Reactor Physicists Emphasize Need for Neutron Data

The precise importance of neutron
cross sections in understanding and
predicting a large variety of physical
phenomena was the introductory sub-
ject of a recent four-day conference
held in Washington, D. C., 4-7 March,
Since the initial conference two vears
ago on the same general subject
(PHYSICS TODAY, June 1966, page 53),
we have much new and revised experi-
mental data, and automated data-
handling facilities have come into their
own. Also, as had been predicted,
a new subdiscipline of nuclear physics
called “data evaluation” has emerged,
forming a necessary intermediary
bridge between the measurers of nu-
clear data and the users in applied
fields. Finally, at least in nuclear-
reactor design, there is a much clearer
indication of the real value of basic
data and, to some extent, their practi-
cal economic worth, These general
subjects were covered by 19 invited
and 107 contributed papers.

The need for knowledge of neutron
cross sections in understanding reac-
tor behavior is frequently mentioned
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and discussed although perhaps not
as well documented as it might be.
This need is manifest from the birth
of neutrons in the fissioning of heavy
nuclei, through their subsequent slow-
ing down by elastic and inelastic
scattering and finally to their absorp-
tion. This absorption can oceur by
fissile nuclei to produce more neu-
trons, by other nuclei for either control
or parasitic absorption, or (of special
importance recently) by fertile nuclei
such as Th#*2 or U288 in breeder or
converter reactors. The importance,
or urgency, of new neutron cross-sec-
tion measurements, however, depends
somewhat upon the type of reactor.
Uncertain costs. As an example for
many vital characteristics such as the
beginning-of-life  conditions in a
thermal light-water reactor, Robert J.
French (Westinghouse) pointed out
to the conference that uncertainties
resulting from basic data are less than
those resulting from other character-
istics such as manufacturing tolerances
and impurities. This condition persists
to a reactor lifetime of about 10000
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megawall days per metric ton of ura-
nium, as exemplified by the predicted
characteristics of the Yankee Reactor,
which has been in operation for about
that amount of exposure. In addition
the general behavior of the Saxon Re-
actor core, partially fueled with plu-
toninm, can be predicted on the basis
ol present cross-section values. For
these kinds of reactors we now have
a great deal of operating experience
with which predictions can be com-
pared. The exact economic cost of
thermal reactors remains unknown be-
cause of uncertainties of the worth of
discharged plutonium, of the buildup
of capture products such as Pu**® (a
potentially  valuable isotopic heat
source), and of fission products that
might affect the extremely long-life-
time However, French ex-
pected information from post-irradia-
tion studies to be most useful in de-
termining these costs.

A dilferent point of view was pre-
sented by Paul Greebler, Bruce A.
Hutchins and Bernard Wolfe (Gen-
eral Electric) on fast-breeder reac-

cores.
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As the cross-sectional area of the potential at the “neck”

l.'\'dacr,eases, the energy difference between the nth gerade state and the nth ungerade state decreases monotonically to zero.
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THIS IS NOT THE BEST WE'VYE DONE

But you'll have to admit it’s pretty good. Did you notice that we didn’t try to hide tails with a linear
plot? In use, some of our detectors give even better results than we measured when the owner's
system has been carefully optimized. What's the best you can expect? You'll have to call us so we
can talk person to person, because our detectors keep getting better and each user is the potential

new record holder.

So what are the specs on the detector which took the above data?

10

Well, the peak to Compton ratio is 14 to 1 and gets better as the resolution is improved.

The detector operating bias voltage is 2400 volts. The higher the better and this one will work

at 2700 volts, as many of ours will.

Note that the resolution is 3 keV (overnight run) with a room temperature AC coupled preamplifier.

Detector capacity is <15 pf above 1500 volts (that's right, it varies with voltage).

Depletion depth is 12 mm — the deeper the drift the better the efficiency.

Efficiency for the 1332.5 keV peak of Co60 is 3.7% relative to 3" x 3" Nal(Tl) for a 25 cm source

distance.

The active volume is nominally 25 cc and more than 90% of the total detector volume — impor-

tant for efficiency and peak to Compton ratios.

Wouldn't you really like to be the record holder, even for just a little while?

