730F=01
+900660FE~01
+901300F=-01
+901400F~01
+902810E=01
+901650F=01
+900600E=01
+903930E~01

498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
529
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
549
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561

41



42

+792024E
W787034F
+802037E
«807044E
+812050E
«817057E
«822063E
+827070E
+832076E
+837081E
+842089E
+847095E
«8521014E
1857107E
+862113E
+867120E
1872126E
1877432E
,882138E
1887144
+892150E
+897156F
1902162
+907468E
1912173E
1 917179E
+922185E
1927191E
+932197F
1937202E
+942207F
«947214E
1952219
1957228E
1962231 E
1967236F
1972242E
1977247E
1982253E
2 987259€F
199226 4E
1997269E
+100227E
v100727E
+101228E
+101729E
+102229E
+102730E
+103230F
+103734E
+104234E
+104732E
+105232E
+105733E
1106233E
1106734F
+107234E
«107735E
+108235EF
+108736E
+109236E
+109737E
«110237E
+110738E

03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
04
04
04
04
04
04
04
n4
04
04
04
04
04
04
04
04
04
04
né
04
04
04

+728098E
. 728754F
1712023
1754799
1713648E
1 744250F
+739001F
1753925
+729323E
1 724584F
1 722921F
«728205E
,747143F
17385149€
1722975E€
1716567E
+730712F
1 716638E
+746261F
1 728691F
1726903E
1 728582E
1697261F
+728893F
«742379E
1715211E
»741539F
1674303F
+730995F
«714265E
«728442F
1723500
1 T31464F
+731504F
1706243F
+1745660F
v710181F
2 735570F
1744756F
+743486F
«757189F
2+ 744623F
1 732933F
+715691F
W734630F
734732¢
1734143
+729935E
+719575€
+727823E
1725820E
»722089F
+737430F
+721150F
+702294F
+736983F
2718837
+700849F
1724446F
«749781F
1 732922F
+714906F
2742123
+761385E

+902450F=01
«901340F=01
,89928pF=01
1901270E=01
,902430F=01
+901020E=01
.90038pF=01
.901030E~01
,903860FE=01
.900760F=01
1899160E=01
«900900F=01
+903220E-01
«110344F 00
+901N00F=01
+900610E"=01
+900150E=01
1902280F=01
+901180E=01
+900270E-01
+900340F=01
+900900F=01
,89949p0F=01
+898770E=01
.,899850F=01
+89811pE~01
«897149E=01
897960FE=p1
+897379F=01
«89813p0E-01
.898879E=01
1897700E=01
.898619F=01
+899140E=01
1898680F=01
+895480E-01
«897350E=01
1897660E=01
+895360F=01
+897070E=01
+895010F=01
189487gEe01
.894910F=01
1894290Em01
+894550E=01
+894269Er01
+8935509E~01
«8939909E=01
+89214pEn01
+892450E~01
+89268pF=n1
+89327pE=01
+89199gF=01
«890410F~01
+89053gFE=01
+891550E=01
+109058E 00
.88937pE=01
.890050Ee01
+89047pF~01
+889600E=D1
.88852p9FE=01
+890060F=01
«8898BgE=p1

562
563
564
565
566
567
568
569
570
574
572
573
574
575
576
577
578
579
589
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
604
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625



+111238F
v111739F
«112239¢
v112749F
v113249F
113741
1114244F
+114742€
+115242¢
v115743¢
+116243F
1116744F
J117745E
+118245F
W118746F
+119246F
+119747E
+120247€
1120748E
1121248E
+121749F
+122249E
122749€
+123250F
«123750E
«124254F
124794
«125252€
«12578%2€
v126253F
+12679%3E
+127254E
1127784
11282%4E
+128755€
«129255€
1129736F
+130256F
+130757€
v13128%7E
131757€
+132298F
+1327858€
+1332%9€
+133759€
+134260E
'13‘7605
o‘;.’.ﬂe
+1352680F
+135764F
136264 F
+136762E
137763
2138763
+139264E
+139764E
«140265€E
+1407685E
+141265E
+141786E
+142266F
+142767E
«143247E
«1437&8E

ne
n4
04
04
né
04
né
04
na
na
04
04
04
n4
n4
né
04
04
04
n4
04
04
04
04
04
né
04
04
04
04
n4
04
04
né
n4
04
04
04
04
04
04
04
04
04
04
04
04
04
04
né
04
04
04
n4
04
04
04
04
n4
04
04
n4
04
né

«786650F
0 722521F
«725909¢
«721019€¢
+72R435¢
1752160F
1 743145F
+718741F
«745850F
17226p6F
«723879¢
1756777
1 719637F
1 726402F
+714181F
+740259F
1723247€
173464 4F
1750845F
+752655F
«716931F
+730485F
748052
169984 2F
738244 4¢
+715328¢
v 727050F
1714842F
1721149E
732546
1723443
1728259F
1 743983F
v721070F
1726209
2 722328F
1 739665E
W727772F
+721180F
729639
1742597F
+710082F
1 725633F
«743281F
1722748
1770738
1 715548F
748566
+721587F
+725300F
+741155F
1742656
W727073€
1733560F
7272n0F
+717381F
v736978F
1 741206F
. ’tqu‘F
1 7228p2F
1 T24646F
+763760E
+7272R9E
«720623E

.BRA3BYF-N1
.889n1pF=-01
.888229F=01
.B8822p9F=n1
.B888259F~01
+887400Fep1
+88749pF-01
88571pF~01
+885180F-01
«B8616gF=p1
+88579pF~-01
188719pF-01
+886320Fw01
oaebsaﬂF'Ui
«B85950F-01
«B8649pF=p1
1886020Fepl
+886800Fv01
1886360F=01
«88571pF~01
+B86970Fw01
+885779E01
+885829F =01
«885N000F=~01
+885410F=-01
+B85N60Fe01
+884919F~01
+B8485gE~p1
+886120F=01
18B86920F=01
+88573pF~01
188582gEwp1
+88572pF=01
+88469gF=01
+108464F 00
+88397pE=01
+88333gEw01
+883819F=01
«88326pF=01
+882919E~01
+883360E=01
+88273p9E=01
+88167pF=01
+88084pE~01
+880850FE~01
+88062pF~01
+880520Ew01
+88075gE=01
+881149E=01
+8809409FE=01
+881949F~=01
+88128pFw01
+E81169E901
+1880320E=01
«87927gE=01
+B80210F=01
+87978gEw01
1879920E-01
«879919E=01
+879n8gE=01
+87903pF=n1
+88020pEw01
+87898gEwp1
187947g€=01

626
627
628
629
639
631
632
633
634
635
636
637
638
639
649
641
642

643

644

645

648

647

648

649

650

651

652
653

654
655

656
657
658
659
669
661
662

663

664

665

666

667

668

669

670

671

672

673
674

675

676

677

678

679

68

681
682
683
684
685
686
687
688
689

43
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aacaaoaoaa

oo 0a000000a0

aooaoaoaoaoaoaoa

,144268E 04 ,731065E 01 +87972pE=01
+144768E 04 ,716304F 01 ,B87904pE=01
,145269E 04 ,749786E 01 +879950E=01
L145769F 04 ,725036F 01 .87834pEw01
,146270F 04 ,716442F 01 ,878060E=01
,146770E 04 ,723387€ 01 ,87856pE=01
+147270E 04 ,737580€ 01 87934pE=01
J147774E 04 ,768428¢ 01 B7937gE=01
+148274F 04 ,736958F 01 ,87867pFe01
+148774E 04 ,700501F 01 +87932pE~01
,149272E 04 ,734804E 01 ,87924pF=01
,149772E 04 ,722B46E 01 +107579E 00

TOTAL CROSS SECTIONS OF HAFNIUM
CHECK POINTS USING TIME-OF=FLIGHT TECHNIQUE
FORMAT(AS PER ABOVE)

+606667E 03 731600E 01 ,126000E 00
+805737E 03 ,680940F 01 ,137000E 00
+100482E 04 ,721900F 01 ,157N00E 00
+120405E 04 ,774150F 04 +17300QE 00
+140324E 04 ,720747E 01 +199000F 00

END WAFNIUM DATA BLOCK

GADCLINIUM DATA BLOUCK
G, SHERWOOD, A+ SMITHs J, WHALEN===T0 BE PUBLISHED

ELASTIC SCATTERING FROM NATURAL GADOLINIUM DATE 11+68
FINAL VALUES
TIME=OF=FLGHT METHOD
INCIDENT RESOLUTION ABOUT 2p KEV
SCATTERED RESOLUTION 1,5 NSEC/M
ESTIMATED ERROR IN INTEGRATED X=SEc B PERCENT INCLUDING STD,
ERROR IN OMEGA COEF, ESYIMATED FROM LEAST SQ, FITTING,
FORMAT
D x*SEC®= (X+SEC/ 4*P[)*(1,+ SUM OMEGA*P) EQt1)
SUM FROM 1-5
P EGENDRE POLYNOMIAL IN LAB, SYSTEM
MEASURED ANGULAR INTERVAL.25-155 DEG, AT EIGHT ANGLES
ALL DATA CORRECTED FOR MULTIPLE SCATTERING
ALL RESULTS RELATIVE TO DIF. CARBON X=SEC OF ANL*5567(REV)

FOLLOWING CARD FORMAT X, 214, 5(15,14) » BCD
WHERE RESPECTIVE VALUES ARE,

E*N IN KEV

X=SEC*100

OMEGA=1 #1000

DrOMEGA=1#¢1g00

OMEGA=5 #1000

D=0MEGA=5%1000

690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715%
716
717
718
719
720
721
722
723
724
72%
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
744
742

743
744
745
746
747
748
749
750
751



300
310
320
330
340
350
380
400
420
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
500
620
640
650
680
700
800
820
84p
860
880
900
920
960
980
1000
1020
1040
1060
1080
1100
1120
1140
1160
1200
12490
1260
1280
1300
1320
1340
1360
1380
1400
1420
1449
1450
1460
1480
1500

743
683
678
671
653
666
649
551
616
586
540
582
587
577
806
543
560
549
5681
565
519
545
501
559
533
562
517
512
574
497
482
569
557
548
557
557
549
539
495
509
532
560
549
538
534
559
550
547
537
502
539
514
515
531
534
515
520
503
538
488
472
524
505
466
490

974

95p

966

993

894

911
1145
1090
1154
1128
1089
1074
1203
1178
1200
123p
1118
1145
121¢
1216
1259
1189
1224
1289
1187
1249
119¢
1248
1383
1215
1277
1500
1489
1503
1597
1604
1585
1599
1597
1565
1612
1514
1569
1415
1514
1567
1557
1601
1644
1582
1632
1665
1789
1768
1764
1272
1811
17863
1744
1804
1814
194s
1754
1823
1778

95

96

99

89

91
114
109
115
112
108
107
120
117
120
123
111
114
121
121
125
118
122
128
118
124
119
124
138
121
127
150
148
150
155
160
158
159
159
156
161
151
156
141
151
156
155
160
164
158
163
166
178
178
176
177
181
178
174
180
161
194
175
182
177

FOLLOWING

349

226

548

448

782

654

500

605

83g

829

822

805

974

972

85

873

83p

976
1026
1047
1058
1039
1165
1142
1100
1158
1128
1176
1164
1212
1214
1438
1442
1486
1499
1637
1604
1711
1739
1726
1839
183g
1925
1784
1684
1724
1790
1764
1922
1777
1824
1845
2023
2122
2084
2049
2085
2022
2022
2098
2184
2193

1
57
114

125
8¢
97
8o
97
97
8s
8y
83
97

102

104

108

103

116

114

119

115

112

117

116

124

124

143

144

148

149

163

169

171

173

172

183

183

192

178

168

172

179

176

192

177

182

184

202

212

208

204

208

202

202

209

218

219

214

228

216

EQ(1) ABOVE,

113
=17
-7
158
21
*102
222
124
76
96
115
196
209
32p
218
275
157
287
311
307
273
31p
435
384
459
465
274
428
313
444
298
601
63p
682
67
804
744
877
857
869
1019
943
1008
766
776
855
988
954
1060
87s
976
947
1324
1459
1267
1240
1463
1254
1329
1335
1514
1553
1339
1577
1418

70
141
113

85
142

LL]
118

57
131
103

97

81

50

51

67
101

66

5n

53

57
105

58

50

50

5n

77

S0

80

124
116
106

87

97

94
185
147
126
124
175
125
132
133
154
155
133
137
144

=65
33
12
»201
150
30
156
-79
0

0
=140
0
28
105
123
69
64
197
150
64
1
135
108
119
198
292
0
173
159
191
0
170
293
297
302
34y
271
434
362
366
512
542
567
3956
313
268
493
412
506
357
429
309
753
838
628
535
866
538
6590
638
733
752
598
866
652

