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STATUS OF HIGH ENERGY KEUTROW CROSS SECTIONS *

J. C. Browne and F. k. Lisowski

Les Alamos Scientific Laboratory
Los Alamos, New Mexico £7545, U'.S.2,

RESTRALT

This paper is a review of the currert status c*
neutron-induced reactions of inte-ect tc the fucion
comrunity in the 10- to 50-eV neutror energy
range. Although there has been significart acti.: i,
in this area since the 1977 BLL Syrrosiu= on heutron
Cross Sections from 10 to 40 Me\, tnis review crrc-
ludes that there are many areads which reouire more
experimentation to obtain the reguested accuracy.
Examples of various neutron data obtained since 1977
are presented and co~pared to determine the eatent
of agreement. An attempt {s made to determine what
the prospects are for satisfying the fusion data
necds defined by the USDOE based upon progress to
date.

INTRODUCTION

The nuclear data needs of the fusicn-erprcy proora™ have be-
come more defined as a result of the technical proaress in the
various fusion concepts (i.e., Tokomalts, maanetic mirrors, ICF,
etc.). In particular, system stucies of reactor designs have
provided direction for material selection and hence cross Sec-
tions of importance. In addition, the censtruction of thc
RINS-11 and the advent of the FMIT facility have provideu oreat
stimulus for providing nuclear data needs for radiation-damage
studies.

The purpose of .his paper is to review the field of high
energy neutron differential cross sections in the 10- to 50-MeV
energy range since the 1977 BNL symposium on this topic. The re-
view will not be comprehensive but will concentrate on proaress
to dete on the specific requests of the U. S. Department of En-
ergy Fusion Program. Tl reader is referred to & recent article

*Work supported by the U. S. Department of Energy



by Haight [1] which not only discusses many of the neutron cross
sections covered in this paper but alco lists previous revie«t on
neutron data for fusion.

The neutron data will be discussed according tc the requectie
of the U. S. fusion energy program as delineated by C. R. Head at
the IAEA Conference on Nuclear Deta for Fusion Peactor Technelcgy
[2) held in Vienna in 1978 along with subseauent revisions 2] to
trat request list. The data vill be separatec irto the neecs of
the following areas:

1. Data for the Fusion Materials Development Progra-;

2. Data for the hext Generation of D-T Peactrr Defiarc,

3. Data for D-T Fusion Engineering Prctotype and
Demonstration Power Plant Desiuns.

It is difficuvl® to cover every reactior for eacr ele~ent that
is of interest. We will concentrate, instead, on provicinc an
overview whirh should allow t'.c reazer - Ceterine the stite ¢f
tne field at this time,

1. DATA FOR THE FUSION MATERIALS DEVELOPEINT PPOLRA™
a. Data for FMIT

The main needs pertain to the srielzinc desiar fer this
materials test facility. Ir particular, total cross section,
arqular-dependent elastic scattering, and total nonelastic crces
section data for Fe, 0, Si, Ca, arc C are presently required tn
an accuracy of 10-15% with a longer term (1952) requirement of 5%.

There are several laooratories which have adcdressed these
needs. Both the lUniversity of California at Da:i¢ [4] and ORELA
[5) have recerty ottained total cross section (o7) data in
the 10- to 50-MeV range of the required accuracy for all these
elements. In addition, oy measurements have been made re-
cently [6] at the WNR facIlity for carben and oxygen. Althouch
the quoted accuracy fcr all these measurercnts is better than B4,
the agreement is not always so qood. Ficure 1 shows the case for
Fe where a significant discrepancy exists between the Davis and
ORELA data. As Fig 2 shows, including all the oy data for
Fe clouds the picture even more. The only reasonable assessment
at this time 1s that the short term requirement for 10-15% accur-
acy has been met, but additional work 1s necessary to satisfy the
longer term need for 5X.

