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I. Introduction

Recently there have been remarkable improvements in the
technlques of neutron physics (1), unnoticed by many nuclear
physlcists., Measurements of neutron cross sectlons can now
make significant contributions to our knowledge of the struc-
ture of the nucleus. However, in additlon to contributlng
to our understanding of the structure of the nucleus, neutron
cross sectlicn measurements also contribute to the further
development of nuclear energy. Many rhysicists are not aware
that our knowledge of neutron cross sections 1s not adequate
for the calculation of the properties of fast reactors. Yiftah,
Okrent, and Moldaur have recently reviewed the situation in

their book, Fast Reactor Cross Sections (2) and state the

following in theilr conclusion: "Available microscopic neutrcn
cross sectlon data--supplemented by estimates based on nuclear
theory, consistently predict smaller critical masses than eare
observed experimentally. These findings reveal that few

cross sections are sufficiently well measured (for the purposes
of fast reactor calculations) without experimental gaps or

contradictions."

IT. Recent Developments in the Neutron Cross Section Field

The recent developments in the Tast time-of-flight neutron
gpectroscopy (3) place a powerful tocl in the hands of experi-

mentalists who want to contribute both to our knowledge of the



properties of nuclear energy levels and to the development

of nuclear energy. Slow neutron time-of-flight technlques
have been used for many years, but the extension of these
techniques to higher energles has only recently been developsd.
The delay in this development was primarily technical; the
flight times to be measured for fast neutrons are 1n the range
of 10'7 and J.O'9 sec, a range which has become accessible
because of the developments in photo-multipliers, scintilla-
pors and amplifiers. The effective yield of pulse neutrons

in charge particle accelerators has recently besn increased

by improvements in ion sources (4) and by using bunching mag-
nets (3). Consequently, effective source intenéities have
increased by several orders of magnitude in the last few
years. Experiments which previously were impossible becausz of
intensity reaszns are now done with comparative ease. The
recent work on the inelastic scattering of neutrons from tung-
sten (3} and other elements by A.B. Smith of Argonne Natiocnal
Laboratory 1illustrates how potent a tool the fast neutron
time-of-flight technique 1s for unravelling the structure of
the nucleus. The results given by L. Cranberg of the Los
Alamos Scientific Laboratory (3) illustrate the detailed com-~
parison one can make between the experimental results and the
calculations using the optical model. It is quite clear that
with the improved techniques there 1is a vast opportunity for
exploitation of the field both for contributions to the theory
of the structure of the nucleus and to the nuclear energy

program.
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Inelastic neutron cross sections are requlred for two
aspects of the nuclear energy program; one l1ls in the shielding
and the other in the moderation of neutrons. To calculate
the effectiliveness of a shleld, one must know the number and
energy distributlon of the gamma rays emltted when a neutron
ls 1nelastically scattered. The necessity of a knowledge of
the inelastic neutron cross sectlon for determining the modera-
tion of neutrons in fast reactors (5) has long been recog-
nized but only recently become aignificant because of the pro-
posed use of fast reactors for power production. gimpile.diffuslon
antuslowing¥down theory af-normally applieﬂiﬂoﬁﬁﬁéﬁéﬁmfﬁmng:
the properties of thermal and eplthermal reactors usually
lgnore the lnelastic scattering of neutrons. The moderatlng
material is assumed to be a gas of the mass of the moderator,
and the only collisions allowed are elastic collisions. How-
ever, recent theoretical calculations and results on experimen-
tal fast breeder reacters (6) have shown that the reactor
designer must have extenslve data on neutron lnelastic scat-
tering cross secticns. It is necessary therefore to determine
the inelasgtlc scattering cross section of the flssile and fer-
tile materlials as well as the materials of reactor construction.

If breeder reactors are to be substantially improved, the
resonance parameters of the fisslle, fertlile, and reactor
construction materials must also bé known. A good example of
why the resonance parameters, the average values of the reso-

nance parameters, and the fluctuatlon about the average a»?
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needed for fast reactor calculations, can e=asily be 1llustrated

4
by the case of a fast reactor which uses Pug)9 ag a fuel and has

238

au blanket. The temperature coefflicient of this type of fast

reactor is goling to depend on the detalls of the resonance struc-

ture of the U238

and the Pu239. The temperature coefflclent of
a reactor, 1f it is to be safe, should preferrably be negatlve.
The reactivity temperature coefficient of a fast breeder
reactor depends on the Doppler broadening cf the neutron reso-
nances of the materlal in the reactor. Resonance levels which
capture neutrons wlll glve a negatlive coefflcient because the
level broadens as the temperature increases, thereby lncreasing
the energy range over whlch absorbtion is effective, The pro-
pabllity of removing a neutron is thereby increased and the
reactlivlity decreases. However, for a resonance which leads to
fission the doppler broadening leads to aix lncrease in the pro-~
bability of fission and an increase in the number of neutrons,
thus increasing the reactivity. Unfortunately the resonances
in fissile materials are not purely fission or purely capture,
but a complex mixture of both. In the KeV reglon the resonances
in U238 capture neutrons giving a negatlve Decppler Reactivity
coefficlent, and the rescnances in Pu239 lead predominantly
tc flssion glving a positive Doppler coefficient, although
the magnitude of the Doppler coefficient of Pu239 is very
uncertain; and it may even change sign as the energy increases.
Obviously the Doppler temperature coefflcient of a system which

mixes U238

238

and Plutonium will depend on the fraction of Pu to
U present and the manner in whlch the resonance cross section

changes with the temperature. Doppler coefficlent changes for
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fast reactors have been developed by several investigations (7)
using different assumptions and approximations. The reader is
referred to the report by Nicholson (7) for a review of the
gltuation,

The resonance integral of Th232

also serves as a very
important illustration of the need for resonance parameters.
The resonance integral tells how effective a substance is in
abosgsrbing neutrons in the energy region where absorption
occurs. The resonance integral of thorium as determined by
integrating over the rescnance parameters should agree with the
measuremant of thils quantity in a reactor. Unfowtunately the quan-
tities do not agree; recent measurements of the capture widths
of thorilum have shown that the average values of the capture
gamma ray wildth published in BNL 325 were probably too large,
and the decreased average value of I' for thorium brings the
resonance integral calculated from the resonance parameter into
closer agreement wlth the measured resonance integral.

An excellent example of how knowledge of a neutron cross
section can effect the determination of the economics of a
breeder reactor 1s the capture cross section of Pa233. In
a breeder reactor which uses thorium as the fertile material
and produces U233, In a..thermal breeder the reactor core
i8 wsuwally surrounded wlth a blanket:of thorlum.  Neutrons

232

are captured by natural Th to



6

form Th233. The 'I‘h233 decays to Pa233 wlth a half life of
23.5 min, and Pa°>” decays to US2° with a half 1life of 27.4
days. U233 ls fissionable with low energy neutrons. The
capture cross sectilon of Pa‘233 is critical for determining
the economics of the breeding process, because if Pa233 cap-~

)
234 the Pa®" gecays to UPOY

tures a neutron to form Pa » which
is not a fissile isotope. Therefore, i1f the capture cross
section of Pa233 is small, most of the isotope will decay to
U233, and the breeding process will be efficient. However,

1f the capture cross section is large, then U‘?34

will be pro-
duced, and the breeding process will not be as efficient.

The capture cross section of Pa233 is extremely difficult
to measure because of its short life time and consequent
strang radiocactivity. The isotope must be produced in a weamctor
and rapidly separated from the Th fission products and other
contaminants. The sample is then placed in a special neutron
veloclty spectrometer which is elaborately shielded and remote-
ly operated. 1In spite of the great difficulties in the deter-
mination of this crcss sectlon, several measurements have been
made and a great deal of effort is going Into improving its
Precisior.. There are many other examples of the importance
of the neutron cross section of those isotopes which are
bullt up as a result of neutron capture, but the PaEBBcase is
probably the slmplest and easiest case to use to demonstrate
the principles. Several examples of the cross sectlons desired

for this purpose are glven in Table 5.
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The problems involved in neutron cross section measure-
ments are many and requlre the highest type of scientific
endeavor 1f the results are to be useful. Unfortunately, the
neutron cross section compilations like BNL 325 lead the
casual observer to believe that most of the data rrmired for
reactor calculations are avallable. However, this is not
the case. Dr. Norman Francls of K.A.P.L. (8):,who has recently
completed a study of the cross section data available for
the designh of a fast breeder, estimated that not more than 50%
of the information requilred was available in the compilation.
The remailnder has to be inserted, by using nuclear theories
of doubtful validity.

