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2
NEUTRON CROSS -SECTION PROGRAM

The neutron cross-section program inéluded investigations
into fission, capture, capturé gamma spectra, scattering and |
total cross sections. Measurements were made on approximately
fifteen isotopes. - | _

By combining a relatively old technique, the lead slowing

down spectrometer, with the Linear Accelerator, we have an ex-.

tremely powerful means for detecting fission in mass regions and.

energy regions where it was formerly imgggsible to observe ex-
perimentally. The results of this for U have been published
in Physical Review Letters, 31, No. 4, 247 (1973). ,
Prompt neutron multiplicity measurements were finished for
233U, 235y angd %39y, Analysis of the U results is complete

and a paper is . in preparation.

Capture and total cross-section measurements were made on

Rh, 151’153Eu and 105Pd. High resolution capture measurements to
about 200 keV were made on 61Ni and 54Fe. Data on )8 64Ni

are being analyzed.

Fe and

All the measurements mentioned thus far used refinements of
techniques pioneered at Rensselaer, namely:
(1) Measurement of neutron multiplicity as a function of neutron
energy in the thermal and eV range using a linear accelerator.
(2) High.energy,vhigh resolution neutron capture measurements in
the keV to hundreds of keV range on low capture structural
materials uSing a linac. . |
(3) High neutron intensity measurement of micro-barn fission
' cross sections using a linear accelerator and lead slowing
down spectrometer.
The neutron capture gamma spectra facility became fully op-
erational this year as is shown by the results on natural Fe, Ni,

Fe and 60Ni. This development comes at a time of increased in-

‘terest in gamma heating effects. One paper is in preparation on

60Ni and Fe.




 Precision total cross-section measurements on 235U and 239Pu

were made from 0.5 to 30 MeV. Typical. accuracies are +1% and
good agreement is obtalned in energy regions where older data
exist. _
) Differential elastic scattering measurements were performed
on Fe and Ni. '

v The~eXperimeﬁtally observed correlation between total radi-
ative widths and reduced neutron widths in Cr and Ni isotopes was
followed up by a theoretical analysis. The results of this show
that non-statistical effects are important in the capture process
of these ‘nuclei. The practical meaning of this is that it is not
 possible to predict average capture cross sections of structural
materlals on the basis of a few measurements in restrlcted energy

reglons.
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vSUBTHRESHOLD FISSION INDUCED BY NEUTRONS ON 238U

R. C. Block R. W. Hockenbury, '
R. E. Slovacek * E. B. Bean and D. S. Cramer

A recent lead slowing-down spectrometer measurement of

- neutron-induced fission in a 238U fission chamber indicated a

large fission component near 800 eV, whereas no effect was ob-
served in a blank chamber of identical construction. One plaus-

1ble interpretation of this measurement was subthreshold fission

238 U, although measurements by Silbert and Bergenl seemed to

238

indicate that U would have too small a fission cross section

~in this energy region to account for the large fission counting

rate. 1In order to test for subthreshold fission in 2°°U, it

was decided to carry out a high-resolution time-of-flight beam

experiment and see if the large fission component near 800 eV
238

_could be resolved into the fine structure characteristic of “~ U

resonances in the first potential well.
The experiment was conducted at the Rensselaer LINAC labora-
tory at a 10.1-m flight path. Five fission ionization chambers,

each 2.54 cm diam. by 12.5 cm long, were coated with a total of
238 '

0.66 g of 238 . The only significant impurity in the U was

233 234

27 + 6 ppm of 235U with less than 0.3 ppm of U, U and
,236

The data were collected over the energy range from 0.2 eV
to over 100 keV.

~ An auxiliary measurement was also carried out with a 235U
(93% enriched) fission chamber in the Same geometry to normalize
the 38U subthreshold fission cross section to the known 235
fission cross section.
In this measurement the following were observed: (1) dis-

tinct fission resonances below .60 eV which correspond to 235

" resonances, (2) a smoothly varying fission rate above .100 eV
“attributed to 5U fission, and (3) several prominent clusters

of fission resonances attributed to subthreshold fission in
Two strong clusters were observed near 720 and 1210 eV
and weaker groups were observed near 2.5, 7.5, 11, 15, 27 and
35 keV.

“Knolls Atomic Power Laboratory, Schenectady, New York.



' The results show two characteristic groups of fissionlfeso-
nances, with the fine structure occurring at the same position as
the 238
mode]._2 as subthreshold fission with the fine structure corres-
‘ponding to levels in the first well and the gross structure to

U resonances.  This is interpreted via the Strutinsky

levels in the second well. The average spacing of the groups in-

~ the second well, based on the observation of three fission clus-
ters in the first ~3000 eV, is DII=lOOOiAOO eV,compared to a spac-
ing‘of DI.of about 14 eV in the first well. The level spacing
P11 2
that the second minimum discussed by Strutinsky and Lynn~ lies
about 2.2 MeV above the first minimum in the double-humped poten-
tial barrier. It is interesting to note that the fission strengths
appear anticorrelated to the neutron strengths; i.e., when Tg is_i

small, the fission peak is large. This anticorrelation bezavior
. _ 5

corresponds to an excitation energy of about 2.6 MeV, implying

has been observed in subthreshold fission in other nuclei, >~ and
is predicted by Lynn.~>
The U fission cross section is deduced from this experi-

ment by normalizing to the fission occurring in the 27 + 6 ppm of
235 _ -

U in the fission chamber.

The data have been analyzed for fission parameters, and the
results are listed in Table 1. 1In Column 1 is listed the energy
of the most prominent resonance in each subthreshold fission
group. In Column 2 are listed the group fission areas A% obtained
by integrating the fission cross section over all the resonances
ccmprising the subthreshold group. ' Column 3 lists the fission
area'Af for the prominent resonance in each fission group.' Columns
4 and 5 list the neutron and radiative widths taken from Ref. 6.
The fission widths of the 720--and 1210-eV resonances can be bb-v
tained from the data listed in Table l'from the following expres-

sion for the fission area:

Ag = Scf dE = % mo Te

N

2112‘){2
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where the thin-sample approximation is used for the integration
of a Breit-Wigner single-level resonance, o  is the peak total

cross section at resonance, Xq is the reduced neutron wavelength

at the resonance energy E_ and'Tn, Te andvTY are the neutron,
f1s310n and radlatlon w1dths respectively.
There exists some confu81on about what value of F should be

used in Eq. (1). The average T' for the low-energy s-wave reso-

- nances in 238U is 23vmeV,6 and if this value is used in Eq. (1),

we obtain the fission widths listed in Column 5 of Table 1. This
23 meV represents the radiatien width in well I of the double- '
humped fission barrier. On the other hand, it may be argued that
the strong fission resonances at 720 and 1210 eV are almost pure
class 11 levels?”7 and that the radiation width for a level in |
well II should be used in Eq. (1).