94
168
150
113
189
104

54

76

50

50
148

50

65

69

90
111

89

50

71

50
133

77

63

59

50
102

50
108

50
113

50

67

65
148

96
108

50
127

60

78
228

77

86
117

50

58
160
155

87

58

77

96
239
189

63

54
230

85

74

92
121

75
135
122
171

OO0 000 0000000000000 00000000000000000000000000000000000000000000

OO0 0000000000000 0000000000000 0000000000000000000000000000000000O0

752
753
754
755
754
797
758
759
760
764
762
763
764
765
766
767
768
769
770
771
772
773
774
775
776
777
778
779
780
784
782
783
784
785
786
787
768
789
7%0
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
8p7
808
809
819
811
812
813
814
815
816
817
818
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c
c
c
c
C
c
c
c
c
c
[}
(o}
o}
c

INELASTIC SCATTERING FROM GADOLINIUM DATE 11-68
FORMAT( 7Eq0,4)
RESPECTIVEL Yer~-
INCIDENT ENERGY IN MEV
UNCERTAINTY (=) IN INCIDENT ENERGY

1)
2)
3)
4)

5)
6)
7)
ALL
ALL

CROSS SECTION OF CARBONs=-+ ANL=5567(REV)

€
GD Qe=0,080
+3200E 00 +1000E~01~-,8000E=01

+3300E
+3400E
+3500E
+4000E
144008
14500E
+4600E
+4700E
+4800E
+4500E
+5000E
+5100E
+5200E
+5300E
+5400E
+5500E
+5600E
+8700E
+5800E
+5900E
+6000E
+6200E
+6600E
+6800E
+7000E
+7500E
+7999E
+8200E
+B400E
18499E
+8600E
+8800E
+8999E
+9200E
1 9566E
+9800E
+41000E
+1020E
+1040E
+1060E
+1080E
+1100E
+1140E
11160E
+1200E
+1220E

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
01
01
01
01
01
01
01
01
01
01

REACTION Q [N MEV

TOTAL UNCERTAINTY IN Q VALUE, USSUALLY INTERVAL
OVER WHICH CROSS SECTION IS INTEGRATED,
RESPECTIVE INELASTIC CROSS SECTION,
+ ERROR IN CROSS SECTION
- ERROR IN CRQSS SECTION
DATA ASSOCIATED WITW ABOVE ELASTIC MEASUREMENTS
DATA RELATIVE TO THE DIFFERENTIAL FLASTIC SCATTERING

+1000E=p%~,8000E=01
+1000E=01~=,8000Ew01
+1000E=01~=,8000E=01
+1000E®01-.8000Ee01
+1000Eeq1~-+8000E=01
+1000E=01=,8000E=01
+1000E=01=+8000E=01
+1000E=01=+8000E=01
+1000E"Q1=-48000E=p1
+1000E=01~,8000E=01
+1000E=p1~-,8000E=p1
+1000E=g1~,8000E=01
+1000E=01=,8000E=01
+1000E=01=,8000Es01
+1000E=01~-,8000E=04
+1000E=04~,8000Em01
+1000E»g1=,8000E=p0l
+1000E=p1~,8000E=01
+1000E=p1~-,8000E=01
+1000E=01~-,8000E=01
+1000E"01=,8000E=01
+1000E=01~-,8000Ee01
+1000E=01-.8000En0d
+1000E=p1~-,8000E=pl
+1000E=p1-,8000E=01
+1000E"p1~,8000Em01
+1000E=p1~-,8000E=01
+1000E®p1-,8000E=01
+1000E"pi=,8000E=01
+1000E»g1~+8000E=p0l
+1000E~p1~,8000E=01
+1000E*01-,8000Ee01
+1000E=ni~.8000E=01
+1000E=01~,8000Ewn1
+1000E*01~,8000E=01
+1000E~01~,8000E=01
+1000E=p1~-,8000Ew0d
+1000E=p1=,8000Ee0d
+1000E*02e+8000Ew0d
+1000E=p1~-,8000Ee0}
+1000E=04~=,8000E=0d
+1000E=p1~¢8000Ee0d
+1000E=pin,8000E=01
+1000E=p1-,8000E=01
+1000E=04-48000Es01
+1000E=01~,8000E=01
+1000E®p1=,8000Em01

+12000E=01
+2000E=01
+2000E=01
12000E=01
+12000E=01
+2000E=01
+2000E=01
+2000E=01
+2000F=01
+2000E=01
+2000E=01
«2000E=01
+2000E=01
+2000E=01
+2000E+01
+2000E=01
+2000E=01
+2000E=01
12000E=01
+2000E=01
+2000E=01
+2000E~01
+2000E=01
+2000Ew0y
+2000E=01
+2000E=01
+2000E=04
+2000E=01
+2000E=p1
+2000E=01
12000E~01
+2000E=01
12000g=01
«2000F =01
«2000E=01
12000F=01
12000F=01
+2000E=01
+2000E~01
12000E=01
+2000E=01
«2000E=01
+2000E=04

12000F=01

12000F=01
12000E=01
+2000E=01
«2000E=01

+8728F
«1343F
+1350F
+11021F
+9700F
+1312F
«9338F
«1445F
11345F
+1176F
«1244F
+1130F
11345E
+1155F
1421F
«1410F
+1344F
+1457F
+1405F
11413F
+1532F
+11498F
+13R0F
+1303F
«1354F
«1474E
+1398F
+1450F
+1453F
«1345F
«1561F
+1410F
+1499F
«1383F
«1389F
«1482F
+1383E
+L434E
+1422F
v1421F
1371k
«1302F
«1463F
1392
v1412F
«1406F
«1246F
+1188F

+3309€ 00
+3014E 00
+3025E 00
+3121E 00
+3000E 00
11942E 00
+3121E 00
+1448€ 00
+11426E 00
11764E 00
+1866E: 00
+1734¢ 00
+2017E 00
+1733€ 00
+2131€ 00
1049 00
14228 00
«1093E 00
+2108E 00
+1335€ 00
12299E 00
+»1018E 00
»1171E 00
+1105€ 00
+1148E 00
v1250E' 00
+1257E 00
+3000E 00
11437E 00
11427€ 00
+16B6E 00
+3000E 00
+1590€ 00
+1468E 00
+1397€ 00
+1571€ 00
+1392E€ 00
+1518E 00
+1508E 00
«1507E 00
+1454g 00
v1249E 00
+1551E 00
+1477€ 00
+1498E 00
12091E 00
1332281 00
+2560E 00

+3309E
+3014E
+3025E
«3124E
+3000E
11942E
+3124E
11448E
v1426E
+1764E
+4866E
117 34E
+2017E
W1733E
1 2131E
+11049E
14422€
+41093E
+2108E
+1335E
12299E
+1018E
|1171E
+1105E
11148E
11250E
W1257€
+3000E
11437E
«1427€
+1658E
«+3000F
+1590F
«1468E
01397E
11574E
«1392€
15188
+1508E
+1507E
114546
11249
+1554E
+1477€
+1498E
«2091E
33228
125605

819
829
821
822
823
824
82s%
826
827
828
829
830
831
832
833
834
835
836
837
838
839
84y
844
842
843
844
845
846
847
848
849
8%p
854
852
853
854
855
856
857
858
859
869
861
862
863
864
865
866
867
868
869
879
871
872
873
874
87%
876
877
878
879
88y
884
882



+1240E g
+1260E p1
11280 01
+1300€ 01
+1320E 01

+1000E*n1-,8000E=01
+1000E=n1~,8000E=01
+1000E=01+-+8000E=01
+1000E=01~.8000Eu01
+1000E=p1-,8000E=01

GD QG==260++40 KEV,

+7000€ 00
+8000F 00
+1020E 01
+1040E 01
+1050€ n1
+1060E N1
+1100F 01
+1140€ 01
«1160F 01
+1180E 01
+1199E 01
+1220€ n1
112408 01
+1260E 01
+1280E 01
+1300E 01
+1320EF 01
+1340F 01
+1400F 01
W1420E 01
+1450E€ 01
+1480E 01
+1500€ 01

GD 0==350
«8000E 00
+1100€ 01
+1200E 01
+1450E€ 01

+1000E=p1~,2600F
+1000E*pL~-,2600E
+1000E=n1~-.2600E
110005'01'12600E
+1000E=g1-.2600E
+1000E®p1=-,2600E
+1000E*01-,2600E
+1000E~n1-.2600E
+1000E=01~,2600E
+1000E=01~-,2600E
+1000E=01~,2600E
+1000E®p1~,2600F
+1000E*p1~,2600E
+1000E~01~-+2600E
+1000E=01~,2600E
+1000E=p1~42600E
+1000E*g1~-,2600E
+1000E=01~.2600F
+1000E=p1~-.2600E
+1000E=n1-.2600E
+1000E=01~,2600E
+1000E*01~=,2600E
+1000E*01~,2600F

*2 40 KEV WEAK
«1000E=01~,3500E
+1000€E=-01-.3500E
+1000Erpi~,3500E
+1000E=p1~.3500E

6D Q= «430 += 30 KEV WEAK

+1100E 01
«1200€ 01
+1300E 01

GD Qe=3590+-30,

+100UE=n1=-,4300E
+1000E"n1~.4300E
+1000E"n1~-,4300E

00
on
00
on

on
on
on

+1400E 01 ,2000E*p1~.5000E 00
+1500E 01 .2000E"p1~-.5000E 00

+1400E 01

+2000E~p1~,5000E

GD G=~870+~50 KEV

+1300E 01
+1400E 01
+1450E 014
+1500E 01

+100UE*p1=-,8700E
+1000E»p1~-,8700E
+1000E*p1-,8700E
+1000E"n1=-.8700E

on

00
00
on
on

+2000E=01
+2000F=01
12000F=01
+2000E~01
+2000F=01

14000F =01
«4000F=03
«4000F=01
+4000F=01
+4000E=01
+4000E=0D1
+4000F=01
+4000F=01
«4000F=0D1
+4000F=01
«4000F=01
+4000F=ny
+4000Fepy
+4000E~01
«4000Fwn1
«4000F=01
«4000F~01
+4000F~01
+4000F=01
+4000Feny
+4000F~01
«4000F=01
+4000F=01

«4000F=01
«4000F=01
+4000F=01
«4000F=01

«3000F=01
«3000F=01
+3000F=01

14000F=01
+4000F=01
«4000F=01

+5000F=01
+5000F=04
«5000F=01
«5000F=01

GD Q= COMPOSITE OF STATES NEAR ¢.10+-0,1
1.5004000 2.000%002+1,100%000

c
c

2.000=002

«1132F 01
«11A9F 01
+1155F 01
«1095k 0%
+1043F 01

4315 00
+2346F 00
+5215F 00
+4691F 00
+4350F 00
«5064E 00
«S616F 00
«+4037F 00
+4220F 00
+3826F 00
+3948F 00
+4212F 00
+41B0F 00
«40775 00
«4407F 00
+4265F 00
+3877F 00
«4366F 00
«41R2F 00
+3835F 00
«3472F 00
+46R3F 00
«3968¢F 00

+1361F 00
+15R4F 00
+A6REF=01
»3472F=01

«14R3¢ 00
+0128F-01
+1210F 00

VERY DOUBTFUL 2ND GROUP CORR.

