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The problem of mesrruring the energy opectrum of neutron sourcee in the 

Mev. range i~ not an eaey one. Many experiment@ have been performed, e opacially 
. . 

with varioue (a, n) neutron eourcoe, but the results a r e  not'too good. In order  to 
. .. 

get more information about the energy of neutrone, from ouch eourcoe, we have 
. . . . . . . .  . . 

measured the attenuation of the neutrone in polyethylene (CH2). The heutron 
< .  . . . .  . . . . 

detector used w a s  a Hmsen aed hlcKtbbon'long countor, and the meaaurernente 
. , , 

were made i n  good I 

The counting. rate of the long counter was meaoured for variou~r thiclumeirees 
, . 

of CHZ and also for  a thick (8-inch) copper absorber; tbcs latter moasurement 

eupplied the required "room backgroundu correction for all other data. The 

2 meaeurementse were carried out in a thin-walled building (about 1 gm/cm thick) 
I 

to minimize . .  scattering. . The voltage and biae plateau8 of the long counter wsro 

rneaoured,acc$rstaly and were quits flat over a coneiderable range. Tho source 
. .  . 

counting rate with no CHL abciorber was checked several t imes to aeoure that 

the electronics eyetem characteristics \&re etablo. Variationo obererved here 

were leoe than 0.25%. The bnckground counting rate was also checked to sCe that  

no e ign i f i~n t  : shangso took place. 

---.-- 

I A. 0. Hanoen and J. L. McICibben, ~ 1 1 ~ ; .  Rev. 72. 673 (1  9-27), - 
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From the total cross  sectionsZ the ;r(tcnuirti~n curvee for various mono- 

energstic neutrona have been caltulatcd and 'are sllovnl in Fig. 1. The energy of . 

a monoenorgstic neutron o c u r c e  can be actcrrzlined to about from the olope 

of the att nuation curve for the ran.gs of enoi-gics shown. The prob'am is more 
. * 

coznplicated for a source that has a epread of neutron energies. The attenuation 

I curve is not etraiyht a5 in Fig. 1 but i e  curvbd because the epectrum hardenra 

I as i t  paeorea through the arttenuzitor. The data from Po-Be is shown in Fig. 1 to  

demonetrate thie point. 

If good enough data were taken, the neutron-energy spectrum & a source - 
could be obtained from 8hc curvz%ture of the rttteiluation curve. We t r ied this for. 

a Po-Be Bource and found that the calculationla ware too aenoitive to the measured 

counting ratee 'for' difftzoe~lt absorber thiclcrresses to give good reeults. %r 

meaeuremente. had'an accuriicy of 1: 0.5y~ a n d .  were Lot good enough to give the 

epectrum.' We esti'mate that meaeurements ten times ae accurate as ours  might 

give reasonable energy spectra.. 

1 From a measured o r  calculated neutron-energy epectrar, we can calculate 

' the CHZattenuation curvp. We cb this by using the total neutron croem .action 

far  CH2 bhd decreasing the height of tho neutron energy spectrum by the proper 

attenuation f&tor at several difforent energids for several different' thickned ses 

of CH ab&Pbir. The arene under these different curve* are ;dbtkmined. and .. 
2 , .  

plotted vereulp abmorber thiclmecsss to mdce the attenuation curvesuch a curve for 

Po-Be is ~ h o w n  in Fig. 2b aleo shown are the measured point8 for Po-Be. 

'D. J. Hughoe and J. A. Harvey, Neutron C r o e ~  Sections, BNL-325. July 1, 1 9 5 5 .  



In orcisr to compare tho calculated and rnesoured attenuztion curvao, 

tire muot know that our iictectos doae not dietort the energy epectrum, that io ,  the 

4 
detector muot have the earno sensitivity for neutron8 of a11 energies. Otharwioe, 

we have to  weight the energy e2ectrur~s by the energy aenoitivity of the 

b detector. The energy sonuitivity of the ' ~ a n a e n  and McrJbbcn counter i o  known 

to bc conatant to e 10% from lr: =, 29kov to 9 h40v. Nocorrection has bean 

made for the small variaeion in energy eenoitivity of the detsctor. 

hleaeurements of the attenuation in CHZ have been made for sourcoe of 
; 

polonium- bsr yllium, polorriun-lithium, ,pluQoniuxn- bog ylliurn, and radium- 

bsryllium. The reeulte are shown in rigrs. 2-5. The curves calculated from 

various energy spectra are also :&own. 4-9 Datermination of the  attenuation 
.. , . . . 

curvea for Po-Bs and Ra- ,Dc  woro rspaatod for thin absorbere to compare the 
. . . . .  

yield of low-energy neu t roy  f r o i  thoee aourceo. From Fia. 6 we sate that there 
. . 

are more l o w - e n ~ ~ ~ ~  neutrons Prom Ra-Uo than from Fo-Be, bscause the Ra-Bo 

curve falldl fmbter. 

