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NUCLEA%'DATA AND MEASUREMENTS SERIES

The Nuclear Data and Measurements Series presents results of étudies
in the field of microscopic nuclear data. The primary objective is
the dissemination of information in the comprehensive form required
for nuclear technology applications. This Series is devoted to: a)
Measured microscopic nuclear parameters, b) Experimental techniques
and facilities employed in data measurements, c) The analysis, cor-
relation and interpretation of nuclear data, and d) The evaluation

of nuclear data. Contributions to this Series are reviewed to assure
technical competence and, unless otherwise stated, the contents can
be formally referenced. This Series does not surplant formal journal
publication but it does proﬁide the more extensive information re-

quired for technological applications (e.g., tabulated numerical data)

in a timely manner.
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CROSS SECTIONS FOR THE 66Zn(n,p)66Cu,
113In(n,n')ll3mIn and 115In(n,n')llsmIn

*
REACTIONS FROM NEAR THRESHOLD TO 10 MEV

by

Donald L. Smith and James W. Meadows

ABSTRACT

Activation techniques were used in the measure-

ment of cross sections for the 66Zn(n,p)66Cu,

113In(n,n')113mIn and llsIn(n,n')llsm
near threshold to 10 MeV. The 7Li(p,n)7Be and

In reactions from

D(d,n)3He reactions were employed as sources of approxi-
mately monoenergetic neutrons. Neutron fluence was
measured with a fission chamber which contained cali-

brated uranium deposits enriched in 235U or 238U.

Gamma-
ray activities of the irradiated samples were measured
with NaI(T2) scintillation and Ge(Li) detectors. The
raw data were corrected for various eiperimental effects
including activity decay, detector efficiencies, geome-
try, absorption, multiple scattering, internal conver-
sion, deadtime, sum coincidences, and sample and uranium
deposit properties. The response of the monoenergetic
cross section data in reference neutron fields character-
istéczof thermal fission of 235U and spontaneous fission
of 3

our work are compared with corresponding information re-

Cf was numerically investigated. The results of
ported in the literature.

*

This work performed under the auspices of the U.S. Energy

Research and Development Administration.
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1. INTRODUCTION

Many neutron-induced reactions which are important for
various nuclear applications can be investigated through
measurement of the activities of the reaction products.

Some reactions exhibit characteristic thresholds, cross
sections, emission radiations and decay half lives which
qualify them for use as monitors in fast-neutron dosimetry.
Other reactions are important for analysis of radiation
damage in high-fluence neutronic systems. In spite of
their importance for applications, the cross sections for
many of these reactions are not well known and requests for
improved data can be found in several documents [1-3].

Measurements of cross sections for reactions of this
nature have been in progress at Argonne National Laboratory
for several years; this program gained momentum in 1970
when the ANL Tandem Dynamitron accelerator facility (Fast-
Neutron Generator) became available for Fast-Neutron Physics
research [4]. Results from this work and detailed descrip-
tions of the experimental method have been reported (e.g.,
Refs. 5-10). The objective of this report is to present
the results of recent measurements on the 66Zn(_n,_p)66Cu,
113In(n,n')ll3mIn (99.4m) and 115 115m1n.(4,5h) re-

actions for energies from near threshold to "~ 10 MeV. Very

In(n,n')

little data is available on the first two reactions and the
results of the present work provide a significant improve-
ment in knowledge of thelr cross sections for this energy

region. Considerable data is available for the

115 'n,)llSm

In(n, In (4.5h) reaction. Our results are in
substantial agreement with these data,

Several factors make it feasible to improve the know-
ledge of fast-neutron activation cross section data at

this time:



a. Accelerators with wide energy ranges and large
beam intensities (e.g., the FNG can provide 150-
200 pA of protons or deuterons with any desired
energy in the range 1.5 - 8 MeV) are now avail-
able(a major limitation is heat dissipation by
the target).

b. Modern Ge(Li) detectors enable measurement of
gamma-ray activities with precision, selectivity
and considerable efficiency.

c. Remarkable progress has been made during recent
years in improving the knowledge of decay para-
meters (half-lives, decay schemes, etc.) for
most radioactive nuclides.

d. Improved e#perimental and theoretical techniques
have expanded our knowledge of internal conver-
sion parameters.

e. The properties of common neutron sources such as
the‘7Li(p,n)7Be, D(d,n)3He, T(p,n)3He and
T(d,n)4He reactions are now reasonably well
known as the result of recent eiperimental studies
and evaluations.

f. Modern digital computers enable more accurate
analysis of experimental data and the application
of corrections which were previously impractical.

In spite of this potential for improvement of the data

base, there are few active experimental programs underway
in this area. Also worthy of mention 1s the fact that v
theoretical advances in the area of neutron activation re-
actions have been limited. Most of the effort has been
directed to the region around 14 MeV (probably because of
the abundance of data available near this energy). More
comprehensive theoretical effort, encompassing wide ranges

of neutron energy, atomic number (Z) and mass number (A),
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is desirable because experimental programs may not be cap-
able of providing needed results, in certain unfavorable
cases, early enough to satisfy requirements for some impor-
tant applications [11].

We chose to employ the fission of 235U and 238U as
neutron fluence monitors for our measurements at energies
below 10 MeV. A few words in support of this method are
appropriate since it is more common to rely on methods
which utilize the n-p scattering process (a standard).
Experimenters who employ the n-p scattering process must
contend with severe technical difficulties in order to ob-
tain accurate results (especially at low energies) even
though the cross section is well known. Two key problems
are, i) the difficulty in distinguishing low-energy recoil
protons from electronic noise, and 1i) the determination
of the absolute number of hydrogen atoms in the detectors.
Fission detectors are more convenient. The uranium de-
posit masses can be determined to n 1% and the isotopic
fractions can be measured with even greater accuracy [10,
12]. The largest source of uncertainty is in the fission
' cross sections. As a result of recent efforts in this
area, these cross sections are probably known to within ~n
5% for the neutron energies considered in this work.

Since this accuracy exceeds that which we eipect to achieve
in most activation measurements, we consider these fission
reactions to be suitable fluence monitors for these meas-
urements.

We measured the ratios of activation cross sections
to fission cross sections. Therefore, our basic data are
presented in this form. We also computed cross sections
based on current standard values for the monitor reactions
({.e., the ENDF/B-IV [13] fission cross sections). A suf-
ficient number of values were selected from the ENDF/B-IV

files to adequately represent the monitor cross sections in
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the region of interest for our work (see Table I).

