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DETECTION EFFICIENCY AND SPATIAL
CHARACTERISTICS

Simulations of the pymchernicsd counter’s response to
a ~2Cf source placed in the center of the sample chamber
prcdicml Umt the counter would have a detection efficiency
of 57.0%, an exponcnrial die-away behavior, and a die-away
rime of 49.4 Us. The rrseasured efficiency of the counter is
S7.7%, and its measured die-away time is 47.2 VS. The
measured die-awmy response of rhe counter is shown in
Fig. 4 [ogether with an exponential fit. The differences
krwecn LIUH urcrrmts and the calculations are mnsistent
with slight design changes that wem made 10 accommodate
dK splitaurmr gccrrneay. These changes included moving
one tulx from he third ring to the founh ring and moving
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“urscsknbox wall to eliminate the pouibility of high-voltage

wn. The calculadons were not Iepatd after *ese
slight changes kau= we dld not expa them to signifi-
cantly affect the rcm,du.

Thcspadalm
r

seof M countertos 2%X source
centered in the samp +mrnkr andmod axially andtad-
ally k shownin Figs. 5 ad 6.Severalcakuladvaluesare
overlaid fm comparison. In thecantmof the umpk charm
k, the pyrdemical counter’s reqmnsc is very unifosm.
The agrcmmnt between the calculasimsaand the ssmaurcd
Valueskwithin thopedskll dthaca,kldmiosla, Thcgreucr
&tcwinthcaxiaJmpm*ofshaccuntcrncarthctopof
thcautspkcharrdx rasqmcd mltskhavic watdwtiis
dtmtonoutmn ~thrwghhajunctimbaa.

SAMPLE MEASUREMENTS

A fl~-of-nserh study ps’formd by Enaslln et al,4
has shownhath may prddcm fcwmbddplkitycmmera
-~~~$~ddk-awaydn;ona
~~s~~iu:= aalf.muhiplkation, and (a,n)

!
~ Mdng ha coin.

cidence ga~ width, prodsay, and count time. Using
Enaalln’s rtml’md, ha assay

r
MaI wu calculated for

oJd&aanqka mau4ualln ~d counter ftm

-o 10 20 30 40 so 00 7C 80 90100

TINS (ye)

Fig, 4, TM snrmsrd dhswsty MS- ofk pyrockmi.
cd nsuhtpkhy musur &a ~~Cf &wswpkd in tk cenmr
qftk sts@4 Amd8r.



E’””’r—————l

- “#” ~3
0S10152025303S40

SOURCE POSillON
ABOVE Tt4E CAVITY FLOOR (cm)

Fig, 5. Axial response of the pyrockmicd multiplicity
counter to a 2J2Cf source,

- l,15~r , * , 1
Maaaurad Total Neutron Rat.
Mea8urad Coincid.nco Rat.
Cakulatad Total Neutron Rat.
Caioulatad CoincitMca Rat. 1

●

❉✟
1.10 DA

1,05 “

1,Oot

# \

! “,,5L————J
0246 8 10 12 14

DISTANCE FROM CENTEH (cm)
Fit. 6. Radial ~SpO~O Of the p)TOCkSdCtd RUtfli/tifCi/]’

cowtter to a 2J~Cf sowce,

2fX10susin8acoinci&nce ~ wittthof32 Mutdapmde.
YIhy of 3 MI, These calcu miens, shown graph{caily in

Fig, 7, predict that th pyroohemicd counter should
mouuseoxidesWwee At -ef&tivemus lsie$sthel1300
gtoapmciskno fl%ocle$s, me

%
4frwthfe mass of

8 MmPle is the equivalentunount of , which WOUtd

produmhesmecoincidtmemt edttmtnpbwi~~:
containing other even Mm 9 ?J phI&mi

R&Wtt-efktiva mass@eatflrt a Cvllwtt.

Shnhr calculations wefe performed to predict the
Usaypmcisiottofthepy ’ochetnkalcc ntrttertsa hlcdottof
(aon) neutronma Forthis UWOW,the mio a of(aon)

kneutsam to s ntaneowfh
z

nauttws In @sample is
ullllkl%%x CuladonwasdoneUsint the M!lle pammmen

foss small$etnpIecontainingtitsquivabtn
%of o.%gof andhmdtta self-multiplkelitxt of 1%

[

0.8 “ I
0.6 “

0.4 =

0.2
1 n

200 300

0 240 Loo EFFECTIVE(u)
Fig. 7. Predicted assay precisbnfor plutonium oxide sam-
ples measured in tk pyrochemid mttldphcitycounter,

n

[

100r

10 ‘

1 1

0.1
1 10 100 1000

ALFNA

Fig 8. Predhed assay predsiwt for tk pymhemictsl nttd”
tlplichy counter for a small pltuotthtm san@e as a &ction
of ( (WI) netumn MM.