There are 8till many cross sections of prime importance
to the design of reactors which have not been measured and
many meme which have been measured in the past but not to
sufficient accuracy. Today fthere are filve broad cate-
gories of neutron cross sections for whilch the existing data
are inadequate. These are:

Differentlal cross sections for elastic scattering
Nonelastic neutron processes

Capture cross sectlons

Resonance parameter and radiation capture cross sections
Cross sections of fissile and neighboring nuclei,

Let us examine in more detail all of the neutron cross
sections which are measured and see what further information

i3 desired for the design of reactors.
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¥l Cross Sections Required for Reactor Calculations

Total Cross Sections

The easiest cross sections to measure and the ones for
which data on most elements are available are the total cross
section. There are a few specific cases where the ftotal cross
sections are not known in the energy range of interest for the
peaceful uses of nuclear energy. However, generally these
total cross sections are either relatively wnimportant or are
known to sufficient accuracy for reactor calculations. An
examination of the latest edition of the neutron cross sec-
tion compilation BNL 325,illustrates that most of the necessary

data on total cross sections are available.

Differential Cross Sections

The next most complicated cross sections to measure are
the total elastic scattering cross section and the differen-
tial elastic scattering cross section, which we will group
together, because the total elastic scattering cross section
is now usually determined by measuring the differential elas-
tic scattering cross section and integrating over angles.
Neutron elastic scattering cross sections have been measured
for many years, and one might think that there would be ade-
quate data availlable on all isotopes that are of interest to
the nuclear energy program. This is not the case. The reactor

designers would like to have the elastic scattering cross



sections as a function of angle and energy for Li6, Li7, Be,
B, C, N, O, Si, Ca, V, Fe, Ni, Th, U°22, ¢®0, pu®9, It 1s
true that the elastic scattering cross section has been mea-
sured (for limited energy reglons) for many of these isotores,
and in general the experimental data is well-fitted by theo-
retical calculated cross-sections using the optical model

of Perey anG Buck (9). However, the data required are not
avallable over the total ehergy region for which it 1s
necessary. Table 1 lists several of the elastic cross sections
which would be useful for reactor designs, together with the
energy region over which these cross sectlons are desired.

It states the accuracy reqguired where it can be stated and
glves some references to recent measurements.

Our knowledge of elastic scattering cross sections may not
be as ilnadequate as nne might suspect from examining the
existing experimental data. Recent improvements in the theory
of nuclear structure have allcwed some of the elastic scat-
tering cross sections to be calculated above 5 MeV for inter~
mediate and heavy nuclei. It may be possible to calcuiate
most of the elastic scattering cross sections required for
nuclear rsactor design from the optical model, non-local po-
tential of Perey and Buck (9). The computer program they have
developed for calculating the elastic scattering cross sec-
tions has been used to deterﬁine the differential elastic
scattering cross sections for many isotopes. The results
calculated Rhow remarkable agreement wlth the experimental

results for a limited energy region and mass number, giving
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a2 possible indication that the ¥heory can be extended to

lighter nuclel and lower energies.

Non-Elastic Neutron Cross Sectinns

The situation for non-elastic scattering of neutrons is
quite different from that for elastic scattering. Here the
data are entirely inadcquate and the theory is not sufficiently
developed to yield calculations of much value., 3ome success
has been achieved in calculating non-elagtic scattering at
high energy for heavy nuclei. It is qguite clear, however,
that the nuclear models canhot be used successfully for
calculating inelastic neutron scattering cross sections for
low energies or for light and intermediate welght nuclel. The
parameters of the theory, which glve good results for aifferen-
tlal elastic scattering, have been used to calgculate the inelas-
tic scattering and the results disagree with the experimental
results (10), The disagreement varles from a factor of two or
three for a light element like Mg at an energy of 2 to 3 MeV
to about 20% for a heavy element like tungsten in the same
energy regilon. Examples of the non-elastic processes for which
information is required for reactor design are the non-elastic
cross section as a function of the e:neggy of the incident
neutron, the energy spectra of the emitted gamma ray, and the
angular distribution of the gamma rays with respect to the
direction of the incident neutron for N, 0, Al, Si, Ca,etec.

Table 2 containg a list of those non-elastic cross sections
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whlech would be useful in reactor calculatlons, together with
the energy range over which these crogs sections are desired,
and the accuracy required, where it can be stated., It is

clear that the measurement of non-elastlic and inelastlc neutron
cross secfions can contribute both to the future development
of nuclear theory as well as to an impfovement in the tech-

nology of nuclear reactors.

Capture Cross Sections

Until recently the sltuation in the measurement of
radlative capture cross sections has been very poor, The
Au197 capture cross section serves as a standard. During the
past several years the dlfference, among varlous laboratories,
in experimental results on the gold capture cross section has
been between 30 and 50%. The discrepancies lay far outside
the experimental error, and the source of the dlscrepancy has
not been determined. However, recent measurements have been
more consistent and offer hope that the recently developed
techniques, l.e., the large scintillation tanks used by
Diven (11) and Desaussure (12), will be better tHan those used in
the past. The capture cross section in the KeV regilon, extra-
polated from the results of resonance parameter measurements,
also does not agree wlth the direct measurement of the capture
cross section. However, the theoretical extrapolation from
the eV energy region to the KeV energy regilon requires sev-

eral assumptions of doubtful valldlty and is probably as un-
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certaln as the experimental results.

To calculate many of the properties of the reactors, it
1s extremely important, hoth from the point of view of neutron
economy and radiation damage, to have the capture cross sectlons
of the materials of which the reactor ls constructed. For
example, 1t would be desirable to know the capture cross
gectlons of the potassium, calclum, vanadium, chromium, man-
ganege, iron, nilckel, mercury, lead, tungsten, and blsmuth in
the energy range from O to 2 MeV. However, it 1s lmprobaile
that these wlll be known very well over this whole energy
range.

Table 3 lists the capture cross sections which would be
deslred for reactor design, the energy range over which those
are deslred, the accuracy required and some references to

recent work in this field.

Regonance Parameter

Unfortunately the resonance parameters of individual
neutron resonance levels cannot be calculated from any theory,
and there 1s little hope that this calculation will ever bhe
possible. The parameter must be determlned experimentally.
Due to the enormous improvements in the neutron veloclty
spectrometers (13), there are a large number of resonance
parameters known. Table 4, however, gives the lsotopes for
which resonance parameters and capture cross sections are
deslred, the energy range, and the accuracy required for the

solution of reactor problems.
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Data on Flsslle and Nelghboring Nuclel

Durling the last few years the reactor deslgners have
requlred more and more preclase data on the fisslle materlals.
More accurate values of on’f(E), v(E), n(E), are desired.

All of these guantitles are very difflcult to measure, and the
preclsions requlred difficult to achleve, Moreover, serlous
technlcal problems must be solved before many of these data
can be obtained. For example, one method of measuring the
absolute value of the flssion cross sectlon involves placing
a foll containing the fissile material 1n a neutron beam and
countlng the flsslon events. This measurement requires a
determination of the absolute number of atoms of the fissille
material on the foll which is to be used for the measurements,
an absolute measurement of the energy distrlbution of the neu-
tron flux incldent on the foll, and a precise determination
of the efflclency of the counter which 1s used to measure

the fission events. The relative importance of the problems
varies with neutron energy.

Since the range of the fission fragments is only a few

milligrams per cm2

in any materlal, the deposits of the
fissionable materlial must be very thin and therefore the quan-
tity of material which must be determined to a high precision
ils very small. Another problem results from the fact that the
fissile isotopes are chemically in the second rare earth group
and consequently the salts are not stoclometric compounds.

Therefore the exact chemical composition of the material
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deposited on the foil must be determined. The fissionable
material will penetrate the foll to some extent, and the range
of the fission fragments in the salt 1ls different than the
range of the flsslon fragments in the foll; thus making the
efficlency of the flsslon counter as well as the determination
of the number of atoms difficult. A determination of an
absolute neutron flux to better than one percent 1s a for-
midable job in itself, because the standard cross sections
used for the determinatlon of neutron fluxes are not deter-
mined to much better than 1%. In addition, one must develop
better methods of determining the number of boron atoms in

a given compound before the neutron flux can be determined

to better than 1/2%.

Probably the most difficult part of determining the
absolute value of the fission cross sectlon is the determi-
nation of the number of atoms of the fissionable material
on a plate. The short range of the fission fragments requires
that the foll be thin,and therefore the number of fisslon
events 1s small for the intensity of neutron beams currently
avallable from nuclear reactors. The range of the fission
fragments is not sufficiently well known to calculate the ab-
solute value of the efficlency, and the measurements are not
preclse enough to lmprove the accuracy of the results by a
factor of two better than previous measurements. Other méthods
have been used for the absolute determination cf the fission

cross section, but there are difficulties inherent in the other
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method which have not been completely resolved. The papers
by Safford and Melkonian ()., and by Sapalakiu (1%)illus-
trate in more detall some of the problems whlch must be
considered and painstakingly lnvestigated in the measurement
of fission cross sectlons.

