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SPONTANEOUS ... FIS.SION NEUTRONS 
OF CALlFORNtt.JM,.252 AND CURIUM-244 

UNClASS~FUED 
L.r .. na.ld A~ HiCks, John Ise, Jr., and Robert V. Pyle 

itadiation Labol"a.t-ory. Department of Physics 
Umv.(n·aity oi C·'\litornia, Berkeley, CaU!ornia 

. Fttrth·~t· mcasu.rernents o! the multiplicities of pl·ompt l1eutron~ frotn 

t,.. t ·· r· ·· r ,.,..fzsz · c · ·~ 44 h b d · ·1 · ·i n.e s~on aneoug UJ&l.On o ...;., and m ave ccn ma. u m. a a:::ge ca.<.Im um-

loa•;ied scintillator. 1 The ele<:tt"<lnics have been im?roved and tr.ore cadinium 

haa been added. The modere.tt":d neatrons ate--now captured with a rne.an li.!o of 

10 microseconds and tae pulees are photographed from £4"'1 oscilloli!COpe s·.ve~p 

. 30 micr<n;econds long. Using th~ aver'i\ge n.timber of ne\.'l.tron!! per sp<.)nia<1eou.e 

. 252' - . . • . z . 
fisaicn of Cf . , v :::: 3 .. 53 .~. ;). 15 (proba:Jle ,'.!rrc.rs shown through!Jut), .. ve .found 

th~ efficiency for detEH::ting one neutron to be E :<! 0. 772 ~ 0. 034. The ratio 

V c£252 
{; Cm244 ::: 1. 35 :t 0,01 h.a.s bee:nobtained, giving v Cm244 -.:: l. 62.: 0. 11. 

Higgins et al. 
3 

have measured-; C1~1244 = 2. 60 ± 0. 17.. 

If :Rn:) i$ the observ .. ed tnultiplic:ity distribution, th.e true distrilution, 

P(fv), is obtained from 

The observed numbero o£ !is!!iono of each nuclide: giving v neutrons 

are shovvn i:n Table I. Abo gtv.,n are the value of P( v) (normalized eo that 

I P{v) ::: 1) obt~ined. after corre<:ting tlle data for hackgrfll.\nds of o. 0052 and 

o. 0084 neutron per fiGSi0n for the ci~ 52 anti Cm244 l:'espoctively •.. 

'I' able I. Cbserved and tr..:~ ( ca.lcu_lated) neutron multiplicity distributions f[~ro 
16, 20'0 ~apontane'>uo !iftsians of Cm'~4A and 14, 749 Gt:H~~ltaacous fissions of C( ~.,... 

C. 244 
ttl· 

0 1 3 6 7 

Observed 999 4259 5814 3750 1174 188 16 

0.010 0~136 0.318 0.339 0.158. 0.035 0.004 
:t:O. 00? ±0. 022. ±-{L 018 ±0. 016 :1':0, J20 ±0. GO~ ±0 .. 00 1 

Cm244 
P(v) 

C!2. 52. 
Observed 
ctsz 
P(v) 

312. 19ZZ 4216 461Z 2648 836 170 29 4 

0.001 0.035 0.150 0.315 0.308 O.l4~S 0.038 0.008 0.002 
:1:0.002 ±0.012 ±:0.025 ±0.021 :t0.02Z r.O.Oll :t:O.COS *0.002 *0.001 
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Tl 1. 1 1 • ·~( ) T D( ) £ c 2. 44 d Cf2 52 h 1e no.rn;a 1~~H V.l.~ue ;;t .1; n a.no. 1· v or en an are s own 

in .Fig. 1 anci Fig. 2:. . 

