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ABSTRACT

The centralneutro.~-fluxspectrumof the Los Alamos
ScientificLabor tory’scriticalassembly,Big Ten, was

z❑easuredwith a Li spectrometerand techniquesdeveloped
at the Centre d’lftudede L’fiergieNucleaire,Mel, as part
of an experimentalprogramto establishthe characteristics
of Big Ten.

BIG TEN

Big Ten is a cylindricalassemblyof uranium❑etal,’ The
53.3-cm-diamcore consistsof U(10)metal surroundedby
interleavedplatesof U(93) and normaluraniumsuch that the
average enrichment is 10 weight percent235U. For bhe
❑easurementsdescribedhere, the effectivecore lengthwas 54.4
cm. The reflectoris of depleteduranium,15.2-cmthiokradially
and 21.1-om thick on each end. The spectrometerwas accommodated
by a 3.81-cm-diamby 4.36-cm-longoentralcavitywith a
0.48-om-diamaxial channelfor two ooaxialleads that carriedboth
high-voltagebiasesand signals.
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Bi.gTen Spectrometry

LITHIUM-6SPECTROMETER

The detectorassembly(the CEN/SCKAssemblyof Ref. 2, Fig. 1)
ocntainedtwo p rallelsolid-statedeteotordisks with variabla
separation. tA LIF film was deposit?don one of these
deteetors. The sllloonde ectors eapondedto alpha particleaand

k rtritonsfrom the reaotion Li(n,t)He.

The electronicssystem (Ref.2, Fig. 2) had one channelthat
carriedthe signal (alphaor triton)from a singledeteo~orand
anotherchannelthat oarriedthe combinedsignal (alphaplus
triton)from both detectorswhenevercoincidenceocourredwithin
15 ns. Pulse heightdistributionswere oonvertedto energy
distributionsby calibrationand correctiontechniquesto be
describedlater. The combinedenergy distributionleads to &
neutron flux spectrumby the simplerelation

Eu+ Et =Q+~

where En Is the neutronenergyand Q = 4.787
spectrummay also be derivedfrom th’:triton
t,hroughtJw more complexrelation

(1)

MeV. The neu’~ron
energydistribution

ij~ MnMtEncos26

L 1+!QM!dJ2(2)‘t=Ma+Mt
‘Os’ ‘4+%)2

Ma+Mt

where Mnj Ma, and Mt representthe mass of the neutron,alpha, and
triton,and e is the angle betweenneutronand tritonvelocities
in Laboratorycoordinates.

EXPERIMENTALPROCEDURE

The measurementwas performedin two steps:preliminaryruns
with a 0,07-pm-thick6LiF deposit,followedby pri ry data
collection;]with a 0.77-pWthiok deposit. ‘?The thin Lip was
intendedprincipallyfor backgroundmeasurement,althoughit was
adequatefor thermal-neutroncalibrationand for oonfinningproper
functioningof the spectrometerin Big Ten.

Thermalneutronsfor energy calibrationwere prcividedby a
252Cf aourc~ in a polyethylenemoderator. After coincidence
circuitryhad been adJustedfor a 15-nstime window,and X-Y
display of the alpha or triton and sum peaks was checked:
amplifiergains and biasgd offsetswers adJustedto place Eaand
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Big Ten Speetrometry

Et distributionpeaks in speeifiaoountingchannelsfor the X
parameter,and ~ and Ea+ Et peaks In other specifiedchannels
for the Y parameter. The Et peak on the Y-axiswas obtainedby
removingthe eoinoidencerestriction. The energiesEt x 2.730 M@
and Ea = 2.057 MeV for ~ s O then establishedthe energy
equivalentof eaoh eounti.ngaha.nnel.

For primarydata collectionwith the 0.77 vm deposit, a new
energycalibrationwith thermalneutronswas followedby runs In
Big Ten. Experimentalrefinements,as describedin Ref. 2,
guardedagainstchannelshifts,effectsof detectorfatigue,and
backgroundeffeots.

DATA REDUCTION

The experimentis designe
t
tc mea ure the multigroupreaction

spectrum,I?g= t@g(Big Ten)ug[Li(n,t) He]. The alpha Plus triton
sum distributionrequiresone unfoldingoperationbecauseof the
finiteresolutionfunctionof the detectors. The thermal
calibrationrepresentsan experimentaldeterminationof the
functionwhich, for the thick6LiF deposit,had a full width at
half-maximumof about 200 keV. In going to lower energies,the
uncertaintyin R

f
values,determinedby the sum distribution,

becomesprogressvely largerdue to uncertaintyin neutronenergy
assignmentand uncertaintyin the detectorresolutionfunctionand
associatedunfoldingoperation. By limitingthe reductionof the
sum-distributiondata to the portionof the reactionspectrum
above ~ = 500 keV, the uncertaintyin absoluteRg values is
kept at or below 10%. One notes that the fractionof events
producedby neutronswith energy less than 5G0 keV is thus
determinedbut that this fractionIs not furthersubdivided.