The relationship between the radiation widths in wells 1 and

II is given by Eq. (15) of Ref. 7 as

o .
T I E - GI' Qg 2
L I (2)
- T |
r Il pee -pil o 7
y 0 I

where E is the excitation energy above the bottom of the first well,
o refers to the coefficient in the exponential level density formula,
5 is the pairing energy gap, and €, is the energy difference be-
tween wells I and II. Assuming o ¥ Orp and 8% ~ 511 ~ 0.7 MeV,

‘and taking the value of ¢0 ~ 2,2 MeV deduced from this experiment,

and’setting~E equal to the binding energy of 4.78 MeV, the radi-

"ation width in well II is 4.9 meV. The fission widths based on
" this lower radiation width are listed in Column 6 of Table 1. Thus

the fission widths range from a maximum value in Column 5 assum-
ing the class I radiation width to the minimum value in Column 6
assuming the class 1I radiation width. . The quoted error of about
25% in Columns 5 and 6 results primarily from the uncertainty in

the 235U,content.0f the 238U fission chambers.




‘agree with Silbert and Bergen in the average

" These results can be compared to the keV energy measurements

238 :

of Silbert and Befgenl_by summing the U fission counts over

the two neutron energy intervals 10 < E_ < 30 keV and 30 s’En
< 100 keV and are shown in Table 2.

Within the experimental errors both measurements are in good

agreement in this energy range. It is thus interesting that we

238U fission cross

" section, but that they did not report the observation of these

fission clusters near 720 and 1210 eV.

' Table 1. 238 pission Parameters :
EJ Ag - Ag T, (meV) . (meV)
(eV) (b ev) - (b ev) (mev) [T =23 meV] [£,=4.9 meV]
! 720 0.45_i'0.12> 1 0.31 + 0.08 1.28 1.2 + 0.3 0.29 + 0.07
‘ 1210  0.19 + 0.05 0.11.+ 0.03 9.02 - 0.12 + 0.03  0.051 + 0.013
~ PRef. 3
238 . . s .
77U Average Fission Cross Section

Table 2.

Average fission cross section

]

" Energy Range This experiment Ref. 1
(keV) - (ub) (ut)
10-30 87 + 26 61 + 24
30-100 40 + 12 36 + 14

‘} .
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~ from scattering measurements

there is no obvious separation into groups as found for

mﬁ% | - 9

PROMPT NEUTRON MULTIPLICITY MEASUREMENTS FOR. NEUTRON- INDUCED

FISSION OF 33U AND %33y

R. L. Reed,” R. W. Hockenbury and R. C. Block.

~After an extensive rebulldlng of the&nubagjdetector electronics

and logic system as reported prev1ously,l the/measurements on 233

and 235

U have been cOmpleteé}and a paper for publication is in pre-
paration. M

The results of the experiment are presented in Figs. 1>to 4 -

for four of the five sets of data. Nubar in the thermal region of

both 233U and 235U-(Figs. 1 and 2) is seen to be relatively con-
stant, to within 0.17%.
 The 235U resonance nubar values show a separatlon into two

-groups,.separated by about 0.5%. The two resonances with the smal-

lest errors, 8.79 eV and 19.3 eV, are observed to be in different
groups and are also noted to have different spin ass1gnments
(the 8.79 eV resonance has J=3 and the 19.3 eV resonance has J=4)

2’3. With that observation, we have

'made tentative ‘spin assignments based on nubar groupings\as shown in .

Table 1. 1Included in Table 1 are spin assignments from several
authors. The agreement of this set of spin assignments and others

is good. Best agreement is with the scattering measurements.

233 '
U resonance nubar results ‘also Show a resonance-to-

235

- The

resonance variation of the same magnitude as for However,

235U

'

‘Based in part on the Ph D. thesis of R. L. Reed, now at Savannah
R1ver : :
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Table 1. Resonance Spin Assignments for

Nubar .

y-Ray, Multiplicity

235

U

' _ 'Scattering
This Work  (4)  (5) = (2)  (3)
3
3 (%)
3 3 3 |
3 3
4 6 3 4 L
4 4 4
(3) A
4 B 3
" 3
4 4 4 (&) 3
4 4 4 A 4
4 3
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3 3 3 3 3
3 3 3
3 A
4 4
3 3

( ) indicate uncertain assignments
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b " RESONANCE AND THERMAL ¥ MEASUREMENTS ON 2°°Pu
R. W. Hockenbury, R. L. Reed and R. C. Block

Nubar measurements were made on 239Pu essentially from ther-
mal energies to 100 eV. A 1.4 gm 239
together with a 0.75-meter diameter liquid scintillator at a

flight path of about 25 meters. A description of the data acqui-

sition system has been given previously.2 The data were taken

.. -1 ;
Pu fission chamber™ was used

in two sets of runs, the first set covered from about 6 to
100 eV. The second set covered the thermal range, the 0.3 eV
resonance and up to the few eV region. _

Values of relative nubar have been obtained for about twenty-
two resonances as well as in the thermal region. The statistical

‘preéision varies from 0.2 to 0.5%. Significant fluctuations in
nubar from resonance to resonance are observed. In addition, the
relative nubar value of the 0.3 eV resonance is about 1% lower |

" than that at 0.025 eV. For the 0.3 to 0.025 eV region, nubar
shows a monotonically increasing trend.

These new results essentially agree with Weinstein's3 re-
sults if we renormalize his data downward slightly above 45 eV:
Comparisons to ORNL data4 of our relative data have been made.
There is a general similarity in shape; however, our nubar data
show more of a tendency to separate into at least 2 groups. Both
sets of results show a very low fluctuatlon in nubar at the 42

and 45 eV resonances.

REFERENCES : :
1. Borrowed from Oak Ridge National Laboratory.

2. Linear Accelerator Project Progress Report,
October - December 1972, C00-3058-29.

3. S. W. Weinstein, R. L. Reed and R. C. Block, Physics and
Chemistry of FlSSlon IAEA II, 447 (1969).

s 4., L. W. Weston and'J. Todd, Conf. Neutron Cross Sections and

Technology, Un1ver31ty of Tennessee 2, 861 (1971).
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105 151 153

NEUTRON CAPTURE CROSS SECTIONS OF ~ -Pd, Eu, 193gu anp 193Rn

H. D. Knox, A. Sanislo, R. W. Hockenbury and R. C. Block

Capture meaSurements have been made on the above isotopes
covering the reglon from 20 eV to about 100 keV. The primary
goal of these experlments 1s the keV capture cross section.
Linac running conditions were 550 pps and a pulse width of 66 ns.
The time- dependent background was determined by using black
resonance filters of S, Al, Na and Mn.

The detector eff1c1ency w111 be . determlned from pulse-
‘height vs. time-of-flight data for each sample. In order to ob—
. tain another'normalization, transmission data have also been
taken over the same energy range. The transmission measurement
will thus provide a normalization as well as a check on the
resonance parameters in the resolved resonance region.