The cross sections and the other filssion parameters of
the fissile nuclei, although very difficult to measure, are
extremely important from the point of view of the economics
of nuclear energy. The higheét type of sclentific endeavor
1s required for these cross sectlion measurements,since extreme-
ly good precision 1s requlred., In many cases precisions
higher than the precision of the best nuciear cross sections
measurements which have been made to date are demanded.

A review of the thermal parameters for U233(15), U235(16),
has been published recently. In gensral one can say that the
situation is not satisfactory on any of these lsotopes.

Most is known about US2°. The information about U°>2 is not
as well known,and the data on PH239 is poorest, because of
its high speciflc alpha actlivity and lts poor mechanical and
chemical properties. It would be highly desirable if dedi-
cated physicists who wanted to make a real contribution to
the economics of the nuclear energy program would attempt
further measurements on the fissile l1sotopes.

Some examples of measurements desired on the fissile
nuclel are the absgsolute fission cross sectlion of U233, U235,
PH239, Pﬁeul at the standard energy of 0.0253 eV. Measure-

ments of Eta and the scattering cross section at the standard



16

energy are also required to high precision. Any efforts to
improve the accuracy of this data would be welcomed. Table §
gives some examples of the cross sections and parameters of

the fissile isotopes, the energy range for whlch these mea-
surements are desired, the accuracy required, and some referen-
ces to recent results.

Summarizing the state of neutron cross sectlon measure-
ments for the reactor design at the present time, we find
that there are a large number of cross secticns which are
desired. The most recently developed theories of neutron
interactions with nuclei can be of some help in determining
the cross sectlons in energy ranges where they have not been
measured, but the theories are of limited use, because they
have not been developed sufficiently to calculate the
results immediately. Ewven though the theory is finally
developed as far as it can be within the framework of present
capabilities, there are many neutron cross sectlons such as
those on the fisslle 1lsotopes and the rescnance parameters
of other isotopes which cannot be calculated, but must be
measured. We hope that this article points out that the
neutron cross sectlons, even though they have been measured
by a large number of the best sclentists over a long period
of years, are not adequate for designing novzl reactors which

wlll improve the economics of the nuclear energy programn.
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Element

Table 1 -
g,(——-—-—-—

Energy

9 n(E,G): Differential Cross Sections for Elastic Scattering
J

Accuracy desired and Comments

Avallable Data and Comments

Li

Be

2-14 MeV

7-14 MeV

1.5-14 MeV

6-8, 10 MeV

10% desirable, 20% acceptable, in
average of <l-cos © >. For E > 6,
what is really wanted ls the sum
of the elastic and lnelastic angu-~
lar distributions for which the
final nucleus 1is in ground or first
exclted states.

Same as for 1Ii

Same as for Li

Same as for ILi

Lane (ANL): L16, L17, up

to 2.3 ..
Bostrom et al (TNC) (WADC-
IN-59-107): :(1.4, 4.2
Batchelor, Towle Physics
Letters, 162): T.5 -
7.5

Langsdorf et al {PR 107,
1957) 0.06 -~ 1.8

Phillips (LASL) (BAPS, 4,
358, 1959) 6, 6.5, 7

Wilenzick (Duke) (BAPS, 6,
252, 1961):

Bostrom et al (TNC)(WADC-
TH-59~107): 7.

Beyster et al (PR 104, 1319,
1956): 1'70



Table 1 - o, (E;@): Differential Cross Sections for Elastic Scattering
3

Available Data, at given energles

Element Priority Accuracy Desired;
Ensrgy Requestor Requestors' Comments (ifeV) Comments by NCSAG
N 7-14 20%. 10% desirable, 20% accept- Phillips {LASL)(BAPS 4, 358,
able, in avergge of <1 - cog 9> . 1959); 7
For O <6 <20, data at 2.5 in~ _ Bostrom et al (TINC) (WADC-TR-
N 2-T7 MeV tervalg, and with resolution gf 2.57, 57-446): -
for 20~ <9 <180, data at 20 3.1, 3.5, 4.0, 4.3, 4.5,
intervals_and with angular resolu- 4.8, 511, 7.1, 1%.9, 15.8;
tion of 5, are desired. En- Normaiizations wrong but
ergy resolution better than 0.5 angular dependence OK;
MeV wanted by ORNL; better than 1 14,1-MeV curve in BNL-400
MeV wanted by the others. normalized wrong, DUt
angular dependence 1s pro-
bably OK.
Davis (Rice): 5 - 8.5
Chasc et al (Lockhead)(AFSWC-
TR-61-15) 5.0, 5.7, 6.0,
5.5, 8.0, 11.6.
Strizhak et al (ZETF 41, 313,
1061): 1k -
N 1-2 MeV Same as above See above also
Fowler et al {PR 98, 728, 1955):
1.0 - 2.4 7 7
N 2.4-14 MeV Same as for Li
7-14 MeV 20%. 10% desirable, 20% accept- Phillips (LASL)WASH~1028 for *
agle in agerage of <l-cgs 9> For values) 3.00%, 3.35, 3,59
0~ (9 <207, data at 2.5 igtervals 3.55, 3.65, 3.75, 6%0%,7.0
Y 5-T7 Mev and with regolution of 2,5  for Smith (BAPS 5, 19, 1960):5.0,

20° <0 <180°, data at 20%intervals
and with angular resolution of 57,

are desired. Energy resolutinon
tetter than 0.5 MeV wanted. Good

rescluticin data requested at 100
o Ankerrnalg in 3.0 MeV ranee ho

6.5
- Sayres (Columbia): 3~14
Hunzinger, Huber (HPA
' 160): 2wt
Chase: Same as for N
Rogtrom: Same as for N

53, 570



Table 1 - o, o (B3 9): Differential Cross Sections for Elastic Scattering
J
Element Priority Accuracy deslred; Available Data, at given energles
Energy Requestors' Comments (MeV); Comments by NCSAG
0 1-3% MeV Same as given for 0 on previous Same as gilven for 0 on previous page.
page, where applicable.
0 3-14 Mev High resolution data needed at Same as gilven for O on previous page.
25 KeV intervals from 3-4 MeV
to unravel properties of the reso-
nance. Low resolution dats pre-
ferred above 4 MeV.
Si 2-14 MeV 10%Z (or at least 20%) in ¢ and in
average of <1 - cos 0> . Energy
resolution better than 1 MeV
Ca 6-14 MeV Same as for Si Vincznt et al (TNC) (WADD-TR-60-217):
01
Cranberg (LASL): 6.0
v 1.5 MeV and up 10% (or at least 20%)in average
: of <1-cos ©~ .
Fe Up to 1 MeV Same as for V Langsdgrf et8al (PR 107, 1077):
06 - 1.
Gilboy (AWRE): 1
Smith (ANL): 0.8, 1.0, 1.2, 1.4, 1.6
Fe Hill (PR 109, 2105, 1958): 5

5210 MeV

Wilenzick ¢t al (Duke): 6
Beyster et al (PR 109. 2105, 1958): 5



E;0): Differential Cross Sections for Elastic Scattering

Table 1 -~ ¢
D n,n(

Element Priority Accuracy deslred: Available Data, at given energies (MeV)
Energy Requestor's Comments Comments by NCSAG
Ni 5-10 MeV Hill (PR 109, 2105, 1958):5
Th 1.5-5 MeV 10% (or at least 15%) in average Smith (ANL): 1.5
of <1 - cos ©> . Hudson et al (BAPS 6. 251, 1961):
15 MeV
U235 1.5-7 MeV 10% in average of ¢1 cos 9> . Smith (ANL): 1.5
Cranberg (LA-2177, 1959): 2

U238 2-T7 MeV 10% in average of <1 - cos 9O>. Cranberg et al (PR 109, 2063, 1958):2

: What is really desired is o, Walt, Beyster (;EEQGBI}: 2.5
pu29 0.05-10 MeV  Same as for U0 Cranberg (LA-2177): 0.55, 1,2.



Table 2 - Nonelastic Processes-

Cross Priority Accuracy Desired Available Data, at given energies
El. . Section Energy Qther Comments (MeV):; Comments by NCSAG
D Oy o (E;E'Q) Up to 14 MeV 10%(or at worst, 20%).
n,en Even only one result
near 10 MeV would be
helpful.
T g (E;E!'Q) Up to 14 MeV Same as for D
n,an
Be g (E) Up to 5 MeV 15%. In 2-3 MeV range, Figure 15 of WASH-1028 gives
n,2n 50 mb. 1960 status.
Be UnM(E;E‘}' 5-14 MeV 10% (or at worst, 20%)
in ¢ and in average of
<l-cos 9>. Angular
onM(E;E'G) distribution important
only if nonelastic pro-
cesses are significantly
anlsotropic.
Li6 Iy, n,(E;E'@) 2.5-14 MeV 10% (or at worst, 20%). Wong et al(Nuc. Phys. 33,
J

680, '62): “Some data at 14,



Table 2 - Nonelastlc Scattering

Cross Priority “Accuracy Desired; Available Data, a2t given energies
El. Section Energy Other Comments (MeV); Comments by NCSAG
il o, n,(E;Ei,@) 2.5-14 MeV 10% (or at worst, 20%). Wong Et al (Nuc. Phys. 33, 680, '62):
2 l I - _
10 -y
B an(L) 1-14 MeV 10% (good energy reso-
lution not required).
510 o (EE") 1-14 Mev Ditto
pto o (BsE',0)  1-14 MeV Ditto
B0 onD(E) 1-1000 KeV Ditto Davis et al (N.P. 27, 448, 1961):
charged particle emission, 0-8
MeV.
N anM(E;E') 7-14 MeV 20%. 10% desired (but
20% acceptable) in
o . (E;E'0) average of <1l-cos Qif
nM*—’ " _non-elastic processges

are significantly aniso-

tropic. Resoiutionsg:

AE, AE!

both {1 MevV.