Telephone: 312-634-3870
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tors. To take advantage of the low
value of alpha (capture-to-fission
ratio) for Pu*® in the energy region
ghove approximately 1 eV, neutron
moderation is inhibited in these reac-
tors, and the major part of the neutron
flux is in the epithermal region where
cross sections are less likely to be
known with precision., In addition,
properties such as temperature (Dop-
pler) broadening of resonances, neces-
sary for control of the system, are un-
certain because of the lack of operat-
ing experience,

Two types of uncertainties in these
reactors—fuel cost and specific per-
formance characteristics—might make
necessary an initial overdesign. Per-
haps, if the uncertainties were es-
pecially unfavorable, a particular re-
actor concept might be cancelled.
Alfred Perry (Oak Ridge) showed
that, for molten-salt and high-tem-
perature gas-cooled thermal reactors,
uncertainties in breeding ratios and
power costs are quite small. How-
ever, further refinements in nuclear
data are needed for calculation of
temperature coefficients of reactivity.

Alvin Radkowsky (Naval Reactors,
Atomic Energy Commission) pointed
out that in yet another type of reac-
tor, the light-water breeder, the breed-
ing ratio and hence the success of the
project are very sensitive to particular
cross  sections. Eric Ottewitte
(Atomics International), in discussing
reactors for space applications for
which cost is secondary, mentioned
the possible use of separated isotopes
for control materials. A much sim-
pler design would be possible if we
could find a nuclide with the cross-
section characteristics desired.

Shielding. In addition to the de-
sign of reactors, an important appli-
cation for neutron cross sections is in
shielding—whether of individuals from
the radiations of a nuclear reactor or
astronauts from cosmic rays. Herbert
Coldstein (Columbia U.) emphasized
that in shielding applications the need
for cross sections predominates in the
region above 1 MeV where the major
damage occurs. Also production of
gamma rays by neutron capture or in-
clastic scattering demonstrates the
need for photon cross sections. In a
review paper dealing with a much
more esoteric field, that of understand-
ing nucleosynthesis in stars, William
A. Fowler (Cal Tech) showed the
need for neutron capture cross sec-

tions for many nuclei. Monroe Wech-
sler (Oak Ridge) spoke on radiation
damage producd by neutron scalter-
ing.

Data deluge. The largest number
of contributed papers dealt with
measurement and analysis of neutron
cross sections,  Goldstein attributed
this large amount of new information
to two factors, The first is the use
of new and powerful neutron sources—
electron linear accelerators  (Geel,
Rensselaer Polytechnic Institute, Gen-
eral Atomic, the National Bureau of
Standards, and the Japanese Atomic
Energy Research Institute) and the
isochronous cyclotron at Karlsruhe—
and Farther use of nuclear detonations,
all of which were discussed at the
conference, The second factor caus-
ing an increase in cross-section data
is improvements in instrumentation as
exemplified by the lithium-drifted
germanium solid-state detectors with
their remarkable energy resolution for
gamma-ray detection. In fact, partial
cross sections have been measured so
well of late that William W. Havens
Jr (Columbia U.) suggested it was
time to remeasure total cross sections
to take advantage of these new de-
velopments.

Four comprehensive invited papers
reviewed the experimental data,
André Michaudon (Saclay) and John
A, Farrell (Los Alamos) spoke on
fission cross-section results, their in-
terpretation and prospective improve-
ments therein, Michael C. Moxon
(Harwell) reported on the total, cap-
ture and scattering cross sections in
the resonance region (below about
100 keV) and Samson A. Cox (Ar-
gonne) spoke on the higher-energy
region.

Theoretical models. Faced with
the continuing and enlarging mass of
data the theoretical physicist attempts
to provide a mechanism for under-
standing it, as least in an average
sense. Eric W. Vogt (U. of British
Columbia) discussed the present
status of the optical model, which has
been highly successful in collating and
interpreting large quantities of these
data. Vogt, in addition, showed how
this model and other experimental in-
formation such as p,n “quasielastic”
reactions could be used to calculate
cross sections for energy ranges and
nuclei where experimental results are
not yet available. Felix and Donne-
tella Adler (U. of Illinois) showed
their progress in multilevel fitting pro-
cedures to reproduce the neutron cross

sections for fissile nuclei in the reso-
nance region, where interference be-
Lween resonances is important,

Perhaps the most interesting ex-
cursion into a new field was pro-
vided by James Griffin (U. of Mary-
land), who presented an explanation
of asymmetric fission; that is, that the
fissioning nucleus does not, in general,
divide into two equal masses. He
pointed out that this is almost the
oldest problem in nuclear physices.
Criffin described a model for which
the mass division ratio is, to a first
approximation, the ratio near the
saddle point of the number of nucleons
in gerade orbits (symmetric under re-
flection in the plane perpendicular to
the nuclear axis) to the number in
ungerade orbits (see figure). The
full implications of this model have
not vet been explored, but as the
liquid-drop model underlies it, we
expect significant improvement in our
understanding of fission.