3 ~ .  D. Allen . &d . AT. G. Fcrguson. Thc Measurement of Faot NsutronFlux over 

the Neutron Energy Range 0.C30 Zvlev to 3 Mev, AERE-NP/W -2096, October 1956; . 

and J. E. Perry,, LOB Alarno Scientific Laboratory, private communication, 1957. 
. .' :. 

4 ~ a v i d  M.' Barton, Measurement of the ~cktron Spectrum from a PO- LI' Low- 

Enorny Neutron S ~ u r c e ,  LA '1609, July 1953.  

' 8 .  G. Whitmore and W. B. Baker. Rev. 78.  799 (1 950). - 
6 Leona Ssa'ovlart, Phye. Hev. 98, 740 (1955). - 
'D. L. ~111,' Stuclieo with the R mger ,  AECD 1945 (rev. ), April 1947. 

'pierrs Dcmore, Energy Diotribcticn of Ncutrono from a B a - B e  hfixed Source, 

A4P-204, November 1345. 



Curve A of Fig. 6 i e  ths Po-Ro calculated attenuation curve from the 

calculated neutron-energy epectrum of r feae for excitation of the 0; 4.43-, and 

12 7.65-Mev level$ in C with no three-body brc~lrup. Curve 33 is calculated for 

# Po- He from three-body breakup. inetoad of excitation of the 7 . 6 5 -  ?dev level. 

.From comparison with the' exp~rimelltal data, it is obvioue that the attenuation 

curve calculatsd from the energy spetctn~m s l~own in teference 8, Fig. 3,  

Curve A (no three-body breakup) is tho Leot f i . i forP0-8e.  . . 

The neutron energy' epectrunr oi & ? a - ~ e ?  ueed in calculating Curve C of 

. Fig. 6 ia3 ahown in Fig. .7 .  Thirs has conside:rably mora low-energy ncutronsl 
. . .. . . . 

than Curve B for Po-Be. Tlaese low-energy neutrona are due to threct-body 
. . 

13 . " ' '  breakup of the C . .  . compound ... nucleus. . . . ,  In othsr expepbrnsnto to meaeure the 
.. . . . 

I 
I 

I 
neutron-energy . ipectrum . of Ri-'Be,  this group of low-energy ~aeutrons ha5 not 

I beon d*ttcctad. butthero are otlier data that tend to confirm the existence of the low- 

I Gnergy group. ' ~ i r a t , ,  . the . average neutron energy.fsorn Eo-Be ie lower expcori~entslly ' 
than the awrage neutrdn energy from Po-Be.  l o  The Ra-Be spectrum extends to 

higher enargioe t h a n ~ o - ~ e .  ao it muet have arr appreciable low-energy yield to 

I n+ke the averpge anergy leee. .The Pact that: the age to indiuna reeon;nnce, for na-fie 

rleutrons in H20:is. lee. than for --Be in 11 0 agrees with this. Secondly. the ape 2 

I mernraursrnent~,,tor. + R B - B e  neutron source in graphite indicate thrc~e neutron g~oupe, 

I 2 of ages 130. 340 .and 81 5 crn2. Thc yield of the 130 E m ,  group is 15% ol the 

total. ~ a l c u l a t i n ~  tho $ge from the sxpre~sion 12 

V l  

' O ~ l a n  A. Smith, University ~f Caliiornia Zladiation Laboratory. private 
communicnt i~n~ Jan. 1959. 

'v. G. Beckcrley. Neutron Physics. UCD-2664, 1949. 

"s. Glasstone and M. C. Edlund. The Elerncntn of Nuclear Reactor Theory @. (Van Nostrand, N e w  York. 1952). . 