For elastic scattering (0gy) in the 20- to 50-MeV



range, only Ohio University has published any results [7]. Their
data are in the 20- to 26-MeV range for Fe, 0, Si, and Ca. The
quality of the data meets the 10-15% short term need. Relentiy,
U. C. Devis has done some preliminary ooy measurements [4]
for carbun at 40 MeV to develop a technique that can be used for
satisfying some of these data requirements.

For the total non-elastic cross section, 0pqpn, U. C.
Davis developed a technique [4] for obtaining these data which is
schematically represented in Fig. 3. Basically, the technicue
works if o is well known, and if a significant fraction of
the elastic cross section is contained within the forwarC solc
angle of the detector. Then Opqn is determined from

OM
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using an optical-model (ON; calculation. The result fcr Crern

is nct extremely sersitive to the choice of G- paréreters. [3te
have been obtained at 40 and 50 MeV for C, 0, Fe, anc Ca which
~eet tte 10-15% accuracy recuire-ent in some cases; lre rcst net-
able exception being C at 40 MeV. This technicue s caraile ¢°
teing exterded to energies below 40 FeV, particularly if
reasonable optical-model parameters exist.
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onon * oT

b. Dosimetry Data

Dosimetry cross sections are needed in the 1- to 50-MeV ranqe
for a variety of materials to imprcve the accuracy of flux-
spectral measurements and for material-da~age-rate calculatiors.
It is unreasonable to discuss the current situation for all thir-
teen isotopes listed by the (SDNOL for dosimetry use. lrstead, we
shall ccncentrate on cobelt since it appears tc he & rist pro--
ising material,

Cobalt has four reactions of interest to dosiretry, i.e.,
(n,p). {n,2n), (r,3n), and (n,4n). For the *°Co(n,;) reaction,
D. L. Smith of ANL has obtained [8,9) data that cover the 2.6- to
10-MeV energy range and whose accuracy (3-6%) is sufficient for
present needs. Near 14 MeV, there is a plethora of ddata, all of
which is not consistent. Table | lists a variety of measurements
from 1960 to 1778 which vary over an urder of magnituce. If ore
ignores the result of Jeronymo et al. [14], then the picture is
not quite so bad altouah still unacceptable. The most recent
measurement of Fukuda et al. [10] agrees well with Vonach and
Munro, [12] Allan, [16] ATvar et al., [11] and Hassler et al,
[15] Above the 14- to 15-MeV region, only the suspect data of
Jeronymo et al, [14] exist. Clearly there is a need for more ac-
curate data, ™

For the {n,2n) tross section, Frekaut et al. [18] have data
from threshold to 15 MeV, which meet the accuracy requirements of
10-20%. From 16 to 24 MeV, Veesc:" et al. [19]) also have reported
data that meet this eccuracy. For The (n,3n) reaction, only



Veeser et al, [19] report any data. Their measurements extend
from the threshold to 24 MeV with an accuracy of 40% near the
threshold and 25% near 25 MeV, neither of vhich meet the request-
ed accuracy of 10-20%. There are no data reported for the (n,4n)
reaction.

It is clear that there is not sufficient date for cobalt to
meet these dosimetry needs. Techniques exist for obtaining the
(n,xn) data particularly near threshold where the hreakup neu-
trons from the various source reactions do not cause a problem.
Such (n,xn) data near threshold are a great aid tc mocel calcula-
tions in extending the region of interest above which data cannot
be obtained easily. The *°Co(n,p) reaction requires a mono-
energetic source, hence its extension to higher erergies will re-
quire source characterization and unfolding,

The situation for the entire list of requested dosimetry
cross sections is not satisfactory., A very comprehelrsive review
of dosimetry data was rcported in 1978 by A. B. Smith et al.

[20] The conclusions of that review were that only 15% ¢f the
prirary dosimetry reactions were adequately known with ancther
35% known with marginal certainty. Tnis has not chanced in tne
intervening two years. There are virtually no data above 25 MeV,
and it wi11 be difficult to provide erperimental dasta for al)
rezztions in this eneragy region. huclear-rcdel celculations vil)
have to supply some of the needs. If accurate data are proviced
at a few energies, calculetions should be atle to extrarolate
with sufficient accuracy. This will be considered more in the
Discussion section,

Total helium-preduction cross sections are also required to
complement the radiometric measurements ir chtaining flu» tre:-
tral information. Requirerents are fcr A1, Fe, Cu, Ti, Ni, W,
and Au in the 0- to 40-MeV range. Since there is an overlep of
this request with that fcr material ca-aze calzulaticne, thas
discussion will be covered in Section 1ic).

