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ABSTRACT

A disk of onriched 25 was irradiated by 300- to 650-Eev noutrons from the

Li7(p.n)Be7, reaction. Photographic emulsions placed at ~170° to the target were umed
to detect the figeion neutrons, The resulting epectrum hae a highor average enorgy
(2.6 Mev compared to 2.3 Mev) than the data reported in LA-8l; for which thermal
. noutrons woere used to produce fission in 25. However, it is not certein that the
differonce in spectra is the result of the added energy of excitation because the

thermalizing materiel used in the LA-8Y measurement would also produce scme degrada-
tion of the fission neutrons.
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NEUTRON SPECTRUM FOR FAST FISSION OF &5

Introduotion

With ths availability of larger smounts of enriched 25 it became feasible
to study the neutron spectrum which results from the fast fisalon of 25. This
moasursment is importent (&) because exposure conditions can be chosen such that
scattering and degradation of the fission neutrons can be kept to a minimum and (b)
because the neutron spectrum may be different for higher excitation eanergy of the

compound nucleus,

Expogure Arrangsment

Ths exposure arrsngement is zkeﬁche-l in Fig. 1. 2.3L~Kev protons acosler-
ated by the short eleoctrostatioc generator bombarded a ~100-FKev-thick rotating lithium
target which had beon evaporated cn the 10-mil-thick tentalum target cup. The
2" x 0.33" cadmium-coversd disks of &L% metallie 25 wers placed about a centimeter
from the target so that & blast of alr could bs used to cool the rotating target,

The Iiford Special Halftone emulsions (200 p thick) were mounted at ~170% to the
tergot and 6.2" from the 25 disks,

For 2,34-Mov protons the maximum energy of the primary neutrons is ~650 Kev
in the forward direction where the 25 disks are located but is only ~150 Kev maximum
in the backwerd direction where the photo plates aro mounted. Fortunately the
L17(p,n)Be7 reaction has an asymaetria yield with considerably more of the neutrons
“in the fomx'd' then in the backward dirsction. This asymmoetry in yield nakes possible
the irradiation of the 25 disks with a strong flux of ~300- to. 650-Fev noutrons while
the emulsions were in a relatively weak flux _Of 4<150-Kev neutrons. Under these cire-

cunstances & 75-pampsre-hour bombardment of the target produced in the plates an ade-
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guete numbsr of recoils from fission neutrons, while the bagkground greins made de-
velopable by the loweenergy primary neutrons were so few as Lo csuse no trouble in
measuring. In fact the background grains on these plates were much fewer than thoae

on the plates used in the LA-8Y mesasuroments.

Hoasuring Criterina

These were the same as used for all our earlier noutron spectrum measure-

mcntnl”z).

Rosults

Approximately 1500 recoil proton tracks have.beon magsured on the exp;aed
plates (1300 by L.S., 200 by H.T.R.). These have boen plottad in energy intervals by
moansz of the oalibration date of LA=60, corrected for the varistion of the n-p
scattering orose section with energy, and corrected for the dizcriminaticn against
elightly inclined long tracke which results from the finite thiclmess of the emulsion
{see references 1 and 2). The inferred neutron spectrum is given in Fig. &, and for
comparison the data of LA-84 has buen normelized to equel areas and algo plotted on

the same graph.

Discussion

The general shape of the present curve and of the thermal data (LA=8L) is
sﬁmilar except in the very-low-energy region. The fast-fission datw has, howsver, a
considerably higher avorége energy. With roasonable extrapolations to zero energy

the LA=-8L data give an average enorgy of ~2.27 Mev while the present fast fisgion data

1) Richards, H. T., Phys. Rev., 59, 796 (A9hl).

2) Richards, H. T., 1A=-60, LA-66, L4-BL, 14-85, 1A-111, -

e i ot
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has an average energy of about 2,63 Mev. (The probable error for each of these
values is certainly at least 0.1 Mov.) ﬁhile it is possible that part of this dif-
foronce in average energy is the reosult of the highor excitation energy available for
fast fiasioﬁ, the difference may porhaps be caused by the degrasation of tho fission
neutrons by the thermaliszing material used in the experiment (IA=8L). Serber {(pri-
vate communication) estimates that for the experimental arrangement of LA-8l at least
16% of the recorded fiasion neutrong may have besn scattered by the carbon in the
thermalizing paraffin sphere. MNultiple collisions with the hydrogen may also bs im-
portant, so until more oareful caloulations are performed it remains uncertain
whether the fast fiasion spectrum actually differs from tho thormal data (see also
bslow).