+A704E=01
«1430F 00
«1418F 00

«1154F 00
«1437¢ 00
«5255F=01
AT40F=01

MEV
4,700-001

+2702€ 00
12526 00
12826 00
+3010E€ 00
+3602E=00

19470Ewp1
+95198=01
19532E=01
+19979e=01
+2000E 00
+19595€emp1
19963g=p1
+9281E=01
+9476E=01
+9059E=01
19661E=01
+946B8E~p1
+19434E-p1
+19621E-01
19034E-01
+9202E=01
1911301
+9633E-01
+9249c-p1
+9069E=01
+9683E-p1
19161E=01
19726E-01

+8042E-01
+8480E=p1
+3900€E~01
+3683E=01

15990E=01
+5047E-01
1562801

+1575€ 00
«1514€ 00
«1571¢ 00

15886c-01
15096501
14162E-01
+4348E-p1

1,535-001

+2702E 00
«2526E 00
12826E 00
«3010E 00
+3602€-00

19‘705'01
+9519E-01
+9532E~01
+9979E=01
+2000E 00
+9595Ewn1
«9963E-01
+9284F=n1
+9476E-01
+9059E=01
+9661E~-01
19468E-01
+9434Ew=01
«9621E-01
+9034E~01
+9202€-01
-91135'01
+19633Eep1
+9249E-01
+9069E=-01
V9683E-01
+9164E=n1
+9728E~01

+8042E~01
+848pE~-01
+390pE~01
+3683E-01

+599pE-01
+5047E-01
+5628E~-01

«1575€ 00
+1514€ 00
+1574€ 00

+5886E-01
+5096E-01
+4162E-01
14348E-01

11535'001

883
884
885
88¢
887
88s
1.1
899
894
892
893
894
895
89
897
898
89%
900
901
902
903
S04
908
906
907
908
909
910
911
912
913
914
915
916
917
918
919
920
921
922
923
924
925
926
927
928

929
930
931
932
933
934
935
936
937
938
939
940

47



48

aoooaoaoaon

TCTAL CROSS SECTIONS OF GADOLINIUM

MONOENERGETIC SOURCE METHOU
RESOLUTION 2=3 KEV
FORMAT(3E42,6)
ENERGY IN KEV
XSEC IN BARNS
EKROR IN XSEC IN BARNS

+999999E
1101100
+102100F
+103100E
+104100E
+»105100E
+106200F
+107200E
+108200E
+109200E
+110200E
+111200F
+112300E
+114300F
+115300E
+116300E
+»117300E
+118300E
+119300€
+120300E
»121300E
1122400E
+123400F
«124400FE
«125400E
+126400E
«127400E
«128400E
+129400E
+130400E
+131400E
»132400E
+133400F
+134400E
+135400E
«136400F
+137499E
1138459E
1139499F
+140459E
1141499E
1142499F
+143459E
+144499E
11454699F
+146499E
+147499E
+1484959E
+149499E
1150499E
+151499E
+152499EF
+153459E
+154459F
1155499
+156600F

02
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03

+863000F
+869000F
+B66000F
+840000F
+B58000F
+R6B0O0E
+831000F
1831000F
+811000E
+B836000F
1B24000F
+809000F
1835000F
+818000F
1863000E
+842000F
+B44000F
+815000E
+B70000E
1811000E
1824000E
1832000E
1799999E
+B819000E
+785000F
+789000F
+864000F
+813000F
+823000F
+845000F
+819000F
+820000E
+846000F
1812000E
1793000E
+809000E
+B09000F
v797000E
+A21000E
+829000E
1807000E
+B839000F
+816000F
+R19000E
+790000E
1781000E
+796000F
+801000F
+780000E
+786000€F
yB17060F
1804000F
+B801000F
+790000F
+767000E
« 765000

01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01

«150000E
+150000F
+150000E
«150000F
+150000F
«150000F
+140000F
+150000F
+140000F
«140000E
+140000F
«140000F
+140000F
«140000F
+140000E
,140009F
+140000F
+140000F
+140000E
+140000E
+140000F
+14000pF
«14000pF
+14000pE
+140000F
+140000F
»140009F
+140000F
+140000F
+140000E
+140000F
«140000F
v140000F
»140000E
+140000E
«140000E
«140000E
+140000F
+14000pF
+140000E
+140000E
+140000F
+140000E
+140000E
+140009F
+140000F
+140000F
«140000F
+1140000E
+140000E
+140000F
+140000F
+140009F
+140000F
+140000F
21249999F

00
00
00
00
00
00
00

941
942
943
944
945
946
947
948
949
950
951
952
953
954
955
956
957
958
959
960
961
962
963
964
965
966
967
968
969
970
974
972
973
974
975
976
977
978
979
989
981
982
983
984
985
986
987
988
989
9%0
991
992
993
994
995
996
997
998
999
1000
1001
1002
1003
1004



+157600F
+15860pF
+159600E
+160600E
«161600F
+162600E
«163600F
+164600E
+165600F
+166600E
«167600E
+168600E
1169600F
+170600E
+171600F
+172600E
«173600E
+174600F
1175600E
+176600E
W177600E
+178600F
+179600E
«180600E
«181600E
+182600E
+183700E
+184700F
+185700E
+186700F
+187700E
+188700E
+189700F
+190700F
v191700F
+1592700F
+193700E
+194700€
«195700F
+196700E
W197700E
+158700E
+199700F
+200700E
+201700E
«202700F
+203700F
+204700F
«208700E
«206700E
v207700E
+208700F
+209700E
+210700E
+211700E
+212700E
«213700F
+214700E
+215700F
«216700F
«217700E
.218800F
«219800F
+220800F

+779000F
+808000E
+771000E
+797000E
+777000E
1779000E
+B02000F
+804000E
+7840p0F
1y 799999F
+778000F
+789000E
«809000F
+811000F
1789000F
+807000E
+777000E
+799000E
+R0B000E
1782000F
1785000E
+779000F
1782000F
+776000E
+769000F
1793000F
1764000F
1779000E
1787000F
+771000F
+772000F
1759000F
+B04000F
«778000F
«746000F
«792000F
«7680p0F
1766000E
+779000F
1776000F
+791000F
+772000F
+780000F
1772000F
+803000F
+762000F
+7680000F
+799999F
1 752000F
v756000€F
+760000F
«751000F
+766000F
1 765000F
+758000F
+794000F
+764000E
+760000E
+760000F
+754000F
«761000F
1 746000F
1 756000F
+770000E

+140000F
+140000E
+»140000F
+140000F
«140000F
+14000pF
+140000F
«140000F
+140000F
+140000F
+140000E
+140000F
+140000F
«14p00pF
+14000pF
+140000E
+140000F
v14000pF
+140000F
140000F
+140000E
+140000F
+140000F
«140000F
+140000F
+140000F
+140000F
+140000F
+140000F
«14000pF
«140000F
+14000pE
+140000F
+140000F
+140000F
+140000F
+140000F
+140000F
1140000F
+»140000F
«140000F
+140000F
«140000F
+140000F
+140000F
v140000F
+140000F
+140000F
+140000F
+140000F
«140000F
+140000F
«140000F
«140000F
+140000F
140000E
«140000F
+140000F
«140008F
«140000F
+14000pF
+140000E
«140009F
+140000F
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«221800F
»222800F
+223800F
+224800F
+225800E
1226800F
+227800F
.228800F
.229800F
+230800E
+231800F
.232800F
+233800F
.234800F
.235800F
«236800F
+236800E
.237800F
+238800E
«.239800F
+240800EF
+241800E
+242800F
+243800F
+244800E
+1245800F
+246800E
«247800F
+248800E
.249800E
+249800E
+250800F
»251800F
+252800F
.253800F
.254800F
+255800F
«256800E
+257800E
+258800E
+259800F
+260800E
+261800F
1 262800F
1263900E
1264900F
«265900E
+266900F
+267900E
+26B900E
+269900F
+270900E
+271900E
+272900E
+273900F
+1274900E
+275900E
1276900F
+277900E
«278900E
+279900E
»280900F
+281900F
1282900E

03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
n3
03
03

03
03
03
03
03
03
03
03
03
03
03
03
n3
03
03
03
03
03
03
n3
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03

17580p0F
+754000F
+767000F
+759000F
2+ 746000E
1767000E
1 745000F
+755000F
1769000E
+1757000E
1 767000F
+784000F
+765000F
+778000E
+750000F
+756000F
+755000E
+»758000E
+735000F
+736000F
+719000E
+742000E
+728000F
+743000F
+737000F
+729000F
+728000F
«729000E
+733000E
+709000F
+742000E
+750000F
+752000E
«728000E
2 722000F
«757000E
1740000E
+747000F
+755000F
+748000F
+742000F
+1755000F
2+ 761000E
+741000F
+736000F
+752000E
«745000F
+757000E
+756000F
1729000F
+724999F
+758000F
1763000E
+735000E
1743000
»752000E
+718000F
+766000F
+750000E
+727000E
+747000F
+730000F
+729000F
+752000E

01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01

«14000pF
+140000F
+140000F
+140000F
+140000E
+140000F
+140000F
+140000E
+140000F
+»140000F
1140000F
+140000F
v14000pF
+14000p0E
+140000F
+140000F
+14000pF
1140000€
v140000F
+140000E
+140000F
y140009F
«170009F
+140000E
v140000F
+140000F
+140000F
+14000QF
+140000E
+240000F
+170000F
+140000E
+140000E
«140000F
«140000F
+140000F
+14000pF
+140000F
+140000F
+140000F
+14000p0F
+140000E
+140000F
+140000E
+140000E
+140000F
+140000F
+140000F
+140000F
+140000F
«140000E
«l4pn00F
v»140000F
+140000F
+130000E
+140000E
+140000E
«140000F
+14000pE
+119999€
+140000F
v140000F
+140000F
«170009F

1069
1070
1071
1072
1073
1074
1075
1076
1077
1078
1079
1080
1081
1082
1083
1084
1085
1086
1087
1088
1089
1090
1091
1092
1093
1094
1095
1096
1097
1098
1099
1100
1101
1102
1103
1104
1105
1106
1107
1108
1109
1110
1111
1112
1113
1114
1115
1116
1117
1118
1119
1129
1121
1122
1123
1124
1125
1126
1127
1128
1129
1130
1131
1132



«28490¢F
+285900F
«286900F
«287900F
+288900E
+28B900F
+289900E
+251900F
+292900F
+293900F
+254900F
+295900F
+296900F
+297900F
+258900F
«299900F
«300900F
«301100E
«302100F
+303100F
+304100€
«306200F
+307200E
+308200F
+309200F
+313200F
2314200F
+315200F
+316200F
«317200E
+318200F
+319200F
+320200F
+321200F
«322200F
+323200E
«324200F
«325200F
1326200E
«327200F
«328200€
+329200E
+330200F
«332200E
+333200E
W334200F
«335200F
+336200F
+337200E
«338200F
+339200F
+340200F
+341200E
+342200F
+343200E
«344200F
«345200F
2 346200E
«348200E
1 349200F
+3%50200E
+351200F
+352200€
«353200F

«7390n0F
1737000E
1736000F
+»769000F
+759000F
+738000E
v 736000F
+757000F
+729000F
v752000F
1774969E
+745000F
«7550p0F
+758000F
+740000F
+770000F
1714000F
+745000F
+750000F
v743000F
+750000F
+740000F
+722000F
1 736000F
«757000F
+743000F
+745000F
+770000F
+746000F
1 732000F
+716000F
+7350n0F
1 739000E
172‘000F
+720000F
+747000E
»750000E
+741000F
+724999F
+749000F
+709000E
+757000F
+722000F
«724999E
W 786000F
+747000F
«738000F
+749000F
+740000F
+734000F
+719000€
+751000F
+721000F
»745000F
+761000E
+744000F
174900 0E
+750000F
1724999
+732000F
«718000E
1 732000E
+738000F
«735000F

«140000F
+170000F
+13nN08F
+14000pF
«240N00F
+240000F
+240000F
«170000F
«130n0gF
«130000F
«130009F
«dl4pnopgF
«14n000F
«13000QF
+130000F
+130009F
1240000F
«170000F
+130000F
«13n009F
«130000F
+130000F
+130000F
+»130009F
«130000F
«170n09F
+»130000F
«130N00F
+130009F
+130009F
+130000F
«130000F
«130000F
«130000F
«130000F
«130000F
+130000F
«130000F
+130000E
«130000F
1130000F
+130000F
«130000F
+170000F
»130000F
+13000pF
+130000F
«130009F
+130000E
«130000€
+130000F
+130000F
«130000F
+130009F
+130000F
+130000F
+130000F
+130000F
+130000F
+130009F
+130000E
+130000F
+«130000E
+130000E
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+354200E
+355200F
+356200F
+357200F
+358200E
+359200E
+360200E
+361200E
«362200E
«363200E
+364200F
+365200E
«366200E
+367200E
+368200E
+369200E
+370200E
+371200E
+372200E
+373200F
+374200F
«375200E
+376200F
«377200F
+378200E
+381400E
+382400F
+383400F
+384400E
+385400E
«386400E
+387400F
1 388400F
«389400E
+390400F
+1391400E
+392400F
+393400E
«394400E
+355400F
+396400F
.397400F
+398400F
«399400F
«400400E
+401400F
+402400E
«403400E
+404400F
+405400F
+406400F
+407400E
+408400F
+409400F
+410400F
+1411400F
«412400E
+413400F
.414400E
+415400F
«416400F
+417400F
1417956F
14189659E
+419969E

03
03
n3
03
03
03
03
03
03
03
03
03
03
03
03
n3
03
03
03
03
03
03
03
03
03
n3
03
03
n3
03

03
03
03
03
03
03
03
03
n3
03
n3
03
03
03
03
n3
n3
03
n3
03
n3
03
03
n3
n3
n3
03
n3
03
n3
03
n3
03
n3