We constructed eyeguides through plots of the cross
sections. Points were selected from the eyeguides and
these are also presented in this report. The eyeguide
cross sections adequately represent the principal fea-
tures of our data while avoiding the ambiguities of ex-
perimental values. The eyeguide curves were then used
to test the response of our data in reference neutron
spectra for comparison with some reported integral para-

meters.

2. EXPERIMENTAL PROCEDURE

The experimental method is described in detail in
earlier reports [5,8,9]. Highlights of the general
method and specific details relevant to the reactions

under investigation are presented in this section.

2.1, General Measurement Procedure
Samples of high-purity natural metals in the form of
2.54-cm dia by 0.16-0.32 cm thick disks were employed for

the measurements. The materials used to fabricate these

samples were analyzed by spectrochemical methods to deter-
mine the impurities content. No significant impurities
were found in any of the samples.

During irradiation, each sample was fastened to a
low-mass fission detector which served as the neutron-
fluence monitor [14]. This ionization chamber was made
from a cylindrical steel can with 0.025-cm-thick walls.
The samples were placed outside the chamber; the backing
plates with uranfum deposits were mounted inside the
chamber adjacent to the samples, as shown in Fig. 1.
Methane at 1 atm served as the gaseous medium for the
ionization chamber. A discriminator was used to reject
noise and alpha pulses; pulses above the discrimination

level were recorded as fission events in the detector.
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The uranium deposits were 2.54cm in diameter and
were fabricated by evaporating UF4 isotopically enriched
in 235U or 238U onto thin, metal backing plates. The
isotopic contents of these materials were determined by
mass spectrographic analysis; the quantity of uranium in
each deposit was deduced from reasurements of the specific
alpha activities [5,9,10]. The masses of fissionable-
material deposits used in the fission detector were in the
range 0.5-5 milligrams. The deposits enriched in 235U were
;ggd for measurements with En < 3 MeV; dsposits enriched in

U were used for measurements with En - 3 MeV in order to
minimize the corrections for low-energy neutrons.

Neutrons with energies in the range 0.4-5.8 MeV were
produced via the 7Li(p,n)7Be reaction (Bgoton—energy range
2.15-7.5 MeV). Natural lithium metal was evaporated onto
tantalum cups to make these targets. Neutrons with energies
in the range 5-10.1 MeV were produced via the D(d,n)3He re-
action (deuteron energy range 1.8-6.9 MeV). A 2-cm-long gas
cell containing deuterium gas at 2 atm (see Fig. 1) was used
for a target. The sample and fission detector were placed
on the beam axis 3 to 6 cm from the target for these measure-
ments (see Fig. 1). There are variations in the experimental
techniques associated with use of these two types of targets.
The neutron spectrum from the lithium target is complex at
higher energies because of the presence of neutrons from the
7Li(p,n)7Be* and 7Li(p,n3He)4He reactions. The presence of
neutrons from the D(d,np)D reaction complicates the neutron
spectrum from the deuterium source at higher energies.
Methods for coping with these problems have been reported
[5,8,15]. Background measurements were performed during
irradiations made using both lithium and deuterium targets
to determine the effects of neutrons from the tantalum cups
and empty gas-target assembly respectively.

The activities of irradiated samples were measured us-

ing standard gamma-ray counting techniques. Most of the
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counting was done using a Ge(Li) detector (Fig. 2); how-
ever, the zinc samples were counted with a NaI(TZ) scin-
tillation detector. The relative gamma-ray full-energy
peak efficiency vs. energy was measured for each detector
using a method described by Freeman and Jenkin [16]. The
absolute efficlency of each detector was determined at
0.811 and 1.274 MeV by counting 58Co and 22Na standard
sources respectively; the absolute activities of these
standards were determined by coincidence-counting tech-

niques.

2.2 Data Processing and Error Analysis

Cross sections for the reactions studied were com-
puted relative to 235U and 238U fission cross sections
after correcting the data for various experimental effects.
Properties of the target- and reaction-product nuclei,
which were required for these computations, were obtained
from various data compilations; the pertinent parameters
are presented in Table II [17-21].

Corrections for neutron-source properties were de-
duced from data obtained from measurements made at our own
laboratory [5,8,15] and from a paper by Liskien and
Paulsen [22]. The raw data were corrected, where required,
for sample activity and monitor fissions produced by neu-
trons from bare target assemblies. Corrections were made
to account for geometric factors and the effects of neutron
absorption and multiple scattering (Fig. 3). Raw fission
counts were corrected for deposit-thickness effects, thermal

235U monitors) and loss of low-pulse-height

background (for
fission events rejected along with electronic noise and
alpha pulses by a discriminator.
Raw sample-count data were corrected for decay half
life and other essential time factors. Corrections were also

applied to account for specific decay properties of the
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product nuclei, detector efficiency, counting geometry,
deadtime losses, gamma-ray absorption, and coincidence-
suming losses. Monte-Carlo calculations were made to
correct the data for differences in counting efficien-
cies resulting from absorption and geometric factors.
Corrections for internal conversion were deduced from
information available in a paper by Hager and Seltzer
[20].

Table IIT summarizes the corrections applied to the
experimental data. The application of various correc-
tions and computation of reaction cross sections were
carried out for the most part with the aid of a digital
computer. Therefore, it was possible to investigate in
detail the sensitivity of the computed cross sections to
the various applied corrections. )

The energy resolution for these measurements was
‘ governed by target thickness and kinematic broadening.
Kinematic broadening was the dominant factor in measure-
ments with the deuterium-gas target. Generally, the
neutron-energy resolution was 0.04-0.15 MeV for the
1ithium target measurements and 0.3-0.4 MeV for deuterium-
target measurements.

Uncertainties in the measured cross sections can be
attributed to statistics as well as a variety of other
experimental factors. Known systematic uncertainties
amounted to " 6% for these measurements. This was com-
bined with the statistical uncertainties in quadrature
in order to obtain the total reported errors for the
measured cross sections. Uncertainties in the fission |
cross sections, the internal conversion coefficients and
decay-branching factors were not included in the assigned
error bars. We relied on computed or evaluated values

from the literature, and our measured results could be

adjusted to accommodate any future revisions in these
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parameters. Table IV indicates the relative importance of
gome of the identified sources of uncertainty in our data.
Statistical uncertainties were relatively unimportant ex-

cept for measurements near thresholds.