Compilations. On the last day of
the meeting we turned to another
problem; one that threatens to in-
undate personnel in this field. Now
that the need for more accurate data
is justified, and high-power machines
with sensitive detectors allow the
experimentalist to turn out massive
amounts of basic data, how should we
handle these data in a reasonable
manner? A solution in the past was
the familiar BNL-325 Barn Books.
The answer now, of course, lies pri-
marily in maximal utilization of com-
puters. In addition, an international
division of labor is associated with the
compilation of neutron data. The
interregional cooperation in this field
was described in papers by Sol Pearl-
stein  (Brookhaven National Neutron
Cross Section Center), Victor ], Bell
(ENEA Neutron Cross Section Com-
pilation Centre) and Hans D. Lemmel
(IAEA Nuclear Data Unit), A cor-
responding effort exists in the USSR,
at Obninsk, but was not specifically
reported. Pearlstein discussed the suc-
cess of the Evaluated Nuclear Data
File, a cooperative effort among about
20 installations in the US. This effort
has produced a computer file of
evaluated neutron cross sections for
many elements and individual nu-
clides and a variety of computer pro-
grams for automatic data handling.

The progress of computer data han-
dling and evaluation was also the sub-
ject of Harry A. Alter (Atomic In-
ternational), Heated discussion de-
veloped on the importance of con-
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A NU DIMENSION: RECIPROCAL CENTIMETERS

IN ADDITION TO READOUT IN WAVENUMBER (CM"' AND ACM™)

SPEX NEW Z/ 1401 DOUBLE SPECTROMETER ATTAINS WAVENUMBER %

MORE THAN TWICE THE ACTUAL RESOLVING POWER OR
--------- TWICE THE LUMINOSITY OR

--------- TWICE AS MANY SCANS PER UNIT TIME OR
--------- TWICE THE SIGNAL:NOISE OR B e - i b g 4

......... TWICE THE EFFECTIVE LASER POWER ABSOLUTE

AND *=0.5 CM' ACCURACY

Also available is a complete Raman Spectroscopy System,
the RAMALOG, containing a laser source, sample illuminator,
the 1401 double spectrometer, detection, amplification and
recording instruments in compact, modular construction within
an attractive console.

CAN YOU ASSUME
A MORE
RESPONSIBLE POSITION

Our clients, leading national scientific organiza-
tions, are seeking scientists of proven ability to
assume research and management positions, As
these are extremely responsible sitions, inter-
ested scientists must be able to demonstrate sig- =i——=
nificant scientific accomplishment in one of the f{%l-

lowing areas: =

VACUUM ULTRAVIOLET SOURCES

Available for immediate delivery is a low pressure
xenon filled lamp emitting essentially monochro-
matic radiation. Over 909 of the approximately
65 microwatts of power is emitted in the 1470

Angstrom resonance line of xenon. infrared . . . nuclear physics . . . thermodynamics
iy r;:dar sysj'terr_u - + . communications theory
Simple to operate, the lamp runs off an unregu- '.pn‘:agnq:fcs“.wf i mu:ﬁﬂ::amd“m‘uf}':gf; —
lated 2000 V, 1 ma, DC supply. Life expectancy .+ . satellite systems . ., . acoustics . . . op» —em
tics . . . cryogenics . . ., or thermionics.

is far in excess of 1000 hours.
is f CE 00 Fees and relocation expenses paid by client com- ="Fii—
panies.
1f you qualify for these positions offering re-
muneration up to $30,000, you are invited to
direct your resume in confidence to:

Mr, Vincent A, Nickerson

Dept, PT-8

The stability of its’ output has qualified this lamp
for use in test equipment. It is ideal for simulating
VUV from a star, checking sapphire window trans-
mission, measuring solar blind photomultiplier re-
sponse or introducing photochemical reactions and
assisting in the study of photolysis.

Other wavelengths are made available by using
gas fillings of argon, hydrogen, or krypton com-
bined with windows of LiF, CaF, or MgF,.

Write or phone for further information
or descriptive literature

Scientific Services Company
24 Blair Avenue, Somerset, N. J. 08873
Phone: (201) 246-3299

BHBOTT'S

of Boston

“EMPLOYMENT SPECIALISTS”

Serving the scientific community for over 40 years.
60 Hickory Drive
Waltham, Massachusetts 02154
(617) 893-0715
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tinued interposition of human activity
between the acquisition of experi-
mental data and their resultant evalua-
tion, Joseph J. Schmidt (Karlsruhe)
in an invited paper maintained that
a continued examination of the data
throughout the evaluation process is
a necessity.