In addition, fission-fragment track recorders are be.ng
developed for dosimetry st FMIT. Fission crecc sections, oy,
in the 14- to 40-MeV range are requested. There are very few
data points for o¢ above 20 MeV, and the accuracy and ercrg.
resnlution are not very good. This is an area where dat2 could
be obteined easily for several elements, such as 2%y, 23271p,
and #*'Np, relative to 2%y at a variety of wnite sources
(e.g., ORELA, LLL, WNR) or at a gquasi-monoenerqetic source such
as U. C. Davis. Unfortunately, the 2?3y fission cross section
itself is not known so that a measurement relative to the (n,r)
cross section probably would be necessary to provide abscolute
cross section values.

c. Material-Damage Calculations

Differential-angular cross sections for elastic scattering
and all nonelastic reactions for Fe, Ni, Cr, #1, Cu, W, Sn, T4,




and V are needed at a few neutron energies between 15 and 35 MeV
for material-damage experiments and calculations.

Elastic-scattering data exist for several of the requested
elements in the energy range from 15 to 26 MeV. However, no data
exist above 26 MeV. Dhio University has performed measurements
on Al [7]), Fe [7], Ni [21], and Si fé?] between 20 and 26 MeV.
Winkler et al. [23) (IRK, Vienna) have measured elastic scat-
tering for Ur at 15 MeV. Galloway et al. [24] (Edinburgh) have
rade differential-elastic measurements for Cu and W, The
requested accuracy is 10% for neutron energies below 25 MeV de-
creasing to 40% at 35 MeV. The Ohio University measurements are
accurate tu 5-10%; the results of Winkler have a 15% uncertainty;
the Galloway results appear to be within the 10% requcst.

The request for angular ancd energy distributions for all
emitted particles in nonelastic reactions is, of course, quite
comprehensive. Since it is not nossible to discuss al) pertinert
reactions, we shall concentrate on discussing neutron-inelastic
scattering and char%na particle srectra from neutrcr reaztions.

For differential inelastic scattering, Corcalciuc et al.
(Studsvik) have reported results [24a) for **Fein,n') Trom 16
to 22 HeV, Ohio University has obtained inelastic-scatterinc
data for % ¢9\i [21] at 24 MeV, for Si [22] at 20 a-d 26
MeV, and for !'%5n [25] at 24 MeV. Winkler et al, [22) fvoi,
Vienna) report new inelastic-scattering meesuremerts f-- .+ at 1f
MeV.

For (n, charged particle) measurements involving a determina-
tion of the energy spectra and angular distributicns of enitted
particles, there have been several active groups, mest netat'y
that of Haight and Grimec at LL! . Their data cover energy and
angular distributions for Al [20], Fe [27], N1 [27], Cr [27), V
[28]), T1 [26], Cu [27], artu hb [2€] for ar incidert-neutrer
energy near 15 MeV using a quadrupole spectrometer. % spectru-
of emitted protens fro~ K1 for an angle of 90 dearees 1s shiwn in
Fig. 4. The data were taken at seven ancles between ?2°" argd
1350, Era~ples of angle-integratec a-particle emission
spectra “or Cr, Fe, Ni, and Cu isotopes are shcwn in Fig. &,

Measurements of the *°Cr(n,a) and ’Nb{n,a) energy
and angular distributions have been pertormed by Vonach et al.
[£9] at 14 MeV using a multitelescope proportional-counter- -
scintillator system. A multi-angle reaction chamber hat peen
developec at ceel [ X0] to meesure (n,a) energy and angular (is-
ti-ibutions at 5 angles. Iritial measurements [31] ou Cr, Fe, and
N1 have been in the 5- to 10-MeV range but are capable of Leing
extended tv higher energies. Cookson and Wise RJEJ have develop-
ed a proportional-counter-scintiliator at Harwell. Initial meas-
urements are pianned for Fe, Ni, and Cr near 15 Mev.