1 731000F
1 745000F
+749000E
+745000F
+761000E
1 723000F
1 741000E
1 734000F
1v744000F
1748000F
1728000E
»714000E
+702000E
v756000F
+730000E
+707000E
+735000F
+710000F
1745000F
v715000F
«743000F
+703000F
+740000F
»714000F
1711000F
«692000F
v731000E
2 738000F
y728000F
+742000F
1722000F
+724999F
+727000F
1728000F
+733000E
+702000F
+710000F
+722000F
+1732000F
+701000F
1720000F
+728000F
+732000F
«747000F
+739000F
+742000F
«+723000F
+748000F
+730000F
1752000F
+745000F
+759000F
1743000F
+726000F
«738000F
«769000F
+721000F
+750000F
+726000F
+684000F
+732000F
+744000F
+706000F
+729000F
+746000F

130000F
+130000F
«130000F
+130000F
+130000F
+240000E
+130000E
«130000F
+130000F
+130000F
+130000F
+130000E
+130000E
«130000F
«130000F
+130000F
+130000F
«+130000F
+130000F
+130000F
+130000F
+170000F
+130000E
+130000F
+1240000F
1240N00E
+130000E
+130000F
+130000F
«130000F
2»130000F
«130000F
+130000F
+130000F
«130000F
+130000F
+»130000F
+»130000F
+130N00E
«130000F
«130000E
+13000QF
«130000E
+130000F
+130000F
«13p0000F
+130000F
+130000F
+13p000F
«130000F
«130000F
«130000F
«140009F
1130000F
+140000F
.14000pF
«140000F
+130000F
+130000F
+140009F
«13000pF
+140000F
+170000E
«140000F
+240N00F

1197
1198
1199
1200
1201
1202
1203
1204
1205
1206
1207
1208
1209
12190
1211
1212
1213
1214
1215
1216
1217
1218
1219
1220
1221
1222
1223
1224
1225
1226
1227
1228
1229
1239
1231
1232
1233
1234
1235
1236
1237
1238
1239
12490
1241
1242
1243
1244
1245
1246
1247
1248
1249
1250
1251
1252
1253
1254
1255
1256
1257
1258
1259
1269
1261



1420999E
1421999¢F
v422959F
+v423999F
4y424999F
+425999F
v426959¢
1427959E
+428999E
1429999F
+431100F
+432100F
+»433100F
+434100€F
+435100F
+436100F
+437100F
+438100F
+439100F
+440100F
+441100F
1442100F
«443100E
+444100€
+1445100F
+446100F
1447100F
+448100F
+449100F
+450100E
+451100F
+452100F
+453100F
+454100F
+455100E
1456100F
+457100F
+458100F
+459100F
+1460100F
+461100F
+461100F
+462100E
«463100F
«464100E
1465100F
+466100F
+467100F
+468100E
+469100F
«470100E
+471100F
«472100E
+473100F
+474100F
«475100F
«476100F
+477100F
«478100E
«479100F
+480100E
+481100F
+482100F
+483100E

03
03
03
n3
03
03
03
n3
03
03
03
03
03
03
03
n3
03
n3
03
03
n3
03
n3
03
n3
n3
03
n3
n3
03
03
03
03
03
03
03
03
03
03
03
03
03
n3
03
03
03
n3
n3
03
n3
03
03
03
n3
03
03
n3
n3
03
n3
03
03
03
03

+716000F
+729000F
+739000F
+729000F
«7340n0F
+754090F
1756000F
+739000F
+718000E
«727000F
+751000F
+745000F
«737000F
«727000E
+747000F
+726000F
1745000F
+720000F
17540n00F
1729000E
+706000F
+759000F
«729000F
1729000E
+774999E
1746000E
+751000F
+745000F
v752000F
«727000F
+729000F
«7600n0F
+740000F
+688000F
«707000F
+»708000F
¢ 720000F
+711000F
+750000F
«747000F
«754000F
+737000F
«7390n0F
+733000F
+733000F
+729000F
+720000F
+703000F
+719000F
+729000F
+747000F
v715000F
+732000F
+742000F
+726000F
+721000F
+727000E
+707000F
+752000F
+747000E
+758000F
+724000F
+720000E
«745000F

«170000F
«140000F
+140000F
«140Nn00F
«140000F
«140000F
v140000F
«140N000F
v140000F
+140000F
«140000F
+140000F
+140N00F
«140000F
+140000F
+140000F
«140000F
«140000F
«140000F
v140000F
+140000E
«140000F
«14p0000F
1140000F
«140000F
«140000F
+140000F
+140000F
+140000F
«140009F
«14000pF
«140000F
+140000F
+140009F
«140000F
«14000pF
+140000F
+140000F
«14000pF
+140000F
+170000F
+240000F
«14000gF
+140000E
+170000F
+140000F
+140000F
+140000F
+140000F
«140000F
+140000F
+140000F
«140000F
«140000F
140000F
+140000F
«140000F
«140000F
«140000F
«140000F
«14n000F
«140Nn0QF
«140000F
«140000F

1262
1263
1264
1265
1266
1267
1268
1269
1270
1271
1272
1273
1274
1275
1276
1277
1278
1279
1280
1284
1282
1283
1284
1285
1286
1287
1288
1289
1290
1291
1292
1293
1294
1295
1296
1297
1298
1299
1300
1301
1302
1303
1304
1305
1306
1307
1308
1309
1310
1311
1312
1313
1314
1315
1316
1317
1318
1319
1320
1321
1322
1323
1324
1325

53
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1484100F
+4B5100F
+486100F
+487100F
+488100F
«489100F
+490100F
+491100F
+492100F
+493100F
v494100F
+495100F
+456100F
.497100F
1 458100F
+499100F
+500100E
+501100F
+502100F
+503100E
+504100F
«505100€F
«506100F
+507100E
+508100F
+509100E
+510100F
+511100F
+512100F
+513100F
+514100F
+515100E
+516100F
+517100F
+518100F
+519100F
«520100F
+521200F
1522200F
+523200F
+524200F
.525200F
+526200E
.527200E
+528200F
1529200E
+530200F
+531200F
.532200F
+533200F
,534200E
.535200E
+536200F
+537200E
.538200F
+539200F
+540200F
+541200E
.542200F
+543200F
2544200F
+545200F
+546200F
+547200E

03
03
03
03
n3
03
03
n3
n3
n3
03
03
03
03
03
03
03
03
n3
03
03
03
03
03
03
03
03
n3
03
n3
03
03
03
03
n3
n3
03
us
n3
03
n3
n3
n3
n3
n3
03
03
n3
03
03
03
n3
03
03
03
03
03
03
03
03
n3
n3
03
03

«729000E
.737000F
»711000F
+726000F
.715000F
«7390n0E
+753000F
«756000F
«756000F
+743000F
+734000F
+72B000F
«731000F
+745000F
«731000E
«716000F
+741000F
«741000F
+7¢9000F
+705000F
+744000F
«722000F
+753000F
+759000E
+706000F
«703000F
.729000E
+755000F
+720000E
»741000F
+747000F
«733000E
+709000E
+732000F
+738000E
+721000F
1739000E
2 702000F
+757000F
.726000F
+745000F
+718000F
+731000F
+735000F
+741000F
+»709000E
+734000F
«689000F
«740000F
»728000F
+719000E
+714000F
+729000F
«736000F
+743000F
.734000F
+724000F
+706000F
+717000F
«707000F
«715000F
+741000F
v746000F
+731000F

01 .140000F
01 .140N0QF
01 «140000E
01 +140000E
01 .140N0pF
01 «140N0pF
01 +140000E
01 «140N00F
01 ,140N00F
01 +140000F
01 .140000F
01 «140000E
01 «140000F
01 «140000F
01 +14000pF
01 ,140000F
01 .140000F
01 .14000pE
01 ,140000F
01 ,140000F
01 .,14000p0F
01 +140000F
01 .140000F
01 ,17000pF
01 .140000F
01 +14000pF
01 .14000pF
01 «170Nn0pF
01 +140000F
01 «14000pF
01 «140000F
01 «140000F
01 ,140000F
01 .140000F
01 .14000pF
01 +14000p9F
01 «14000pF
01 ,140000F
04 ,140000F
01 .l4nn0pF
01 +140N00pF
01 .140009F
01 .140000F
01 .140000F
01 +14000pF
01 +140000F
01 «14000pF
01 +14000pF
01 +140000F
01 «14000p0F
01 ,14000pF
01 .140n0pF
01 «140000pF
01 .14000pF
01 ,140000F
01 .140n0pF
01 +14000pF
01 .140000F
01 .140008F
01 .14000p0F
01 ,140000F
01 «14000pF
01 .1l40n0qF
01 ,140n0pF

1326
1327
1328
1329
1330
1331
1332
1333
1334
1335
1336
1337
1338
1339
1340
1341
1342
1343
1344
1345
1346
1347
1348
1349
1359
1351
1352
1353
1354
1355
1356
1357
1358
1359
1360
1361
1362
1363
1364
1365
1366
1367
1368
1369
1370
1371
1372
1373
1374
1375
1376
1377
1378
1379
1389
1381
1382
1383
1384
1385
1386
1387
1388
1389



+54820pF
1549200F
+550200F
+551200F
+552200€
+553200F
+554200F
+555200F
+556200F
«557200F
+558200F
+559200E
+560200E
+561200F
1562200€F
1563200E
+564200F
+565200F
«566200E
«567200F
+56B200E
«569200F
1570200F
+571200€
+572200E
+373200E
+574200E
+575200F
«576200F
«577200E
+578200E
+579200E
1580200E
+581200E
+582200F
+583200E
+584200F
+585200E
+587200E
+588200E
«589200F
+590200E
+591200F
+592200E
+593200E
+594200F
+595200F
+596200E
+597200F
+598200E
+599200E
+600200F
+601200E
+602200E
+603200E
+8604200F
+605200E
«806200E
+607200E
+608200E
»809200E
+610200E
+8611200E
«812200E

03
03
03
03
03
n3
03
03
03
03
n3
03
03
03
03
03
03
03
03
03
03
n3
03
03
n3
03
03

+7350n00F
«7380p0F
+1729000F
1 744000F
+723000F
1746000E
+738B000F
v743000F
+730000F
+739000F
1695000E
1732000€F
+738000F
+747000F
724999
1746000E
1755000F
+718000F
1726000E
+731000F
+750000F
+726000F
+709000F
1724000F
1 736000E
1744000E
+699000F
+732000F
1699999E
1 726000E
1727000F
1721000F
+731000F
+724000E
W 736000F
+737000F
1 732000€
+749000F
+736000F
1 724999E
1759000
+»745000F
«759000E
+723000E
+708000E
+1692000F
+719000E
+728000F
+722000F
1747000E
+734000F
+745000F
724999
+718000E
+715000E
«726000F
1694000F
+721000F
+705000F
+707000F
+731000F
+712000E
+724000E
«723000F

01
o1
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01

«140000F
«140000F
+»170000F
«140000F
+140000F
+140000F
+140009F
«140000F
+140000F
+140000F
+14000pF
+»140009F
14000pF
+14000pF
«140000F
+140000F
«140009F
+140000F
v140000F
+14000pF
+140009F
v140000F
«140000E
+14000pF
+140000F
+140009F
«140000F
+140000F
+14000pF
«140000F
+140009F
«140000F
+140000F
«140000F
+14000pF
«140000F
1140000F
«140N00gF
+140000F
+140000F
«140000E
+140000F
+140000F
+140000F
«140n09E
+140000E
«140000F
+»140000F
+140000F
+140000F
+140009F
+140000E
«140000QE
+140000F
+140000F
+140000F
«170009F
+140000F
«140009E
+140000F
+140009F
+140000F
+140009F
+140009E

1390
1391
1392
1393
1394
1395
1396
1397
1398
1399
1400
1401
1402
1403
1404
1405
1406
1407
1408
1409
1410
1411
1412
1413
1414
1415
1416
1417
1418
1419
1420
1421
1422
1423
1424
1425
1426
1427
1428
1429
1439
1434
1432
1433
1434
1435
1438
1437
1438
1439
144
1444
1442
1443
1444
1445
1445
1447
1448
1449
1459
1454
1452
1453
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«613200E
+614200E
1615200E
+616200E
+617200E
+618200E
+619200E
«620200F
+621200E
1622200F
+623200E
1624200E
1625200F
1626200E
+627200E
+628300E
+1629300F
+630300E
1631300F
+832300F
»633300E
+635300F
«636300E
+637300E
+638300E
+1639300E
1640300E
v641300F
+642300F
+643300E
+644300E
+645300E
«646300F
»647300E
+647725E
«648600E
+652734F
+657736E
+662742E
+667747E
+872753E
+6777%8E
1687769E
+692774E
+697780E
+702785E
«707790QF
+712755E
+717800E
1 722806E
»727844E
+7328416E
»737824F
+747834E
«752836E
757844 F
+762845F
«767850E
+772855E
«77786&0F
«782865E
+78787E
+792874E
.797879F
«B02BE4E