Corrections for deadtime and background effects have been
made to the capture and transmission data. Some multiple scat-

tering corrections were made to some of the resolved resonances

in the capture data. The Harvey-Atta code will be used to analyze

the same resonances in the transmission data and a combination of
the two sets of results will glve a normalization for the keV
capture cross section.

_ Since_151Eu has a very large thermal capture cross section,
-additional calculations are’ being made to determine possible ef-
fects due to any moisture contamination in the sample. Special
precautions were taken to av01d this durlng sample preparation.

. Also, 10B liners were used to minimize any backscattering of

‘neutrons to the Eu samples during the capture measurements.

"Now at Texas A&M University, College Station, Texas.
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54,58 61,64

CAPTURE AND TOTAL CROSS SECTIONS OF Fe AND

H. D. Knox, M. Costello, N. N. Kaushal, R. W. Hockenbury
and R. C. Block ‘

Analysis of the low resolution data is partly complete. This
set of data is adequate in resolution up to 20-30 keV depending on

the isotope.

61

Higher resolution capture data has been taken on ~"Ni and

54Fe using the greater neutron intensity available after installa-
tion of the Model 12 electron gun. This set of data covers the
range 10 to 200 keV. Linac conditions were 11 ns pulse width,

500 pps and a channel width of 7.7 ns; with an overall timing reso-
lution including moderator effect of about 0.8 ns /meter. High
resolution transmission measurements are planned, to supplement the

capture data.

o :
Now at Texas A&M University, College Station, Texas,
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NEUTRON CAPTURE CROSS SECTION OF 242Pu IN THE KEV ENERGY REGION

4 * _
A. J. Sanislo, N. N. Kaushal and R. W. Hockenbury

242

Preparations were made for Pu capture cross-section mea-

surements. Electronics were calibrated. The 1.25-meter liquid

scintillation detector electronics were checked for gain shifts.

The PDP-7 system was linked to this detector in a high-low bias
procedure to discriminate between fission and capture events,
We plan to cover the energy range from 100 eV to about

200_keV, Information on subthreshold fission groups is expected'
‘to be obtained.  Four filters will be used for time-dependent

background determination.

% — \ |
‘Based in part on the Master of Science thesis of A. J. Sanislo.
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b- RADIATIVE CAPTURE IN 60Ni AND Fe IN THE THERMAL TO LOW KEV RANGE
| | P.'H. Brown,* R. C. Block and J. R. Tatarczuk

The following is an abstract of a paper being prepared for
submission to the Physical Review. '

ABSTRACT

The spectrum of y-rays given off following radiative neu-
tron capture in ~"Ni and Fe has been studied as a function of
‘neutron energy. The RPI LINAC is used as the neutron source and
‘the neutron energy is determined by the time-of-flight method
(with a resolution of 8 nsec/m) using a lithium-drifted germanium
(Ge(Li)) detector. The y-ray resolution obtained with the Ge(L1i)
detector is 12 keV full-width at half-maximum (FWHM) for an 8 MeV
y-ray and 4 keV FWHM for a 1 MeV y-ray. The intensities of pro-

60Ni and Fe capture spectrum were measured

minent y-rays in the
as a function of neutron energy from thermal to low keV neutron
energies. In addition the partial capture cross sections for
these prominent y-rays were measured in the low eV to low keV
neutron energy range. The results, which show a dominance of
the spectrum by only a few high energy ywrayé, are discussed in
terms of the experimehtal observables due‘tO'compound nucleus
(statistical) capture and single-particle (non-statistical)
capture. |

' | "Based in part on the Ph.D. thesis of P. H. Brown.
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NATURAL Ni(n,y) AND 54Fe(n,Y) SPECTRA DATA ACQUISITION

ol

S. E. Arendt, E. J. Winhold and R. C. Block

Using the RPI LINAC and the PDP-9 data acquisition system,1
an experiment was performed to determine the spectrum of emitted
gamma rays as a function of neutron energy following neutron
capture in natural nickel (approx. 430 gms.) and a separated 54Fe
isotope (approx. 65 gms.). The experimental details parallel
those for the ~“Ni experiment reported in a previous Progress Re-

.port.2

The natural nickel data accumulation required 60 hours of
linac time with linac beam parameters as follows: width 11 nsec,
repetition rate 550 Hz, and average current 36 pA. The 54Fe
data acéumulation required 45 hours of linac time with linac beam .
parameters as follows: width 66 nsec, repetition rate 500 Hz,
and average current 135 yA. For both samples 38 neutron time-of-
fllght regions were obtained each contalnlng 4096 channels of
gamma ray pulse height data.

Data on 52Cr will next be ‘obtained and ana1y51s on all ‘three
samples will be forthcomlng '

 REFERENCE:

1. Linear Accelerator Project Progress Report January -~ March 1972,
- 25,.C00-3058-14.,

2. Linear Accelerator PrOJect Progress Report January - March‘1973,
4, C00-3058- 34 .

ol

Based in part on the Ph.D. thesis of S. E. Arendt.
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DIFFERENTIAL ELASTIC SCATTERING CROSS SECTIONS OF
KEV NEUTRONS FROM IRON AND NICKEL

R. Zuhr*'and K. Min

Final analysis ofj:he six anglefaifferential elastic scat-
tering data for natural iron and nickel has been completeq}] As
previously reported,l’2 these measurements were made relative to
a lead standard at angles from 30 to 150°. Time-of-flight me-
thods, using the RPI LINAC as a pulsed neutron source, gave
energy resolution of 3 nanoseconds per meter throughout the de-
sired energy range of 10 to 650 kilovolts.

A revised method of background determination was employed in
this analysis. It is a phenomenological approach based upon the
assumption that the background is made up of the following con-
tributions.

1) Sample and time independent. (Constant or
steady-state background.)

2) Sample independent, time dependent. (Neu-
trons and gamma rays from the LINAC which
are scattered into the detector by material
other than the sample.)

3) Sample and time dependent. (Primarily
gamma rays scattered by the sample into the
detector, with some multiply scattered neu-
trons.)

Each of these sources was determined experimentally, where
possible, and subtracted from the raw data. The accuracy of these
assumptions is born out by the consistency of our results. -

All the cross sections were corrected for multiple scattering,
which is appreciable because of our use of relatively thick sam-
ples, by using the method of Lane and Miller.3 This is a com-
bined Analytic-Monte Carlo approach which includes scattering
through fourth order. | | ' |

Finally the data were fitted with Legendre Polynomial ex-
'pansions.