A1l of the above facilities have been developed for use at
neutron encrgies near 15 MeV Several laberatories have been
active ahove 15 MeV. A facility has been developed ot U. C.
Davis [4] for neutrcn-indured charged particle measurements in



the 20- to 60-MeV region. The initial measurements have been for
the '2C(n,xa) reaction at E, = 40 MeV. Plans are to extend
such measurements to other materiais of interest.

Ohio University has constructed a quadrupole spectrometer for
differential charged particle spectral measurements. Experiments
on *i(n,p) at 20 MeV and '*C(n,3a) to 25 MeV are plan-
ned. [ 33]

Total differential helium and hydrogen production cross sec-
tions are needed at a few points in the 15- to 35-MeV range to
allow unfolding of integral helium and hydrogen procuction data.
Virtually all the date on these cross sections exist near 15 MeV
although there are plans to measure helium production cross sec-
tions at IRK (Vienna) for ®3Cu in the 12- to 20-MeV range
L34]. Paulsen et al. [351 (Geel) also report data for

“Fe(n,n), 3“Feln,a) and "e(n,a) in the 12- to 17-MeV
region using activation methods. The measurements at 15 MeV have
been performed by several laboratories using a variety of tech-
niques. Table I] compares the results obtained by LLL [26-28] at
15 MeV for a series of elements using a quadrupoie spectrometer,
by Rockwell International [36]) using the helium-accumulation
technique and by Qaim [37] (Julich) usinz activeticrn retnccs.
The agreement in all cases is quite good. Table IIl compares re-
sults for isotopes of Cu and Ti in which both the activation
technique and the quadrupole spectrometer were erployed. The
results of Qaim et al. [38] for ®3Cu agree well with the
results of Grimes et al. [26,27] (LLL) while the results of
winkler [29] for ¥°Tu @s not agree well with the LLL results.
The Winkler data have a small (2.5%) uncertainty compared to the
LLL results (17%4). However, a compariscn made by Winkler in Ref,
39 of all the data to date indicates that the activation resuits
tend to yield sraller ®*Cu(n,a) cross sectiens than the
direct alpha-particle measurements. The source of this
discrepancy is not known, Preliminary results [10] from Kyushu
University for *3Cu(n,a) using activation tecrrigues,
however, agree well with the LLL results.

The data needs for material.damage calculaticns are being
addresced in a fairly comnrehensive manner. There is a need for
data at a tew energies arove 15 MeV to check calculations, how-
c.er. Adequate techniques exist for providing the required data.

2. DATA FOR THE NEXT GENERATION QOF D-T REACTOR DLSIGNS
a. Neutron Emission Spectra

The spectra of neutrons as a function of secondary angle and
energy are required for selectea neutron energies in the 9- to
15-MeV rarre for the elements listed in Table IV. The required
accuracy is 10%.

This area has been addressed with significant experimental



activity. Table 1V indicates the incident neutrcrn energies for
which data have been obtained, and the latoratories at which the
experiments have been performed. Fia. 6 showS the LASL results
for L1 and 7Li at an incident energy near 10 MeV. Fig. 7
shows the preliminary TUNL results for emission spectrz from a
variety of elements including angular spectra for Fe at an inci-
dent neutron energy of 10 MeV. Iwasaki et al. [40] (Tohoku
University) have obtained neutron emission spectra for Al at 12
scattering angles for an incident neutron energy near 15 MeV.
Morgan and Perey [41) have measured neutron-emission spectra at
ORELA for Al and Cu at incident energies between 1 and 20 MeV,
Their technique yields data at one secondary angle near 1300
(1ab). Chalupka et al. [45] (IRK, Vienna) have completec reas-
urements ot angle-integrated secondary neutron spectra for ele-
ments listed in Table 1V. Some of these results will be pre-
sented at this conference.

