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David T. Goldman, Conference Chairman

Center for Radiation Research, National Bureau of Standards

The preC1se importance of neutron Cross. sectlon .values -in understanding
and{predicting a large variet ty of phy51ca1 phenomena was the 1ntroductory
subject of a recent four- day conference held at the Shoreham Hotel in
Washlngton D. C., March 4 - 7, 1968. The conference was sponsored by the
American Physical Society, the Atomlc Energy Commission, the Amerlcan Nuclear
Society Divisions of Reactor Physics and-Shleldlng, and the National Bureau
of Standards. Since the initial conference rwo years ago on the same
general SUbjethl), a large amount of new or revised.experimenral deta has
-become available and automated data handling facilities have come into their
own., As had been predicted earlier,.a new sub-discipline of nuclear physics i
entitled data evaluatlon has emerged forming a necessary intemmediary brldge
between the measurers of nuclear data and ﬂuausersln applied fields,

Finally, at least in the‘case of the design of nuclear reactors;, there is

a much clearer indication of the real value of basic‘data‘and,_tofsome extent,
their practicei economic worth. These general subjects nere covered during

" the conference by borh the nineteen invited papers and the one hundred seven -

contributed papers, of the latter 65 were presented orally.

(1) Two Neutron Sc1ences by H, Goldsteln and D. T. Goldman PHYSICS ‘TODAY 19,
No 6 (1966)
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The need for knowledge of neutron‘cross'seetions in understanding
reactor behavior is a subjeet frequently mentioned and discussed, although
perhaps not as well documented as it mlght be. The need for neutron cross‘
section Values is manifest from the initial birth of neutrons in the

l {
il
'f1551on1nv of heavy nuclei through their subsequent slow1ng down by elastic

an 1ne1ast1c scattering, and finally to their absorption l) by fissile

- nuclei to produce more neutrons, 2) by other nuclei for either control or |
.parasitic absorption, or,.3) of special importance of late, by fertile
nuclei such as 232Th,.or 233U.in’breeder or conuerter types of reactors.'
The 1mportance or urgency, of new neutron Cross section measurements,
however, depends somewhat upon the type of reactor'system considered. As
an example, for‘many uital Eharacteristics such as the beginning-of-life
conditions in a thermal light water reactor, R..J. ﬁfench (Westinghouse—
Pressurized Water Reactor Plant Division) pointed out that uncertainties
resulting from basic data are less than those resulting from other
characteristics such as manufacturino tolerances and 1mpur1t1es. This
condition.per51sts to a reactor life-time of about 10,000 Megawatt Days

per Metric Ton of Uranium, as exemplified by the prediction of the
characteristics of the Yankee Reactor which has been in operation for ahout
that amount of exposure. In addition. the.general hehavior of the Saxon .
Reactor core, partially fueled W1th plutonium can be predicted on the ba515
of present cross section values A great deal of.operat1ng experience is

now available for these kinds of reactors to which predictions can,be combared-
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The exact economic cost of thermal reactors remains unknown because of the
uncertainties of the worth of the discharged plutonium, or the'build—up'of
capture products‘such as 238py (a potentially valuable isotopic heat
source), or fission products that might affect the'extremelyilong,1ifetime‘
cores. However, French exPected information derived from post irradiation
Istudles to be most useful in determlnlng such costs.
An almost entirely dlfferent point of view was presented in a paper by

'Pq Greebler, B. A. Hutchlns, and B, Wolfe [General Electrlc-Advanced
Products OperatlonJ on fast breeder reactors. To take advantage of the low
-a value for 239Pu in the energy region above about an electron volt, neutron
moderatlon is 1nh1b1ted in these reactors and the maJor part of the neutron '
flux is in the epithermal reglon where cross sections are less likely to
be known with prec151on. In addltlon, properties necessary for control of
the system such things as temperature (Doppler). broadening of resonances;
“have uncertainties associated with them beeadse of the~1ack of Operating ‘
- experience. Two types.of uncertainties exist in theSe.reactors - fuel cest,
or'eCOnbmy, and specific performance eharacteristics which might necessi-
-tate initial overdesign. These latter might, if the Behavior dére,found

to be especially unfavorable,-reeult.in'the caneellation of particular
Teactor coﬁcept. A. M. Perry (Oak Ridge) showed that for molten—salt and
high- tempcrature gas cooled thermal reactors, uncerta1nt1es in breedlnn
ratios or power costs were qu1te small However, further reflnements in L
nuclear data were needed for the calculation of temperature coeff1c1ents