After reducing the vast amount of
cross-section values into a set or sets
of evaluated data, we require a further
examination of these data to ascertain
their quality, especially where the ex-
perimental data are known to have
been poor, conflicting or totally ab-
sent. As pointed out earlier, the
need for cross-section values exists
even in regions where they have not
been measured, Present practice de-
termines the worth of evaluated cross-
section sets by the accuracy of simple,
or relatively simple, macroscopic
measured quantities as calculated with
these sets., These “integral” experi-
ments are designed so that the mathe-
matical models used to analyze them
are on firm ground, and all uncertain-
ties in their analysis are attributable
to uncertainties in the microscopic
cross sections. Charles A. Stevens
(Gulf General Atomic) showed by
this kind of analysis how neutron
spectrum measurements can resolve
differences in cross-section data.
However, William G. Davey (Ar-
gonne—Idaho) stated that the de-
tailed measurements of capture and
fission cross sections as a function of
energy in the region of 10 keV to 1
MeV were still of paramount im-
portance in predicting fast-reactor be-
havior. A series of papers from
Savannah River and Chalk River
showed how the measured buildup of
capture products (transplutonium ele-
ments) and fission products enables us
to estimate absorption cross sections
not measured by any other means.

* W %

[ am in debt to the summary panel,
chaired by William W. Havens Jr, which
simplified preparation of this report. The
conference was sponsored by the Atomic
Energy Commission, the American Nu-
clear Society (Divisions of Reactor Physics
and Shielding), the National Bureau of
Standards and the American Physical So-
ciety. The proceedings will be published
by the National Bureau of Standards and
will be available from the Government
Printing Office,
Davin T. GOLDMAN
Center for Radiation Research,
National Bureau of Standards, O

What makes the Tropel Model 261
Spatial Filter the best commercially
available instrument of its type?

“PRICE: Model 261 as shown—$495.00
F.0.B. Fairport, N, Y. Price includes
choice of either 6 mm or 12 mm lens
with an 8 micron inter-changeable
pinhole filter, Special sizes can be
ordered. Standard Spatial Filter with a
choice of lenses is available from stock,

“SUBJECT TD CHANGE WITHOUT NOTICE

For further information contact

TRPOPEL, nc

52 WEST AVENUE
FAIRPORT, NEW YORK 14450
PHONE: (716) 377-3200

Exclusive features
such as these:

® Thermally compensated and vibra-
tion isolated.

m X-Y-Z adjustments provide 30%
more sensitivity than comparable
units.

® Lenses are designed for use with
Lasers; F/4 6 mm and F/4 12 mm
(4400 A-11,000 A)

= Coatings can be specified for the
spectral region of interest.

The unique design of the Model 261
permits a high degree of stability
and resolution of 1.5 Microns on any
axes while maintaining existing sta-
bility through thermal or vibration
variables. An attractive, compact
unit, the Tropel Spatial Filter can
be depended upon to perform all of
its functions with an equally high
degree of accuracy.

The Model 261 is a modular unit
and an integral part of our new
series Model 281 Collimators, These
Collimators offer beam sizes of 50
and 100 mm with wave front defor-
mation of less than A /10.

Designers and Manufacturers of Optical Systems and Instruments

A

SENIOR
ENGINEER
MICROCIRCUITS

Midwest Location
Thick Film Hybrid
and Passive integrated circuits

Primary emphasis in develop-
ment and implementation of new
processes and materials into prod-
ucts; pilot line and factory opera-
tion support. Require chemistry,
Physics degree plus experience
in microelectronics process/prod-
uct engineering activities.

Solid based long range opportu-
nity in growth company. New
facilities in extremely desirable
area on Lake Michigan's shore,
north of Milwaukee, Wisconsin.

Write, in confidence, your ex-
perience and interests to: Mr. E. J.
Boelk, Professional Placement
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Electronics Division
GLOBE-UNION INC.
5757 NOATH GREEN BAY AVENUE
MILWAUKEE, WISCONSIN 53201

An equal opportunity employer

In San Diego

senior Electrical
Developmen
Enginegr

Or Enginegring
Physicist

For development of sophisticated
high-intensity pulsed magnetic field

have demaonstrated the ability to lead
the efforts of others. Advanced de-
gree, plus background of experience
and achievements essential.

Apply by submitting your resume to
Manager of Professional Placement,

An equal opportunity employer.

Gulf General Atomic

Incorporated

equipment for heavy industrial ser-
vice. Involves basic engineering, ad-
vancing the state-of-the-art. Should

Dept. 197, Gulf General Atomic, P.O.
Box 608, San Diego, California 92112,
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