2.3. 66Zn(n,p)66Cu Measurements
The natural abundance of 66Zn is 27.81% [17] and this
reaction has a Q-value of -1.852 MeV [18]. 66Cu decays

with a half life of 5.10 m through B~ emission to levels in
66

Zn. Most of the decays proceed via a transition to the
ground state; however, there are 9 gamma rays of 1.033 MeV
produced for every 100 660u decays [19]. These gamma rays
were detected and their yield was utilized in determination
of the reaction cross section. The correction for coinci-
dence summing was negligibly small. Internal-conversion

effects were also very small [20].

2.4, 113’llsIn(n,n')ll3m’115mIn Measurements
These reactions are quite similar in most respects so
they will be considered together. ll5In is the majority

113

isotope (95.72% abundance) and In is the minority isotope

(4.28%2 abundance) [172. For each isotope, the isomeric

state has spin and parity % while the ground state is 9/2+
[21]. The isomeric state in 113In has an ekcitation energy
of 0.392 MeV and it decays 100% of the time to the ground '
state via an M4 transition with a half life of 99.4 m [21].

115

The isomeric state in In has an excitation energy of

0.335 MeV. It decays 94.5% of the time via an M4 transi-
tion to the ground state and 5.5% of the time via 8

ll5Sn; the decay

emission to the stable ground state of
half 1ife is 4.5 h [21,23]. The electromagnetic transitions
for both nuclei are internally converted quite strongly as
can be seen from Table II. The 0.392-MeV gamma rays from
113mIn and the 0.335-MeV gamma rays from llsmIn were detected
and thelr yields were utilized in determination of the re-

action cross sections. No coincidence-summing corrections
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were required.

3. EXPERIMENTAL RESULTS AND DISCUSSION

The results of our measurements are presented in both
tabular (Tables V-VII) and graphical (Figs. 4-6) form in
this report. The neutron energy and resolution are indi-
cated in the first and second columns. The measured cross
section ratio and experimental uncertainty appear in the
third and fourth columns. Finally, the reaction cross sec-
tion and its associated uncertainty, based on ENDF/B-IV
values for the associated fission reactions [13], appear in
the fifth and sixth columns. The cross section plots pre-
sent the information in the first, second, fifth and sixth
columns. Points from some data sets reported in the v
literature are joined by solid straight lines to provide a
clearly visible representation of these data for comparison

with our own results.

66

3.1. Zn(n,p)66Cu Reaction

Our results for this reaction are shown in Table V and
Fig. 4. No data was found in the literature for direct com-
parison with our own [24]. The cross section is small and
has a relatively high effective threshold. Measurements
near threshold were difficult because of the combined ef-
fects of short half 1life and low cross section. Some data
has been reported fqr Enx 14 MeV [24] where the cross sec-
tion appears to be ~ 70 mb (which is consistent with our
lower-energy data). The excitation curve for this reaction
is reminiscent of that measured for the 59Co(n,p)nge reac-
tion [9] and it is suspected that the direct-reaction ‘
mechanism plays an important role in defining the shapes of

these curves.

3.2. 113’llSIn(n,n')1l3m’115mReactions

.Qur results for these reactions are shown in Tables VI

and VII, and Figs. 5 and 6 respectively.

12~



There is relatively little data available for the

113In(n,n')ll3mIn reaction. This process has been

largely ignored because the abundance of 1131n is only

4.28% while that of 11SIu is 95.72%. Our results are
in good agreement with the values of Butler and Santry
[25]. Agreement with the data of Grench and Menlove
[26], near threshold, is fair and probably consistent
with the experimental uncertainties. This reaction will
probably never play a very important role in dosimetry
applications because of low isotopic abundance.

The 1lsIn(n,n')115m
metry detector for several reasons. It has a low thresh-

In reaction 1s a popular dosi-

old, substantial cross section and the 0.335-MeV gamma
ray is easily detected even though more than 50% of all
decay transitions are internally converted. There are
several cross section sets which can be compared with
our data (Fig. 6) [25-31]. With the exception of the
data of Martin et al. [31], in the region 4-5 MeV, all
these data are in substantial agreement with our own. It
appears that the llSIn(n,n')IISm
is reasonably well known from threshold to ~ 10 MeV.

In reaction cross section

4. EYEGUIDES FOR EXPERIMENTAI DATA

The primary objective of our measurement program
for neutron induced activation reactions is the provision
of data for various applications. Our results generally
approximate ideal monoenergetic cross sections because we
have applied corrections for most effects which tend to.
integrate over neutron energy. However, our experimental
data exhibit some redundancy and there are insignifi-
cant fluctuations which cannot be avoided in measured
quantities. Therefore, we constructed eyeguide curves

through our measured excitation functions which are based
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on our subjective assessment of the significant informa-
tion content. A sufficient number of points was selected
from each curve to permit reconstruction of the curve by
interpolation as discussed in earlier reports [9,10].
Tables VIII thru X contain the coordinates of these points
for the 66Zn(n,p)66Cu, 113In(n,n')lleIn and
115In(n,n')llsmln reactions respectively. The eyegulde
cross sections represented by these tables are based on
ENDF/B-1IV [13l values for the monitor fission reactions

(Table I).

5. RESPONSE IN REFERENCE FISSION
NEUTRON FIELDS

In an earlier report [10], we indicated the merits of
testing monoenergetic cross section data in reference
neutron fields. Two such fields, widely employed in re-
actor applications, are i) pure thermal-neutron fission of

2
35U, and, ii) spontaneous fission of 252Cf.

Both these
fields are quite well represented by simple mathematical
formulas, of which the most commonly used is the Maxwellian
distribution (Eq. (4) of Ref. 10). All details of the
analysis and the corresponding nomenclature are presented
in Ref. 10 and we follow the same procedure in the present
work,

The results of our analysis are presented in Table XI
and in Figs. 7-9. Our values of ¢ for the 662n(n,p)66Cu
reaction are shown in parentheses since our data covers
only part of the effective response range for this reaction
(Fig. 7). We did not find any spectrum-averaged cross
section values for this reaction reported in the literature
[24].