‘ Based in part on the Ph.D. thesis of R. Zuhr.
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4
o (e) = ZALPMVOS(B)]
=0 .
Figures 1 and 2 show typicai plots of differential cross
section vs. cos(8) for iron. Statistical errors are smaller than
the vertical lines of the data points, while the solid curves re-
present second order Legendre fits. The increase in anisotropy is
clear, with the largest Al and A2 terms occurring at 400 keV.
A summary of our results is given in Figs. 3 through 8. Fi-
gures 3 through 5 show W1, W2 and W3 for natural iron, where:
W, = Ag/A0 o y |

/ Wl is thus a relative measure of%@- p-wave interference, W2
"is a measure of p-wave scattering with the possibility of higher
| order interference, and W3 is a measure of p- d-wave interfer-

', ence, again with the unlikely possibility of higher order inter-
ference at ‘these low'energies. The error bars represent the er-
ror of the standard sample and our statistics, as well as an es-
timate of the uncertainty introduced by the multiple scattering
corrections. Figures 6 through 8 give the same information for
nickel. Our data has also been procéssed with 50 keV energy re-
solution for cbmparison with Smith's data4 above 300 kilovolts.
In general, both data follow the same trends, with the present
values of_Wz being somewhat lower than Smith's.

REFERENCES

1. Linear Accelerator ‘Project Annual Technical Report,
October 1, 1971 - September 30, 1972, 49, C00-3058-27.

2. ‘Linear Accelerator Project Progress Report, Apr11 - June 1973,

€00-3058-38.
3. ‘R. 0. Lane and W. F. Miller, Nucl. Instr., and Methods, 16, 1
- 1961.

4. A. B. Sm1th BNL 400 3d ed., II, Brookhavén National Labora-
' tory (1971). . . , :
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Figure 2
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Figure 5
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TOTAL NEUTRON CROSS SECTION OF 235y

F. L. Green,* K. A. Nadolny and P. Stoler

235U was determined from

The total neutron cross section of
0.5 to about 30 MeV using a proton-recoil scintillator on the
250-meter fllght path.
Between 0.7 and 10 MeV, the present data have a statlstlcal
error of 41% and are in agreement, within the error (1%), of
- Heaton and Schwartzland alSo with the data of Glasgow and
Foster. ' | |
‘The results of Smith and Whalen3 from about 0.7 to 1.4 MeV

lie slightly lower (about 1%%) than the present results.

REFERENCES :
1. R. B. Schwartz, private communication.

2. D. W. Glasgow and D. G. Foster, Phys. Rev. g, 604 (1971).
3. National Neutron Cross Section Center, private communication.

' Based in part on the B.S. thesis of F. L. Green.
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'TOTAL NEUTRON CROSS SECTION OF.239Pu

K. A. Nadolny,* F. L. Green and P. Stoler

239Pu,from 0.5 to

30 MeV. A proton-recoil liquid scintillation detector was used

Transmission measurements were made on

at the 250-meter flight path. Linac running conditions were:
(1) pulse width of 20 ns and (2) 500 pps repetition rate.

The results have been compared to those of Ref. 1. The
agreement is within statistical errors in the range 1-15 MeV.
Between 0.5 and about 1.4 MeV, the data of Ref. 2 lie above the

present data but the difference is within the statistical errors

of the measurements.

- REFERENCES :

1. D. G. Foster and D. W. Glasgow, Phys. Rev. 3, 576 (1971).

2. National Neutron Cross Section Center, private communication.

* o ' | : '
Based in part on the B.S. thesis of K. A. Nadolny.
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b CORRELATIONS BETWEEN REDUCED NEUTRON AND RADIATIVE WIDTHS
| IN NEUTRON RESONANCES

M. Lubert, * R. C. Block and N. C. Francis

The cross section measurements conducted at the RPI LINAC
with the chromium and nickel isotopes showed strong corielations
' between the reduced neutron and total radiative widths. Further,

the 6ON1 capture cross section below the 12. 4 keV resonance dis-
played a 31gn1f1cant slowly varying cross section of approx1mate1y
50 mb.

These phenomena were investigated with a capture model which
includes both channel and compound contributions to the cross
section. This is similar to the nuclear model formulated by

2 _ . v .
The nuclear reaction model is one of an s-wave

Lane and Lynn.
neutron coupled to the core of the target nucleus which undergoes
an El transition to a low-lying siﬁgle particle state without
forming a compound nucleus. The theory was developed in terms of
R-matrix theory by considering the external region of configura-
tion space to coincide with the channel region. The dipole matrix
element was evaluated using R-matrix phase shifts to define the
final continuum states. The resonanCe parameters were co?sistent
The

Ni was obtained

with the neutron total cross sectlon measurements at RPI.

53 61

,ba31c.part1a1 radiative width data for Cr and

from the photothreéhold‘experiments of Baglan3 and Jackson.4

53Cr (v,n) Ana1y31s

The 3/2° ground state makes a transition to the- 1+ final
pos1t1ve energy neutron state. The neutron reduced width for the
53Cr lowest energy bound state was obtained by fitting the line
- shape reported by Jackson below the 92 keV level. The reduced

width factor,'eg = 0.35, for the 53Cr target nucleus bound state
was derived with the single particle state normalized to unity

for the'region outside the nuclear surface. The partial channel

‘ Based in part on the Ph.D. thesis of M. Lubert.
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radiative width, Tﬁg, for each resonance was calculated from the

theoretical channel cross section. The experimental partial
widths, T o2 were obtained by adding the channel and compound nu-

cleus amplitudes and squaring.

(J Ich n J rcn

ch is the partlal compound nucleus width which is obtained from
52
f

this equation. The thermal neutron capture cross section o
for ground state transitions was obtained from the (v,n) analys1sv‘
using detailed balance. The experimental thermal (n,y) cross |
section was multiplied by a measured ground state brénching ra-
vtiésto yield 0.55b. The theoretical value was 0.53b. Negati#e
energy state compound nucleus contributions were neglected in view
of the fact that none were necessary for the total cross section
calculation. 1In addition, the 50.2 keV resonance compound nucleus
contribution to the ground state does not add sighificantly to
the thermal (n,y) cross section.

~ As a further test of the model and its parameters, the calcu-
lated total radiative widths for .the 50.2 and 97.1 keV resonances
were compared to experiment.1 The theoretical total widths were
obtained from thevseparaté channel and compound nucleus components.
The channel-comppund nucleus interference part was neglected since
their sum is expected to be small due to the random sign of the
compound nucleus amplitude. The ground state channel capture
width was determined from the 53Cr(y,n‘)'calculation. The total
~ channel capture width was determined u51ng the thermal neutron
ground state transition branchlng ratio. The compound nucleus
part of the cross section for the excited state transitions was
estimated by u31ng the average compound nucleus width from the
53Cr (y,n) analysis. The photon energy cubed dlpole law was as-=
sumed. The measured T P and calculated widths T al’ are shown
in Table 1. ' '
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Table 1. Calculated and Measured °2Cr Total Radiative Widths
o | exp : cal'd

E_(keV) r (ev) T, (ev)

50,2 1.16 1.49

- 97.1 o 4.80 3.70

61Ni Analysis
Similar results have béeh obtained for the 61Ni (v,n) and
the %0Ni (n,y) reactions. The reduced width, 62 = 0.17, was ob-

tained from fitting Jackson's experimental data. These are
-summarized in Table 2.