of react1v1ty. A Radkowsky (Naval Reactors- AEC) p01nted out that in yet (
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another type of reactor, the Light Water Breeder, the breeding ratio,
and hence the success of the project, ﬁés very sensitive to particular
‘cross sections. E. Ottewitte (Atomics International) in discﬁs;ing.
reactors for sﬁace applications where cost is secondary, mentioned the
p?ssible use of separated isotopes for -control materials. If a nuclide
with the exactly desired croés section characteristics coﬁld be found,
the design of the system would be éimplified. '

-~ ~In-addition to the design of feactors, an important applied field
for the use of neutron cross sections.is that'pf'shielding-—whether of
individuals from the radiations of a nuélear.reactor or astronauts
subjected to cosmic rays. H. Goldstein (Columbis U.) emphasized that in
shielding abpliéations the need for cross sections predominates“in fﬁe
regiop abbﬁe 1 MeV where the major'aamagé occurs. Also, the production
of gamma rays due to neufron capture or inelastic Scattering demonstrated
the need for photon cross sections. In a review paper dealing with a
much more esoteric field, that of understanding nucleosynthesis in‘stars,
W. A. Fowler (Caiifornia Institute of Techﬁoiogy) showed the need foi'w
'neﬁtron'capfufe Cross sectioné for many nuclei. The radiation damage
produced by neutron scattering was covered in a papériby M. wechsler
.[Oak Ridge). | | .

The largest number of papefé contributed to the Conference dealt with
measurement and analysis of néutroﬁ‘cfoss Sectiqns.A Goldstein attributed‘

“this large amount of new cross section information to two factors: ° - -
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1) ptilizetion of new and powerfnl neutron sources - electron linear
accelerators as the source of intense neutron beams, such as those at
Geei, Rensselaer Polytechnic Institute, Qeneral‘Atomic, the Nationéi
Bureau of Standards, and the one at the Japanese Atomic Energf Research
Institute, the isochfonous cycldtren at Karlsruhe andAfurther use of
nuclear detonations, all of whlch were dlscussed at the conference and
2) 1mpr0vements in instrumentation, as etempllfled by the 11th1um-
drlfted germanlum solid state detectors with thelr remarkable eneray
resolutlon for gamma ray detectlon. In fact, part1a1 Cross sections

heve been measured so well of late that w. W, Havens (Colunbia University)
'suggested‘it.wes time to remeasure total cross sectiens to take advantage
of these new developments; | |

Four comprehenslve invited papers rev1ewed the field of e\perlmental
data. A.Michaudon  (Saclay) and J. A, Farrell (Los Alamos) spoke on
fission ‘cross section results: their interpretation, and prospective
improvements therein. M. C. Moxon (ﬁarwell) reported on the total,
capture, and scattering cross sections in the.résonance regien {below =
100 keV, while S. A. Cox.(Aréonnej Spoke on the higher energy region.

- Faced with the continuing and enlarging. mass of data, the theoretlcal
phy51c1st attempts to prov1de a mechanlsm for understandlno it, at least in
an average sense. E. W. Vogt (U. of British Columbla) dlscussed the present '
_status of the Optical Model, which has been hlghly successful in collatlno

and 1nterpret1no large quantltles of such data. Voct in addltlon showed
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hbﬁ this model and othef experimental information such as (p, n)
"quasi-elastic" reactions could be used to calculate cross sections for
energy ranges and nuclei where experimentai‘results are not yet available.
F. T. and D. B. Adler (U. of I.llinois) 5howed their progress in the use
of multiievel fitting prbcedures in reproducing the neutron‘cross section
for fissile nuclei in the resonance region where interférgnce between
Tesonances is important. . Perhaps the most interesting excurgion into a
Aeﬁ field was provided by J. Griffin (U. of Maryland), who presented an

xplanatlon of asymnatrlcf1551on the fact that the fissioning nucleus
does not, in general divide into two equal masses. He pointed out that
this was almost the oldest problem in nuclear phy51cs.. driffin described
a model where the mass division ratio was, to first approximation, -the
ratio near the saddle point of the number.of nucleons in ge}ade 6rbits
(symmgtric under reflection in the plahé perpeﬁdiéular to the nuclear.
aﬁis) to the number in ungerade orbits. The full implicatidns of tﬁié
model have not been explored as yet, but since the liquid drop model
‘underlies it, a 51gn1f1cant 1mprovement in our understandlnc of fission
is prope;ly expected.