Whatever the explanation of the differeoncs betwsen the two fiseion speotra,
thore ig sanc evidence that the prosent gpoctrum ie in better agreement with other
oxperimontal date. Thus in Tabls I we liat the experimentally obsorved';g for the
slewing of {ission neutrona in graphite and in Hz0. The computed ;E.for the LA-84 and
the present data is also imcluded and the agreement is muchvbette} for the present ‘
spectrum. Another check on the fission spectrum is now available from the measurements
(performesd by the R-1 group)B) of the average fisslion cross section for 25 fisasion
neutrons of 28 and 25:_ These results and the computed values from our spectre &are
listed in Table II and the comparison agein f;vors the present data over that of LA-Gh.‘

All of the data in Table I and Table II indicates that the present spsctrum
{(this report) has slightly more high-ensrgy nsutrons than one would expect from the
slowing down measurements or from the Wy measurements., It should be remembered

though, that these experimental chocks were all done using neoutroas resulting from

3) LAMS=193. Progress Report Number 5 - Research Divislon.
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thormal fission whereas the spectrum measurement refsrs €o feutrons from fast fission.

Hence the disagreement between calculated and cbserved Gp and ;'5 could repressnt o
real differenco hetween the energy of the neutrons emitted in fast fimsion and 4in
thermel fission. There is some ovidence which supports this view. When the spectra
of the mock fisaion sourcesl*) (as mea.sm.tred by the emulsion method) are ussd to oom=
pute ¥F, the computed values agree surprisingly well with the velues measured by
ﬁaneone (See LAMS-193 and LA-201.) Howover, thess argeemonts (and disagreements)
ought not to be taken too ssriously espscially when one considers the general similar-
ity within statistlce of data on Fig. 2 and thon realizes the really different -r? and
Gp's which are computed from the two sets of data.

It is hopod that the spectrum from thermel fission of 25 can be remeasured
in the near future undor conditions of negiigible _Boattez‘ing material., In this
mapner we may bs able to establish whether or not a real difference in neutran spectra

exists betwoon thermal and fast fiscion.

L) Richards, H. 7., LA=201
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TABLE I

Coarputed snd Observed

FOR PUBLI C RELEASE

1

r2 for Fission Neutrona
Computoedx* Expsrimental
Computoedx £rom (for Thermal
from LA-8l Present dats Fission) Refereance
;g.in graphite 1928 cn® 2009 om® 2070 om® LAMS-175
72 iu Hy0 177 onf 215 on? 19 ou?} CP-1531
* Private communication - C. Richman.
2

This value may be considerably in error for reasons discussed in CP-1531,

EgBLE II
Computed and Observed Gy for Fission Neutrons
Croses sections
for Computsd from Computed from Experimental
figsion neutrous LA-8L dates Present dates Values
35(25) 10292 1051#1
32128) .258 «370
gég%il -200 276 02557
op(25)
# Private communicetion - C. Richman.
+ R. R. Wilson, LAMS=193.

APPROVED FOR PUBLI C RELEASE




-~ JSVITEH O I1dNd d04 d3aNodddv

Worm Drive For |
frotating Target

Li- Evaporator . 010" Tantulum
/ —Brass | | N

Cadmivm Plated 25 Discs
033" Thick x 2" Dis.

Rotating
Vacuum Seal

<<

234 MV
Protonsi{

< 1"x 3" Tlford Halffone Plates /00 KV Thick
ZOO/u Thick Erulsion Li Target

Figure [

Schematic Exposure Arrengement

ASv3 134 O 119Nd d04 d3aNodddv



NO. 38054

N, Y.

Miilimecers, 6 mm, lines accenteq, . lines beavy.