-Table 2. Calculated and Measured 60Ni Total Radiative Widths
- m@Xp - ncal'd v
Eo(keV) | - T 7P (eV) TY (eV)
12.5 3.3 : 3.6
28.6 1.6 : 1.1
g 60
The calculated thermal

Ni (n,y) cross section of 1.2b compares

‘well with the 1.1b reported in BNL-325. The RPI measurements for

60,.. ' .o .
ONl (n,y) reported an asymmetry in the 12.5 keV line shape. The
measured cross section, which exhibits constructive interference

below the resonance, is 50 mb at about 5 keV. The calculated

~ .cross section displays a similar line shape and a cross section of

20 mb at 5 keV.
‘The analysis of the (n,y) and (v,n) experiments indicate:
(1) The absence of (v, n) ‘experimental correlations between the

TYO and T is due to two factors. First, this correlation is re-

.vduced by the random compound nucleus partial radiative amplitude

wh1ch adds coherently to the channel amplitude. Second, the ex-

'perlmental correlation may be reduced because of experimental er-
ror. The (y,n) experiments are difficult to perform and subject

to area and background uncertainties; (2) The correlations ob-
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served at RPI between the reduced neutron and total radiative
widths for the nickel and chromium isotopes can be interpreted as
due to correlations between partial radiative and reduced neutron
widths for several final states where the interference between th¢
channel and compound nucleus has (cancelled. This indicates non-
statistical effects such as channel capture are important in the
radiative process; (3) The resonance line shapes determined by the
theory are asymmetric. This characteristic shape is expected when
the channel width is greater than the compound nucleus contrlbutlon,
(4) If one has measured the partial cross section to some final
state for an isotope, this analysis can determine the reduced
width. This provides another method, besides the (d,p) reaction,
for calculating the reduced width; (5) The channel cross section
shapes differ from the Breit-Wigner theory. 1In particular, the
channel cross section below the resonance energy is greater than
the Breit-Wigner cross section. As neutrons diffuse through ma-
terials such as iron, the neutron flux is depressed at the reso-
nance and is large at the total cross section minima positions.

At these latter energies, the difference between the channel and
compound nucleus cross section is large and the channel reaction

rate can be significant.

REFERENCES

1. R. G. Stleglltz et al., Nucl. Phys., Al163, 592 (1971).

M. Lane, J. E. Lynn, Nucl. Phyg,; 17, 586 (1960).

J. Baglan, Ph.D. Thesis, UCRL-50902 (August 1970).

E. Jackson, E. N. Strait, Phys. Rev., C4, 1314 (1971).
J. Allen et al, AAEC E200 (October '1969).
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'REACTOR PHYSICS AND ENGINEERING - EXPERIMENTAL
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REACTOR PHYSICS AND ENGINEERING - EXPERIMENTAL
The major activity during the past year has been the measure-

ment and analysis of fast- and intermediate-energy neutron spectra
in metallic sodium at room temperature. Using a newly constructed

oil-cooled target, the time-of-flight measurements were extended
"~ down to low energies (10 eV) and the group cross section sets and
calculated spectra have also been correspondingly generated to

cover the entire energy range from 10 eV to 10 MeV. The primary

phase of these integral measurements on sodium and the first assess-

ment of sodium cross section data has been completed. Position-
dependent spectrum measurements from several different points in
the sodium assembly have been compared with calculations based on

the one-dimensional SN code DTF-1V, using 49 groups, Pg scattering

“and P, asymmetric quadrature. The two data files ENDF/B-I and

ENDF/B-11I1 have been examined in the analysis to date. A compre-

hensive paper1 on the measurement and analysis of fast neutron

spectra in sodium is being prepared for publication.

Continuing effort was devoted to updating the analysis of
earlier integral measurements and data file assessments. The re-
sults for iron now include the assessment of the file ORNL-1124.

A paperzrelating to some of the additional results was presented
at the Fourth International Conference on Reactor Shielding in
Paris, France in October 1972. The first phase of the analysis of
preliminary spectrum measurements in a two-region system was also
completed and a report3 on this work is being submitted for

"publication.

REFERENCES :

1. A. N. Mallen, N. N. Kaushal, B. K. Malaviya and E. R. Gaerttner,
"Measurements and Analysis of Fast and Intermediate Energy Neu-
. tron Spectra in Metallic Sodium,' to be published.

2. B. K. Malaviya, N. N. Kaushal, M. Becker, A. Ginsberg, E. Burmns
and E. R. Gaerttner, "Evaluation of Nuclear Data and Computa-
tional Methods for Iron as a Shield Material," Proc. of 4th
Conf. on Reactor Shielding, Paris, France, October 1972,

3. D. C. Gibbs, B. K. Malaviya, N. N. Kaushal, "Experimental and
Analytical Studies of Fast Neutron Transport Across a Material
Interface," to be published.
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MEASUREMENT AND ANALYSIS OF FAST AND INTERMEDIATE
NEUTRON SPECTRA IN A SODIUM ASSEMBLY

* .
g’ A. N. Mallen, N. N. Kaushal, B. K. Malaviya
and E. R. Gaerttner

Measurements of neutron spectra in a sodium assembly were
completed during the period of this annual report. A schematic
diagram of the assembly is shown in Fig. 1. Measurements were
made at several different angles for radial positions of 10.5,
18.5, 26.5 and 34.5 inches from the source. Two separate neutron
sources were used in the course of these measurements. The first
was an air-cooled Ta-Pb targetl’z, and the second was an oil-
cooled Ta-Pb target3 capable of handling large (5000 watts)'linac
beam powers. The spectrum of the oil-cooled target is signifi-
"cantly different from the spectrum of the air-cooled target.

This necessitates separate calculational analyses of the data
taken with the two different targets. The introduction of the
high power oil-cooled target in the sodium was necessary, despite
the add1t10na1 effort required for ana1y31s, because of low neu-
tron intensities encountered with the low power air-cooled target.
Additionally, the oil-cooled target provides a large increase in
low energy neutrons (due to slowing down in the hydrogenous cool-
ant), thus permitting a more thorough examination of the principal
sddium resonance at 2.85 keV, and extending the range of fast
spectra measurements downward in energy from 10 keV to 10 ev.

» Calculations have been performed using the one- ~dimensional Sy
Code DTF- IV4 for the air-cooled target, using 49 groups in the
energy range 10 keV to 10 MeV, Pg scattering, the'black absorber'
model5 and using ENDF/B-3 data. Figures 2, 3 and 4 show some com-
parlsons of measured spectra in the forward direction (& = 0°
u=10), with calculated spectra (the superposed h1stograms) us -
ing a Pyg asymmetric quadrature (6 = 30 20', 4 o= .99831).