T1,1':' "•er.ag~ nun"'~ber c:f neutron~ ft"or.~ t"!1.e c;pnnta1iP.O<~s H::J~ion of Pu240 

- 4 5 6 . . . . h:rt, h' :n .nt~<"l.:'lur<:H·t ::t ~-~\-.-; J\ 1.c:.-;-~n~. ' ' 1.->r-:::ltrr.'l.nary ~csu.lt~fr'•n1 a canl;s.ru;on 

of ci~-il. {39!.5 fissions} and Pn240 {4610 f.~.'>".d;')n<S) i-:1dkate th.o:.t tht~ v•s for- cr252 

~~4 . 
and Crr. ~ used r.t.bove t.-, det::n·mbe '.:he effici-tnc:y ?.re too low. Baaed on thr;~ 

-~:· f~H· p,_/: -tO. ,vi.th a statieticai. err.:)r cf 5 pe:r.r.:e-nt r··'ivar., ·,v0 o~tain v c?- 52. ::; 
•. .J 

4. U': :.: 0. 14 and v Cm 244 
:o: ?. Ol ± 0, J 1. Our efficiency for n-etttron ~-etecHon 

·.v .u.ld be reduced toE ""0. 6'71 :+ 0. 0?.3 ~nd the calcuh.ted poi~ts of the m'1JttpHdty . . 
distributions t~hifted toi,rard h:.gh('·l' :rl-;ltip.Hciti()~. Th·~ ,_..,uttirli<:ity oHa~r:.btlfiOns 

ba._sed em E:;: u. ,;7} R.re given in TahJe U. lv1~asu.roments conc~:tntn_gtbh din .. 

cre;)?l .. rll:~y :;ar~? <>')ntitn;.t~,g. 

Tablt" II. C:1lculat~d ncnt:ron ·.-nultipHdty di::;tr-i.buti.-:mn ba5er!. nn f ~: 0. 671. 

,. .. 244 
~m .. 
P(v .. o. 004 tO. 07; +0. 2.f.7 +0. 382 +0 . .l33 '-tO. Ob~-~-~:_~~-=----·- ..: ..... ------'--·-· __ --~-s---·-"- -~-------.. ------ -·--- _ .. _- ------ .... -----· ------------ . --------
C£2 .. ·[.. 

P(v} -0. ()1>.1 +0. 008 1'0. 060 -tO . .2.44 -tO. 372. +Q.l2S tO. 073 +0. OJ 4 -.tO. 007 
. ~ . . ' . -· .. ··- - .. ·-· "!---- .... 0 

>J 
We v•if~-. to thank Sta.nlcy C. Thornps-:sn, P .. lbe1·t Ghi.)r so, and Richard 

:-·,, Giese io1.• supplyinz the fission rnate.riala, a.nd Willian-. Goldswcrthy. David 

Johnson, Margaret 'l'homa:-:>,_ Edward Robbins, o.nrl Edith Goodwin lor their help. 

This work wa.~:~ i: ... onc under tne sup~rvision nf 1-:.. M. Vr.w Attdl.. 
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Th~£" calc:ulatecl nnlltipi.i<:.:ity distribution giv~n in this reference is incor­

rect becaut:~e of an error in the pu~-li«r,_ed valu.(: .:,£ ;· C£25 ~ (see re£er~nce 
l}. 

W. i.\'. '!. Crane, G. H. Higgin!l, and S. T. Thompson, Phys. Rev;· 

97, 242 {1955) and orratum submitted to the Physical Review, 

G. H. Higgin!l, W. W. 'I'. Crane, and Stewart Ounn, submitted to the 

Physical R~view. 

E. Segr~. I.t.A~-491 (1946). 

W. W. Carter, LA-1582 (1952). 

H. C. Martin, Jam~s Terrel, and B. C. Di.·.re~l ,•ia private communi.­

catiou from R . .F. Tasc:h.ek. 
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Ll":GEN DS :fOR -FIGURES 

l1'"ig. 1 Neutro11 numb~r distribution a:dsin; iror.~, the . .!ipo:at"!tleous fis$t(ln o! 

Curium ~l.A4. n•:>bab:e (!l'!"O!'S are slV.H7n. 

J.i'ig. 2 Neutron nut'l1be= distrib;1tivn a"tising f:ron:. the spont:;meous fission of 

Californium-ZSl. Probable (Jrroze ;.u't' shown. 
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