03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
n3
03
n3
03
03

+708000E
+702000E
1 736000E
+713000F
1733000F
+735000E
+705000F
1746000E
+711000E
+723000F
+729000F
1734000E
+720000F
+741000E
+735000E
«723000F
+734000F
+707000F
+704000E
+740000E
1728000F
+717000F
+749000E
+742000F
+710000F
y741000E
+728000F
+722000F
+733000F
+705000F
1750000E
«726000E
+722000E
+736000F
1702308F
+716000F
1651892F
+730273€
1 709334F
1696327
169940 6E
727463
1741321E
+710878F
1735002F
1733835€
1 729159F
1732542F
703305
1713454
+728695F
+746190E
W722427F
+»724106F
17105n0F
1 726122EF
+1731381F
v 746036F
+716586F
1 717872F
+728205F
169B8654F
+713495F
1685019F
1716224F

01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01

+140000E 00
+140000E 00
+140000F 00
+140000F 00
+140000E 00
+140000E 00
+140000F 00
+140000F 00
+140000F 00
+140000F 00
+140000F 00
+140000F 00
+140000F 00
+140000E 00
+140000E 00
+140000E 00
+140000E 00
+140000F 00
+140009E 00
+140000E 00
+140000E 00
+140000F 00
+140000F 00
+140000F 00
+140000F 00
+140000F 00
+140000E 00
+140000F 00
«140000F 00
+140000E 00
+140000F 00
«140000F 00
+140000E 00
.140000F 00
+981500F=01
+170000F 00
+98131pF=01
+981449E~01
+981250E-01
«974600F=01
1975660F=01
1975020F=01
+982680F=01
+978950F=01
+985989E=01
+98368gF=01
.983010E"01
«98494pFE=01
+983800F=01
1984779F=01
1982780E=01
«980579F=01
+981300F=01
+980040E=01
197913pF-01
+983719E-01
1979950F=01
+981599F=01
.98318gFep1
+98013g9F=01
1982239E701
+9826909F=01
+982950F=01
197795pE=01
»980650F=01



«807888F
+812853F
+B178G8E
+822902€
«B842920F
«847925F
+852929F
y857934F
«B62938E
«B67942E
+872947F
+B77950E
+8B82955F
.B88796F
+B92964F
+897968E
+902972E
«907977E
912984 F
+917985F
1922989F
+927993F
«932957E
+938002E
+942517F
1943006E
+948040F
«953014F
+958018E
»963022F
«96B0Z6F
+973030F
+978034F
1983038E
+988042F
+1993046F
+998049F
+10030%E
+100805F
+101306F
+101806F
+102306F
+102807E
+103307F
+103808F
v104308F
+104808F
+105309F
+105809F
+106309F
+106810F
«107310E
«107844F
+108311F
+108811F
+109312€F
+109812F
+110312E
+110813F
111313
+111813E
+112314F
«112814F
+113314E

03
n3
03
n3
03
03
03
03
03
03
03
n3
03
n3
03
03
03
03
03
03
03
03
03
nd
03
n3
03
n3
n3
03
03
n3
03
03
03
03
03
04
04
n4
04
04
n4
n4
04
né
né
04
04
né
nd
04
04
né4
L]
04
04
04
né
04
04
04
né
n4

+713155¢
+717434F
+740455F
+770298E
17217 04F
+7115%5€
+719299F
+1744695F
«719530F
1724743F
W 714739F
1 712423F
+720558F
+710122F
715737
714623
+741542F
+715749¢
74990 6F
+744676F
1 732265F
«719940F
+758473¢
s 726524
v 716591F
1717892E
1720264F
+7294R7F
v 783955F
1745740F
+722805F
755653
1692755F
+713151F
1 726638F
v785071F
+7499R7F
v 747753
+7368R6F
1736632F
1752544
+755679F
1706496F
+751041F
+709443F
+716528E
1732243¢
1 749623F
+729692F
«731030F
+698448F
v700661F
1 718343F
17461R1F
»715057¢
1 750844F
+740176F
17027015
+»7033R6F
1 726735¢
+785180F
«740134F
2 7044R06F
723374

+980299F~01
1981600Fv01
1 977669F=01
+980919E=01
+977189E01
+979559E=01
1974990Fw01
+119523€F 00
+971900F~*01
1975850Ew01
+975798E=01
1975330E01
+97635p9F%01
1972619F%01
197383gF=01
«972090E=01
+971500F=01
+972550E=01
+972100E~01
1972010E=01
+974949F =01
+973820FE=01
W971669F=01
+973679E=01
+168276F 00
+119439F 00
+971510€-01
+970470F-01
+972530F901
+970740E+01
+967780E-01
+968610Er01
+968079F=01
+967200FE~01
+967n2gF~-01
1968400F»01
1966180F=01
1967760F=01
+968050F"01
1964940Fe01
+9859%4p9F=01
1966360F=01
+167318F 00
+196575pF =01
196663pF-01
+964299F=01
1962679F=01
1963349F~01
+1964479F=01
.96477gF=01
+9606%99F=01
+117996€ 00
+962709F-01
+963500F=01
+147809F 00
+96233gE-01
+960740F~01
+96093gE=01
+961899E-01
0903“05'01
+96305gE=p1
+96097gE"01
+960250F=n1
1959678F=01

1519
1520
1521
1522
1523
1524
152%
1526
1527
1528
1529
1530
1531
1532
1533
1534
1535
1536
1537
1538
1539
1540
1543
1542
1543
1544
1545
1546
1547
1548
1549
1550
1551
1552
1553
1554
1555
1556
1557
1558
1559
15690
1561
1562
1563
1564
1565
1566
1567
1568
1569
1570
1571
1572
1573
1574
1575
1576
1577
1578
1579
1589
1581
1582
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+113815F
«114314F
+114815E
+115316F
+115816F
W116317E
+116817E
W117317F
1117818E
«118318E
«118818F
+119319F
«119819F
+120319F
+120820F
+121320F
+12182pF
+122324F
v122821F
«123321F
«123822F
+124322F
.124822F
«125323E
+125823F
1126323F
+126823F
1127324F
«127824E
«12R3ZAF
+128B825F
+129325F
+129825F
«131326F
«132327E
»132827F
+133328F
+133828F
«134328F
+«134828E
»135329E
v136329F
+136830E
+137330F
+13783pE
+138331F
.138831F
+139334F
+139834E
+140332€E
+140832E
+141332€
+»141833E
+142333E
+»142832E
+142833F
+143334¢€
+143834E
+144334F
+144834E
+145335F
+145835F
1146335€
1146836F

né
04
n4
04
04
ué
n4
n4
04
D4
04
04
04
04
04
04
n4
nd
04
04
n4
né
n4
na
n4
n4
04
né
04
04
04
04
04
04
né
04
nd
04
04
04
04
04
04
04
04
n4
n4
04
04
04
n4
04
04
né
04
04
04
04
n4
04
ne
né
04
04

«733392F
+739010F
+748225F
v 711231F
1738991 2F
«727540F
1729543F
W 728060F
1700178E
v 714699F
+710161F
1723603F
«737541F
271764 3F
1714792E
171321 8E
«7226R3F
W 705381F
1753832F
+747583F
+725248F
+707586E
«716190F
¢ 740697F
«732030F
«725541F
«713012F
699505
1 709356F
1724754F
WA98637F
«708485F
73794 7€
+722395F
+710594EF
«695821F
7158 6F
+715149E
27351 74F
1 729360F
1669829
+693073F
+702430F
v749941F
4 727333F
21 724650F
1729588E
«711872€
1 712930E
»718138F
1721233F
1718534
1728114
1728399F
1731648F
+738978F
705716
1736933
2713873
+702031F
1696784
+731944F
»719348E
+701062F

01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01

«960879F=01
+166071F 00
1959400E=01
1958599F=01
1958089E=01
+958310F=01
+9%9260FE=01
«958930E=01
1958089F=01
+958130F=01
«95784pE-01
+956420F~01
«957700F=01
1957710E=01
+1957429F=01
1956290F=01
+956639F=01
1956579F=01
+955800F~01
+955510F701
. 95657gF=01
+955450F=01
.955340F=01
1955240F=01
.956619F=01
1956N50E=01
+1955190F=01
1954480F=01
+1954950F=01
.953888F=01
+116792F 00
+953510F"01
«954n40F=01
195217gF=01
1952230F=01
+95074pE=01
+950300E=01
+951510F=01
1951970E~01
+951399F=01
+95018p9F=01
,950150F=01
+94915p0E-01
+94832pF=01
+948180F=01
+948679FE=01
1947440F=01
+947200F=01
1947520F %01
«948000F=01
.948129F=01
1948560E~01
+948550E=01
1947969F=01
+164305F 00
+116106F 00
+949450F=01
,948370F=01
194851 0F=01
194947 pF=01
1949600F=01
194973pF=01
1949850F=01
1949640F=01



+147336F
+147836F
«148326F
+148837F
«149327¢
«149827¢

ooooo0

+606667E
+B05737F

+140324F

F

F

aooooooo0oooaoo000ao00000O00000O0O0000 aooooaoaon

30

D=OMEGA=5¢1g00
FOLLOWING
3 618 887 88 38y 57
325 657 934 93 47y 8¢
345 616 914 91 697 69
5 645 A2n 82 734 73

36

N4 +7¢6y22€
04 ,578127F
na ,5920656F
n4 ,741597¢
N4 ,749825F
N4 .7¢5364F

01
ni
01
01
01
01

«949469F-01
+950Nn99F=n1
94R670F=01
.948520F =01
.94AN7pF =01
+94RNBOF=01

TOTAL CROSS SECTIONS OF GADALIN[UM

CHECK FOINTS USING TIME-OF=FLIGWT TEZWNIJUE

FORMAT( AS PER ABOVF )

08 4897800F 01 .135009F 00
+146000F 00
+01004E2F+n4¢,747100F+01+.167000F*00

+1204055 04 ,671800F 01 +183N00F 00
+212000F 00

N3 JA9AuUnDF

N4 .£944p0F

INAL VALUES

01

01

SAMARIUM DATA BLUCK
G, SHERWOCD, a,

END GADOLINIUM PATA BLOCK

SMITH,

Js WHALEN===T0 BE PURLISHED

TIME=OF=FLIGKT METHOQD

ELASTIC SCATTERING FRUM NATURAL SAMAR]IIM

INCIDENT RESOLUTION AEQUT 20 XEvV
SCATTEKED KESOLUTION 1,5 NSEC/M .

ORMAT
D x=Skcs=

(X=SEC/ 4*P])*(1,+ SUM OMEGA*P)

ERRQR IN UMEGA COEF,

SUm FROM 15
P= EGENDRE POLYNOMIAL 1IN LaB.

X=SEC*100

OMEGA=1 *1000
D=QMEGA=-1¢1g0N

OMEGA=5 #1000

6X»

MEASURFD ANGULAR INTERVAL 25¢155 DFG,
ALL DATA CORRECTED FOR MULTIPLE SCATTERING
ALL RESULTS RELATIVE TO DIF. CARBON X*SEC OF ANL=5567(REV)
FOLLOWING CARD FORMAT

DAYE 11-48

SYSTEM
AT EIGHT ANGLES

214, 5(15,14) o
WHERE RESPECTIVE VALUES ARE,
E*N [N KEV

EJ(1) ABOVE.