Based in part on the Ph.D. thesis of A. N. Mallen. Present
address: Savannah R1ver Laboratory, Aiken, South Carolina.
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The calculation and experiment were both normalized to the
source spectrum. As can be seer from the figures, the calcula-
tion and experiment agree quite well for Hole 1, 25.5" deep
(R = 10.5"), and Hole 1, 17.5" deep (R = 18.5"), but deviates -
significantly from Holell, 9.5" deep (R = 26.5") most noticeably
at high energies, where the fast flux is underpredicted by as
much as a factor of 2. This disagreement is possibly due to the
fact that the quadrature used in the calculation does not‘match
the solid angles over which the measurements are made. This ef-
fect is particularly important for the zero degree direction be-
cause of a very rapid variation in the spectrum with angle in
this direction.

The calculations have now been extended down. to 10 eV in
neutron energy. These calculations show that the results are
somewhat sensitive to the size of the sphere which was chosen to
represent the otherwise cuboidal assembly. A spherical model with
outer boundary at 38.5 inches is adequate for predicting the shape
of the flux at high energies (E>10 keV). Low energy fluxes are

~ better represented with outer effective boundary at 44.5 inches.

The amplitude normalization (between experiment and theory are

dependent on the outer boundary used in the calculation).
Overall agreement between the theory and the experiment is

found to be good. Some disagreements in case of measurements at

~ back angles may be attributed to reentrgnt hole perturbation or a

possible need for a redistribution of elastic-scattering. A cor-
rection for the reentrant hole perturbation would reduce the high
energy disagreements in the backward direction and is the more
likely source of the discrepancy.

Improvements of the ENDF/B-3 data file over the ENDF/B-1 file
were noted below 2 keV and above 4 MeV. ENDF/B-3, however, was
found to less accurately predict the flux than ENDF/B-1 in the
energy range of 560 keV to 1.2 MeV because of an increase in the
inelastic cross section in that range. A reduction in the inelas-
tic cross section (to levels of ENDF/B-1) would improVe the
ENDF/B-3 set. |
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. Further checks of these conclusiions are being made and de-

_tailed'report on the results is being prepared.

 REFERENCES :

1.

B. K. Malaviya, E. Greenspan and E. R. Gaerttner, "Deveiopment
of Special Targets for Fast Neutron Spectrum Studies,' Trans.

Am. Nucl. Soc., 11, 24 (1968). '

2. Linear Accelerator Project Annual Technical Report,
October 1, 1970 - September 30, 1971, 113, C00-3058-1.
3. Linear Accelerator Project Annual Technical Regort,
October 1, 1971 - September 30, 1972, 89, C00-3058-27.
"4, XK. D. Lathrop, "DTF-IV - A Fortran IV Program for Solving the
Multi-group Transport Equation with Anisotropic Scattering,"
Los Alamos Scientific Laboratory (1965).
5. 'Linear Accelerator Project Progress Report,
_ October - December 1969, 19, RPI-328-173.
FIGURE_CAPTIONS
Fig. 1 Schematic Diagram of the Sodium Assembly.

Figs. 2-4 'Comparisdn of Measured Spectra Using the Air-cooled Ta-

Pb Target, with Calculated Spectra (49 groups, Pg scat-
tering, P15 asymmetric quadrature, 'black absorber' one-
dimensional model). Source normalized.

Fig.(2) Hole 1, 25.5" deep (R = 10.5", u = 1.0)

"Fig.(3) Hole 1, 17.5" deep (R = 18.5", u = 1.0)

Fig.(4) Hole 1, 9.5" deep (R = 26.5", u = 1.0)
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EVALUATION OF NUCLEAR DATA AND COMPUTATIONAL METHODS FOR IRON

. B. K. Malaviya, N. N. Kaushal, M. Becker, A. Ginsberg, E. Burns
and E. R. Gaerttner

Following is abstracted from a'paper1 entitled, "Evaluation
of Nuclear Data and Computational Methods for Iron as a Shield
Material," presented at the 4th International Conference on Reactor
Shielding held in Paris, France, Ogtober 9-13 1972. This paper
updates the previous assessments“>~ of iron data to include the
file ORNL-1124. ‘

Expérimental and analytical investigations of fast neutron
transport in iron are discussed from the point of view of checking
differential nuclear data useful in reactor shielding. Time-of-
flight measured fast neutron angular flux spectra from different
positions and directions in a clean, homogeneous iron assembly are
analyzed using multigroup transport calculations, continuous slow-
ing down theory and differential data from standard files as input
to the calculations. A critical assessment of cross-section data
files for iron is presented. '

Several data files have been used to try to predict measured
spectra in iron. Best overall agreement is obtained using ENDF/B-1
data, a somewhat surprising situation in view of the speed with

which that file originally had to be‘compiled. - Several specific
points. may be noted: ' o

(1) The 27 keV resonance generally is not repre-
sented well, despite its prominence. The
KEDAK representation gives best agreement
with experiment. ‘

(2) In the 30-300 keV range, the KEDAK, ENDF/B-II
and ORNL-1124 files have similar amplitude
characteristics, while ENDF/B-I tends to be
higher. ENDF/B-I calculations generally give
good agreement with experiment, but the spec-
tra with the lower data (as from 1124) can

.be considered acceptable. ‘

(3) At high energies, anisotropic scattering is
required for meaningful comparisons with ex-
periment. Of the two files studied with
high-order anisotropic scattering, ENDF/B-I
appears preferable to 1124,
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(4) While ENDF/B-I gives good agreement for this
experiment, lack of resolution implies greater
errors for very deep penetrations.

(5) Additional direct data measurements would be
-+ useful for high energy angular distributions
and for total cross sections in the 30-300
keV range. There have been new measurements
. of the 27 keV resonance, and these measure-
ments are expected to 1nf1uence ENDF/B- 111 and
other new files.

1.
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REACTOR PHYSICS AND ENGINEERING - THEORETICAL

The theoretical effort is concerned with problems of theory
-and analysis important in our experimental program in particular,
and in fast reactor development in general.