Likewise, we did not find any spectrum-averaged cross

113 113m

section values for the In(n,n') In reaction to compare

with the results of our analysis [24]; such a comparison

14—



would be meaningful since our data clearly covers essen-
tially all of the response range of this reaction (Fig. 8).
There 1s an abundance of spectrum-averaged cross
section values to compare with our value for the
115In(n,n')llsmln reaction [32-36]. We did not attempt a
comprehensive survey of the literature, and selected only
a few relatively recent values. This comparison is sum-
marized in Table XII. Only the 235U thermal-neutron fis-
sion field was considered. There are sufficlent differ-
ences in the origins of the values listed in Table XII
to make quantitative comparison questionable. It is very
gratifying, however, that a simple average of the values
we selected from the literature is in excellent agréement
(¢ 1%) with our value. All the values listed deviate from
our value by no more than n 7% which 1is within our experi-

mental uncertainty (see Table IV).
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Table 1
ENDF/B~IV Fission Cross Sections?

A. 235U(n,f) Cross Sections
En Op En ‘OF En Op
(MeV) (barn) (MeV) (barn) | (MeV) (barn) |
0.1 1.585 1.4 1.25 6.7 1.445 .
0.15 1.458 1.6 1.258 | 7.0 1.549
0.2 1.351 1.8 1.267 7.5 1.682
0.25 1.308 2.0 1.274 8.0 1.758
0.3 1.28 2.5 1.275 9.0 1.804 ;
0.4 1.216 3.0 1.232 10.0 1,768 :
0.5 1.172 4.0 1.15 11.0 1.718
0.6 .1.,152 5.0 1.094 | 12.0 1.767
0.7 1.135 5.5 1.059 13.0 1.976
0.8 1.133 5.75 1.075 14.0 2,152 1
0.9 1.174 6.0 1.16 15.0 2.23
1.0 1.225 6.2 1.232
1.2 1.258 6.5 1.358
o
B. 238U(n,f) Cross Sections f
En oF En cF En oF En cF ;
(MeV) (barn) (MeV) (barn) (MeV) (barn) | (MeV) (barn)
0.1 0.4x100F |1.2 0.0405 | 4.0 0.566| 8.75 0.997 |
0.3 0.7x10 3 1.25 0.0426 4,5 0.563] 9.0 0.992 ;
0.5 0.234x10:3 1.3 0.0577 5.0 0.555| 9.5 0.982
0.575 0.566x10 1.35 0.0933 5.2 0.560{10.0 0.974 f
0.61 0.00124 1.4 0.1512 5.4 0.563{11.0 0.983 |
0.7 0.00134 1.45 0.228 5.5 0.566|12.0 0.995
0.75 0.001985 1.5 0.294 5.8 0.603113.0 1.048
9.8 0.003116 1.6 0.382 6.0 0.661|14.0 1.14
0.85 0.005871 1.7 0.437 6.2 0.723115.0 1.26
0.89 0.008716 1.8 0.481 6.5 0.835]116.0 1.32
0.92 0.01278 1.9 0.514 6.8 0.897{17.0 1.34
0.95 0.0163 2.0 0.535 7.0 0.93 {18.0 1.32
0.97 0.01609 2.1 0.545 7.2 0.9571{19.0 1.3
1.0 0.01617 2.5 0.555 7.5 0.978]20.0 1.435
1.05 0.01812 2.75 0.55 8.0 0.99
1.1 0.0235 3.0 0.542 8.25 0.996
1.15 0.0349 3.5 0.555 | 8.5 1.0
8Ref. 13.
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Table II

Sample, Reaction and Decay

Properties Required for Cross

Section Determination

Sample Reaction Reaction Decay Half Gamma Ray Gamma Rays Per Total Internal?

Isotope Abundance Q-Value Product Modes Life Detected Disintegration Conversion
C

Zn -66 27.81%2 -1.852 MeV? | Cu-66 8~ 5.1m% | 1.039 Mev© 0.09 € Negligiblel

In-113 4.28%2 -0.392 Mev® | m-113 | v (a0)®{99.4 u® | 0.392 Mev® 1.00 © 0.554 9

In-115 95.722% | -0.335 Mev® | 1n-115v | vy (1m)®| 4.5 8® | 0.335 Mev® 0.945° 1.128 4
.

8pef. 17.

bRef. 18.

CRef. 19.

dRef. 20.

eRef. 21.
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Table III

Corrections Applied to Experimental Data

10.
11.

12.

Geometry
Neutron Source-Properties
Decay Properties
Counting-Deadtime Losses

Sum Coincidences

Internal Conversion

Gamma-Ray Absorption

Neutron Absorption and Multiple Scattering
FissionDetector Losses
Isotopic Abundances

Sample Impurities

Sample and Fission Deposit Masses

-=20-



Table IV

Typical Values for Some Sources

of Uncertainty in the Measured (Cross Sections

Miscellaneous errors

Source of Uncertainty ~ Uncertainty
1. Counting statistics Variable
2. Integration of gamma-ray 3%
full-energy peak
3. Gamma-ray detector efficiency 5%
4 Decay half life < 1Z
5. Fission deposit and sample 1.4%
dimensions
6. Neutron-group intensities 1-4%
7. Scattering corrections 1z
8. Mass of Uranium deposits 17z
9 1%

-21-
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Table V

66

U Monitor, D(d,n)BHe Neutron Source:

Experimental Results for the

Zn(n,p)66Cu Reaction

E
n

(MeV)

Resolution
(MeV)

Measured
cnp/Of

Uncertainty
in

Unp/Of

a
a
np
(barn)

Ac a
np

(barn)

1 ODO1E
1 6L/ HE
' 04 14E
v & /24E
e /USOE
Y RYE)>
' /620E
W/ Y22E
' 79Z4E
W52 11E
1bBUSE
YUY SE
,VJB\SE
' 967 2E
P YYODE

01
ul
v1
01
U1l
N1
C1
01
01
01
01
vl
01
01
01
01

WI6F0L
$715C
29561
300Uk
30328
3076k
' S130E
13192k
3192k
e 326Uk
3334k
1 3412k
15494k
1 3580k
3668k
« 3762E

Lu
vl
GU
Gu
Go
]
vl
Uu
g0
0dJ
GO
Gu
Go
V]
Q0
0¢

115015-01
11595 =31
21454t =01
s1475%E=U1
11064E=01
v1768E=101
v16830E~01
11984t -1
1 2U30E=01
12400E=31
1 2674E=01
W 2H72EmU1
1 3244F=11
13905E-u1
t3571E'J1

Jd1lBUYE=Cy
e14)3E=Q2
1367E-02
1043k=02
1861k=02
1592E=-U2
1/21E=02
01488E'U2
lb48k=02
W2127E=(2
W 2756E=02
12465E=)c
2460FE=0¢

