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ABSTRACT

A disk of enriohed 25 was irradiated by ~00= to 65GKev nmtrom from the

Li7(p,n)Be? mwmtion. Photogru@io emulsions plaoed atzl~OO to the target were umd

to deteot the fimion neutrons, Tho resulting epeotrum has a higher average energy

(2.6 Mew maqymed to 2.3 Mev) than the data reported in LA-@ for whioh thermal

neutrons win-e used to produoe fission in 25. Howcmm, it is not oertain that the

difi%mmce in spectra irJthe result of the added energy of’ excitation b;oause the
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thermalizing material used in

tion of the fission mmtrons.

the LA-@ measurement would also produce mme degrada.
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NEUTRON SPECTRUM FOR FAST FISSION OF 25

In%rod.u@ion—--

With tb.savailability of I&rger amounts of

to study the neutron spoutrumwhich result~ from the

m,richod 25 it becsme feasible

fa8t fi.aaionOf 250 This

measurement is important (a) beoauae exposure conditions oan ba ohoson ~uch that

rnoatteringand degradation of the fission neutron~ oan ba kept to a minimum and (b)

becauss the neutron spectrum may be different for higher excitation eiiorgyof the

oompound IN.lChUOo

Exposure Arrangement

Tho exposure arrangement is sketched in Fig, Is 2034-=Mevprotons aooelor-

ated by the short elmtro$tatio generator bombarded a #100-Kev-thiak rotating lithium

target whioh had been evaporated on the l(l=uni).-thioktantalum target map. The

2“ x 0033n cwbmium-oovorod disks of 6!$ mstallio 25 were pl~oed about a eexztimeter

from ths target so that a blast of’air oould bs used to 0001 tho rotating target.

The Ilford Speoial Halftono emulsions (200 p thick) wore mounted at A~OO to the

and 6.i?I fr~ the 25 disks.

For 203&Wv protons the

forward direction whera the

naximum energy of the primary neutrons is *650 Kev

25 disks are located but is only A~O Km maximum

baokward dirootion where tho photo plate8 aro mounted. Fortunately the

Li’7(pOn)Be?roaotion haa an amymiiotrioyield with oonsiderablymoro of the neutrons,

“in the forward than in the backward dlrcwtiono This asymmtry in yield nakefapossible

the irradiation of the 25 disks with a etrong flux of*jXJO- to.650=Kev neutrons while

the emulsions were in a rolatiwlywdc”fhx of <150=Kcw neutrons. Under those oir-

cumatemoea a 75-pampero-hour bombardment of the %srgat produccadin the plates an e.de-
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quate number of recoilB from fission neutrons, while the background grains made ds-

vdopablo by the low-energy primary neutrons were so few aa ho cause no troublo in

moaauring. In fact the background grains on these plalxs were muoh fewer than those

On tho plates ueed in the LA-8!.Jm?MUr@WMit63.

Meaeuring Criteri~

Thea@ were the seam as used for c&l our

inmta3102).
.

lmmllts

Approximately 1500 recoil proton traoke

plates (1300 byL.S., 200 by H.T.R.). TheE$ehave

moanu of the calibration data of LA-60, corrected

earlier neutron spectrum meaaure-

have bwm maasurod on the exp;aed

bwan plottd in energy intervals by

for the variation of the n-p

aowttoring oross oeotion with energy, and correctmd for tho dhn%nination against

slightly inolinod long tracks which results frcm the+finite thickness of the emulsion

[see ref’emnces 1 and 2). The inferred neutron spectrum is given in Fig. 2. and for

comparison the data of LA-84 has bmn normalized to equal arem and also plotted on

the mme graph.

IMucusclion

considerably higher average onargy. With roasonmblo extrapolations to zero e~ergy

the LAW8i+data give an average emorgy of #2.27 Mev while the present fast Ximion data

1] Richards, H. T., Phys. Rev.O ~, 796 (lx).