Effort has been oriented to account for three objectives over
~ the time period (to end June 30, 1974) in which the current mode
of operation of RRD-sponsored research is to be terminated. '
First, activities currently in progress are being completed, with
particular emphasis on student projects. Second, these activities
are being oriented to the extent possible to provide for a smooth
transition to what are anticipatéd to be the new AEC research in-
terests at RPI beginning in FY 1975. Third, documentation of re-
sults under the existing LINAC Project are to be completed. Em-
phasis has been placed on the first of the three objectives so -
far, and increased emphasis on the other two will be evident in the
cbming year. ' |
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REACTOR THEORY AND ANALYSIS

* *
M. Becker, M. Danchak, G. Epstein and S. Kang

Analysis of spectra in depleted uranium has been performed
using several data files. Analyses of spectra with ENDF/B-III
data led to experiment-theory discrepancies. Comparable to those
observed with earlier ENDF/B files, and comparable to those ob-
served in Germany where KEDAK file data>were used.l Thus, recom-
mendations made in regard to earlier files still hold. The prin-
cipal discrepancies are underprediction of spectra in the low
MeV range and substantial overprediction of spectra in the 50-500
keV range. Reductions in the high energy inelastic effectiveness
for ENDF/B-III did not have a substantial effect on the experi-
ment-theory comparison because the changes were essentially all
above 2 MeV where the inelastic cross section is small. The prin-
cipal experiment-theory discrepancies were in the low MeV range,
below where the cross-section changes were made.

" Uranium spectra also were studied with the FTR-300 S data
set (Hanford) and with Gulf Radiation Technology data, the latter
data including the effects of the (n,v;n’) reaction proposed at

GRT to resolve low-energy discrepancies. The FTR-300 S data
yielded experiment-theory comparisons similar to the various

ENDF/B results. The GRT data, led to much worse overpredictions
at low energies as a result of the (n,y;n’) reaction.

Effort has proceeded on the continuous slowing down integral
transport technique for space-dependent spectra. The technique
has been applied to single-region depleted-uranium and iron pro-
blems and to two-region depleted-uranium-iron problems. Results
in general have been quite good. The principal source of diffi-
culty in problems considered to date has been streaming at deep-
cross-section minima. Difficulties are reduced if the physical
system is made larger, thereby reducing leakage. The difficulty

als

“Based in part on the Ph.D. theses of M. Danchak, G.Epstein and
'S. Kang.
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vprobably could be allev1ated by more sophisticated leakage-

absorption treatment in the reference case used for generating .

slowing down parameters.

The formulation of the technique was or1ented to preserv1ng

the trad1t10na1 slowing down relations as extended to matrix
form. This approach aided in testing, since one could infer what o

appropriate orders of values of various matrix elements should be.
However, the approach had the disadvantage of invoking more
operations per 1ethargy interval than are actually necessary.
Analytical effort to facilitate appllcatlons of the inter-
actlve graphics system to interpretation of spectrum measurements .
has proceeded in parallel with graphics system development.

'JPartlcular emphasis has been placed on reducing storage require--
‘ments to. fall within time-sharing. constraints. Substantial pro-
- gress has been made in streamlining the calculations of the slow-

ing down parameter and the age in generallzed continuous slowing
down theory.

" The time- dependent slowing down study has been extended to
include fertile materials. These materials can have fissions
above a threshold energy. The analytical solution in terms of
exponentials in each group has to be modified to a matrix problem
above the threshold followed by individual group problems. The
threshold in materials of interest (principally 238U) is such

that the matrix inversion is feasible. Test problems have been

. performed successfully.

REFERENCE:

1. H. Bluhm, Trans. Am. Nucl. Soc. 15, 898 (1972).
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INSTRUMENTATION DEVELOPMENT
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b f ' RENSSELAER INTERACTIVE GRAPHICS ANALYSIS SYSTEM
| M. Danchak,* M. Becker and W. R. Moyer

Throughout the relatively short period nuclear science has
been a disciplihe, it has constantly been confronted with pro-
blems whose solutions lie close to the technological frontier.
Experimental as well as theoretical techniques have depended
heavily on the unique application of state-of-the-art electronics
which have not merely aided the nuclear scientist and engineer,
‘but made his field possible. High speed data acquisition has

' allowed measurement of nuclear parameters to the required accur-
acy. Mammoth calculating machines are a necessity for the de-
velopment and subsequent production solutions of the various
mathematical models. The results of these computer applica-
tions has led to an overwhelming amount of data which must yet
be evaluated. Hence, one working in this field is forced to be
.highly proficient, not only in the indreasingly complex nuclear
areas, but in the computer field as well. This situation is
rapidly overtaxing the capabilities of the individual and re-
quires yet another application of the electronic computer.

The problem presented demands a two-fold solution. The
evaluation of large amounts of data is feasible using one of the
oldest methods, graphical representation, coupled with one of

- the newest, on-line computing, to spawnlthe technique of in-
teractive graphics. However, given the basic ability to evalu-
ate data via computer is not the end; one is still faced with
the prodigious task of implementing this technique. The solu-
tion, then, must be a system which allows for the evaluation of
large quantitites-of'data but which puts minimum demands on the
evaluators. It is to this end that the Rensselaer Interactive

Graphics Analysis System (RIGAS) addresses itself.

k> - '
' -~ "Based in part on the Ph.D. thesis of M. Danchak.
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Design Criteria for RIGAS
The sole objective of this system is to provide a general

.analysis tool to facilitate the handling, evaluation and mani-
pulation of large quahtities;of data by the prime user: scientists
and éngineers intimately familiar with that data. Since these |
users are to be the terminal operators, the system must have a
high information bandwidth with a very short time required for
proficiency. To accomplish this seemingly contradictory task,
the following man-machine categories of dialogue have been
specified: |

| 1) Limited English Input

Advantages: The user employs words he is
familiar with.

Disadvantages: Some users tend to over-
estimate the intelligence of the machine
and overstep the tight restrictions on
input wording. -

2) Computer-Initiated Dialogues

Advantages: The computer tells the opera-
tor what to do; little training is required.
This dialogue can be used with a totally
untrained operator.

Disadvantages: Dialogue can be lengthy and
often slow. Many characters required,
hence, a high line utilization. More ex-
pensive networks are needed. Little flexi-
bility is allowed in the sequence of opera-
tion. '

3) Dialogues with a Light-Pen for Input

Advantages: Simple form of input, ideal for
an untrained operator. Can make a complex
dialogue fast.

Disadvantages: Limited in scope unless a
keyboard is used as well.

4) Graphics using Chart Displays

Advantages: Very effective for summarizing
information and manipulating models. Ideal
for many dialogues with management. ‘
Disadvantages: Expensive. Elaborate pro-
gramming requirements. On teleprocessing
systems '"intelligent" terminals are needed
to avoid information bandwidth restraints.

‘IIII III‘I.-I N E N m e ..._ N s R e B . ;Il ann ‘I.l
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5) Graphics using Symbol Ménipulation

Advantages: Very effective for complex pro- -
bTem solving, engineering design, etc.
Dlsadvantages- Expensive. Elaborate pro-
gramming requirements. "Intelllgent” ter-
minals needed.

~Judicious use of these five categorles will effectlvely mini-
mize the disadvantages of each. One further criteria must be spe-

" cified. Since this is to be an "on-line'" system, response times
s p

must be such as to not degrade the human capacity for thinking.

'Hence, response times shall, on the average, be no greater than

2 seconds. However, allowance will be made for longer times re-
quired for more complicated tasks providing adherence to psycho-
logical "closure" has been made.