 On the last day of ‘th¢ meeting, the attendees'.attention turned‘to a

remaining‘problem--one'which.gimbsf threatens to ‘inundate personnel in
this fiel&}‘ Now that the need for.mdfe accurate data is jugtifiéd; ané"
high power machines with sensitive 4etectors allow thelgﬁperimentélist.
‘to turn out ﬁassiye amounts of basic:data, how are these data to 'be handled
in.a reasonable manner? :A‘solution.in the past was’ the familiar BNL-325’

Barn Books. ' The. answer now, of course, lies primarily in maximum



-7- .

utilization of computers. In addition, there has beeﬁ an intérnatioqal‘
division of labor associated with the compilatién of neutron data.
The interregional cooperation in this field was descfibed in papérs by
S. fearlstein (Brookhaven-National Neutron Cross Section Certer),
V. J. Bell (ENEA Neutron Cross Section Compilatign‘Céntre), and H. D. Lemmel
(IAEA Nuclear Data Unit). A.cortesponding effqrt_exists in the U§SR,
étidbninsk, but was-nbt‘spacifically reported. Pearlstein discussed
thé success of the Evaluated Nuclear Data File, a cooperative effort
aﬁqhg about twenty installations in the United States. .This effort has
resﬁlted in a computer file of evaluated meutron cross sections for many
elements or individual nuclides, and the generation of a variety of computer
programs for automaticaily handling the‘data. 'Thé 1atter_point was elucidated
by H. A, Alter (Atomic'Internatioﬁai) who, in a series of slides, demonstrated
thé progress that had been made in compﬁter assisted evaluation of
experimental data. Héated discussion developed on the importance of
cbntinugd interposition of human activity betwéén the acquisition of
4experiménta1 daté ahd a resultant evalﬁation thereof; J. J. Schmidt
(Karlsruhe) in an invited paper maintained that a continued examipatién

of the data throughout the evaluation bfocess is a necessity.

After reducing the vast-amount of tross section values into a set

or sets of évaluated data, a further examlnatlon of these data is undortaken
to ascertain their. quallty, espec1a11y in regions where the experlmental

data are known to have been of poor quality, confllctlng, or totally absent

As p01nted out earlier, thc nced for cross section values exists even in

regions hhere they ‘have not been measured Present practlce determlnes
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the worth of the evaluated cross section sets‘on the basis of now well
simple, orlrelatively simple, macroscopic measured quantities can be B
calculated with these sets. These "integral" experimenes are designed
so that the mathematical models used to analyze them are on firm ground
an% all uncertaintieé in their analysis are ateributable to uncertainties
in the microscopic cross sections. Such analysis was exenplified in a
paper by C. A. Stevens (Gulf General Atonic), who snowed how neutfon
spectrum measurements could resolve differences in cross section Aata.'
However, W. G. Davey (Argonne - Idaho) stated the detailed measurements
of the capture and fission cross sections as a function of energy in the
region of 10 keV to 1 MeV were still of pafamount importnnce in predicting
fasf reactor behaviof. In a final series of papers from Savannah River
“and Chalk River, it was shown how .the measured build-up of capture
products.(trans-piutonium elements) and fission products enabled one to
estimate absorptlon cross sections wh1ch had not been measured by any -
other means. o

The success of the Conference, with 320 ;egisﬁrants'of whom appreximately
20% came from foreign'codntries is attributable in large measnre to the
efforts of the Program Committee, consisting of nlneteen persons from 13
'dlfferent 1nst1tut10ns and the cooperation with personnel of the National |
Bureau of §tandards who made the necessary local arrangements. A summary
panelichaired-by W, W,  Havens, Jr., (Columbia U. ) made ‘the task of this P
reviewer much simpler. Attendees at the banquet heard a most 1nterest1ng
;eik presented by Cong. Craig Hosmer of Cal;fornla, Wthh is presented

’ ‘ - I3 - X - ' ) - ‘ * ) N - .
elsewhere in this magazine. The proceedings of the conference will be
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published by the National Bureau of Standards and will be available from

the . Government Printing Office.



