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HIGH-RESOLUTION MEASUREMENTS AND R-MATRIX ANALYSIS
OF THE TOTAL AND FISSION CROSS SECTIONS

OF 237NP+ n FROM 1to 600 eV

by

G. F. Auchampaugh,M. S. Moore, J. D. Moses,R. O. Nelson,
C. E. Olsen,R. C. Extetmann, N. W. Hill, and J. A. Harvey

ABSTRACT

High-resolutionmeasurementsof the total and fissioncross sections of 237NP+ n
have been made using the pulsed-neutronfacilitiesat the Oak Ridge Electron Linear
Acceleratorand at the Los AlamosMesonPhysicsFacility.The sampleswerecooledto
liquid-nitrogentemperature. This report presents the total and fissioncross sections
from 1to 600 eV as wellas the parameters obtainedfrom an R-matrixfit of thesedata.

I. INTRODUCTION

Questionshave been raised’ concerningthe nature of
the couplingof Class II states to the Class I states in the
subthresholdfission of 23ENP that have not been ade-

quately answered with existingdata.2’3Although high-
resolution fission-cross-sectiondata exist, there are no
total-cross-sectiondata of comparableresolution.Total-
cross-sectiondata are very important for locating all
Class I resonances and the Class II resonance near a
Class II state. We have undertaken high-resolution
measurements,with samples cooled to liquid-nitrogen
temperature, of both the fission and the total cross
sectionsof Z3’NPt. providehigherquality data to test

current models of Class 11-to-C1assI coupling and
decay.

This report presents the experimentaldetails of the
neptuniummeasurements, the results of the R-matrix,
multilevelanalysisof the total and fissioncross sections,
and a tabulation of the resonance parameters. A dis-
cussion of the significanceof these data and how well
they fit variouscouplingmodelsis presentedelsewhere.4

H. EXPERIMENTAL DETAILS AND
NORMALIZATION

A. Total-Cross-SectionMeasurements

Data were collectedin two separate runs. In the first
run at the Oak Ridge Electron Linear Accelerator
(ORELA), two 12.7-mm-thicklithium-glassdetectors
were used: the first was edge-mountedon an RCA 8854
phototubeand placed in the flightpath at 78.017 m; the
secondwas face-mountedand placed78.203m from the
neutron target. The samples of 237Npmetal were 9.906
mm in diameterand (25.83 + O.17)and (168.73 + 0.68)
x 1018atoms/mm2 thick. We cooled the samples to
liquid-nitrogentemperature (-77 K) to minimizeDop-
pler resolution broadening. The accelerator repetition
rate was 95 Hz, and the burst widthwas 36 ns. Fiitersof
cadmium, 0.762 mm thick, and lead, 6.35 mm thick,
eliminatedoverlap neutrons and reduced the effects of
the gamma flash from the target. Useful data were
collectedfor about 170hours for each samplethickness.

The second run was made some months later, under
the same conditions with certain exceptions.Only one
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detector,the face-mounteddetectorat 78.203m, and one
sample,the thicker one, were used. The cadmiumfflter
was replacedby one madeof 1°B,4.5 mg/mm2thick,and
the accelerator was operated with 35-ns bursts at a
repetitionrate of 1000Hz. Data were collectedover an.
8-day periodfor about 100hours.

.
B. Fission-Cross-SectionMeasurements

We measuredthe fissioncross sectionsat the Weapon
Neutron Research (WNR) pulsed spallation neutron
facility at Los Alamos. For these measurements, the
nominal flight path was 30 m, and the samples were
cooled to 84 K. The design and operation of the
cryogenicionizationchamberusedto measurethe fission
cross section has been described elsewhere.s The
chamber contained 1.35 g of neptunium as NPOZ,
depositedon 0.0127-mm-thickstainless steel backings,
0.042 g of 23SUas UOZ,depositedon a similarbacking,
and 0.008 g of cLi as cLiF, deposited on a titanium
backing0.025 mm thick.The signalfromthe 6Lifoilwas
used to establishthe shape of the neutronflux;the signal
from the 235Udepositwas used to normalizethe fission
cross section.The acceleratorbeam had a burst widthof
150 ns. The time digitizerhad channelwidthsof 64 ns
and coveredthe energyrange from 1 to 104eV.

C. Fission-Cross-SectionNormalization

Our normalization based on relative masses of the
23Su and 237NP depo5it5 suggest~that the cross sections

of Plattard et al.3 are too low by a factor of 3. This
conclusionis reinforcedby the observationof resonances
in a slight contaminant of 239Puin our 237Npfission
deposits.Samplesof the 237NP material, frOnl whiCh ‘he

depositswere fabricated, were assayed by isotope dilu-
tion for 239PU content; the resultsshowedthatthe237NP

materialcontained571 + 29 parts per million239Pu.The
expected ratio, if the normalizationof Plattard et al.3
were correct, is 188parts per million.Finally,to resolve
the questionbeyond any doub~ we made a high-energy. measurement of the 237Np-to-235Uratio with the

cryogenicfissionchamberusingthe 237Np-to-23sUcross-
. sectionratio measuredby Behrenscas the normalization

standard. The results of this measurementshowed that
the normalizationof the resonancedata of Plattard et al.3
is too lowby a factor of 2.91 + 0.08. Our normalization
agreeswithinabout 10’%owith that of Jiacolettiet al.7for

the strongest resonances in the 40-eV cluster and for
other resonanceswheretheir sensitivityto gamma radia-
tion is not important.