105 69 =30
194 105 21
114 55 213
=57 63 108

90
141
74
B4

ESTIMATED ERROR IN INTEGRATEN Xx=SEr A PERCENT INCLUDING STD,
ESTIMATED FRO™ LZaAST SQ, FITTING,

ooo

1647
1648
1649
1650
1651
1652
1653
1654
1655
1656
1657
1658
1659
1660
1661
1662
1663
1664
1665
1666
1667
1668
1669
1670
1671
1672

1673
1674
1675
1676
1677
1678
1679
1689
1681
1682
1683
1684
1685
1686
1687
1688
1689
1690
1691
1692
1693
1694
169%
1696
1697
1698
1699
1700
1701
1702
1703
1704
1705
1706
1707
1708



60

(s Ee e Ne Ne Ne Ne e Ne Ne Ne |

385
405
425
446
465
485
505
525
545
565
585
605
620
646
665
6R5
705
725
755
725
795
815
860
880
900
920
940
980
io0no
1020
1040
1080
11n0
1120
1140
1160
1180
1200
1220
12490
1260
1300
1320
13490
1340
1400
1429
1440
1440
14890
1500

INELASTI
FOR

RES

1

2)

3)

4)

5
6)
7)
ALL

628 838 83 717 72 115 88 180 118
607 9By 98 759 78 222 7n 169 94
593 887 88 774 77 84 72 =39 96
623 94y 94 793 79 159 83 7 102
590 1014 101 874 87 1155 58 25 50
643 933 93 821 82 184 69 82 80
615 934 93 883 88 175 74 =25 99
618 905 90 874 87 214 5n =1 50
620 972 97 945 94 226 60 90 890
631 1033 103 1004 10p 265 50 97 54
607 1014 101 1039 103 232 5p 24 50
624 1019 101 1019 101 207 100 125 67
659 1004 100 1123 112 236 100 171 55
622 1057 105 1099 109 328 10n 110 51
607 1026 102 1112 111 302 100 157 50
609 1055 105 1177 117 332 106 Rp 88
597 1083 108 1168 116 314 100 63 50
592 1061 106 1178 117 243 103 87 72
601 1093 409 1224 122 406 103 143 70
558 1078 197 127¢ 127 357 135 =-15% 87
570 1125 192 1359 135 47p 133 109 97
565 1177 197 1344 134 506 150 208 120
567 1355 195 1506 15p 687 126 391 169
573 1345 194 1542 154 636 76 277 102
578 1412 191 1664 166 729 122 271 52
555 1419 191 1707 17p 825 115 478 154
530 1438 193 1721 172 825 15R 494 211
576 14ys 190 1764 176 875 152 467 150
564 1335 193 1755 175 858 3128 491 171
521 1332 193 1767 176 933 93 527 157
561 1387 198 1866 186 975 97 587 162
565 13483 194 1733 173 811 161 414 105
597 1448 194 1811 181 950 95 466 153 0 0
557 1425 142 1774 177 979 97 547 153

576 1478 147 1782 178 93n 93 434 100

540 1448 144 1853 1685 1016 151 495 158

539 1438 143 1779 177 87n 157 288 145

556 1495 149 188p 188 995 99 441 142

568 1515 151 1819 181 945 144 387 150 0 0
586 147n 147 1853 185 B66 146 357 150

550 1500 150 1950 195 950 165 360 200 0 0
547 1594 159 1817 184 926 172 397 165 18 167
551 1643 164 1973 197 1190 169 647 150 0 0
558 1674 167 2081 208 1285 12R 562 150 130 162
560 1731 173 2122 212 1379 149 723 192 350 263
546 1703 170 2173 217 1364 138 749 150 158 159
517 1896 189 2316 231 1464 146 777 133 421 185
518 1695 169 2253 225 1455 143 853 185 211 170
564 1698 169 22109 221 1399 139 683 168 306 186
532 1737 173 2133 213 1540 154 69% 150 150 150
538 1821 182 22834 228 153R 153 682 150 470 120

0000000000000 000D0000D0000
OO0 0 D000 000000000DDOOOO

C SCATTERING FROM SAMARIUM DATE 11-68
MAT( 7Eq(0,4)
PECTIVEL LY==~

INCIDENT ENERGY IN MFV

UNCERTAINTY (+=) IN INCINDENT ENER3Y

REACTION G [N MgV

TOTAL UNCERTAINTY IN G VALUE, USSJALLY INTERVAL

OVER WHICH CROSS SECTION 1S INTEGRATED.

RESPECTIVE INELASTIC CROSS SECTINN,

+ FRROR N CROSS SECTION

= FRRUR IN CROSS SECTION

DATA ASSOCIATED WITW ABOVE ELASTIZ MEASUREMENTS

1709
17190
1711
1712
1713
1714
1715
1716
1717
1718
1719
1729
1724
1722
1723
1724
1725
1726
1727
1728
1729
1730
1731
1732
1733
1734
1735
1736
1737
1738
1739
1749
1744
1742
1743
1744
1745
1746
1747
1748
1749
1750
1754
1752
1753
1754
1755
1756
1757
1758
1759
1760
1761
1762
1763
1764
1765
1766
1767
1768
1769
1770
1771
1772



acaaooaoon

Sr
+5200E
+S400E
+5450E
+5500E
+5550E
+5600E
+5650E
+5700E
+5750E
+5800E
+5850E
+5900E
+5950E
+6000E
«6050E
+6100E
+6150E
+6200E
+6249E
+6300E
+6350E
+8400F
+6450F
+6500F
+6550€E
«6600E
16650E
«6700E
16750E
+6800E
+6850E
+6900E
+7050F
+7200€
+7300E
+7500E
+7700E
+7800E
+7900E
«7999E
+8100€
+B199E
+B300E
+8399E
+B499E
+B600E
+8B00E
+B8599E
«9200E
«9400E
+9498E
+9800E
+1000E
+1040E
+1050E
+1060F
+1080E
+1100E
+1120E
«1140E

ALL DATA RELATIVE To THE DIFFERENTYIAL ELASTIC SCATTEKING

CROSS SECTION OF CARBON=-= ANL-5567(REV)

0==100 KEV

00
00
no
00
no
00
00
00
00
00
00
00
no
0o
00
0o
00
00
00
00
0o
no
00
00
no
0o
0o
0o

+2000E»p1=-,1000E
«2000E=p1-.1000E
12000E=01-,1000E
+2000E-n1-.1000E
+2000E=n1+.1000E
+2000E=n1~-+1000E
+2000E=n1=-.1000E
.20005'01~-10005
+2000E=n1~-,1000E
+2000E=n1-.1000E
+2000E=n1~.1000E
+2000E=01-,12000E
+2000E=p1~,1000E
+2000E=p1-,1000E
+2000E=01-,1000E
+2000E=n1~.1000E
+2000E"n1-,1000E
+2000E=p1~-.1000E
+2000F=n1-,1000E
+2000E=~01-,1000E
+2000E"01-.1000E
+2000E=n1-.1000E
+2000E=n1=41000E
+2000E"01~-4,1000E
+2000E=n1~-.1000E
+2000E=01~-.1000E
+2000E*01~,1000E
+2000E=p1=,1000E
+2000E=n1=+1000E
+2000E=p1=-.1000F
+2000E=01-+1000E
+2000E=01-+1000E
+2000E-01-.1000E
+2000E"01=-.1000E
+2000F=01=.1000E
+2000E=p1~+1000E
+2000F"n1-.1000E
+2000F=01~-.1000E
+2000E=n1-.1000E
«2000E~01=4+1000E
+2000E=n1-,1000E
+2000E=01=+1000E
«2000E"01~,1000E
+2000E*01+,1000E
«2000E~01~.1000E
+2000E=01-,1000E
+2000E=01-.1000E
+2000E~"p1=+1000E
+2000E=01~,1000E
+2000F=n1-.1000E
«2000E=p1-+1000E
+2000E=01~.1000E
+2000F=p1=-.1000E
+2000E"Qg1~-4+1000E
020005'01'010005
+2000E=01~-,1000E
+2000E=01+,1000E
+2000€E=p1~.1000E
+2000E"Q1-4+1000E
+2000F~01-,1000E

on
on
an
on
on
on
on
0o
on
on
on
00
on
00
on
on
on
on
on
on
on
oo
on
00
on
on
on
00
on
on
on
on
on
on
on
on
on
on
on
on
on
on
oo
on
on
0o
on
on
on
on
00
00
on
on
on
on
on
00
on
0o

+2000Fw=01
+2000F~p0}
»2000F=n1
»2000F=n1
+2000F=0Y
+»2000F=n1
+2000F=01
+2000F=01
+2000F=01
«2000F=n1
+2000F01
+2000F=01
«2000F=01
«2000F=n1
«2000F=n1
«2000F=01
+2000F=01
«2000F=01
«2000F=n1
+2000E~01
+2000E~01
«2000F=01
+2000F=ny
+2000F=01
«2000F=n1
+2000F=01
«2000F=01
+2000F=01
+2000F=N1
«2000F=n1
+7000F=ny
+2000F=01
+2000F=n1
+2000F=n1
«2000F=01
«2000F=01
+2000F=01
+2000F=01
«2000F=01
«2000E=01
«2000F=n1
«2000F=201
«2000F=01
«2000E=01
+2000F=01
+2000F=01
+2000F=n1
+2000F=n1
+2000E=01
+2000F=01
+2000F=01
+2000F=01
«2000F=n1
«2000F=01
+2000E=01
«2000F=01
«2000F=01
«2000F=n1
+2000Fen1
+2000FE=0Y

+RB4SF
«A339F
7948
«R7ASE
WRE30F
A3n3E
WA220F
«ALA5F
+R6NS5F
R918F
«RB57F
RATKLF
+0292F
R459F
«7658F
«7719F
+9535F
JAD75F
«R332F
1963%E
+9543F
WR224F
+0941F
WAT76F
WR197E
A345E
«R7R2E
JR4YOF
+1042F
+9347¢
WABASE
+R959F
«R775E
+1018€F
RT3
WQ0R3F
«1123F
10495
«9915F
«9543F
1109F
«9117F
«1035¢
+1013F
«1024F
LR997F
«0142F
Q263F
JATADFE
.0351F
«RB40F
L0504F
«0458F
+RB32F
+RBSQF
JR934F
JR147F
JR945E
WAB27E
«7844F

00
0o
00
00
00
00
0o
00
00
00
00
0o
00
00
00
00
0o
00
00
00
00
0o
00
0o
00
00
0o
00
01
00
00
00
0o
01
00
00
01
01
00
00
01
00
01
01
01
00
00
00
oo
00
00
00
00
00
00
00
00
00
00
00

+1806E 00
+1251F 00
+11925 00
+1098EF 00
112945 00
+1245E 00
+12338 00
+1224E 00
«1290¢ 00
1337 00
«1328% 00
+13145 00
+13938 00
«1175€ 00
«11485 00
+1157€ 00
+1430E 00
+1211E 00
+1249% 00
114452 00
+1431=2 00
+»12338 00
+1491€ 00
+1097¢ 00
212292 00
+12522 00
13178 00
v12615 00
115622 00
+1402¢ 00
113292 00
11344 00
W7761E=01
v1272 00
+1093% 00
11135 00
«1403€ 00
+1311¢ 00
+1239€ 00
+1192¢ 00
«1386E 00
+1139€ 00
v1293€ 00
11266 00
«1280E 00
«1124€ 00
+1142¢ 00
+1158% 00
+10972 00
+11685 00
+1500F 00
+1199€ 00
+1182€ 00
11042 00
«2000E 00
+1117¢ 00
+2000E 00
«2000% 00
«2000% 00
«20002 00

«1806E
1254
«1192€
+1098E
«1254E
+1245€
+1233€
«1224F
+1290€
13376
«1328€
13146
+1393E
+1175€
+1148E
+1157€
+1430E
+1211F
1249¢
»1445¢€
1434
1233
«1491F
+1097€
+1229€
+1252F
W1317€
+1264E
«1562¢€
+1402€
«1329E
1344E

00
00
00
00
00
00
00

00

+7761E-01

v1272€
+1093€
+1135€
+1403€
W1314€
+1239€
«1192€
+13B8E
v1139€
+1293E
J1264F
+1289E
1124
W1142€
+1158E
«1097€
+1168E
+1500€
+1199€
+1182E
+1104E
+2000E
J1117€
+2000E
«2000E
+2000E
12000E

00
00
00
00
00
00
00
00
00
00
00
00
00
00

1773
1774
1775
1776
1777
1778
1779
1789
1784
1782
1783
1784
1785
178¢
1787
1788
1789
1790
1791
1792
1793
1794
1795
1796
1797
1798
1799
1800
1801
1802
1803
1804
1805
1806
1807
1808
1809
1810
1811
1812
1813
1814
1815
1816
1817
1818
1819
1829
1821
1822
1823
1824
1825
1826
1827
16828
1829
1839
1831
1832
1833
1834
1835
1838

61



62

+1150F
+1160E
+1180E
+1200F
v1240E
+1250E
+12R0E
+1300E
+1320E
V1340F
+1400E
+1420E

c S
+8000E
.8499E
+1100E
+1200E
+1220F
+1300E
+1350E
+1400E
.1450F
+1500E

[o} S¥
+8000E
+1100E
+1200E
+1300E
+1400E
+1500E

g S¥
+1100E
+1200F
+1300E
+1400E
+1450E
+1500E

(] S¥
+1100E
+1200E
+1300E
+1400E
+1450E
«1500E

01
01
01
01
ni
01
01
01
01
01
01
01

Q=
00
00
01
01
01
01
01
01
01
01

0=
00
01
01
01
01
01

0=
01
01
01
01
ni
01

G=
01
01
01
01
ni
01

+2000E"01-.1000E
+2000E~g1-,1000E
+2000E"01-,1000E
+2000E-01-,1000E
+2000E®n1~.1000E
+2000E=01=.1000E
«2000F=01-,1000E
+2000E=p1~-,1000E
+2000F=01-.1000E
+2000E*01-.1000E
+2000E=n1=.1000E
+2000E"n1=-.1000E