Table 2 -~ Nonelastic Processes

Cross Priority —  Accuracy Desired Available Data, at given enemgies
El. Section Energy Other Comments (MeV)Comments by NCSAG
N onG(E;E ) 8114 MeV; 10% (or at worst, 20%.
A Eys Oi5 Angular distribution of

gamnas requested if badly
anisotropic. Resolutions:
AE L1 MeV (<0.5 MeV
for ORNL); AE < 0.5 MeV
(or at worst lﬁl MeV).

N onG(E; E ) 4-8 MeV 20% Resolutions: AE £0.5 MeV;
¥ AE £ 0.5 MeV (or at worst
\(‘Yl MeV).
N onG(E;Ery,xw) ;;1;; ﬁxev 20% Resolution: L\,E,Y £20%.
N Op, i (BsE!,0) 0-14 Mev 20%.
0 onM(E;E’) 10-14 MeV 20%. 10% desired (but 20%

acceptable)in average of

1l - cos 8> 1if nonelastic
processes are significantly
anisotropic. Resolution:
AE, AE' both L1 MeV.

GnM(E;E':Q)



le 2 -

Nonealzastic Scattering

Cross Priority “AEcuracy Desired Avallable Data, at given energiss
El Section Energy Other Comments (MeV); Comments by NCSAG
0 0, (EE) 7-10 MeV 20%. 10% desired (but 20%
acceptable) in average of
<1 - cos 9> if non-elastic
ch(E;E’,Q) processes are significantly
anisotropic. Resclution:
AE, AE' both L1 MeV.
0 an(E;E ) 10-14 MeV 10% (or at worst, 20%).
Y Ey 0.5 Angular distribution of
gammas requested if badly
an(E;E SU) anisotropic. Resolutions:
v AE £1 MeV (L 0.5 MeV
for ORNL); AE <0.5 MeV
(or at worst £Y1 MeV.)
0 0,a(EE,) 4-10 MeV 20% Resolutions: AE K
n ¥ 0.5 MeV; AE 0.5 MeV
(or at worst K1 MeV).
0 onD(E) 9-14 MeV 20% .
Na N n,(E;E‘) 2-14 MeV Towle, Gilboy (N.P. 32, 610, 1962);
s .0

1.0, 1.5, 2.5, ¥.0



EL.

Cross
Section

Priority
Energy

Table 2

Nonelagtic Scattering

Accuracy Desired;
Other Comments

Available data, at given energies
{(MeV); Comments by NCSAG

Al

Al

Al

Si

"
Un,n'(“’E')

0y (EsE")

nG(E;EY)

onG(Egﬁy,y;)

ch(E;E’)

OnM(E"E‘ :9)

0-14 MeV

Up to 14 MeV

2-14 MeV

3-14 Mev

20% Energy
may be low
threshold,

10% (or at
If angular

is strongly anisctropic,
(or at worst 20%
average of <1
Resolution:

10%

K1 MeV,
10% (or at

resolution
except near

worst, 25%).
distribution

cos 9>
QAE, 4B}

worst 25%).

Angular distribution of

gammas requested only if
strongly isotropic.
lution: AE 1 MeV; AE’Y

0.5 MeV.

10% (or at

worst 20%).

in
both

Reso-

Thomason (LASI '60): Nuc. Temp. at 7.

Nellis et al (BAES 7, 120, J6, 1962):
Inelastic gammas at 4.0, 14.8.

Weddell (Phys. Rey. 104, 1069, 1956);
4.4 MeV at 82°.

Angular distribution reques-
ted if nonelastically
scattered neutrons are
strongly anisotropic.

Resclution:

AE <1 MeV.

Stelson (ORNL) has some results at
14 Mev,



Table 2 - Nonelastic Scattering

€ross Priority Accuracy Desired; Available Data, at given energies
El. Section Energy Other Comments (MeV); Comments by NCSAG
Si 0, EE)) >-14 MeV; 10% { or at worst, 20%). Hall, Bonmer (WASH-1028, pp. 60,62)4
¥ E > 0.5 Angular distribubtion Eup to 4.5,78 =1.78 , =90
onG(E;E s H) Y requested if gammas are Y
Y strongly anisotropic. Lind, Day (ANN. Phys., 12, 485, 1961):
Resolutions: 24 E2 1 MeV; E = 1.5-3.0, E =T.78 - 2.41,
2E,30.5 MeV = 94% only. ¥
Si on,n,(E;E}) 1.8-14 Mev 50%, but 10% in on’n,(E).
.28
Si o, p(E) Up to 14 MeV 10%; good energy resolutions
? not required
K o _(E) and Up to 2 MeV  25%, or 10 mb {whichever is Haenni (Rice) (WASH-1026, p. 55,
2% larger). 1959) ; (WASH-I028, p. 60, 1960):
0, o E) Up to 8.5.
5Q .
Ca ch(E;E') Up to 1% MeV 10% (or at worst, 20%). If

nonelastic processes are

strongly anisotropic, angu- 4
lar distribution is requested

good to 10% (or at worst 20%)

in average of <1 cos 0>,

Resolution: AE , AE' both

<1 VeV,



El.

Cross
Section

Priority
Energy

Table 2 - None

lastic Scattering

Accuracy Desired;
Other Comments

Available Data, at given energies
(MeV)Comments by NGSAG

Ca

Ca

Cr

Mn

Ipa(EE, )

OnG(EEE 5 ?!‘)

v

Oyt (BSED)

Ot (E5EY)

nG h%

b 4 eV
E(Y L]

3.4-14
0-1%
2.5 - 10

MeV
E 1

Up to 14 MeV

10% (or at worst 20%).
If gamma rays are signi-
ficantly anisotropic,
their angular distri-
bution is reguested good
to 10% (or at worst 20%)

in average of <1 cos 9> .

Resolution AE £ 1 MeV,
4LEQ < 0.5 MeV.

50%, bu% 10% in an’n,(E).

15%.,

10% (or at worst 25%) .
Resolution: 4 E
AE 1 MeV. Data on
seﬁgrated isotopes would
be helpful.

20% .Angular distribution
requested 1f strongly
anisotropic.
X 1 MeV,

= 0.5 MeV,

Resolution:

Thomscn {LASL '60):
T MeV.

Nuc, Temp. at

Remy, Winter (C.R. 246, 1410, 1958):
E' spectrum at IF.

Welgold (Australian J. Phys. 13, 186,
'60) : Ef = 8?5 b 3t E =
1i4.5.

n 2n



Tahle 2 - Nonelastic Scattering

Cross Priority Accuracy Desired; Available Data, at given energles
EL. Section Enerzy Other Comments (MeV) Comments by NCSAG
Ni g, ~(E;E_) 2,5-14 Mev 10% (or at worst 25%).
nGt oy E 0.5
Y
87 7 4
Sr cn’n,(E) Up to 14 MeV 15% in o . tO 2.8-h
isomer. Low resolu-
tion OK.
yAY o, n,(E;E') 1-4 MeV 20%. Good resolution Smith (ANL '62): 0.5, 0.7, 1.2, 1.6.
’ needed near thresholds for
separate isotopes.
Zr o n,(E;E') 3-U4 MeV 10% in o, n,(E) Lind, Day (Anfi.Phys. 12, 483, 1961):
? ? Production of wy's at 94 for
1-4 MeV.
Zr Op, n'(E E!) 4-14 MevV 20% Nellis, Morgan, Ashe (BARS 7, 120
J6, 162): . Production of
y's at 90° for 4 and 14 MeV.
Nb o, n,(E;E') Up to 3 MeV 15%. Data for a Thomson (LASL '60): Nuc. Temp. at 5.
2

single E should suffice,
Smith (ANL) in progress up to 1.2.

Seth ¢t al (Duks '6l) has E'!' spsg-
trum for 6 MeV.



