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,,ABSTRACT 

Local noutron cpeetra inoide hc.man phtlntom~ expoocd ZS to lOOm 

from a. bare pulaed r0~ctor h~ve been moaoured by uac of nuc!oar trr.ek 

omuloion. Under the ccndiUonc of open te~~&in" 0.~ for at leaat 800 m in 

aU directions, nnd of a b:\r0 rc£\Ctor loen.~cd. Z. m o.bove3 the sround, 1t wa~ 

found that (&) the Olitpooing neutron energy_ op~ctrum nbov~S 500 keV do~ a not 
. . ' 

chaneo with depth in a bumun ph~tom, and (b) to a ditstance of at loaot ZOO 
• " <"t 

nl ::Uong tha clr•gr:ow.'td intf'J:rlnce, the expo&ing nouti'on energy opoc:trum 

above 500 1<42V clocoly resembl~e the emboio!l spectrum of the ncut:-on 

. l 

t Now at the Department of Biophysics and Nuclear Modlcino, Univeroity of 
! 

C&lilornta, Lo~ Angeles. 

,., Work done under the auspices of the U.S. Atomic Energy Commio:don. . . . 
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!NTRODUCTXON 

'trt WH! of nuclear track emuloion inoicle hu.mtm phemoms 10 to ZOO m !:rom a 

bar.e puloed reactor, a was rece~tly repo~od. (1) At thct time a method 

based on the diotribu.Uon of proton .. recoil tr-aekc. wao deccdbsd for- obtainlne 

the local fast-nlOutron onergy opectrwno Since thon thil:l method hao be~n 

developed more fully and applied to the motl.O'W"CmOnt of otray neutron SpeCti'El 

in the \"i.cinity of tho Bevatr~ri. (Z. 3) ·Recently aome c£ the emuleiono eEpOeed .. 
f.ncid.e pha.ntomo to fhsion noutronc were rcacann$d· in order to verify the 

. . . . . ·, : 

earlier concluoion that the local neutron spectra were rem.nrka.bly r:dmilar • 
. ·.· 

SCAl\"'NNNG AND EMULSiONS 
.; 

·r. 

In order to teet !or a trD.ck .. lllampHnt.t bia.o, which could stJt"ougly bafiuence 

the measurements, each emu!oion wac ec~od twice: once by eha r<.U'ldom-

w:Z.llt method, ud once by tho total-volurne method (in which every t:rack within 

e. pt"echooen volume of emuleion it3 ac:annod). lk'hen abe track diotributiono ob-

tnin.ed by the:ee two methoda were compared. no tdgnificant diflorences were 

found. Tho reported diatri b-<J.tione are compoacd of the eum of the tracks 

scnrmed by each. method. · 
. . 

Emulsions at am completely diife:t:"armt expoaure locations were eo scanned. 

FU.rrus 0-36, D-3l and D-33. and D-40 had been O;;tpomed to a ainglc pulse 

( t·. 46 X 1016 fiacions) at roapcctively the trent outoido, center ineide. and back 

outci.d~ of a wa.tGr ... filled phantom 25m. from the reactor.. FUme D-·U., 0·25, 

nnd D-16 had been Clq)Ooed to abt puleeo (9. 35 X ioi6 fioof.ons) at reepactive!y 

a The SPRF pulsed reactor facility at Sa.ndia B&oe, Albuquerque. New Memco. 
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~hs contor in~ide and back outside o£ a phantom at 100 m, and the !rom f.naido 

of a phantom at 200 m. The track JcnaiU.t::~o in the emulsiontiJ. and othGr details 

o£ tlle scanning and expoourt). wero roportod carlhn:·. (1.) 

RESULTS 

The expc:d.mentt11 ts-a.clt-longth distributions from emulsiono at Dix 

eztp-o~uro locatione. and tho local fll.st-neutron en/Orgy flpectra derived from 

thom 0 a:re precented in Fi3n. i ... 6. In genorol~ the speetl"a. follow closely the 

. 235 • > 
pure 0 fiosion cpcctrum c:,tcept that thoy h~ve a_nigh<er perccnta.0e ollow .. 

eneray neutrons. Such o. modified emiooion £>p~ctrum has been pr~dicted fo-:: 

reactorZJ o£ the t";p-s usod in a:hlu m:tperiment. (4:) 

Th!!lre io no oimple o.na.lytietJ m<!thod for eveluaUng the loe&U unce:r .. 

e~I~..ected to oo smooth Md continuous, h\.lW~V<!n.•s and to reflect local trends ""' . ~__. 

· in the proton ... :rccoU. dietrl b'l.ttionc a· ather than rsmdom v~td.ations betwcon ad­

jaeent pointe. On this ba.Dis th$ uncertninty in the neutron opectra io ectim~tad 

to oqtml roughly the \!;•ldth o! tho heavy ll!'M!ItJ in the figures. 
i . 

DlSCUSSION 

Conoidering the d!Uere:oceo in the Ol'!z.loeure locatioli.l of the emuloloruJ., 

the epect:ra a.re ~en+.u:n·kably tdmilar. Th~ro wao lilO appreciable ~rdoning ,of 

th.e eupoa!:ne epectrum with depth in tht!! phantoms or with dioeance ~o ZOO m. 

,...fla.o only hint ol a change in the expooing spectru...~ wna found in the om~.Usion 

(.0 ... 25) at the ba~k of the pht\l:ltom ~t tOO m. Thb opectrwn had more 0.5-to 

2-lvl"V neutrons and !ower 3· to 6 .. MeV noutrono then the others. wbich in· 

dieo.tea a. aoitening in. thQ ~pcctru..-n of the. noutrono ocattored fzom the o.ir t\n.d 

g:-otin.d into the bacl;; G'f.U('illce of the phantom. 