The accuracies obtained in the measurements discussed ati.=
all meet the 10% accuracy requirement except for those of !waseii
£t al. who quote a 7-17% uncertainty in their data.

b. Helium and riydrogen Production

Helium and hydrogen production cross sections are reguecsted
in the 9- to 15-MeV range for the same elements listec ir. T:ztle
I1V. As mentioned in Section 1(c), most of data exist near 15 MeV
where a considerable variety of techniques have been used. NMeeas-
urements at 15 MeV on Al, N1, Cu, Fe, and Cr were discussed in
Section l/c). Data for the remaining elemerts in Table IV will
be discussed below.

For carbon, Farrar and Kneff [46) (Rockwell Internatioral)
report data at 15 MeV using the heiiu~ accurulation method. They
plan similar measurements on ®s7 L1, '%''p, Pb, and
Si. Ohio University has obtained preliminary data [47] fcr
"C(n.aq) at 9 MeV. LLL plans both heliur and hydroqen
production cross section measurements at 15 Mev on ’Li, '!B,
and S1 using their quadrupole spectrometer [48].

The measurements made or planned at 15 MeV appear to address
the needs adequately. hlowever there is clearly a need for more
data at a few energies below 15 MeV.

c. Breeding Reactions in L4

Data on the “Li(n,n't) reaction are required for incident-
neutron energies between 11 and 14 MeV., The requested accuracy
is 5% although 10X would be valuable. Data have been chtainud
by measurement of {ritium accumulation by Brown et al. [aa],
Osborn and Wilson [50], and Wyman and Thorpe [&T]. ~A direct
measurement was performcd by Rosen and Stewart [52] in which the
triton tracks were vbserved in photographic emulsiens. In addi-
tion, this cross section was extracted from ns'*ron emission



spectral measurements, A1l ¢f these data are compared in Fig.

8. It was stated in Haight's review article [1] on fusion data
that the 7Li(n,n't) cross section is uncertain to 25% which is
consistent with Fig. 8. A measurement of this cross section by

B counting the tritium produced is being conducted at Harwell

by Uttley and Swinhoe [53]. A collaborative measurement

is also being planned by Julich and Geel in thic energy region[54]

3. DATA FOR D-T ENGINEERING PROTOTYPES AND DEMONSTRATION
POWER PLANT DESIGNS

a. Neutron Emission Spectra

Similar to the request of 2(a) above, neutron spectré ec e
function of secondary anole and ener,y are required for selecte-
enercies between 9 and 15 MeV. The elements requeste: are listed
in Table V. along with the laboratcries which have macle recent
measurements. The data from Morozn et al. [55] at ORELA for Nb
and Ti span the entire incident neutron eneray range of interest
but arc for a single seconcary ancle, The data from IRK [45)
(Vienna) are angle-integrated spectra at 14 MeV incident neutron
energy. The mrst complete data are those from LASL for "Ee anc
118 for incident-neutron energies of 10 and 14 MeV. The data
of Tuhoku University for Kb at 15.4 MeV incident-rieutron energy
cover 12 angles from 250 to 1550, The accuracy of all these
measurements is better than the requested 10% except for the
Tohoku measurements which vary fro~ 7% to 17%.

b. Secondary Gamma Production Cross Sections

This request is for n'le date fro~ the ineiastic
threshald to 15 MeV for "°B, '!B, and Ti with a 10%
accuracy. Tne most comrlete results are the data of Morgan et
al. [55] for T1 (Fig. @) which cover the entire range of interest
¥ith an accuracy of a few percent or better. For !'2, Nellis
et al. [57]) have o' iained (n,xy) data for incident-neutron
eneraies between 0.5 and 5 MeV and at 14 MeV. Haouat et al. [5€)
measured (n,xy) cross sections from 7 to 10 MeV for !''®,
Bezotosnyi et al. [59] have measured secondary gamma preZuction
at 14 Mev for both *°B and ''E.