Table 2 - Neonelastic Scattering
Cross Priority Accuracy Degired; Available Data, at given energies
El. Section Energy Other Comments (MeV); Comments by NCSAG
Mo o (E;8) Up to 3 MeV  g0%.
n,n
111 . o La 2
cd o,. .;(E) Up to 14 MeV. 15% in o_ ., to %8.Cm
n,n . act .
isomer. Icw resolu-
tion OK.
117 ’$ .
Sn O gt VE) Up to 14 MeV 15% in g, . to 14-d
3 isomer. Low resolu-
tion OK.
119 R
Sn’, a, rl,(E) Up to 14 MeV, 15% in Ohor ©O 275-d
’ isomer. Low pesolu-
tion OK.
123 o
Te o, 1 (E) Up to 1% MeV 154 in Ogop T 104-4d
isomer. Low resolu-
tion OK.
125 =g 3 +
Te c  (E) Up to 14 MeV 15% in Ogot ©O 58-d
n,n isomer. Low resolu-
ticen OK.
Bat?? 5 (E) Up to 1k MeV 15% in o, . to 28.7-h
n,n isomer. Low resolu-

tion OK.



Cross
El. Section

Priority
Energy

Tahlie 2 - Nonelastic Scattering

Accuracy Deésired
Other Comments

Available Data, at given energies

(MeV); Comments by NCSAG

1
Ba™ 1 0t (E)

167

Er on,n?(E)
179

Hf Gn,n'(E)

W on,n‘(E5E')

w on,n'(E5Ey)
195

Pt Un,n,(E)

Hg199 O'n’n:(E)

Up to 14 MeV
Up to 14 MeV
Up to 14 MeV

1.5-4 Mev

0.5-14 Mev
E >0,
v 5

Up to 14 MeV

0

Up to 14 MeV

15% in ¢ to 2.,6-m
act Low reso-

isomer.
iution OF..

15% in ¢ to 2.5-s
lsomer, aCtLow reso-
lution OK.

15% in o to 19-s
lsomer, act Low reso-
lution QXK.

15% in gt to 4.1-4

isomer. Low reso-~
lution OK.

15% in 0ot 0O ho-m
iscmer. ¢ LOW reso-

lution OX.

Swann, Metzger (PR 100, 1329, 1955):

0.5 - 3.0.

Smith {ANL) (WASH-1031-'60):
5o
Thomson (LASL '60) has nuc.

7.

0.3 -

tamp. at



Table 2 - Nonelsstlc Scattering

Cross Priority Accuracy Desired; Available Data, at given energles
El. Section Energy Other Comments (MeV); Comments by NCSAG
Ph o, n,(E;E ) 2.,5-14 MeV Isotopic identification Day (LASL) has data from 0,5 to 3.2
s ¥ 1s desirable. MeV.
Pb o, n,(E;E') 2.5-14 MeV Isotopic identification Thomson (LASL '60) nas temgs. at 4
’ is desirable, and 7 for Pb2
Morgan (TNC) (WADC-59-31, '59):
3.7, 4.2, 4.7, 15.
Seth et al (Duke '61) has E' speg-
trum at 6 Mev and 90" .
Saltnikov (JNE 8, 119, 19538): 2.35.
Popov (JNE 9, 9, 1959): 2.
Bi Un,n'(E5Ey) 2.8-14 Mev Bonner (Rice): 4 - 8.
o2 oy, n,(E;E') Up to 4iMev 20%. 5% in o . ,(E) Smith (ANL) (WASH-1033, '61):
3 n,n AoNZ VI
? Oo} - -L.-E)a
Lind and Day (LASL): high energy
gamma excltations up to
1.5 MeV neutron energy.
Y. o, n,(E;E') Up to 7 MeV  10%-15%. However, o_ _,(E)
3 Nt

and the fractions of' the
B! spﬂctrum above agd
below Th232 and U253

fission

threshclds should be good to

5b-10%.



Table 2 -~ Nonelastic:Scattering
Cross Priority Accuracy Desired; Avallable Data, 2t given energiles
El. Section Energy Other Comments (MeV); Comments by NCSAG
B2 o (EsE') 6.1k Mev 5%-10%. Even one mea-
? surements near 10 would
help.
N 0, n'(E E') 0.1-0.5, 10%~-15% in o, n'(E)' Cranberg (LA— 177 '59): 0.55, 1, 2.
2-10 MeV ’ Smith (ANL] is doing low energy region.
Ue° o (E;E')  2.5-12 MeV  10%. Resolution: 20%
n,n in nE, 2E' 1s 0K.
ye25 Op,qi(EsE')  0.5-7 MeV  Same as for v,
(See previous page.)
U238 o, n,\E;E’) 6~14 MeV 5%-10%. Even one point
’ near 10 would help.
U238 o, n,(E;E ) k5-750 KeV 10%. Excitation curves
for levels below 750 KeV.
U238 opM(E;Ef) 0.75-10 MeV  5%-20%. M(E) also desired. Cranberg et al (g_ 109, 2063 '58):
) 0.5, 1, 2.
Smith (ANL) (WASH-1029): 0.5-1.5.
Seth et al (Duke !'61) has E! spec-
trum at 6 MeV and 90 .
py2H0 (E;E')  6-1% MeV
n,n' 3’ - € 5%"10%'
)
pu?t0 o (E;EY) Up to 7 MeV  20%. MNuclear tempera-

tur° may suffice,



Cruss

Table 3 - and on

J

Accuracy Desired:

W(E): Capture Cross Secticns

Available Data at gilven energies

El. Section Energy Other Conments (MeV); Comments by NCSAG
K o (E) 30 KeV 25%, or at least 10 mb Macklin (ORNL): 30 and 65 KeV
1,y 2.0 MeV Kononov et al (JNE 11, 46,
'59): at 25 KeV, KL has
an7< 20 mb.
K onT(E) 1.4 - 14 10% Besolution:
MeV LE ¢ 0.5 MeV.
Ca o T(E) 6-14 MeV 10% Resolutilon:
n 2B ¢ 0.5 MeV (or
at worst <1 MeV).
Ca g T(E) 0.6-3 MeV 3% Wilenzick (Duke, '60)
n (WASH-1029): up to 1
Shrader (Case) will do.
\ g . (E) 1-150 KeV 10% Macklin et al(PR 107, 504,
Y 157): 25 KeV. )
Kononov et al (JNE 11, 46,
159): 25 KeV.
Gibbons et al (PR 122, 192,
i61): 30 KeV.
Stavisskil et_al (SJAE 9,
g2, 161): vol T 7
Cr a. (E) 1-150 KeV 25% or at worst Gibbons et al (See V above):
n,Yy 10 mb. 30, 65 Kev.

Diven et al (FR 120, 556,
160): 175-10C0 Kev.

Belanova (SJAE, 8, 462, '61):
o,p at 24 7220, B30 KeV.



Table 3 - Onw(E): Fast Total and Capture Crcss Sections

PR

Cross Accuracy Desire Available Data, at given energies
El. Section Energy Other Comments (MeV); Comments by NCSAG
Mn o (E) 1-40 KeV. 20%. Capture widths Kononov et al (JNE 1i, 46, '59):
0,y for several resonances 25 KeV. —
may suffice,
Bostrom et al (WADC-59-107, '59):
40-3000 KeV.
Stavisskii et al (SJAE 10, 498, '62):
30-2000 KeV.
Fe o, (E) @-175 KeV. 10%, or at worst a few mb Gibbons et al (PR 122, 192, '61):
Y 30, 65 KeV.
Diven et al (PR 120, 556, '60):
175-1000 KeV.
Stavisskli et al (SJAE 1C, 255, 498
1962): 12-1000 KeV.
Belanova (SJAE 8, 462, 1'61): 220 KeV.
Fe o, V(E) 1-2 MeV, 10%, or at worst, a few mb.
3 Capture resonances 1in 1-5
KeV ranges are also of
interest.
. » Gibbons et al (PR 122, 192, '61):
Ni on,v(E) 0.5-175 KeV. 25%, or at worst 10 mb. 30, 65 KeV. —£2 s

Stavisskli et al (See Fe above):
34-1000 KeV.

Kononov et al (JNE 11, 46, '59);
o < .037 b at 25 KeV.