..... 

local cpectra.. Becau2a the me.cl':iu=eme:nta do n·!lt emend reliably to prot:on63 

witb energy below 500 keV, t.hc·y pt·ovido no information about th0 diettibution 

of F.!IO\itt'ODS below thio energy. 

However, the !ollowitilg concbJ.aionc may be otated: 
., 

witb. d~pth in c. hum<ln phnnto.m. and 

,. -----
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', F!GURE CAP'!'lONS 

Fig. 1. The track-length energy distribution in film 0 .. 36 e.!.i!d the loclll 

neutron opectrum derived from it, b~ced on 1887 meatilu:red tracks. 

A. peak !rom nuclear n, p protone f B, correctod recoil proton-recoil 

aE.Ad neutron spect:rn; C, neutron spectrum.; :0~ E~ pure u235 proton ... 

recoil and neutron spectra; e, meaeu:red points of the proton track 
< 

apoctrum; A~ pointe corrected for mo<r.lllluring biae againot Ghort 

track®. The verticcl (uncertainty) b..'i.rD about ·Game of the pointa· 

·i/l. mnount to ~ N' Y, where N ie the number of hn.cko o_f thia encurgy 

and Y io the ordinate value of the point. 

Fig. z. Tho track-length energy di~i.ihibution in !Ums 0 .. 3;2 and 0-33 and, 

the loco.! neutroD spectrum derived !rom it. ooe~cd on 950 trackfil.. (For 
' 

oymbolo sec Fig. t) 

Fig. 3. The tra.ck·length energy d!at:ribution in fU.~, 0-4.0 and the local 

neutron opectrum derived from it, b3.aed on ~71.6 tro.cks. (For symbolo 

sec Jtig. i) 

Fig. 4. The trael~-length. enorgy diotdbution in film D-1. i and the local 

neutron spectrum derived from ito batJed o~ 1938 trackc. (For lllymbola 

Gee Ff.g. 1) 

Fig. 5. The t:rack•length en.e:t'flY distribution in fUm D-25 nnd the local 

neutron spectrum derived. from it, bued on 171.3 tracks. (For oymb~le 

ooe Fig. 1) 

Fig. 6. The trO.ck .. length energy distribution in film D-i6 and tho local 

nc.utron spectrum derived !rom it~ baaed on 1.676 tra.cko. (For eymbolo 

se~ Fig. i) 



UCRL-11599 

1000 
700 25m 

~ 
400 0 

' 
200 

G D-36 
e . 

100 0 

70 

- 40 Q) 

> -0 
<l> 20 ..... ....... 

w 10 <J 
0. 7 

.......... 
z 
<J. 4 

2 

1.0 D-

0.7 

0.4 

0.2 

0.1 
0.5 0.7 1.0 2.0 4.0 5.0 8.0 

Track -length energy (MeV) 
.. 

.. 
MUB·3858 

·~ Fig. 1 '· 



· .. 

1000 
700 

400 

200 

. ! 100 
70 

-Q) 40 .::: -0 
Q) ,_ . 20 

0 

l:J 10 <l 
~ 0. 7 ., 

z 
<l 4 

2 

1.0 
0.7 

0.4 

0.2 

0.1· 

._ ·. 

UCRL-11599 

·. ( 

25 in 

,1::.'4 
I oo 

. I \ 
~0 \ 

\ 
I 

A ' . I . I 
0 I \ 
\ 

·r 
0 

· D-::32,33 
\ 
\ 

0 

0.5 0.7 .1.0 2.0 8.0 

: Track- length energy 

4.0 5.0 

(MeV) 

MUB·3859 

Fig~ 2 

i· q 
,\ 
I' 
I 
I 



UCRL-11599 

.. 



UCRL-11599 

. ( "..-.---.. -· 

1000 
700 

400 
t{l::,. 

I o~ 
I \ 
I o \ I 

200 !::,. \ 
I A 0 

I \ D-11 
\ 
\ 

100 0 
\ 
\ 

70 ·-
• - 40 C) 

> 
0 
C) 

20 • .... -
w 10 <l 
0. 7 ........ 
z 
<l 4 

2 

1.0-
0.7 

0.4 

0.2 \ 
0.1 

0.5 0.7. 1.0 2.0 4.0 5.0 8.0 

.. Trac.k- length energy (MeV) 

MUB·3861 

·Fig.· 4 



~~·. -·~ -·.·~;·;' 

., 

-Q) 

.:::: -0 
Q) .... 

. -
<J 
a. 

....... 
2 

•<J 

0.2 

0.1 

UCRL-11599 

100m 

~ 

0 
0-25 

.. 

1.0 . 2.0 4.05.0 

(MeV) Track...,.. length energy 

. Fig~ · 5 

8.0 

MUB·3862 



·-.. ' 

,, 

C) 

> 
0 
(l) ,_ ...... 

w 
<J 
a. 

....... 
z 
<J 

UCRL-11599 

1000 r-~--r-~~~~------~~--~--~~~~~ 
700 

400 

200 

100 

70 

40 

·20 

10 

7 

4 

2 

1.0 

0.7 

0.4 

0.2 

0.1 

0 

/1./6. 
~ o' 
I \ 

I \ 

I o ' I \ 
~ 

~· 
.o 

0.5 0.7 1.0 

200m 

~ 

0 
D-16 

2.0 4.05.0 

Track- length energy (MeV) 

Fig. 6 

8.0 

MUB·3863 



'~· '. / 
,, 

Ill 