DISCUSSION

It is clear from the preceding sections and from the number
nf contributed papers to this session that there has been consi-
dereble activity in certain arcas of data needs for the 10- to
50-MeV region. It is interesting to compare what has actually
been measured in the interim since the 1977 BNL Svmposium on this



topic with the recommendations of the Working Group on Differen-
tial Data at that meetino. Their report was divided into two
parts: (i) transmutation and specific damage cross sections;
(11) dosimetry cross sections.

For charged particle production, one of the main recommenda-
tions was for measurements at selected eneroies between 15 and 50
MeV fer selected isotopes to check nuclear model calculations.
Above 15 MeV, the only differential data published are those of
Paulsen et al. [35] for the *“Fe(n,a) reaction usino activa-
tion technique. However, there are measurements planned [33] at
Ohio University for *®Ni(n,p) near 20 MeV and *3C(n, 3a) up
to 25 MeV. Also, a collaborative measurement is planned [54] for
the *Cu(n,a)®°Co reaction in the 12- to 20-MeV region by
Geel and IRK (Vienna) using the activation technique.

Although there are not many new data above 15 Me! at this
z2int, there have been significant developments in experimental
techniques. These include an (n, charced particle) farility at
U. C. Davis [4], a new multitelescope proportional counter - (sl
scintillator system at IRK (Vienna) [29], a multi-znale reaction
chamber (charged-particle telescopes) at CBNM Geel [30], a pro-
portional counter - Csl scintillator syste~ at Harwell [32], and
new quadrupole spectrometers at Ohio University [33] and LLL
[42]. Such developments will stimulate new measurements above 15
MeV. Indeed, U. C. Davis has already reported some preliminary
Y2C(n,xa) data for E,= 39 MeV., Such developments will
stimulate new measurements above 15 MeV. The report alsc recom-
mended feasibility studies into the use of white sources for (n,
charged particle) measurements since there is a possibility rf
obtaining data uver the entire energy range. There has becen
some development at ORELA in this direction with no data to
?at;. Feasibility studies are planned for W\2 by N. Kirg of LASL

60].

For total cross sections, the Warking Group recommended that
measurements be performed over the entire 15- to 50-MeV range.

As has been seen, this 1s one area that has receiveu considerable
attention. The total cross section measurements at U. C. Davis,
ORELA, WNR, and NBS all provide valuable data with which calcula-
tions can be compared for all elements of interest to the fusion
program. However, the ability to provide 1% stalistical data
does not guarantee equal systematic errors as can be seen in the
comparison of oy data for Fe in Fig. 2. It is important to

have several laboratories provide data that agree to within stat-
istical errors so that the model calculations are useful. Trese
discrepancies should disappear as the exper imentalists learn more
about how to do such mrasurements in this energy range.

Most of the data for elastic scattering come from the Chio
University group for the energy range between 20 and 26 MeV. U.
C. Davis 1s considering elastic-scattering meas:.'ements in the
30- to 50-MeV range but have only preliminary data for carben at
40 MeV. It may be diffi-ult to obtain a significant set of data



above 30 MeV since the number of facilities capable of doing the
measurements are small, The use of celculations will heve tc be
extensive and charaed-particle scattering data should be very
useful in this regard.

For the elemen's of interest, data for (n,xn) reactions above
20 MeV are limited. MNirect measurements are possible but require
care in understanding of the breakup neutron spectrum above 30
MeV. There are no new measurements planned at the present time,
Data from (p, xn) reactions could be valuable for comparison with
model calculations,

Data in th2 9- to 15-MeV range is becoming more plentiful ac
various laboratories have begun to publish neutron-emission spec-
tra, (n, charged particle) data, tritium-breeding data, elastic
and inflastic-scattering cross sections. There should not be any
difficulty in meetina the needs of the fusion program as wes
pointed out by the Working Group in 1977. In 1980, the picture
Tooks even better,