Table 3 - Ohw(E)’ Fast Total -=nd

Capture Cross Sectlons

Cross Accuracy Desired; Available Data, at gilven energziles
El. Section Energy Other Comments (MeV); Comments by NCSAG
1\1164 o, (E) 0-100 KeV. 10% (but 1% in reso- Booth (P.R. 112, 226, 159):
n,%Y nance energies). Reso- o = 8.7 mb at 25 KeV.
nance parameters and Oy ( 6 1 61)
Grench et al (B.A.P.S. 0, 430, '01):
data would be a help. ony(loo KeV) = 3 o
Y oy, (E) 0-1 MeV. 15%. Gibbons et al (P.R. 122, 182, '61):
Y 30, 65 Kev.
Bostrom et al (WADC-59-107, '59):
100-680 KeV.
Newson {Duke): up to 100 KeV.
Nb o, (E) 1 KeV Repeat to resolve possi- Kononov et al (J.N.E. 11, 46, 159):
oY 1 MeV ble discrepancy at 175 KeV. 25 KeV.
Gibb ons (See Y above): 7 - 175 KeV.
Diven et al (P.R. 120, 556, '60):
175 - 1000 KeV.
Stavisskii et al (S.J.A.E. 9, 942,
’61): 25-1500 KeV,
Nb o (E) 1-2 MeV. 25%, or at worst 10 mb. Stavisskii et al (S.J.A.E. 10, 255,
n,Yy 162): 20-1000 KeV.



Table 3 -~ an(E): Fast Total and Capture Cross Scetions

Cross Azcuracy Desired; Available Data, at glven energies
El. Section Energy Other Comments (MeV); Comments by NCSAG
Ru o, (E) 1-150 KeV. 10%. Macklin et al (P.R. 107, 504, '57):
a4 has ¢ for 3 isotopes at 25
act
Kev.
Block (Saclay Symposium, 1961): up
to 9 KeV.
Rh Oy, ,y(E) 1-150 KeV. 10%. Gibbgns et al (P.R. 122, 182, '61):
3 5‘
Block (See Ru apbove): up to 9 KeV.
Hg o, (Y(E) 1-1000 KeV. 20%. Gibbons (See Rh above): %O, 65 KeV.
2
W Oy o (E) 1-2 MeV. Diven et al (P.R 120, 556, '60}):
d 175 - 1000 Kev.
Gibbons {See Rh above): 10-170 KeV.
Pb o (E) 1-50 KeV. Any p-wave resonances? Schmitt et al (N.P. 20, 202, '69):
n,y ——
all KeV.
Tattersall et al (J.N.E. 12, 32,'60)
Bi o (E) 1-30 KeV. 25%, or at werat 5 mb. Gibbons et al (See Ra above): 30,
n,y At low energles reso- 65 KeV.

nance parameters alone
nay suffice.

Lynn et al {N.P. 7, 613, '58):
0.3-4 KeV.

Firk et al (B.A.P.S. 4, 3%, '59):



Table 4 -

Resonance Parameters and Radiative Capture Cross Sections

Cross Accuracy Desired Available Data, at given energies

El. Section Energy Other Comments (MeV): Comments by NCSAG

Al ch(E) 5.9 KeV Parameters wanted
(particularly I‘ry for
these two

Gn,y(E) 35 Kev resonances.

Ca onT(E) Up to 10 KeV 5% Resolution suffi-
clent to resolve any
resonances in range.

Ca anT(E) Up to 1 KeV Parameters wanted for
any resonance in range

Mn a_ (E) Up to 100 eV 25% Resolution:

fy AE < 20%.
Mn . (E) Up to 1 KeV 2% near thermal; 5% Resonance integral is failrly
Y in resonance region. well-known. A 5% measurement
g

For activation stan- of ' for 337 eV resonance
dard in reactor flux Y should be helpful.
measurements.

Mn o, (E) 0-25 KeV 20% or at worst, 5 mb. Macklin et al (PR 107), 504,

n,v Resolution sufficient 55 mb at 25 KeV.

t0 resolve any reso-
nances in range.

Booth et al (PR 112), 226
158, 52 mb at 25 KevV.
Kononov et al (JNE 11, 46 ,
159): 65 mb at 25 KeV



L4 o Resonance Parameters and Radiative Capture Cross Sections

Cross . Accuracy Desired; Available Data, at given energies
El. Section Energy Qther GComments (MeV) Comments by NCSAG
Co {o T(E) 132 eV 1% in parameters of this Firk (Harwell '61): T = 0.70 + .20
LB resonance. For activation ev. Y
\0 (E) standard in reactor flux
f n,y' measurements. Block (WASH-1029, '60): T' = 0.67
\ + .15 ev. v
Jain (BNL '62): I"Y = 0.416 + .028 eV.
Cu63 Oy (E) 0-1 KevV, 2% near thermal ;
Y 5% in resonance region.
Cu65 o V(E) 0-1 KeV. 2% near thermal;
0% 5% in resonance region.
Kr83 fch(E) Up to 1 KeV. 50% in resonance absorp- Mann et al (P.R. 116, 1516, '59):
i tion integral. Some 's Tor 28 eV and 233 eV
Yo (E) r resonances.
fonLY
N Walker (CRRP-913, '60): estimates
RI -~ 240,
Y o, y(E) Up to 500 eV. 15%.
3
7290 /o o(E) Up to 10 KeV. 10% in parameters. Block (QRNL'62): E, = 3.88, 13.5,
(n 17.8 KeV.
‘o (E)
{ “n,y



Table ¥ -~ Resonance Parameters and Radlative Capture Cross Sections

Cross Accuracy Desired; Avallable Data, at glven energies
El. Section Energy Other Comments (MeV); Comments by NCSAG
Zrot ch(E) Up to 105 in parameters. Block (ORNL !'62): E = 0.18, 0.24,
) 10 kev. 0.29, 0.43, 0.68, 0.90, 1.54, 1,82
cn),y(E 1.99, 2.49, 2.74, ...
Feiner (KAPL-2000-8, '59): RI = 5.4
+1.6
7ro° GnT(E) Up to 10% in parameters. Block: E = 2.70, 4.1%, L.67, 6.89,...
10 kev. r
ngl‘L (E) Up to 10% in parameters. Block: E, = 2.25, 5.84, 7.10, 12.6,...
{ 10 kev.
790 0, o(E) Up to 1053 in parameters. Block: E, = 0.30, 2.69, 3.{
10 kev. 4,11, 5, 43, 5.94, ...
5 (E)
%Y
Rh o, (E) Up to 10% in resonance Macklin et al (Geneva Conf. 5, 96,
10 kev. absorption integral 155): RI = 575 (exp't), 656 Téxp't),
n (E) calculated from 1146 (calc.).
parameters. Walker (CRRP-913,'60):RI=1095 (calc.).

Chrien et al (BNL '59): 2gTy for 12
resonances, 44-326 ev.
Ribon et al (J. Phys. Rad. 22, 707,
161): E, =47, 68,7 90.

Block (Saclay Symposium, 1961):
0.2 - 9 kev,




Table L - Resonance Parameters and Radclative Capture Cross Sections

Cross Accuracy Desired; Available Data, at given energies
El, Section Energy Other Comments (ileV); Comments by NCSAG
Cs ho(E) Up to 109 in RI caleulated 17 resonances known, 6 - 530 ev.
¢ l T i v . ~
. (3) 1 kev, Trowm paramesers mattersall (AZRZ-R/2887, '59):
n,y'” RI = 504,
Zilan¢ {XAPL-2000-11, 'GO):
RT = 400 ¥ 25.
Persiani gﬂxz Newsletter No. 1):
RI = 394‘ CalC.).
Ndln’ vnT(E) 0-1 kev. Parameters to give Stolovy et al (P.R. 108, 352, '57):
) y 10% in RI. 7 resonances betueen -9 and +190ev.
T,y )
147 - . . -
Pm Unm(L) 0-1 tev, Parameters to give Sehumen et al (N.S.B. 12, 518, 132):
- () 105 in RI. RI to each isoner of Pnm.
g, (2
n,% Harvey (Geneva Coanf. 156, 150, '58):
12 resonances between 1 and 50 ev.,
51
smtot ch(E) 0-1 kev. Parameters to give Pattenden (ORML '31): RI= 3000 b
10% in RI. 7 resonances between =-0,015 and 10,L5ev.
Gn,v(i) Farvey (Geneva Conf. 15, 150, '58):
5 resonances betueen 1.1 and 5.5 ev.
2l 6 (R) 0-1 kev. 25 near therral; 5% in Tattersall (J.N.E, 12, 32,'50):
Y resonance region. RI < 6900 b {exp't)

Persiani (Arconne Newsletter No.l,!'61):
RI = 7320 {calc.)

iioore et 21 (KAPL-2000-8, '59): Ratio
of puld2 iscmers produced:

(13-3?/9-:(1) = 2010




Table 4 - Resonance Parameters and Radiative Capbtuve Cross Sections

Cross Accuracy Desired; Available Data, at given energies
1. Seetion Enersy Other Comments (ieV); Comments by NCSAG
iu159 c (=) 0-1 ltrev, 2% near thermal; Tattersall (J.N.E. 12, 32, '50):
n n/ -’ fremet | L
’ 5> in resonance RI = 1500 (exp'¢).
region. Persiani (Arsonne Newsletter Mo, 1,
151): RI = 1750 {calc.).
15k = . o
Eu onT(u) 0-1 kev, 10% in resonance
k parameters.
v} =
n,vy )
il 2(E) 0-1 kev, 10 in resonance
parameters. -
g 3
nsY( )
Er o. . (E) 0-1 kev, L Resolutions Yaddad et al (G1) (3.2.P.S. 7, 455,
nY AL < 105 GA15, Sept. '52): 3F resonances,
5 = 142 ev,
HE . (B) 0-1 kev. Parameters to sive Tattersall (J.N.E, 12, 32,150):
Y 105 in RI. RI = 2500 (eXn'%), 2050 (ealc.).