2) Mhards, H. T., LA-60,LA-669Lk08h,IA-85,LA-11
..-....---- :.——-.-—.---------- ““------ -----. . . . ..-—
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has an averageenergyof about 2.63 MW. (The probable error for each of them

vaM3B im certainly a+ least

foranae in averqy energy ia

fast fiasio~, the difference

neutrons by the thermali%ing

0.1 I%W.) While it is posaiblo that part Of thi~ dif-

the result of the higher excitation oaergy available for

may perhaps be caused by the degradation of the fission

material used in the+experiment (LA-a). Serbsr (pri-

mte ccsnmunioaicion)estimates that for the expewimontal arrangement of’7LA-84at least

la of tho recordod fission neutrons znayhavo bson scattered by the carbon in the

thennalizing paraffin rnphere. Multiple collisions with the hykirogtmm.ayalso be im-

portant, 80

whether the

bi910w).

until more oareful oaloulations are performed it remains uncertain

faat t$asion spectrum aotually differs from the thermal data (see also

Whatever tlvaexplanation of tho differonoo between the two fimsion Dpootra,

thoro is soresevidenoe that the proaent apootrum is in better agreement with other
—

e.xperimontal&t&m Thus in Tablo I WQ list the experimentally obsorved r2 for the
—

slowing of fission acwtrona in graphite and in H~OO The computed r2 for the IA=% and

the present data is also inalud~d and the agreement is much bette; for the present

spectrum. Another oheok on the fission speotrum is now available from the measurements

(porformod by the R-1 group)3) of %ha average fission orosa section for 25 fission
..

neutrons of 28 and 25. These reaultrnand the oomputed values from our spectre are

listed in Table 11 and the ccmtpariaonagain f’;vom the prem?mt data over that Of LA-m.

All of the data in Table I and Table 11 indioatea that the present speotrum

(this msport) hae slightly more high-energy neutrons ths,none would expoot from the

shwlng domm measure~entm or from the ~ meaaurenents. It
*

though, that the6@ @xpt3rimentalcheeks were all dono using

L

3) LAMS-193, Progross Repofi Number 5 - Ro6earch Division.

should be rammnbered

neutrons resulting from

~-=-’—------—-
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thermal i’i~sionwhereaa the apeotrum measurement r6*e~o neu+wons f&m fad fisaione
—

Hence the disagreemcmt between calculated and obsmvad~ and r2 oodd represent a

real differenoo between the energy of the neutrons emitted in fast

thermal fission. There is some evidencm whioh supports this view.

of the mock fission source~) (a. mea.ur~d bythe~ulsion m~thod)

pute ~. tho ccmputod valuas agrae aurprisinglywsll with the values measurad by

Hanson. (See LAMS-193 and LA-201.) Eowcmr, them argemwmta (and diaagreemenlm)
I

ought not to be taken too wsriously eeIpuIoiallywhen one considers ths general rAmilar-
—

ity within statistics of data on Fig. 2 and then realizes the really different # and

we whioh ar~ oomputed from the two sots of data.

It %5 hopod that tha apectrvm frcm thmnal fission of’25 mm

in the near future under Oonditiona of negligible 60&ttering materical.

manner we may be able to ewtabliah whether or not a real difference in

exists between thermal and fast fiadon.

4) Rioluards,H. T..,LA-201

be rcmeamared

In ‘this

noutraz.apeotra

. .
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Computod and Observed r2 for Fission Heutrona

colnputc!d*
from LA-84

1958 m2

in one

Computod*

—-- .1
Experimental

from (for ‘lhcwmal
Present data Fiesion)—.

2099 ma 2070 om2

215 em? 1* 01R2$

* Private communication - C. Ric?mxm.

$ !l!himvalua may be oonaidorably in wror for r~aaone di8cussed in CP-1531.

.

TABLE II.—

Computed and Obcmwwd~for Fission Neutrons

* ~rivntteOc?nmuniaatioa- C. Riotian.

t R. R. ~ilEOn, LAMS-195.
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