In the area of dosimetry cross sections, the Working Group on
Differential Cross Sections defined an appropriate program neces-
sary to provide these needs in a shart tire scale., The recom er-
dations included formation of a study aroup of measurers - userc -
evaluators/theorists to define 10 to 15 critical reaction types.
The request list now includes 30 reaction tyres for 13 elements,
The review of Smith et al. [20] stated that such a list is tro
long and probably redundant in certain areas. We would agree
with this assessment, It will be difficult to obtain adeauate
experimental data for all the reactions over the 1- to 50-MeV
range. Initially it would be better to specify fewer cases which
have the possibility of achieving satisfactory accuracies by both
experimentation and calculation. Ancther racommencZation of the
Working Group regarding dosimetry cross sections was that
secondary reference standerds were to be determined to 3%
accuracy relative to H(r,n) for use in these dosimetry meas-
urements. It is not clear that this point has received adequete
attention. Measuremerts above 30 MeV are difficult because the
characterization of the source is vital in uncerstanding the
activation results. The region above 30 MeV has received very
little effort in the past 3 years, and no measuremen(s are
planned. B8elow 20 MeV, there is activity because the meas-
urements are easier to perform and the neutron sources easier to
use. Although more data are required, this lower energy region
shoulc be addressed adequately in the future. In pa icular,
measurements at Geel in collaboration with [RK (\Viernna) should be
valuable. Measurements by Qaim et al. in Julich should also
provide important data. -

CONCLUSIONS

Haight concluded his review of this subject in 1977 witn the



observation that the picture for the future was bright even
though there were very few data because of the arsenal of new
experimental techniques. Three years later, it is easy to remark
that the picture is even brighter. There are even more tech-
niques, and there are more laboratories contributing to the
field. The data in the 9- to 15-MeV range appear to be of very
hiagh quality. Although the data above 15 MeV are still limited,
there are new programs planned or in prugress to address many of
the areas.

The main recommendation of the 1977 Working Group on
differential data was that the bulk of the data required for
applications should come from model calculations ver.;ied by some
experimental data. Good theoretical tools for such calculations
are certainly available to provide evaluzted data sets for mary
of the fusion data needs. This is evidenced by the eleven
contributed talks on this subject later in the conference. It
would be very appropriate for the theorist/evaluator commurity to
provide more guidance to the experimentalist now thet rcore
experimental programs are underway. Rather than obtaining data
for every request, it would be better to first make the best
calculations possible to determine which cross secticns are
sensitive and require the most emphasis in & particular prchbler.
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TABLE 1

*’o(n,0) Cross Sections kezr 14 MeV

Measurement Reference Enl MeV) Cross Section!my)
Fukuca et al. 10 15 53.1 + 4.5
Rivar el al. L 14 73+ 22
Levkoveki e. al. 12 ¥ Ky L
Vonech and Munro 13 14,8 53 + 12
Jercryno et al, 14 4.y &2 = 70
Hassler et al. 15 1 4R + 5
Allan 16 14 51 + 10

3
-

Preiss and Firk 17 14.F £3




[ALLE 11

Helium Production (eass Sections Near 145 MeV for
Matertal-ptamage Calculaticons

| aboratory Technique al Fe (B v Nb Ti
Leee “pectrometer 171 + 25 4347 97 + 16 17 + 3 14+ 3 (d)
Reckwell Int.b He lium 157+« 7 4R ¢ 3 98+ 18 + 2 17+5 3B+ 3

Accumulation - - - -
Julich¢ Activation 16 + 1

aRef. 26, 27, 28
bref. ¥
CRef. 37

dIsotopic Data for "®**Ti in Ruf. 26



Lataratory

Technique

TABLE 111

Helium Provuction frec: Secticne. fi-ar

L2

Julichb

IRY, Vienny!'
111. Inst. Tech.

Kyu' hu Univ.*®

Spectrometer
Activation
Activatiun
Activation

Activation

50.4 + 5.7

¢ MeV fur
Cu and Ti [sotope:
TATS ‘T
13.5 + 2.v 9 + 18 2k + €
17.7 + 4.
9 +6

Rer. 26, 27
bref .
CRe?.
dRaf .
€Ref.