Spivak (Geneva Conf. 5, 91, *55):
RI = 2500

Teiner et al (B.A.P.S. 7, 22, '62):
RI = 2000,

Harvey {ORNL) will do.

Zlock (Saclay Symposium, 51):
0.2 = 9 kev,



Table 4 - Resonance Paranmefers and Radiative Canture Cross Sections

Cross Accuraecy Desired: Available Data, at siven energies
El. Section nergy Other Conmentcs (ileV); Comments by NCSAG
~
et O o, (=) 0-1 kev. Parameters to give Yarvey (ORNL) and Russell (RPI)
Y 503 in RI. will do.,
HflT? () 0-1 kev, Parameters to sive videl (Pontenay, !G1): BRI = 4800.
a7 10% in RI.
Q
Jf17u oy LE) 0-1 kve. Paranmeters to ~ive Vidal (Fontenay): RI = 1900,
Y RI to 109,
Hf179 G, (2) 0-1 kev. Parameters to zive Vidal (Fontanay): RI = 300,
Y RI %o 10%.
Hflao o. (Z) 0-1 ev. Parameters vo give tlacizlin (Geneva Conf. 5, 96, '55):
R,y RI to 159, RT = 21.9.



Table 5 - Rissile an¢ Heishhoring Nueledl

Cross Accuracy Desired; Available Date, ab jiven enerzies
Section Taersy Other Conments {ieV); Comments by NCSAQ
- . ~c? e -
o, n(E) Un to 5% or betber. Moxon (iTartell, '52): 5 - 20,000 ev.
Y 500 ev. :

Rainwater {Columbia): 10, WP bo 4000 ev.

Tattersall (J.H.2. 1z, 32, 150)
RI = 110.

JOhnS on (d eh.:_- 11 95’ .SO): RI=85.

o, v(E) 0.5-1000 56 Ploek (ORNL-2910, 1860)
3 iray et e e
zev. liacklin (2.R. 107, S04, 157): 25 kev,
Zanna et al (7.¥.2. 8, 197, '39):
Stavisskii et al (S.J.A.=. 10, 255,
152): 30 - 2000. —

Berry et a1 (P.2.S. 7%, 0685, '59):

300 - 1200,

Lindner (UCRL-5454, '538): 24%0 - 3000,
o (T) Up %o 5% Preparations ars under way for measurc-
1,7 500 ev. ment with TR fast choprer. See:
7. B. Simpson (Saclay Symnos ium on
Ti.e-o¢-“llgnt Methods, 19561).

Bl

o (E) 0.5 = 1000 To within a Tactor of Intrinsic sample radioactivity pre-
2% tav, 2 (Priovity II). 205 cludes measurementcs by means avail-
(Priority III). able now.



Table 5 ~ Fissile and Neighboring Nucledi

Cross Accuracy Desired Avallable Data at glven energies
Isotope Section Energy Other Comments (MeV); comments by NCSAG
g=d o 0.025 eV 0.5%
n,f
N2 o, ¢(E) .025-100 eV 2% Moore et al (PR 118, 714, 160).
2
ye?? o(E) 700-30 KeV 30
U233 a{E);n(E) 0.01-10 eV 1% in relative values Harvey (RPI Symposium, '61):
or of 7 O to 30 eV. n good to 3 eV
o (E) Mdore, Reich (PR 118, 718,
n,y 1960): Multilevel Fit to 1leV
1233 a(E),n(E) 10 ev 3% or at worst 5%. Moore et al (PR 118, 714, 160)
o,- to 200 ev.
, on,W(E) 1 KeV
ye>3 Ditto 1-30 KeV. 5% in 7. de Saussure, Weston (ORNL):
10-500 KeV,
yeo2 Ditto 30 eV 0.5% in Hopkins, Diven (NSE 12, 169,
2.5 MeV 1962): 30 KeV - T MeV,
yo23 Ditto 2.5-7 MeV. 5% in 7



Table 5 - Tissile and Welslboring Huciel

Iso- Cross Aceuracy Desired; Availadle Data, at siven energioes
tope Section Tneragy Other Comments (ieV); Comments by NCSAG
ye2 (&) 10-1000 ev. 3, ob at worst 5.

T

1-30 kev.

30 kev, -
205 mev.,

2.5=7 mev,

Up to 1
kev,

1 zev. to
several nmev.

One point
above thres«
nolad,

20 Zopkins and Diven (LASL) have meas-
ured at a few energies, 325 lkev -
4 mev.

0.50 Preliminary values appear in Table &
on page 22 of VWASH-103k,
Later values a¥e in WASH=1041,

25 '

Resonance pagameters: Hervey et al (P.R. 109, 471, '58)

f=q% - g

5o in s 100 dn T . lieCallum (J.¥.E. 5, 181, '57)

21 resonances betueen (=2.0) anc¢
569 ev, lmown, but not to detail
c¢esired.



Fable 5 =

Fissile end Neirshboring Nuelei

Iso- Cros§ ) Accuracy Desired; Availeble Data, at given energies
tope Section Znergy Other Comments (11eV); Comments by NCSAG
2355
U2 o, o(E) 0,025~ 105, or at worst, 15%. Sotman et al (IRL) {UCRL=G925, '62):
’ 1000 ev. 0.03 - 60 ev. throws doubt over
23 previous work,
5
a(Z) or 0.025 ev. 3% in (1 + o), Posible Brooks (RPI Sywwosium, '01): 1 -
G (E) - 30 kev, d%sgrepancy betieen 33 ev, ,
n,y ' a{E) and results of . . . 1Y,
intesral measurements §r8°§8 (Saclay Symposium, 'G1):
rneeds resolving. oV &V
Smith (¥TR): up to 10 ev,
U235 | a(E) or 30 - 150 3% de Saussure and Weston (ORNL):
(-E_)- kev. 5 - 1000 kev.
Gn,y
©o> a(E) or 150 kev. - 5%, or at worst 10%; Hopkins, Diven {N.S.E, 12, 169,
ey 7 mev. resolution may be low. 162): a, 30 - 1000 kev.
o. (E)
n,vy
2 L (E) 0.025 ev.~ 2%
! 50 kev,
U236 o._m(E) Up to 1 Resonance parameters: Harvey (Progress in Nuclear Energy,
nT kev. 5% in T'_; 10% in T . Series I, Vol, 2, D. 51) summarizes
Y (E) n i data of Pilcher 55 and McCallum,
n,y :57: 14 resonances between 5.5 and

384 ev, are known, but not to
getall desired.



Table 5 - Fisslle and Nelghboring Nuclel

Iso- Cross Accuracy Desired; Available Data, at glven energles
tope Section Energy Other Comments (MeV); Comments by NCSAG
U238 oy w(E) 0.5 kev.- 5%, or at worst 10%, Corge et al (Saciay, '61l): Up to2kev,
3 f
[ mev. Newson (B.A.P.S. 2, 218, !57): 25-
220 nev,
Hanna (J.NnEo _8_’ 197’ ?59): 30 -
3000 kev.
Diven (P.R. 220, 556, !60): 175 -
1000 kev.
Barry (AWRE, '61) is doing near
150 kev.
Pu238 o f(E) 0.1 -~ 10 5%, or at worst 10%. Butier (ANL) (WASH-1039, '62) is
., mev. doing for 0.2 - 1.5 mev,
Pu238 v (E) One point 5%, or at worst 10%.
below 10
mev.
Py i 0.025 ev. 0.5%, or at worst 1%. Moore (MTR) plans to do.
Pu=o2 j (E) 0.025-10 3%, or at worst 5%, Leonard (RPI Symposium, '61) summar-
ev. near resonance izes data up to 0.45 ev,
Bollinger (ORNL-2309, '56): Up to
60 ev.

Farley (3.N.E. 3, 33, i56): Up bo
60 ev,



Tabie 5 - Fissile and Neighboring Nuclel

Iso- Cross Accuracy Desired; Availahle Data, at given energies
tope Section Energy Other Comments {MeV); Comments by NCSAG
e o (E) 0.5 - 50 3%,
? kev.
Pu2l9 o(E) or 0.5 - 150 9 de Saussure, Weston (ORNL): 5 -
< (g) kev. 1000 kev.
n,vy
pueY a(E) or 150 - /i to 3%, or at worst 5%, Hopkins, Diven (N.S,.E. 12, 169,'62):
5 (E) 1000 kev, near resonances. 30 - 1000 kev.
n,y' .
puso? a(E) or 1 -3 mev. 5 to 5%,
E\
O,y (B
Pu240 o(E) or 0.15 - 7 10%. Spontaneous fission makes presently
E;' mev, contemplated methods of measurement
Uh,y( ) inadequate,
Pu2uo a(E) or 1 - 3 mev. 5%, or at gorst 0.1,
=y in . 10% in o, _.
. \
U, o (E) n,y
240 — 1 -
Pu o (E) £ % meve  3%. One point only.
pueto 5 (B) 2.5 - 14 5%. Two points in the
mev., range.