=270 KEV
+2000E=-01=-,2700E
+2000E=p1-.2700E
+2000E=p1-.2700E
+2000E=p1=-.2700E
+2000E=p1-.2700E
«2000E=p1-,2700E
.2000E=p1-.2700E
+2000E=p1-.2700E
+2000E=-01-.2700E
«2000E=01-,2700E

=350 KEV
«2000F-01-.3500E
+2000E*01=-43500E
+2000F=01-.3500E
+2000E*n1-,3500E
+2000E=p1-.3500E
+2000E"01-.3500E

00
00
00
00
on
0n
0n
0n
on
on
on
on

on
0n
o0
on
on
on
00
o0
on
on

on
on
on
on
0on
on

«2000F=01
+2000E701
«2000F"01
+2000E=01
v2000F=01
+2000E=01
»2000F=01
12000F=01
12000F=01
+2000F=01
+2000F=01
+2000E=01

+3000E=01
«3000F=nl
+3000F=01
+3000F=01
+3000F=01
«3000F=01
+3000F=01
+3000F=01
«3000F=01
«3000F=01

«3000F=01
+3000F=01
+3000F=01
«3000F=01
+3000F=01
2+ 3000F=01

=520 KEV, QUESTIONABLE

+2000E=p1-.5200E
+2000F~=01-.5200E
+2000F-01-,5200E
+2000E=01=.5200E
+2000E=p1=.5200E
+2000E»g1=-.5200E

=690 KEV
+2000E=p1-.6900E
+2000E=n1=.6900E
+2000E=n1-.6900E
+2000E=01-,6900E
«200UE-01~-.6900E
+2000E~01=46900E

SM C=-81p KEV

+1200E
+1300E
+1400E
,1450F
+1500E

[} SV
+1450E
«1500E

c Sk
«1400E
+1450E
«1500E

01
01
01
01
01

Q=
01
01

0=
01
01
01

+2000E~p1-,8100E
+2000E=p1-.8100E
+2000E=p1-.8100E
+2000E=01-,8100E
+2000E=01~-,8100E

930 KEV
+2000E=g1=-,9300E
+2000E=g1-+9300E

-1020 KEy
+2000E~-p1=,1020E
+2000E"p1=.1020E
+2000F=01-.1020E

0n
an
on
on
on
00

00
on
on
0n
00
on

00
on
00
on
00

0n
00

01
01
01

«5000F=01
«5000F=01
«5000F=01
«5000F=D1
+5000E=01
«5000F=01

+5000F=01
+5000F=n1
+5000F=01
15000F=01
+5000F=01
«5000F=01

+5000E=01
+5000F~01
+5000E=n1
+5000E=01
+5000F=01

+4000E=01
14000F=01

+3000F=01
+3000F=n1
+3000F=01

+R110F
«RBAIF
7116F
«$B818F
+7342F
«6390F
+A330F
«7145F
WA277F
+RO69F
«A321F
«7447F

J1477F
«2110F
+4100F
«2830F
.3627F
«2810F
451 0F
+3050F
.4000F
P9KOF

«1385F
+36N1LF
«2000F
«2600F
W 2260F
»406K0F

W6661F
4133F
+4430F
+»3618F
4297F
«3824F

+2B67F
»2367F
«2709F
12675F
«2253F
«3119F

+3675F
«29n0F
«3100F
«2800F
«2710F

+2982F
+27514F

+2663F
«2527F
«X190F

00
00
00
00
00
00
00
00
00
00
00
00

00
00
00
00
00
00
00
00
00
00

00
00
00
00
00
00

00
0o
00
00
00
00

00
00
00
00
00
00

00
00
00
00
00

00
00

00

00

+2000E 00
+»2000E 00
+2000E 00
120005 00
920005 00
«2000E 00
+2000E 00
«2000E 00
+2000E 00
+2000F 00
+2000E 00
+2000E 00

+5216E=01
«4194E~01
+1000E 00
+5456E=01
+8441E-01
+5000E=01
+25005 00
+1500E 00
+1000€ 00
«+1000E 00

+6078E=01
+7493Er01
+7538Em01
«5000E=01
+9000E=D1
+9930E=01

+12058E 00
+2000E 00
+2000E 00
«2000E 00
«2000E 00
+2000F 00

+1545€ 00
+1045€ 00
«1500E 00
+1500E 00
+1500€ 00
+1500E 00

«1200E 00
+1200F 00
«1200& 00
«1200E 00
+1200E 00

+19789E=p1
+9914E~p1

+19257E=p1
+9011E~=p1
+9336E=-p1

«2000E 00
»2000E 00
+2000E 00
+2000E 00
+2000E 00
+2000E 00
+2000E 00
«2000E 00
+2000E 00
+2000E 00
»2000E 00
+2000E 00

+5216E=01
+4194E-01
+1000E 00
+5456E=01
18444F=-01
+5000E=01
+2500E 00
+1500E 00
+1000E 00
+1000E 00

+6078E~01
+7493E~01
+7538E~-01
+5000E=-01
+9000E=01
+9930E-01

+2058E 00
+2000E 00
+2000E 00
+2000E 00
+2000E 00
+2000E 00

+1545E 00
+1045E 00
+1500E 00
+1500E 00
+1500€ 00
+1500€ 00

+1200€ 00
+1200€ 00
+1200E 00
+1200E 00
+1200E 00

+9789E=01
19914E=01

+9257E=01
+9011E=01
+9336E~01

1837
1838
1839
1849
1844
1842
1843
1844
1845
1846
1847
1848
1849
1850
1651
1852
1853
1854
1855
1856
1857
1858
1859
1860
1861
1862
1863
1864
1865
1866
1867
1868
1869
1870
1874
1872
1873
1874
1875
1876
1877
1878
1879
1889
1881
1882
1883
1884
1885
1886
1887
1888
1889
1890
1891
1892
1893
1894
1895
1896
1897
1898
1899
1900
1901



c
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SKF 0=2=1090 KEv

«1450€ 01 ,2000E=g1~+1090E 01 ,4000FE~01 ,4996F 00 ,9000E~01 .9009E=01
+1500E 01 .2000E-n1-,1090E 01 ,4000F=01 .4418c 00 .9496E=01 ,9496FE=01

TCTAL CROSS SECTIONS OF SAMAR[UM

+301499E
+303499F
«305459F
«307499F
+309459E
«311499€
+313499F
+315459F
«317499E
+319499F
»321459E
+323499F
+325499F
+327459E
+329499F
+331459E
+333499F
+335499F
«337499F
«339499F
+3414699E
+343600F
+345600F
+347600E
+349600F
«351600F
+353600F
+355600F
«357600F
+359600E
2 361600F
+363600E
+365600F
+369600F
+371600F
«373600F
+375600E
+377600F
«379600E
+381600F
+383600E
+385600F
«387600E
+389600E
+391600E
+393600EF
+395600E
«397600F
+399600E
+401600F

MONOENERGETIC SOURCE METHOL
RESOLUTION 2-3 KEV
FORMAT(3Eq2,6)
ENERGY IN KEV
XSEC IN BARNS
EKROR IN XSEC IN BARNS

1795000F
+785000F
+768000F
+7640n00F
+767000F
+773000F
1 764000F
+770000F
1770000F
+765000F
1773000F
+773000F
1762000F
+770000F
1765000F
+750000F
1749000F
+782000F
«769000E
+771000F
+7940n0F
+772000F
«774000F
1 799000E
+771000F
+781000E
«774999F
+763000F
+7680n0F
v768000F
1 761000F
+763000F
«766000F
+763000F
«7840p0F
+786000E
1762000F
+786000F
1 774999¢
+759000F
«769000E
+807000E
+765000F
+769000F
«7640n00F
+766000E
+7500n0F
+752000F
1 764000F
+770000F

01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01

+130000F
«130N000F
+23000pF
+13000pF
«130000F
+130000¢
+13000pF
+130009F
+130009F
+130Nn09F
+130009F
+130000F
+130000F
+130000F
+130000F
«130000F
«130000F
«130000F
+13000pF
+160000F
«130000F
+130000F
+130000F
+130000F
«130000F
«130000F
+130000F
«130000F
+130000F
+130000F
+130000F
«130000F
+130000F
+130000F
«130000F
+130000F
+130000F
+130000€
+130000F
+130000F
+130000F
«130009F
»130000F
+13000pF
«160N000F
«130000F
«130000F
+130000F
+130000F
«130008F

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

1902
1903
1904
1905
1906
1507
1908
1909
1910
1911
1912
1913
1914
1915

1916

1917

1918

1919
1920

1921

1922

1923

1924

1925

1926

1927

1928

1929
193¢

1934
1932
1933
1934

1935

1936
1937
1938
1939
1949
1941
1942
1943
1944

1945

1946

1947

1948

1949

1950

1951

1952

1953

1954

1955
1956
19%7
1958
19%9
1969
1961
1962
1963
1964
1965

63



64

+403700E
+405700E
+407700E
+409700E
+411700E
+413700E
+415700E
+417700E
1419700E
+421700E
«423700E
+425700E
.427700E
«429700E
2431700E
1433700E
«435700F
«437700E
+439700E
+441700E
+443700F
«445700F
+447700F
+449700E
+451700E
.453700F
+455800E
+457800E
+459800F
«461B00F
«463800F
«465800E
«467700F
+469700E
+471700F
+473800E
+1475800F
«477800F
+479800E
+481800E
+483800F
+485800EF
+487800F
+489800E
+491800E
+493800F
+455800E
+497800E
+499800F
+501800F
+503800F
+505800E
+507800E
«509800F
+511800F
»513800F
«515800F
+517800F
.519800F
+521800F
+523800F
«525800F
,527800F
+529800F

n3
03
03
03
03
03
03
03
03
03
03
03
03
n3
03
03
03
03
03
03
03
03
n3
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
n3
03
03
n3
03
03
03
03
03
n3
03
n3
n3
03
03
03
n3
03
nd
03
03
n3
03
03
n3
03

+759000E
+786000F
«764000F
+755000F
+766000E
+770000E
+780000F
+757000E
+768000F
+778000F
1 787000F
+798000F
+777000E
+794000F
1 793000F
+774999E
+B07000F
«802000F
+757000F
+779000E
+801000E
+809000F
«774000F
v776000F
+793000F
+803000E
v776000F
+770000F
«763000F
+773000F
+»778000E
+778000F
+783000F
1785000F
+772000F
+758000F
+771000E
+753000F
+792000F
1752000E
+768B000F
2 763000F
1747000F
1741000F
v 768000F
+761000F
+770000E
+769000F
1762000E
+752000F
+754000F
+1758000F
o755000F
v743000E
1774999€
+740000F
+75B0Q0F
1762000F
+76B000E
+7540n0F
+774000F
+787000F
1752000F
+758000F

+130000F
+130000F
+130000F
+130000F
+130000E
+130000F
«130000F
+130000F
+130000F
+130000F
+»130000F
«130000F
«130000F
«130000F
+130000F
+130000E
+130000E
«130000F
«130000F
+130000F
«130000E
+130000F
+130000E
+130000F
+130000F
+170000E
+»14000pF
+140000F
+140000F
v140000F
«140000F
+140000F
+240000F
v170000E
«240000F
«240000F
«14000nF
+14000pE
+140N000F
+140000F
+170000F
«130000F
+14000pF
«140000F
+140000F
+140000F
«140000F
+140000F
+140000F
«140000F
+140000F
v140000E
+140000F
«140000F
+140000E
«1e0n0gE
+140000F
+140000F
«140000F
+v140000E
+140000E
+140000F
«14000pF
v140000F

1966
1967
1968
1969
1970
1974
1972
1973
1974
197%
1976
1977
1978
1979
1989
1981
1982
1983
1984
1988
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2014
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029



l’li‘ﬂﬂf
+»533800E
+535800E
.537800F
.5390005
+541800F
+543800F
+545800F
+547800F
+549800F
1551800F
+553800F
+555900F
+557900E
«5859900F
+561900E
«563900F
+565900F
+567900F
+569900F
1571900E
+573%900F
+575900E
+577900E
+579900E
+581900F
+583900F
+585900F
+587900F
+589900F
+591900E
+593900F
«595900F
+597900E
.599900F
+601900F
«603900E
+605900F
«607900F
+609900F
+611900F
+613900F
«615900F
«817900F
+619900F
«621900F
+623900E
+625900F
«627900E
«829900F
+631900F
+833900F
«635900F
«637900F
+637900F
+839900E
+641900F
+643900F
+645900F
«647900E
+652186F
1657183E
2662200F
W667207E