With these system criteria in mind, one must select a gra-
phics terminal utilizing keyboard, light-pen, pushbuttons and
stylus for input and typewriter, graphics screen, iight panel and
facsimile machine for output. It was determined that the PDP-15
computer with 32K of core, 1 disk drive, 4 tape drives and an in-
teractive graphics unit would suffice. These, however, must be
augmented with additional pushbuttons, a light panel and a hard
copy unit. Response time requirements, then, should provide no
problem for locally generated displays. The addition of a 4800
baud maximum rate asynchronous data communications link for time-
sharing and a 2000 baud synchronous link for batch operation to a
remote machine, e.g., CDC-6600, will satisfy terminal requirements
for proce351ng not fe351ble locally. Although the use of a re-
mote computer may degrade response times, processing in this mode
would qualify as a compllcated task and can be made tolerable w1th
the proper psychological considerations, such as the use of in-
terim responses. |

The actual dialogue structure between individual users will
vary greatly. HoweVer,'theré are points of commonality and it
is upon these that the system is based. The first, ‘and most ob-

vious, is the entry of raw data, that is, the data to be evalu- .
)
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ated or manipulated. Once this is accomplished, the user is pre-
sented with”five functions which may be selected in any order and
at anyifrequency These are:

1) the display of textual information that 1s part.
of the entered data.

2) the selection of the whole or parts of the data
entered for display.

3) the display of that selected data.

4) the ability to change scale and manipulate that
data.

5) the ability to call user or library subroutines
which act on the displayed data.

It is believed that these functions will satisfy most user require-
ments and still be incorporated into the same system.
Accomplishments to Date

Implementation of RIGAS falls into two basic categories —
hardware and software. All major items of hardware have been pro-
cured or constructed with the exception of the synchronous com-
munications link. This has been designed and is currently being
built. Software programming has advanced to include theffirst
four functions listed above as well as data entry. Once provi-
sions for calling 3pec1a1 subroutlnes to act on displayed data are
incorporated, the system will be bullet—proofed and fine tuned be-
fore use with a demonstration problem. This problem will be the
assessment and modification of neutron cross sections using slow-
ing down theory Given a multigroup cross section set, the slow-
ing down parameters and Fermi age will be computed. The latter
will be 1terat1ve1y adJusted via light-pen to produce fluxes in
agreement.w1th_experlmental results using the "on-line" remote
computer." This"resulting Fermi age will then be used to assess
current multlgroup Cross sectlons sets and reflect modlflcatlons
necessary |
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*PH.D. DEGREES IN NUCLEAR ENGINEERING GRANTED BY
DIVISION OF NUCLEAR ENGINEERING

-NAME : TITLE OF THESIS

Byoun, Tae Y. "Experimental Investigation of the Resonance
Self-Shielding and Doppler Effect in Uranium
and Tantalum'"

Chao, Bruce Y. "Work Functions of Rhenium and Tungsten De-
termined by Thermionic and Mass Spectro-
metric Measurements"

Hansen, Eric C. '""Analog Monte Carlo Studies of Electron
Photon Cascades and the Resultant Production
and Transport of Photo Neutrons in F1n1te
Three-Dimensional Systems"

Lubert, Marvin ""Analysis and Interpretation of Total and
- B Capture Cross Section Data'"

Reed, Raymond L. "Neutron Multiplicity Measurements for

Neutron-Induced Fission of 233U and 235U"

*October 1, 1972 - September 30, 1973

'
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PUBLICATIONS DURING THE PERIOD 1972-1973

"Analysis of Fast Neutron TranSport in Two-Region Systems,'
B. K. Malaviya and D. C. Gibbs, Trans. Am. Nucl. Soc. 16 (1973)

"Analysis and Interpretation of Anisotropic Spectrum Measurements
in Depleted Uranium,'" M. Becker, A. Ginsberg, N. N. Kaushal,
(1973)Ma1av1ya and E. R. Gaerttner, Trans. Am. Nucl. Soc., 16, 305

"An Assessment of Proposed (n;y,n’) Data Based on Measured and Cal-
culated Spectra in Depleted Uranium," M. Becker and N. N. Kaushal,
submitted for publication in Nucl. Sci. Eng. (1973).

"Efficient Generation of High-Order Anisotropic Elastic Matrices,"
M. Becker, Trans. Am. Nucl. Soc., 15, 911 (1972).

"An Iterated Sequential Transport Approximation for Anisotropic
Spectral Moments,'" D. C. Gibbs, M. Becker and B. K. Malav1ya to
be publlshed 1n Nucl. Sci. Eng.. (1973)

"Measurement and Analysis of Fast Neutron Spectra in Sod1um
B. K. Malaviya, N. N. Kaushal, A. Mallen and E. R. Gaerttner
Trans. Am. Nucl. Soc., 16, 304‘(1973).

"Measurement and Evaluation of Total Cross Section Minima in Ele-
mental Iron from 24 to 1400 kev," K. Alfieri, R. C. Block and
P. J. Turinsky, Nucl. Sci. Eng., 51, 25-31, 1973. :

233 235

"Neutron Multiplicity Measurements on U and U," R. L. Reed,

'R. W. Hockenbury and R. C. Block, submitted to Third Symposium on

the Physics and Chemistry of Fission of TAEA, August 13-17, 1973
at Rochester, New York.

- "Prompt Neutron Mu1t1p11c1ty Measurements for Neutron-Induced Fis-
U," R. L. Reed, R. W. Hockenbury and R. C. Block,

sion of 233U and 235
to be submitted to Nucl Phys. (1973)

‘"Resonance Filtered Neutron Beams — A New Approach to Precision

Time-of-Flight Cross Section Measurements,' R. C. Block and
R. W. Hockenbury, Bull. Amer. Phys. Soc., 17/, 580 (1972).

""Resonance and Thermal Vv Measurements on 239Pu," R. W. Hockenbury,
R. L. Reed and R. C. Block, submitted to Third Symposium on the
Physics and Chemistry of F1$Slon of TAEA, August 13- 17 1973 at
Rochester, New York

238

""'Subthreshold F1$Slon Induced by Neutrons on U," R. C. Block,

R. W. Hockenbury, R. E. Slovacek E. B. Bean and D. S. Cramer, Phys.

Rev. Letters, 31, No. 4, 247 (1973)
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"Total Cross Sectlon of Neutrons on Deuterium in the keV Reglon
P. Stoler, N. N. Kaushal and F. Green Phys Rev. C, Vol. 8, No. 3,:
in press (1973) _

"The Total'Neutroﬁ Cfoss_Séction of 238U from;O.S to 30 Mev,"
S. H. Hayes, P. Stoler, J. M. Clement and C. A. Goulding, Nucl. Sci.
‘Eng., 50, 243 (1973). ' S : _