38
39
61

N



TABLE 1V

List of Ele~ents for which Neutron Emission Spectra are request-
ed in the 9- to 15-MeV region for the next generation of D-T re-
actor desians a'ona with laboratories performing recent measure-

ments.
E lement Laboratory Incidert heslrnr
Energy(MeV)

A Tohoku Univ, @ 15.6
OREL:D 1 -20

719 LecLc 0, 14

C L£crd 4

N TUNLE T, 12
IRK, Viennaf 4

Cu TUKLE 17, 12
IRV, Viennal 14,

'% LASLC 10, 14

Fe TP 10, 12
IR, Viennaf 14

Cr IR, Viennaf 14

Pb TunL® 10, 12

9

W IRK, Viennaf 14

0

N

8pef. 40

bref. 41

LRet, 42

dref. 43

Cuef, 44

fref. 45



TALLE v

List of Elements for which Neutran Emissinn Spectra are request-
ed in the 9- to 15MeV range f~1r [1-T fusiorn enaineering prototype
and demonstration power plant designs., Included are the lahora-
tories performing recent measurenents,

Element Laboratcy Incident He.trir
Eneray!tes)

ce LASL® 0, 14
Ti R, Viennel 14
ORELAC 1. 92N
Nb Tohshy Univ.” 15.6
0ntLat 1 - 20
IRK, Viennab 4
t,
Sn IRK, Vienny' 14
Mo IRK, Vien-a" 14
v
lig LAsLE 10, 14
F
*Ref. 56
bRef. 45
CRef. 55
dRef. 40

€Ref. 42
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FIGURE CAPTIONC

. A comparison of total cross-section results for Fe oLtained
at U. C. Davis (Brady - Ref. 4) and at QRELA in 197¢ (Lerscr

- Ref. 5). The ORELA resuits are plotted in 5-point averacecs.

. A comraricon of teotal ¢rose cociion results for Fe obtaineo
a. U. C. Davis (Ref. 4) at ORELA in 1979 (Ret.5), at
Karls,uhe (Cierjacks - Ref, €2), ard at ORELA in 197¢ [Perey
- Ref. 62}, A11 ORELA results are Hlotted as 5-roint

averages; the Karlsruhe data are rlcttec as 15-point averé3es,

. A s~ *tic representation of the erxperimental errangement
ne - C. Dr.vs (Ref. 4) to obtein non-elastic
< ion data.

. Protu.-emissicn cross section at S0° for Ni obiaineo by

Grimes et El' (Ref. 27) at LLL using a quzarupole
spectrométer,

. Angle-integrete alpha-particle-emissior c-res Seoticrs
(n,xa) for Cr, Fe, K1, and Cu is0tOp:s c-telned by Grines
et al. (Ref, 27). The data are averageo inte 500 kel bing,
The solid lire is a Hauser - Feshtach calculation; the dashed
line represents alphas emitteo from the first compound
nucleus.

. Neutron emission spectra for *Li and 'Li at 2 angles for

10-MeV incident neutrons ct*ainec as LLSL (Pef. 42),

Preliming-y ncutron-emission spectra obtteinec at TUNL (Ref.

44) for Fe, Ni, Cu, and Pb at 12-¥:V incidert-neutron ere-cw
and lab angle of 125° (left plot); neutron erission epectre

for Fe at 5 angles for an incident-neutroen encry ¢f 10 Mel

(right plot.)

. Crogs-section data for the 7Li(n,n'at) reaction. Tritium

accumulaticn results are Ref, 49 solid circles, Pef. &0 srligd
square, Ref. 51 sotid inverted triangles. The open circles
are from photographic emulsions (Ref. 52). The remaining
data are decduced from neutron-emission spectra. This figure
is from Haigkt (Ref., 1).

Integrated yield of secondary gamma rays with Ey > (.2
MeV as a function of incident-neutron eneray for Ti. The
so1id line is the ENDF/B-1V evaluation,
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