03
n3
03
n3
03
03
03
03
03
n3
03
03
n3
03
03
03
03
n3
03
03
03
n3
03
03
03
03
03
n3
n3
03
03
n3
n3
03
03
03
03
03
n3
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
n3
03
n3
03
03
03
03
n3
03

+772000F
+745000F
+748000F
+755000F
+759000F
»761000E
+769000F
«767000E
+766000F
+7880n00F
1 749000E
v752000F
1 724999E
+759000E
+744000F
«+757000F
+748000F
+762000F
+754000F
+736000F
+742000F
+759000F
+746000F
«774000F
+755000E
+740000F
+754000F
«747000F
«7680n0F
+772000F
+745000F
+763000F
«786000F
+737000E
+755000F
«765000F
+740000F
+746000F
+776000F
+731000F
«755000F
«761000F
+737000F
«+803000F
+757000F
+767000F
+1781000F
v 756000F
+761000F
+754000F
+748000F
+709000F
+767000F
+749000F
1 749000E
+769000F
+762000F
«768000F
1 780000F
+741000F
+777683F
J774647F
«735638F
W 747287F

+140000F
+140000F
«170000F
«140000F
+140000F
1140009E
W140008F
1140000F
«140009F
«140009F
v140000F
+140009F
«140000F
+140000F
+140000E
1240000F
J140000F
«14900pF
+140000F
«140000F
«140N00pF
+140000F
«140000F
+140000F
.140000F
«140000E
+140000F
«140000F
+140000F
+140000F
+140n0pE
«140000F
+140000F
+140000F
+140000F
«140000F
+140Nn00F
+140000F
«140N000F
+140000F
+140000F
«140Nn0pF
+140000F
«140000F
«140000F
+140000F
v140000F

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

+900000E=01

+140000F
«1%0000F
+140N00F
+140000F
+140000F
«170000F
+240000F
+14000pF
«140000F
+100000E
+»140000F
«240000F

«971800F=01
W972040F=01

o”?‘qu'
974119F~

01
01



66

1672214E
«677220F
1682227F
+687234F
1692240F
+697247F
«702253F
+7072€0F
+712266E
v 717273F
+722279F
+727285E
2 732252F
+737298E
. 742304F
+747310F
1 752316F
.757322E
1762328F
«767335E
772341 F
2777347
+782352F
.787358E
2 792364F
+797370F
+802376F
«807382E
+812387F
+817393F
+822399E
»827404F
2827404F
183241pE
1837416E
1842424F
1B47427E
«852432E
«B57438E
+862443F
«B67449E
+8724584F
+877459E
1882465E
.887470F
+892475E
«B897480F
+902486E
+907494E
«912456E
«917502F
+922506E
«927512EF
+932517€
«937522E
+942527E
«947532E
1952537€
.957542E
+962547F
«967552E
+972557E
+9775€2E
+9825€87E

03 ,738532F
03 .7446%58F
03 ,753632F
03 ,773252F
03 .7451p1F
N3 .7208n9F
N3 ,767736F
03 ,740354F
N3 ,747030F
N3 .757746F
03 «771038F
03 .763070F
03 ,755725E
03 ,701419F
03 .739162F
n3 +739510F
03 4+791700F
n3 .740820F
03 (768019F
N3 ,744042¢
nd ,752847F
03 +773135F
03 ,776004F
03 .763000F
03 ,767592€
03 ,740389F
n3 .760849F
03 ,773463F
03 .788835F
03 ,758396F
03 .765376F
N3 ,731779€
03 ,775232F
03 +779983F
03 ,764044F
03 736663F
03 +760873F
03 ,728576F
03 .775264F
03 .776338F
N3 4761372¢
03 .775774€
03 ,774377F
03 «774143F
03 759044F
03 ,782795F
03 ,762169F
03 ,743255€
03 +761433F
03 ,767167F
n3 .759155¢
03 +800839E
03 ,766478F
N3 +749532€
03 ,767797F
03 ,773647E
03 ,782698F
03 ,772B51F
03 .763246F
03 ,766654€F
03 .791719€
03 ,783947F
03 +794067F
03 .786449F

+971150F=01
,97367pF=01
,973140E=01
1972750E=01
,973920F=01
,975n3pF-01
.97303pF*01
,97398pF=01
+97489pF=-01
+973549E-01
1971699E=01
+97173pF-01
1972249F-01
«971970€~01
«974489F-01
1978400F"01
+97068pF=01
+971940F 01
+97296pF-01
1972590E=01
2 975560F=01
197288pF=01
+973939FE"01
+973650F=01
+972200F=01
«97192pE=-01
«97362¢9F=01
W973150F=01
«97215pE=01
+971740E-01
+97192pE=01
+168474F 00
,168396F 00
+97173pE~01
1973940E-01
1973100E=01
+971240E=01
+975300E-01
97366pF=01
+97178pE-01
«973579F=01
+971740E=01
1970690F-01
+970930F-01
+971180E=01
«971889FE=01
+971250F=01
1969600F=01
196907 0E=01
1 96949pE=01
+1967500E=01
1968220F=01
+968879E=01
1968080E=01
1969210E=01
+968210E701
196768pE=01
+968200F=01
1968160F=01
+966890F=01
1967639F=01
+966439E=01
1966820Fr01
1965960E=01

2094
2095
2096
2097
209¢
2099
2100
2101
2102
2103
2104
2105
2106
2107
2108
2109
2119
2111
2112
2113
2114
2118
2116
2117
2118
2119
2120
2121
2122
2123
2124
2125
2126
2127
2128
2129
2130
2131
2132
2133
2134
2135
2136
2137
2138
2139
21490
2141
2142
2143
2144
2145
2146
2147
2148
2149
2159
2151
2152
2153
2154
2155
2156
2157



W987572F
«992577F
+997581F
+100298F
+100759F
+101259F
+1017€0F
+102260F
«1027€1F
+103261F
103764F
«104262F
«104262F
L104762F
+1052€3F
+1057€3E
106264F
J106764F
«107265F
«107768F
+108266E
«108766E
+109267F
W109767F
«110267E
«110768F
+111268E
+1117€9F
+112269€
+112770F
«113279F
W11377pF
v114274F
v114771F
+115272€
+115772€
+116273€
+116773€
+117273E
117774
+118274E
+118775F
+119275E
119774F
«120276F
+120776F
«121277€
«121777€
«122278E
+122778E
+123278F
+123779F
+124279E
W124789F
«125280F
+12578pE
+125780E
+126284F
W126781F
W127282F
W127702E
.128282F
128783
«129283F

N3 764079F
N3 +790340F
03 ,784098F
na .774526F
N4 ,74411%6F
na ,7%9067F
N4 .7940R0F
na .776653F
04 +765344F
N4 ,790145F
N4 ,774048F
N4 .75200¢F
04 790156F
n4 .E2n0542F
nd .7725%47¢
nd ,RA13648F
04 .799557¢
nd ,784200F
N4 .766826F
04 ,767230F
N4 ,793678¢
N4 ,777896F
nd ,75143p9F
nd ,76n879¢
N4 ,751152¢
04 ,798747¢
04 ,779616F
nd ,786587¢
nd4 ,755020F
04 .793347F
n4 ,773399F
04 ,765438F
N4 .776311F
04 .789478F
04 ,750754F
04 ,765434F
N4 .7768R0F
N4 ,7745p2¢
N4 ,76BBREF
04 .751359F
04 763194F
nd4 ,7890%0F
N4 ,748651F
N4 ,796450F
ne ,786058F
04 ,7933R5F
04 .76378R3F
04 ,7823n1F
nd4 ,75B3R9F
04 .782537F
N4 .792498F
04 ,783381F
04 ,777740F
04 .756445F
04 .761690F
04 ,769946F
n4 ,751638F
04 ,786677F
04 ,781346F
04 ,767443F
n4 ,750345¢
n4 ,760922¢
04 .748642F
04 .758678F

+96F£320F=01
965649F =01
964610F 201
+963560F=01
+967160F=01
+964100F-01
+196518gFepn1
«96456nF=-01
«964910F*01
+96501pF=01
+965400F=n1
+166895¢ 00
+167234F 00
+96383pF01
«962n0gF N1
+96449pE=01
«961070F=01
195953pF~01
+960140E~01
+959349F =01
+960360F=01
1960160F=01
+96)47pF-01
+958490Ev01
1958260F =01
+958049E=01
+1959640F 01
.958400E~01
+959n02pF~01
+957850Ew01
+95829pF=01
+195783gF =01
v95734pF=01
«957920F=01
+95817gFw01
+997199F~01
195768gF=n1
+956150F=01
1956730F 01
.955730‘001
1955820F=01
+95623pF"01
1956260F=01
195593pE-01
+956060F01
1 95593pF=01
+955220F =01
+956N00E=01
.95532pF=01
+95415pF=01
+953479Ew01
1954500FE01
199453pFw01
+954360E~01
,95243pF =01
«165223F 00
+165216F 00
195417gF 01
983629F=01
195193gE=01
195313gF=01
.953610E~-01
+953449F-01
«95171pF=01

2158
2159
2169
2161
2162
2163
2164
2165
2166

2167

2168

2169

2170

2171

2172

2173
2174
2175
2176
2177
2178
2179
2189
2181
2182
2183
21684
2183
2186
2187
2188
2189
2190

2191

2192
2193
2194
2195
2196
2197
2198
2199
2200
2204
2202
2203
2204
2205
2208
2207
2208
2209
2210
2211
2212
2213
2214
221%
2216
2217
2218
2219
2229
2221



68

aoaooooaon

«129784EF
+130284F
+130784E
+»131285E
+1131785€
«132286E
.132786F
+133286F
1133787E
»134287F
«134787F
+135288F
+135788F
11362E9F
«136789F
+137289E
«1377S0E
.138250F
+138750F
+139291€E
«139791F
1140291E
1140752€E
+141252E
»141793E
+142293F
«142753E
+143254F
«143794F
+144294€F
+»144795F
+145255E
«145795E
+146296E
11467656F
+1472S7E
«147797F
«148257F
.148798E
1149258E
+149798E

04
n4
04
n4
04
04
04
04
04
n4
né
04
né
04
04
04
n4
04
04
04
n4
04
04
ne
04
n4
n4
04
04
04
04
na
n4
04
n4
04
04
n4
n4
ne
04

1780951 01
+781284F 01
«783681F 01
+771935€ 01
1 7740%53F 01
1 784644F 01
+781319F 01
1 786047F 01
1 768126F 01
.786480F 01
W776631F 01
.747831F 01
.762908F 01
«771522F 01
1768979 014
«750633F 01
1 769671F 01
2 787254F 01
2 733974F 01
+777385F 01
+734961F 01
1763957F 01
+760702F 01
1 762426F 01
«765618F 01
«773368F 01
2787122 01
+755987F 01
+751818F 01
+741499E 01
+773486F D1
+743072€E 01
«737175F 01
+76038BF 01
+747738F 013
+BUDBGK4E 01
.758754F 01
+752557F 01
+1757952F 01
«7528R4F 01
.761574F 01

1952470E=01
1952050E=01
+950800E=01
1951360E=-01
1952179F=01
1952170E=01
1 951960F=01
+950750E=01
1951680E-01
.952040E=-01
1950650F=01
.95089gE=n1
+9505309F-01
+951300E=01
»951010E~01
+951020E-01
+950440F=01
+951650F=01
+949889F=01
+950340E=01
.9497209F201
«950050F=01
.94864pF~01
+949110F~01
1948820E%01
+949380F=01
1949539F=-01
+94858pF=n1
+949180F=91
1948800F=01
.94918pF=-01
1949550F=01
1949550E=01
1947810E=01
1949170FE=01
+184368F 00
+94776pF=01
+947120F=01
,948250E=01
1948289F=01
+669749F=01

END SAMAKIUM DATA BLOCK

END OF HAFNIUM=-GADOLINIUM=-=SAMARIUM DATA FILE

J=MARCH=69===4, SM]TH

2222
2223
2224
2225
2226
2227
2228
2229
2230
2231
2232
2233
2234
2235
2236
2237
2238
2239
2240
2241
2242
2243
2244
2245
2246
2247
2248
2249
2250
2251
2252
2253
2254
2255
2256
2257
2258
2259
2260
2261
2262
2263
2264
2265
2266
2267
2268
2269
2270
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