Table 5 ~ Figsile and Neighboring Nucledl
Iso-~ Cross Accuracy Desired; Avallable Data, at glven energies
tope Section Energy Other Comments (MeV); Comments by NCSAG
py2il j (E) 0.025 - 100 3% - 5%.
ev,
Pugul on’f(E) 1 - 100 ev. 10%. ggmes (saclay Symposium, '61): 3-
ev.
Leonard et al (HW-62727, '59): O -
20 ev,
Watanabe et al (B.A.P.S. 7, 303,
162): 0 - 100 ev,
py2tL 1 (E) 100 ev. - 5%,
T mev,
p2* ) (E) Above 500  5%. Smith (ANL) (WASH-1031):0.3-6 mev.
ev.
Pyt o, ,(E) 500 ev. -  20%.
2 14 mev,
Pu242 7)(E) Above thres- 5%.
hold.
Py 2 o f(E) 1.5 - 7 15%., Butler (P.R. 117, 305; !'60): 0.2 -
n, mev, 17 mev,
Henkel (LASL) has sample, will
measure .
Pu242 o (E) 5 kev, - 15%, or at worst 20%.
Y 7 mev,



Table 5 - PFlgslle and Nelghboring Nuclel

Iso- Cross Accuracy Desired; Availlable Data, at glven energies
tope Section Energy Other Comments (MeV); Comments by NCSAG
et o (E) Epithermal
n, T
242

Am ;’(E) 0 - 14 mev,
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J. D. Anderson?
C. Wong 3
R. Avery -
R.O. Bagley

Jd. F. Barry

J . Bemgentste.-
E, P. Blizard

R. C. Block
(at Harwell for '62-163;
write Harvey)
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T. W. Bonner

Write

(deceased, write G. C. Phillips

at Rice).
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(write It L. Morgan at
D. Butler
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Valle
R. S. Caswell
I,. F. Chase, Jr. Loc
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R, Chrien
E. R. Cohen
C. Corge Sac
L. Cranberg
E. A, Davis
R. B. Day
D. R. deBoisblanc
G. de Saussure®
L. W. Weston !}
G. Dessauer .
V. Donlan

LRL

ANL
ALCO
AWRE
LRL
ORNL
ORNL

BNL
Rice

at
TNC
TNC).

ANL

GE
cltos

NBS
kheed
BNL
BNL
AT
lay
LASL
Rice
LASL
PPC

ORNL
DP-SR
ASD

H.

a

. .

ms:?:uc:r::-zbmmwowzr«bumws—nmgmm'sz

J. Donnert

. Dooley
. Ehrlich

M. Ferguson
L. Filmore

. W. K. Firk

G. Foster
C. Francis

. R. Goad

Goldsteln
Haenni

. A. Harvey

. C. Haywood
. M. Thorson,/

NDL
ASD
KAPL
NRDL
AL
Harwell
Hanford
KAPL,
LASL
CU or UNC
Rice
ORNL

Chalk River

B. Hemmig AEC
. L. Henkel LASL
Ingley DOFL
Jaln BRL
Jewell KN
. H. Kalos UNC
R. Kasten ORNL
LINNNS envors
. J. C. Kouts BNL
. 0. Lane ANL
. S. Langsdorf ANL
. M. Levine BNL
. W. Lewls Duke
3. pay LASL
ind is at U. of Colorado).
B. Leewenstein ANL
G. MacPherson ORNL



R. E. Maerker ORNL

M. S. Moore MTR

I. L. Morgan TNC

M. Moxon Harwell

NDL (See Donnert)

H. W. Newson Duke
D. Okrent ANL

N. Pattenden ORNL
éNow at Harwell)

Contact J. A. Harvey at  ORNL)
A. M. Perry ORNL
J. M, Peterson LRL
D. D. Phillips LASL
A, Radkowsky AEC
J. Rainwater Colunibla,
J. E, Russell RPI
A. R. Sayres Columbia
K. K. Seth Didke
(Now at Northwestern U.)

E. F. Shrader Case
W. Skolnik KAPL

A. B. Smith ANL

J. R. Smith MTR
B. I. Spilnrad ANL
N. Stetson AEC~SROO
J. J. Taylor WBAPD
D. B, Thomson LASL
J. H. Towle 0
W. B. Gilboy ) AWRE
D. M. Van Patter Bartol
Vidal Fontenay
L. D. Vinecent TNC
(No longer there. Write
1. L. Morgan at TNC)
R. M. Wilenzick Duke
(Now at Tulane University).
P. F. Zweifel ¢ APDA
{ U. Mich



2INSTITUTIONS

AEC: U. 8. Atomlc Energy Commlssion, Washington 25, D.C.

AEC-SRO0O: U. 8. A. E. C.,, Savannah River Operations Office,
P. 0. Box A, Aiken, South Carolina

AT: Atomlcs International, P.0. Box 309, Canoga Park, California.

AICO: ALCO Products, Inc., Schencctady, New York.

ANLY Argonne National Laboratory, 9700 S. Cass Avenue, Argonne,
Illinois.

APDA: Atomic Power Development Asscclates, Inc., 1911 First Street,
Detroit 26, Michigan.

ASD: Aeronautlcal Systems Division, Air YForce Systems Command,

Wright-Patterson Air Force Base, Ohio,

AWRE: Atomic Weapons Research Establishment, Aldermaston, Berkshire,
England.

Bartol: Bartol Research Foundatlon, Whittier Place, Swarthmore,
Pennsylvania.

BNL: Brookhaven National Laboratory, Upton, Long Island, New York.

Cage: Case Institute of Technology, 10900 Euclid Avenue, Cleveland,
Ohio.

Chalk River: Atomic Energy of Canada, Ltd., Chalk River, Ontario,
Canada.

Colgmbia: Columbla University, New York 27, New York,.

DOFL: Diamond Ordnance Fuze Laboratories, Washington 25, D.C.

DP-3R: E. I. DuPont de Nemours Co., Inc., Savannah River Laboratory,

P.0. Box 117, Alken, South Carcilna.
Duke: Department c¢f Physics, Duke University, Durham, North Carolina
Fontenay: Commissariat a l!'Energie Atomlque, Fontenay-aux-Roses,

France.



bE Vallecitos: Vallecitos Atomic ILaboratory, General Electric Coc.,
P.0. Box 846, Pleasanton, California
Hanford: General Electric Co., Richland, Washington.
Harwell: Atomic Energy Research Establishment, Harwell, Didcot,
Berkshire, England.
KAPL: Knolls Atomic Power Laboratory, P.0. Box 1072,
Schenectady, New York.
KN: Kaman Nuclear, Colorado Springs, Colorado.
LASL: Los Alamos Scilentific Laboratory, P.0. Box 1663,
Ios Alamocs. New Mexlco.
Lockhesed: Lockheed Missile Systems Divlision, Nuclear Physics
Department, Palo Alto, California.
LRL: Lawrence Radlation Laboratory, P.0. Box 308, Livermore,
California.
MTR: Philllps Petroleum Co., Atomic Energy Division, Jdaho Falls,;
Idaho.
NBS: U.S. Natlonal Bureau of Standards, Washlngton 25, D.C.
NDL: U.S. Army Chemical Corps Nuclear Defense Laboratory,
Army Chemical Center, Maryland.
NRDL: U.S. Naval Radlological Defense Laboratory, San Francisco
24, california.
ORNL: Oak Ridge National Laboratory, P.0. Box X, Oak Ridge, Tenn.
PPC: Phillips Petroleum Co., Atocmic Energy Division, Idaho PFalls,
Idaho.
Rice: Department of Physics, Rice University, Houston 1, Texas.
RPT: Rensselaer Polytechnic Institute, Troy, New York.
Saclay: Centre d'Etudes Nuclealre Saclay, B.P. 2., Gif-sur-Yvette

(s. et 0.), France,



Y

’/M‘TNC: Texas Nuclear Corporation, Austin, Texas.

U. Mich.: Department of Nuclear Engineering, University of Michigan,
Ann Arbor, Miéhigan.

UNC: United Nuclear Corporation, Development Division, 5 New Street;
White Plains, New York.,

WBAPD: Westinghouse Electrlc Corporation, Bettls Atomic Power

Division, P.0. Box 1468, Pittsburgh 30, Pennsylvanla.