' 7463E=02
v1093E=-1
«1167E=01
¢11300E=01
01253E=01
+1211k=-01
11734E-01
11809E=01
21961E«01
02920E’01
26460E=01
1 2862E=01
+12843E~-01
1 3193E-01
3824E-01
« 3285E=-01

110385'02
1 9615E-(3
1098E-02
1441E=-07
v1314E=-n¢
v1561E-02
+1700E=D2
v1470E=-22
01616E'02
v1848E«02
1 2119E~02
02729E’U2
12426E=(2
12371E=02
02396E'b2

8Based on ENDF/B-IV fission cross sections (Table I and Ref. 13).
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Table VI

Experimental Pesults for the

U Monitor, 7Li(p,n)7Be Neutron Source:

E
n
MeV)

Resolution
(MeV)

Measured
0nn’/of

Uncertaintyv
in

c’nn'/cf

a

Y 1
nn

(barn)

a
Ao,
nn

(barn)

W /249E
UVOJQE
y10068E
011@9E
135/4E
W 1577E
1/7/79E
nlbdlE
«1981E
1 2UOYE
y¢170E
W 2269E
e371E
 24/1E
2071k
v 29/1E
2071k
2/ /VE
027(UE
vco/SE
en/ Sk
12Y/71e
L eY/1k

Co
0o
01
01
01
01
01
01
U1
01
G1
vl
01
01
Ul
01
01
01
vl
N1
G1
01
01

léBQZE"Ul
1 6860E-01
'68505"01
A 6920E-01
o/UUUE'Dl
|7114E'Ul
¢ 7250k=01
e 7324E=(1
7402E~01
2»1006E 0Ou
21008k ud
»1012& U
1016k UG
1020k (U
Jlu2sek ul
|1020E (VRY]
10328 Gu
+ 1036k U
1036k Uy
«1044E 1y
,1044L 0g
v1050E QU
y1050E 00

e1072L=01
12296E«01
124 32FE=01
18280E«01
«1034E oG
«1214E 00
«1347E 0C
«1463E Ny
<1553 GO
1776E 00
+2U0U0E 00
2 2050E U0
«2119F 40
2181k 40U
«2072E N0
2246F 0U
2237 QU
2141 VD
2270k GO
213828 0y
2249208 00
2219t 20

tCIUQE'UZ
./157E"U2
19704t-02
t6278E=02
+1069E~01
yIUG6E=(2
+9495E=02
v 1051E~G1
W1143E«01
1024E=(1
1155Eeyl
l1267E'Ul
JA290E-01
185 8E=1
,1394Ee01
01305&'01
1395k-y1
«1390E-01
1326E«0]
$1427E-01
IR -THIE]
,1945E«01
J1856k=y1

l1z16E-01
«2789E<01
y6805E=01
«1036E 00
+1300E 00
15378 00
1711 00
+1863E 00
1979k 00
22648 Q0
22550 00
2613k 00
2702k 00U
1 €768E 00
1 2629E DO
2331k 00
12E01F 0O
2661 00
2821k 00
2650k 00
e 3074E 00
«2740E 00

'6927E=02
1B634E-07
+1200E~C1
18241E~0G2
1 1338E=01
«1140E=-01
1202E-01
«1335E~ul
+1455E-01
«1305E=-01
01472Ef01
.1615E~01
1644k~
|1726E'Cl
1769E=11
01656E~-n1
91758E-01
+1740E-01
01660E'01
+1773E=41
1617E-01
«1908E=-01
+1674E=01

a

Baged on

ENDF/B-IV fission cross

-23-
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238

U Monitor,

7Li(p,n)7Be

Table VI (Contd.)

Neutron Source:

E
n

(MeV)

Resolution
(MeV)

Measured

0nn'/cf

Uncertainty
in

0nn'/of

a
c |
nn

(barn)

a
bo_
nn

(barn)

SLOYE
' SI6YE
' 9D0BE
' S769E
1 AV6DE
14560E
18709k
«4Y41E
obl4lE
2 338E
199388E
127354k
e D /50E

01
01
u1
01
01
01
01
vl
01
01
01
01
01

1064k
«1076¢E
v 1094E
1112t
1176k
11190k
1206k
21586k
» 1596k
1612k
e 1626E
1642E
+1312k

uu
uy
G0
uo
00
0y
]
uo
ud
U
QU
0g
Ou

+H451E
.2U43¢
D49k
.4920E
«4496F
+4450E
+4670E
+5181ic
+4735E
2090E
1 5231E
«D416E
D054

o
JG
oo
0y
0d
vo
0o
00
oo
oo
0o
0o
00

W S4B3E=01
S026E=01
SUBDE=)1
W 29938E-U1L
1 2741E=p1
£755E=01
2B894EeG1
3315E=01
+3032E~01
«3104E=01
W 3192E=01
«O300E=0]
«S3837E-(1

1 &Y79E
»2782E
. 2810k
»2759E
1 2535E
«2501E
+2610E
12R8BOE
2 2645¢E
1 2861E
+ 2983E
' 3222E
e 3374€

00
00
0n
00
00
00
00
00
60
00
o0
00
00

019066'01
1669E=-01
v1717E=01
01679E'Q1
v1545E-01
11546E<01
v1617E=-(1
v1843E-01
v1693E~-01
v1745E-01
v1820E-01
' 1996E~01
W229CE=1

238

U Monitor, D(d,n)BHe Neutron Source:

E
n

(MeV)

Resolution
(MeV)

Measured

onn'/of

Uncertainty
in

0nn'/of

a

o
m'

(barn)

a
Ao,
nn

(barn)

W OUG4E
1D 4EOE
1 97506E
164 U06E
WO721E
l705ﬂE
 73S0E
¢7bﬂbE
W 795 7E
102 DOE
0030k
» BBASE
vY140E
1 942YE
L WY /elE
| W1UUSE

01
01
vl
01
01
01
1
01
01
01
vl
01
U1
01
01
02

oo
ou
Uy
uy
Jy
vu
e
Gu
00
Ug
GO
6o
0o
00
JU
ua

1 32941t
1 3124E
30 34E
1 2984¢L
s £99KE
S030uce
«S072E
e 3130k
e 3194E
1 $266E
3336k
y S418EL
2 35 06L
¢ 39S UL
.3666L
v $778E