Thissi=samplewaschosentometch$ setof smallsamples
thatwas later assayd in thepyrochenticaicounter, Pi urn8

Jshowsthe preclktettassayprecision, From thesec cult-
t!ons,M I with pf@iBiOft~of ~% or !6ssshouldbe ~mi”

00Jble ht 2 s fosutnples with a’s lessthanaboutISI

Eight small samplesetch havln~ lessthut I !i-g total
plutoniumbut having a vuiety of rnmriceswere sssayedin
thepyrochemkalcounterudn~ a mult(pllchyciscultcapsbie
of ptmces?htgmultiplkhiesof up to 32 utd cowing puune”
ten M usedin the calculationsshove, Pertinentdata con.
cemint thesesetnpletate @venIn Table 1, The analysisof
the measuredmuhipllci dismbutiottsfmtn thesesamples

y%used themomen met od developed by Boehnel$ and
Cifadll utd Hage utd Includedad MItimecomectionbased

~ ne Ms.y calibrationon Qschemedetived by Dytlewskl,



I
Table I ‘.lul!qihnry Awy Rmulu [W Small Pluw,um Smpk! (.Murd w!h Pymchcrmal Muluplmu

Ccmnt3

t
Vulnpbcry AJUY Rcwlu

:%11 “Known W’

M Nau 100
OX* Alwmm 10.0
OK* Wlglmnad 100
olblj 10.0
OK* Bum 100

Flurdc FllKmm 100
w None 100
CYLrk %1-K 124

0 %54 la 100a owl I 010
0%4 6.12 Im I mz I 054

117 I ,Cm I 172
:E 2.S6 I CU)3 %’ 0981
0$65 276.CP I WY 6.227 7,134

0 %3 159P 1052 4751 JW

0529 0 1010 lam Iclm
o 71XI 0161 099-/ !012 0958

was tmlcd cm Vdllca fcwdctcd.al efficiency d pm ti-
Iicmstivd frml mc.uur:rlmm of lb Iunple Ccmuhing
pure Iutoniurn rmul. We sssumcd titi a is zero for thu

ksarnp and iu self-roultiplicatkm is 1.01. ‘lM k vtk
wu based on prcviotw rncuurcmcnts of fhe M5ples in
a.ncdw multiplicity m“mm.

I%e rnuldphcwy ti~ys of them ss.mpks m the pyo-
Ctmnca.l counfcfcsrlkcomlm luc#dul fcX#.1.lbuIdm
samples ccmtmmng Imron and fludfu. The assay of h
sanl~k CC4NAMW+C ~~Wtt OXti WU high by 4%, b
*hs u wlLhuffh: pccdmi Imsdonlhefmkmdy

3
e a fm thts sa,mple. dle lullpkl comaklhg I%a’al
fluarh~, tlw uuy va.luusfma wm negmive d dme-

fr’mamXm.buL Alaolhe multipblkm resultsmcmchtcm
qhfww@earMssmaJ1. ~,aanbe~b
wllhint few~lfromfhe

-Wm.,.
tomlmuucmmrefa

thcsewnpks glvallheknown
known dHc4mefMency,Md Lhewmlpd4m thuthemul-
tiplkaticmbmc Fmtisatqbrlte cainmmdatiwy
l~anddw pradhad~dc mlssm-mlhtipt.

zG:Ld;?m!’Yll.’-”’ ‘-’”f”

CONCLUSIONS

()~
‘%.01 0.1 1 10 100

ALPHA

F18, 9, A co~ison of M tndf Iidty assay resulu
obtaiwd with I/u pyroctical M4!fdplicby counur for
Small,blQwc phwdwn

-%’Wiv a Cm’bwdod “~.
sa&llm@-Jb Ob@ud

for b countm havs bwn achkvd A#M~ acctme m 1%
am psdble fm sampleswb ratio of (a,n) neuuom to
lfKnlrM4cWnldOn tmllWWU is: 7.



REFERENCES

1, H,O.Menlove, R. Abedin-Zadeh, and R. Zhu,’’The
Analyses of Neutron Coincidence Data to Verify Both
Spontaneous-Fission and Fissionable hopes,” LOS
Alamos National Laboratory report LA- 11639-MS
(August 1989).

2. M S. Krick and J. E. Swanscn, “Neutson Multiplicity
and Multiplication Measurements,” Nucf. lnsrrwn.
Methods 219, 384-393 (1984).

3. D. G. Langner, M. S. Krick, N. Ensslin, G. E. Bosl@,
d N. Dytlewski, “Neutron Multiplicity Coun@r Dcvel-
opmcn~” presented at the 13rh AMUSl ESARDA Sysn-
posium on Safeguards and Nuclear Material Man e-

V~~~$ ‘vignon~ F~cel May 14-16, 1991, LA. R.

4, N, Ensslin, N. Dytlewski, and M. S. Ksick, “AssaY
Variance as a Fi m-of-Merit for Neuuon Mulaplicity

?’Counters,” Nuc . Instrum. Methods A290, 197-207
(1990).

5. D. G. Langner, M. S. Krick, and N. Ensslin,
“Pyrochemical Multiplicity Counter Design,” NucI.
Mater. MInagr XIX (Proc. Issue) 411-415 (1~).

6, K. Bohncl, “The Effect of Multiplication on the Quanti-
tative Determination of Spontaneously Fksioning Iso-
to s by Neutron Correlation Analysis,” Nucl. Sci. Eng.
W$,75-82 (1985).

7. D. M. Cifarelli and W. Hage, “Models for a Three
Parameter Anal sis of Ncumon Signal Correlation Mea-

Jsurcrncnts fa issde Material Assay,” NUCL Instrtun.
Methods A2S1, 550 (1989).

8. N. Dytlcwski, “Dcadtirnc Corrections for Multiplicity
Counter,;’ LOS Alamos National Laborr ory document
LA-UR-90-3330 (submitted to Nucl. Instrum. Meth-
ods).