KEUFFIL & ESEER CO.,

VADE IN U, 8. A

APPROVED FOR PUBLI C RELEASE

HEHER ‘,NELMN ey HRTT F.L..‘r L
hs : M " - P
Reghunls \ﬂ.Hr + S CRTECh h.m. .ﬂro..ﬁw%ﬂ TI..N.”-J . _lmrf
re gy bR Y 1 23 ,ﬁrxlﬁ.nﬁxqz.
%—h H lAlvf..n, b T i I u*rh.vﬂv.ﬂthm,.x_m
1 H - 44 (S e = 3 j =] 3 fred e adad g bty
] J_w IRTAdE M &l HE J e iR
CETHRER TR T SRS .%;m
: 1ehi -
R TRE R S s BHRHERR Jefre R
i} R.mm_m ddy ikl fhbiindnalqygivs TR 0a SRES4 $4.454¢ el
B T Ty o T SEnTET g "
F 98] H - t Y 2t
SRHEIS st shaEciR i et Rt ¥
b H el 1 HH HHT 3 Fatte]
deen]yeynafiisgss 1 b 1 feddlqidetyddaat]
3 Eyaasa uwmpgREppE 1 s ga ¥ g™
LTS 0 pRuitatatitaatansye
A HE I 4 1 ] H+] ¢ s ”..Iv.vi § H
FEHEETH] HH B TR HEEHE R O
A PR PSR e SUHHBTH HE: ng il
tn R i R e e 5 ot eri s sani Ryt
ahthaleaabants: eddesiysgnandyl 1 lzstzds h
QB8 N 3 i
AmEsagapaysesse nagasy: = s !
He il dkiinicasiatgte R IR ERRTH o
T c FoH
A HRTRTHE L fataas o~
s £ xfifndufifddafenunn: - mgjavuph i dde ks Y
SOREUEgwRaRE L L oy e o8 SARNg any S ugUgLe M +
JHR B LA R B PR T R R | IR B H o i !
artekliatadiesl L Erfdseafynis hadgenads H
a = HH ¢ 1 bdpesfovatabnud delax. R 4qdd¥
ahafdiselisd 352 acdpaiifes g igdaialjcocs T R AtsiMiioagaieagdealysa
saeii FYpSarggas zagsaaaas aslid 3 trrd sfsgladiiyagas
44 - =t 4 . — -4 . R d HHTH = 4 s s $ 4
ol 3 - swana hs e B H HIHL1E 3 Ly "
mypasssfRisiaspiianyy ais H L pysiagaiainhits 243
aggzes : HHF sitisrsitatitiinai
pu CHIE ..Mu ays du iagasapbdhuubpkia: o >
r H faxe :
it H
; o tHE R TR
- -1 SN ugpag t:4 - fd 4 154
.w...x sdegApds sauas: 1 o1 1 e HH
T+H 4 = 13
i it i : ;
i
= H ¥ F nes
T H tH
1 ;
e o gu
3 = 41 £ 4
I seda
T
1 3
DTH T I
msgaysyazas
Faase supdipuay
X -
- -4 1 .
RIRAN sy T
. H 1 “
t xshepas 4
cEibsRiaainsatntt gii
H 3 t
R s ©
¥
B ning o f- §-4
L H1 'y
o H Shesabsdbe! >4 we £
ot e B
st HH L f
12 8 . +
- dasps =
PR (H e
7 b t e 150 28]
. P Fe
WE e Be: H H AT
LHHed T 4 L \s 5
snaalbya gl od i o ]
naa {1 1H aden i wyhays aa
pAEspassagis T M
1
SEfapfpedsdzpeqnastiqacoy i i T H
3 HH TR R HE H = ag3en:
e HT H ] o - e HAH ¥ 1
R ‘l.ll & 'y
il f1 6 [T T B B Bt B4
= R g3e93yzares: T HH e e T T Y 4
1 3 aypuysygepy)snaty } 3 &
I Bgsjats R t kEp T L 1 SEatafisas
- Saiiags] abpbazed Sohobyluaguenas t .rm
. ! I sudteyacEppas 3 S
rmi.uh.,m uuxu: i 4 1 E¥qUeNesn gapEongunys O 3ir PELse y M
:
Jars 33 1 > HEHA 15
HiAg apganeys: frotoan o
313 £ 31 {4 } 2 sedpuiony 8N
i i e
H B3 3 T 2¥ e H T Y
hsties ] 1 £ TR e i H b
22sis
SEjEieaiass } T A R e A R
T HEHaT] 1T 45 o B n +1
I . o H PR T HH rhicti i
Eaphjag=st s3snatataais psiepal H I = i : HH e B
+ ) mu T+ L b e a1 4 n‘
Ratarsacaopisesiet et stimReiratitlisiiiiny H sEEsasSaiveN aie CHE TR R
H R0 o R grpg bp iy PR B P AT I T o cHibd
niaat S T T e o R HARE P e R i R
jedspstgeyns EegiRsegiadietddsaiqss TR TR ghadaits { LEETIET L
R X by 4T T n R R ARG R T EyuRE: »8
sagestepiialsd : H .U.m ot quslagsl sepaiaies
EPALOpaungu B e 3 ]
4t X 1 H 4 H ¥ = -t 4-¢ i1t 4+ B
A h EUTHE H S Jitaiaygss sqaslee : & Eaza]]
T BHIHE rxrﬁﬁfmy sassqutvedps 3 Sgaansslyn n.T » —
] aeesdafatdigsefadioonjiapls 4 s35p4s shdgn 1 -.-.
> e etaakis H . + pit it e X THHH T 4 T 1 1
phagagidadfgsidnddddgugshnd J“m I H Lnu: agonudnangdn Aasga fefadeanyy e -
1afaliptadtisteqiiih 4 B fages
13832312 SRi2asled aRYsa s 1 13338, H -+ +
Het HEHL T tH BH T t HHH BT I ]
4~ - L o {4 -
R it ] e e
Yilpe Rdee AW jasnnshastaas; HH e R H BHH I B e e T

PR

E verar:. Mair




APPROVED FOR PUBLI C RELEASE

UNCLASSIFIED

UNCL ASSIFLED

APPROVED FOR PUBLI C RELEASE