'y D2 96E
v H224¢
0003k
1 3614E
2644E
+2578E
L EDA42E
«2629E
W 2D91E
1 2493¢E
.2441¢
1 2S550E
,2309¢
2 2085E
2216k
1 2122F

vo
au
00
0o
U
00
00
00
0u
ou
uo
0G
uo
0o
0u
0u

L3287E=01
C3192E=D1
 S3198E=01
L2209E=01
(1618E=01
01651E'01
W 1577E=01
W1600E=01
.1579E=01
v1516E=(1
.1491E=01
«1456E=(1
W 140G7E~G1
«1270E=01
1352E=01
W1296k=y1

129485
«2%45¢
W 29B9E
W 2E891E
12505k
2409k
W 2456¢L
2581E
25 62E
2484E
£4408E
W 2339E
1 22b4E
' 2051E
2167&
«2068E

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

018296-01
+1800E~-01
«1911E-01
W1767E=111
v1601E=01
01543E.01
t1524E’01
01570E’01
015615'01
015125'01
+1490E-u1
v1449E=-01
0 1391E=01
v1249E=-)1
v1322E-01
012625'U1

aBased on ENDF/B-IV fission cross sections (Table I and Ref. 13).
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35

115

Table VII

Experimental Results for the

In(n,n')

115m

U Monitor, 7Li(p,n)7Be Neutron Source:

In (4.5 h) Reaction

E
n

MeV)

Resolution
(MeV)

Measured
<Jnn'/of

Uncertainty

in
Gnn'/of

a

o
nn'

(barn)

a
Ao,
nn

(barn)

1443 /E
s4vyJoE
W D0ZBE
OU/CEE
W 64YDE
e /D49E
W YOO4E
1 1168E
1874E
157/
W1779E
110b1E
12 UbYE
W21069E
12c62E
v /1E
1294 /1E
e2/1E
120/ 0E
W 26/1E
2/ /UE
2/ /UE
12/ 9E
1287 0E
297 1E
WEY/1E

00
o
gl
00
0o
00
00
01
01
01
01
01
01
01
01
01
01
01
01
01
v1
01
01
01
01
01
ul

4568k~U1
s4574L=01
,4588L-01
w4600UE~CU1
6898E=01
16862E~01
JBB860E~U1
16910E=03
. 7000E~U1
e7114E~0C1
. 7250E-01
W7324E-01
07402E'Ul
»1006E UC
1003k 00
f10128E w0
«1016E GuU
106208 GO
«1026E UU
W1026E LU
CJI032E VO
1036 (v
1036k UU
v 1044E 0L
w1044k Q0
+1U50k Gu
1Ch0k Uu

»1617L-02
11955E-02
W 2624E=02
+2U30E~02
2 1093E=-01
175801
WO096E~01
+9120€E=-01
12108 00
+1431 00
1748t 00
2»1871E 00
2095t 00
+2078E 00
«¢440t 00
129278 00
2634E 00
2645E Q0
2719E UQ
1 25B80E OU
2822 00
2916 (U
2741 00
1 2764E (U
2699E (0
1 2959E 00
27378 00

JB584E=03
O864E~03
.56515'03
'739BE'03
«9751E=03
1617E-02
|63>4E’02
O269E"U2
W7637E=02
+8748E=32
«1066E~01
1132E=01
1280E=0U1
012485’01
«1464E=G1
«1216E-01
1582k-01
clbﬁbE'Ol
W1679E=01
.155UE-01
1695keul
0175UE'J1
,1646E=01
v1658E=C1
«1618E=(1
«1775E=u1l
y1641k=01

e 1935t=02
W 2291E=02
«3047E=02
5 789E=02
01249&'01
+1993E-01
t6147E'01
«1142E 00
«1514E 00
+»1799E 30
2207 00
12376E 00
1 2668E DI
+2648E 00
3109t 00
3221k 00
3357 00
3372 00
«3450E 0O
32828 00
.3556E 00
.3651E 00
L3431E 00
.3436E 00
3355k 00
3653 Q0
+3379E 00

W1027E=-02
6873E=~43
¢ 6215E=03
08513E'03
01115E'02
.1834E-ﬂ2
+4046E~02
1697 6E~L2
W 9554E=02
01100E'01
v 1350E=01
+1437E-01
1630E-01
01591E'01
v1865E-01
v1932E=01
020165‘01
«2021E-01
v2130E=J1
019676'31
n2136§'01
W2190E=01
W 2060E=C1
W2060E~01
«2011E=-C1
12192E-01
2025F=N1

a

Based on ENDF/B-IV fission cross sections (Table I and Ref. 13).
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U Monitor,

Table VII (Contd.)

7Li(p,n)7Be Neutron Source:

E
n

(MeV)

Resolution
(MeV)

Measured

Onn'/of

Uncertainty
in

. Onn'/of

a
o '
nn

(barn)

a
Ao,
nn

(barn)

1 SS6YE
PY-19
1 3/69E
v4005DE
14260E
W 47D9E
149Y41E
¢ 2140E
P 2SSUE
1 2504E
'97§$E
2700k

vl
U1
01
01
01
01
01
01
01
01
vl
vl

Ju
Gy
Ui
Go
gu
gu
G
VRY]
0y
0g
U
00

1076k
1094k
11112k
Wli65tk
11185k
1205t
«1586E
1598t
v1612E
1 1626E
«1642E
»1312E

«6199E
,56190¢L
6079k
»D676E
«5734¢
v DU 14E
+6401F
y5783E
-6097E
6(82E
«6030E
+DB74E

ou
Go
00
']
00
0o
eu
00
ou
o
Qu
oo

3716E=01
S712E=u
vy 3640Fw 1
«S3409E=01
W S488E=01
3841E-01
«3470E=U1
e 3640E=01
10653k
S611E"31
1 3531E=y1

+ 3420k
»3445¢
+3410¢E
«3200E
«3222E
' 3249E
1 3559E
« 3230k
' 3427E
+3468E
¢« 3586
v 3506E

0o
090
00
0o
00
oo
00
0o
00
00
00
09

12066E-01
+2046E~01
11922E-01
11932E=01
v1950E=~01
v2135E=01
¢1938E=C1
12046E=)1
02083&'01
02148E*nl
02108E'01

2

38

U Monitor, D(d,n)BHe Neutron Source:

E
n

MeV)

Resolution
MeV)

Measured

Onn'/cf

Uncertainty
in

cnn'/cf

a
Ot
nn
(barn)

(barn)