The triton pulse height distributionrequirestwo unfolding
operationsin order to yield R values.

f
The first is for t,le

finiteresolutionfunctionof he detector, which, for the thick

6LiF depositand as determinedby the thermalcalibration,had a
full width of about 60 keV. The second is for the ~-dependent
energy distributionof tritonsproducedby monoenergeticneutrons
with energy ~; the upper and lower bounds of this spectrumare
determinedby kinematicsbut the spectrumwithin these bounds is
determinedby the angularcorrelationfunctionbetweenneutronand
triton velocities. Althoughthe general featuresof this triton
sipectrumare revealedin the two parameterdata displayby the
triton pulse height distributionat constantEa + Et, we use,
for the second unfoldingoperation,t e angularcorrelationdata
of Overly et al.j and Schroderet al.! Becauseof increasing
overlap of alpha and tritondistributionsat higherneutron
energies,analysisof the triton pulse-heightdistributionsis
restrictedto Ea + Et slioes of the two parameterdata display
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Big Ten Spootrometry

oorreapondi.ngto ~s700 keV.

All unfoldingoperationswere performedwith the UCLIS
oode.5 The principalunoertatityin the reactionspG:&rlm$S
below ~ = 500 keV and triseafrom urmertal.ntyin the
neutron-trltonangularcorrelationdata whiohmay be as largeas
15$ for En-lOO keV.2

The multigroupflux apectrm of Big Ten was btainedfrom the
8mea%red reactionspsotrm by divid ng with the Li(n,t)4He

icross seotlonsevaltiatedby Poenitz and is listedIn Table I.
This spectrumcorrespondsto tnat of the neutronsincidenton the
deteotorassemblyand shouldbe slightlysor%er than the central
flux spectrumof Big Ten withoutcavities. Also listedin Table I
are centralflux spectracalculatedwith Big Ten materialcross
sectionsobtainedfrom the U.S. evaluatednuoleardata files
ENDF/B-111and ENDF/B-IV. The respectivetransportcalculations
used MaxwellIanfissionneutronspectrawith T = 1.300and 1.336
MeV.

Qualitatively,the three spectralisted in Table I are very
stiilar. They imply essentiallythe same valuesfor Integral

8
ross sectionsof such reactionsas ‘97Au(n,Y), ‘OB(n,He),

$
Li n He), and 235U(n,f). For the sensitivespectralindex

Hf( 34J)/i@%I), the value impliedby the .?asured
spectrumIs intermediatebetween ti~os? impliedby the ENDF/B-111
and ENDF/B.-IVspectraand is 3% less than :he experimentalvalue.

Relativeto the calculatedspectra,the ❑easuredspectrum
appearslow in the energyinterval40-85 KeV and high below 20
Key. The spectrum shape observedby Dowdy,et al., with a
w~ton-recoil spectrometer‘.smore supportiveof the calculated
spectrain the 40-85 KeV range although their observationsdid not
extend below 30 KeV.7
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TABLE I. MEASURED(Li-6)AND CALCULATED(ENW) CENTRALFLUX SPECTRUM
OF BIG TEN

Group Flux (%)
& Lower Limit LethargyInterval Measured ENDF/B-111

——— .——-
.—.

6.065 MeV

4.724 MeV

3.679 MeV

2.865 MeV

2.231 MeV

1.738 MeV

1.353 MeV

1.054 MeV

820.8 keV

639.3 keV

497.9keV

3e7.7keV

302.0 kev

235.2 keV

183.2 keV

142.6keV

111.1keV

86.52 keV

67.38 keV

52.48 keV

40.87 keV

31.83 keV

19.30 keV

15.03 keV

9.12 keV

7.10 keV

5.53 keV

o keV

0.250

0.250

0.250

0.250

0.250

0.250

0.250

0.250

0.250

0.250

0.250

0.250

0.250

0.250

0.250

0.250

0.250

0.250

0.250

0.250

0.250

0.500

0.250

0.500

0.250

0.250
m

0.60

1.12

1.56

1.75

1.89

2.13

3.05

5.03

6.80

8.93

9.66

9.48

8.24

8.03

7.76

6.02

4.58

3.44

2.28

1.82

1.64

1.78

0.60

0.86

0.40

0.09

0.36

0.56

0.94

1.33

1.65

1.86

2.09

2.95

4.55

6.85

8.83

9.73

9.33

9.19

8.10

6.80

5.83

5.08

4.23

3.26

2.32

1.52

1.45

0.30

0.26

0.057

0.031

0.041

ENDF/51V

0.42

0.60

1.02

1.46

1.86

2.19

2.53

3.33

4.70

6.44

8.33

9.30

9.49

8.90

7.84

6.64

5.67

5.03

4.25

3.26

2.52

1.74

1.67

0.36

0.31

0.063

0.034

0.044
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