III. R-MATRIX ANALYSIS

We analyzedthe total and fissioncross sectionsusing
the multilevel,R-matrix, search code MULTI.* Both
cross sectionswere fitted simultaneouslyup to 600 eV.
Particularattentionwas givento the regionsaround the
40- and 120-eVClass H states.A minimumof effortwas
spentfittingthe regionabove 160eV; thus, the qualityof
the fit above 160 eV is not as good as that at lower
energies.

The success of a shape fit depends on adequately
parameterizingthe resolutionfunction for the measure-
ment. The resolutionfunction must includethe thermal
motion of the atoms in the sample;neutron generation
time in the moderator surroundingthe target, ~; flight
path uncertainties,J?&electronor proton burst width, tb;
and the time per channel used to record the data. A
careful analysis of the low-energyresonances in nep-
tunium, where the Doppler width dominates the other
components of the resolution width, revealed that a
Gaussian function with a Doppler width corresponding
to an effective temperature of 100 K adequately de-
scribedthe shape of the resonances.The e-foldingwidth
for the other components of the resolution width are
givenin Table I. The channelwidthwas chosen to be at
leastone-thirdsmallerthan the totalresolutionwidthand
was not includedin the resolutionfunction.

A better fit to the shape of the fissionresonancesat
120 eV was achievedby accountingfor the exponential
decay of the neutron pulseemittedfrom the moderator.
Consequently,above 70 eV the resolutionfunction for
the fissiondata consistedof a convolutionof a Gaussian

TABLE I. The e-FoldingWidths for the Gaussian and
ExponentialResolutionFunctions

Total Fission

& 1,
(::) (::) (cm) (~;) (cm) ($

1-70 21.0 3.3 126.0 3.3 0.0
70-580 21.0 3.3 78.0 0.0 110.0

“The width for the Gaussian function is equal to the quad-
rature of& (convertedto time for a particularneutronenergy)
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functionwith a widthobtainedfrom the quadrature of tb
and the Doppler widthand an exponentialfunctionwith
an e-foldingwidthof t~.

The data were fittedusingthe least squaresprocedure
with the residuals weighted by the statistical error on
each point. In general, we varied the fission width,
neutron width, and the resonanceenergy. Belowabout
60 eV, the capture widthwas variedfor thoseresonances
whose shape was sensitiveto the capture width; other-
wiseit was fixedat 40.8 meV.

A one-fission-channelreduced R-matrix formalism
was usedto fit the shapeof the cross section.The results
of Kuiken et al.9 along with the spin assignments of
Keyworthet al.’”suggestedthat the Class II state at 40
eV may have more than one K-componen4whichwould
require a two-fission-channelformalism. So we made
both one- and two-channeltits to the resonancesnear 40
eV. However,the fitwithtwo fissionchannelsshowedno
improvementover that with one fissionchanneleven in
the valleys between the resonances. The total fission
strength appeared to be dividedproportionallybetween
the two channels for the major resonancesin the 40-eV
cluster, which is what we would expect if the Class II
state had more than one K-component.The poor quality
of the fission data in the resonance valleys and the
insensitivityof the fit to the number of fissionchannels
discouragedfurther investigationwith two fissionchan-
nels.

The analysis of Plattard et al.3of the 40-eV cluster
suggesteda resonance at 39.7 eV with a fission width
larger than that of the prominentresonance seen in the
fissioncross sectionat 39.9 eV. With our high-resolution
total-cross-sectiondata, we can observe the 39.7-eV
resonance. However, we find the fission width of the
39.7-eVresonance to be 2.5 peV instead of 5060 peV
(correctedfor the normalizationfactor 2.91)reportedby
Plattard et al.3 and the neutron width to be 100 ~eV
instead of 62 ~eV. Most of the fission strength of the
Class 11state at 40 eV is contained in the resonance at
39.9eV.

For the 39.7-eV resonance, we find an anomalously
small capture width of about 21 meV that is about a
factor of 2 smaller than the average capture width for
237Np.If the 39.7-eV resonance contains most of the
Class II strength,then we wouldexpectits capture width
to be mostly Class 11and, therefore,differentfrom the
capture width of the Class I resonances. But this
resonance has essentially no fission strength and,
furthermore,may not be a J = 3 resonance.A reanalysis
of the polarizationdata of Keyworth et al.*Osuggestsa

resonance near 39.7 eV with a spin opposite to that of
the 39.9-eV resonance. However, the fit to the total-
cross-sectiondata could not differentiatebetween the
two spin possibilitiesfor the 39.7-eVresonance.There-
fore, the spinof this resonanceis tentativelyassignedJ =
2.

The total- and fission-cross-sectiondata from 1to 600
eV are presented in Figs. 1 through 22. The data are
presentedunaveragedexcept where noted at the top of
the figures.The finalone-channelfit is representedby the
solid line.The resonanceparameters are listed in Table
11. The uncertainties on the parameters given were
obtained from the diagonal elementsof the covariance
matrix. They do not represent absolute errors but are
more representative of the relative errors on the
parameters, because systematic errors have not been
includedin the analysis.Using our high-resolutiondata
and reanalyzingthe data of Keyworthet al.,’”we arrived
at the spin assignmentsgiven in the last column. We
have added some new spin assignmentsbut have not
changedthose reported by Keyworth et al,10
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Fig. 22. Total and fissioncross sections from 540 to 580 eV. The statistical errors are represented by vertical lines.
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