«OUBSE
D423k
12755
1 04U6E
16/61E
l/U??E
|/5QUE
v J647E
W 725 /E
QOZDbE
QEDQ?E
P OB43E
' 7146E
» ROUE
' ¥/741E
1u08E

01
01
01
Ul
01
01
01
01
01
01
01
01
01
vl
01
ue

e 3294E
3124k
1 3034E
29 84E:
2 2993¢E
3030E
e 3072E
v 3130k
13134
3266k
1 3336E
1 3413F
3506k
2y 3E90E
3778k

Gu
Gu
gu
g
¢
d0
N0
Cu
(u
00
Y]
it
L
Jo
Ui
Ly

6433
yO424E
«6191E
14524
+ 3665¢
y 337 6L
«3180E
v 3302E
» JUBAE
+ SUBD2E
e S021E
29 0BE
e 2/438F
v 512E
» 2643F
2449

Ga
f1p
00
ga
Qu
go
po
uo
06
oy
00
00N
0
gn
00
90

SB8E9E=T1
«9647E=( 1
2717E=31
2024Ew(
y1977E=01
«1830E~y1
«1811E=01
«1748E=(]
v 12486E=(1
W 14690E=(1

. 3580E
S621E
+3699E
«3619E
» 3227E
+3156E
3073k
«S241E
+3050E
 SU40E
«3020E
+2894E
«2713E
2568k
«2585E
2386k

09
]
no
0
00
0
00
0o
01
0o
0o
09
N0
Ny

00 -

n0

9y2153E~-01
«2168E=01
+2219E=01
02173E'01
«1933E~01
+1891E~01
v 1845E=y1
+1941E~01
+18238E=(1
01810E=01
11626E~-01
v1543E-101
¢1551E~01
01431E"Ql

a

Based on

ENDF/B-1IV fission cross

sections (Table I and Ref. 13).
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Table VIIL

66Zn(n,p)66Cu Reaction Eyeguide Cross Sections®

E g
n np
(MeV) (barn)

JOBUUE C1 ,7477E=CC
youUUUE 01 ,9948E~-0Z
s6o00E 01 ,1203E-01
W7UUUE 01 41332k-ul
W725VE UL ,1466E=01
L 7oL0UE (1 ,1600E=Ul
W/750k U1 ,1751E=GC1
¢sBUUUE C1l 119¢2E-U1
820k 01 ,2114E-01
W390UE 01 ,2330E-01
W8750E 01 ,2560k-01
|9LUUE 01 o?BUbE"Gl
,92o0E 01 ,3C060E=U1
YOUUE Ul 1560322"51
fY7OUE U1 ,3530k=U1
vivUUE 02 ,3745E=Ul

a

Based on ¢
np

ENDF/B-1V fission cross sections [13].

/cf ratios measured in present work (Table V) and

-7~



Table IX

113In(n,n')lleIn (99.4 m) Reaction
Eyeguide Cross Sectionsa
E o, E C__ 4
n nn n nn
MeV) (barn) MeV) (barn)
o/oUUE 00 ,1145E~y1 14ULUE 01 ,2651E 0U
v JUDUE 00 L1686k~01 14SULE 01,2847k UG
»LUULE 01 ,2281k-C1 v4400E 01 2528 CuU
21U5UE 01 ,2644k=01 +56UUE 01 ,2515E U0
21 J1UOE 01 ,3512E=~01 14/VLE 01 ,254LE LU
v 115%0E U1 +5953E=(C1 14900E 01 ,26%3E 00
112L0E 01 ,7509E-01 v2lU0UE 01 ,2824E QU
«13C0E 01 .91w7E"01 v92UUE 01 ,2893E Oy
1400E 01 ,1075& 00 +D4VYE 01 ,2977E ui
W 12C0E 01 1207k OU v200UE U1 ,3015E U0
v1700E 01 ,145%:E wu yo8UUE 01 ,3021E uvu
+1lo0UE 01 .1%695E 40 1O6UUVE 01 ,31138E uo
+1¥00E 01 ,1728E w0 W620UE 01 ,2955k QU
»2UVUE 01 ,1849E CU 2 04ULE U1 ,2837k Uy
v 2020k 01 ,1944E vuU 100ULE 01 2023E ugp
2LUUE 01 ,20629E 00 670UE 01 ,2523E LU
v€cULE U1 ,2313kE WY OBUUE U1 12447F uu
v 2¢20E 01 ,2432E 0OU /JUUUE 01 ,2374k 0O
W&S0UE 01 ,2531t Ou W 7S0UE U1 2437k QU
290Uk 01 ,2629E (U 7200 01 ,2490k 00
+45U0E 01 ,2677E 00 o /OUUE 01 ,2530E uy
«e25U0E 01 ,2719E Gu 1 /80VE 01 ,2562k U0
2dUUE 01 ,2737E 00 '8CUUE 01 . 2542E 00
vSUUUE 01 2845k 09 «BOU0E 01 ,2420F U
+320UE 01 ,2879c Uy ¢ YULUE Q1 ,23806k Ju
v 840Uk 01 ,2832E Ou W1UULE 02 ,2046L 00
ySOUUE 01 2890k 0§
a

Based on cnn,/of ratios measured in present work

and ENDF/B-IV fission cross sections [13].
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Table X

115m

115In(n,n') In (4.5 h) Reaction
Fyeguide Cross Sections®
E o, ‘ E o,

n nn n nn
(MeV) (barn) (MeV) (barn)
v40ULE UD (1994E~-Uc | e1cbLUE 01 S$3ulk UU
¢« PUULE 00 ,2261t=-0¢ b 4 2/00E 01 . 3414E OU
¢eD400E U0 ,2739k~02 W2BUUE 01 ,38438E 40
WyDOUDE 00 ,3185E~u2 2v0UE 012 3453k 00
2y 20UGE 00 +3900E~02 .éUQUE 01 ,3480Et 00
OUUUE 00 ,%192k=02Z 1 SCUUE 01 3495k QU
«62UUE 00 ,7878Ek=02 1 35LUE 01 ,3410E 0O
W6SLULE 00 ,9968E=02 «SYOLUE 01 ,3314E 0U
W640UE 00 ,11s6E=-01 14200k 01 ,3249k U0
+H6UUE 00 ,1323k:=C1 +449UUE 01 ,3219k @O
+HOUUE OU ,1481E~01 , y4600GE 0L ,3158k uU
o /2UUE 00 ,1789E~01 W4/0GE 01 3100k 0O
o JO0UBE 00 ,2044E~01 c4u8lDE 01 ,3193k U0
sBUUUE 00 ,2460E=-01 +49UCE D1 32238k GU
W B4UVUE 00 ,3007E=01 W2ULOE U1 32728 uy
JB3UDE 00 ,38715E-01 +DLUUE 01 30978k 00U
¢ J2U0E 00 ,4746E=-ul i Wo20UE 01 ,3678c LU
¢f74UUE 00 ,5345E-01 ; ' OS0UVE 01 3550k 4O
s YOUUE 00 ,8016E-(1 . «D4UUE 01 ,353%2E U0
flUUUE U1 ,7241E-01L vo200E 01 ,3527k ot
vlu40E 01 ,8321E=-01 W27U0E 01,3555k U0
+11UUE 01 ,9833t=~01 WOsUUE 01 ,3523E wu
vA160E 01 ,1134k GO \OYU0E 01 ,3637E uu
W1c¢U0E 01 ,1218E 00 1 6uUUE 01 3701k OU
¢ 1260E 01 W132%E GU WyOeUUE U1 ,38%9%6c OU
13ULE 01 ' 1403E 0O +64CUE 01 s 3532L yt
11960E 01 ,14959E Gy 6600E 01 ,3418k 0Oy
v14490E 01 ,1628E UG vO8UUE 01 ,3260E UU
«1200E 01 .1739& 0w o+ JUUVE 01 ,3113E vu
JLOUUE C1 ,18696E GO /SUUE 01 ,3109E (0
v 1/0UE 01 ,205¢& yn s /600 01 ,3C052E U0
sigUOE 01 ,2213E D vocJUE 01 ,3084E Uu
+1v7ULE 01 2374k LU JHBA40UE 01 ,38012E Wy
WcUUOE 01 ,2616E Uu WEeUUE 01,2970t GU
«Z2100E 01 ,2B64k Uy WEGRUUE U1 ,2u99E UG E

W 2120E 01 3011k Uy yUUUE UL L2795k UG

«22UGE 01 3130k uu «72UUE U1 ,2692E U

12250 U1 ,319y1k UU ¢ Y40UE U1 s2010F U

ZdSUUE 01 ,3232E uG WYEUDE 01 ,2536E LU

W24U0E 01 3295k 0§ eYHUUE 01 ,244%r GO

W 250CE 01 ,3360E (u J1UUDE 02 ,2454k GO
]

a
Based on 0 +/o; ratios measured in present work (Table VII) and

ENDF/B-1V fission cross sections [13].
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Table XI

Summary of Response Calculation Results

- a
E E oj (Eav, Emin, Emax)’ mb
min max
Reaction "{" (MeV) (MeV) E_=1.97 MeV |E_ = 2.13 MeV
av av
%6 2n(n,p) ®cu 5.5 10.0 (0.501) (0.675)
3 m n'gllsmln 0.75 10.0 134 143
(99.& m
15 (n,nt)y 50, 0.46 10.0 179 189
(4.5 h)

a
oj (EaV,Emin,Emax) computed using the Maxwellian distribution (Eq. (4) from

Ref. 10). EaV = 1.97 MeV corresponds to the neutron field from pure thermal
fission of 235U while E = 2.13 MeV corresponds to the spontaneous fission
neutron field from 252C?v[37]. Values shown in parentheses correspond to

cases where our experimental data fail to cover a significant portion of the

response range (see Figs. 7-9).
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Tahle XIIL

Comparison of Response Calculation Results

for the 115In(n,n')115m

235U Thermal Fission Neutron Field with

In Reaction in a

Some Similar Values from the Literature

, o 115
Source ¢ (XZS’ In),mb
1. Present work (1975) 179
2. ENDF/B-IV Dosimetry File (1975).° 166.8
3. Fabry: Evaluation of Integral 188 * 4
Data (1972).b
4., Fabry: Response of ENDF/B-IV 181.3
monoenergetic cross . 4 be
sections in NBS (USA) . Siouwd L7l
Evaluated spectrum (1975). (67
ghs.
5. Santry and Butler: Response of 173 £ 9
their measured monoenergetic
data iﬁ spectrum from Cranberg
et al.
6. Simons and McElroy: Response of 1967 : 174
SAND-II cross section set in ;
the Watt Spectrum. '
Simple average of literature values (Nos.2-6) 177

Refs. 13 and 32.

Ref. 33.

Refs. 13, 34 and 37.

Refs. 35 and 38.

Refs. 36, 39, 40.
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Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Fig. 5.

Fig. 6.

Figs.7
thru 9.

FIGURE CAPTIONS

Sample irradiation apparatus used for the present set of meas-
urements. The gas target assembly shown was employed for
irradiations with neutrons from the D(d,n)BHe reaction. The
lithium target assembly used for lower-energy irradiations is
not shown. (ANL Neg. No. 116-2355 Rev. 1)

Ge(Li) detector sample counting apparatus used for 113In and
llsln measurements. The NaI(T%) scintillation detector used
for the 662n measurements is not shown. (ANL Neg.No.116-2531)
Schematic representation of the multiple-scattering corrections
applied to the experimental data. (ANL Neg. No. 116-1174)
Cross sections for the 66Zn(n,p)66Cu reaction based on measured
an/cf cross section ratios and ENDF/B-IV fission cross sections.
(ANL Neg. No. 116-2721)

Cross sections for the 113In(_n,n')113m

In (99.4 m) reaction based

on measured Gnn'/of cross section ratios and ENDF/B-IV fission
cross sections. Other selected values from the literature are
indicated by labelled solid curves. (ANL Neg. No. 116-2719)
Cross sections for the 115In(n,n')llsmIn (4.5 h) reaction based
on measured onn,/of cross section ratios and ENDF/B-IV fission
cross sections. Other selected values from the literature are

indicated by labelled solid curves (ANL Neg. No. 116-2720).

Response of the 66Zn(n,p)660u, 113In(n,n')ll3mIn and
115In(n,n')llsmIn reactions in reference neutron fields corre-
235

sponding to i) thermal-neutron fission of U, and ii) spon-
taneous fission of 252Cf. Symbols: (+) Points representing
eyeguide, o(F), to the experimental data. Dashed line shows the
reference neutron spectrum, X(E). Solid line shows the response
function, R(E) = X(E)-o(E). Plots are arbitrarily normalized to
place maxima for each curve at the top border of the frame.

(ANL Neg. Nos. 116-2761,-2763,~2762 respectively)
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ARBITRARY NORMALIZATION

Fig. 7
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ARBITRARY NORMALIZATION

Fig. 8
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ARBITRARY NORMALIZATION

Fig. 9
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