2 
i v ~  get 'r = 130 cm , co~respoildo to p..: ,,.. ~-!: lc~.&y oi'about 5 ksv .  ' i 'h i~  i o  a 

lobver energy than is .il!o:,,ed b-j osr il.le3~r;rs:mcnt@. 3-he f?a-Eje ~ l p o c t i - u ~  $how 
C. 

in Fig. 7 showu tile low-energy group  fro:^^ tllsca-body breakup centered around 

0 0 .5  k.!tv. The energy of this group could be lo-cisred l c r j  about l t i O  kev and atill 

givs agroomei~t with the measused C i 5  attenuation curve. Eelow lCG iiev there 

would start to be riieagreeaient, u d  it ie  hard to see how a large number of euch 

low-energy neutron@ would be produced pnysaicerlly. &:vsn tirough the age aeems 

2 too sn~all, t h c  cxietence of this low-energy . . ncatron group '(7 = 133 crn ) torads to 

confirm our maauuren~ente on R a-a- 3%. 2Jieaeuranlsr~t~s by S e  i"alzgner at 
.. . . ., 

. .. 

Ilanford also indicate t.he preaencd'of a low-energy rieutron group in ;<a-bo, 13 

In Table 1ore '8hown several ene;giea aasociatecl with the variouo neutron 
. . 

sources. Coluzrln 1 ' gives the Bver'aga siiargias oi various measured neutron- 
. . 

. . . . 
energ.y epectra. C o l u ~ ~ l a  I1 kivara the.avarahge errergiee of the neutron-enorgy 

spectra calculated by b i b .  * ~olurnn'  ili gives tis "averageu energy obtained ' 

iiijrrl the attenuation curvee. Thie i~ obtained from the &eraSe elope of the 

erttsnuation curves for the fir& factor-af-ten decreaee in counting rats. Column IV 

1 .give@ t h e  ava'rage enirgy of eeveral. neutron spectra szeaeursd by uoing s proton- 

recoil energy-flux. proportional counter. 14 

" ~ o h n  De Pangher, Hanford Works. I( ichlmd. IQashington, private cornrntt+cation. 

1 4 ~ u r t o n  J. Moyer. Survey Methods for Neutron Fields. UCR L- 1635. Jan:- 1952. 



~ v e r . g a  energis. for variou. a, n slautmn uourcss 

. . - - . - - a -  

I 

I Energy (Mev) 

XI.:. . ; Source 111 I V  

. . ---- - - . - . -  .,.----.---...LC--..------ ..-..--. 

. . (5) 4 .'o 8 4.2 Po-Be 3.9 , . 

Pu-Be 

Ea-Be 



EUSIONS 

, Thie technique of meaeuring averayo neutron energiee i 6  quite foolaroof 

and ha6 the advantage of eimplicity. It should be uecful in studyir~g n e w  neutron . 

.is eourcee. The ability to di69inguisb between ~ p e c t r a  that axe quite air",.zilar ha0 - 

been dcrmonetrnted by the work yrefgsnted here on usual laboratory ner:tron.oourcee. 

'The fact that tho n e w  low-eucrgy neutron group i;i a Fa-a-!3e source llao b@on 

found by the uos of this  tachniquc: ~hovirls its inerit?. 



1 J 
Fig. 1. ktenuation curves for varioue monoenergetic neutrons in CH2. Shown 

for compnrieon is the exparirnental attenuation curve of a Po-Lje source. 
L 

I . Fig. 2. Aoeerruation curve Por Po-% neutrons in CH2. Calculated curves from 

5 the spectra of ~ e s a '  and from  hitm more and Bakor are sl~oi-nr for 

comparison. 

Fig. 3. kktenuation curve for Po-Li neutron6 in CHZ. 'The calculated curves 
8 4 

' fsorri Wssa smd'Bnrton are @horn fo'r con~parheon. 

~ Fig. 4. Attenuation curve far Pu-~enhutrons in CHZ Calculated dvrves from 

8. f> the t9gectta of Hesl5: and ~ietwart are eho.~v?l for cornya.rieon. 
. . 

Fig. 5. Attenuation curves, for Ra-a-Be nccv.trono in Cf.f2. Calculated curvets' 

7 from the apectra df f lcsoB Will  nrrd ~e~x i er s '  ore sho.mnnl for comparison. 
. . 

i-ig. 6. MtciWati.&n curve for Po-Be ,and Ra-Be  for  thin CHZ abeorbe-re. 

8 ' Calculated. curves :rum Huss are ~ ~ O L V K A .  . Curve A its for Po-Be 

I 
1 calcul$ed'conl;idarjng excitation of the 0 - ,  4.43- and - 7.65- hiw encrgy 

. '  12 
levels . . in C , . Curve B j5; for PO-& conoider;n& exc'itution of the 0- and 

. . 

4.43-kIev e&?rpy lcvelu and three-body breakup inotcad of excitation 
\ 

I of . i : ;?&~. '7 .65-~ev  level. Curve C i e  for Ra-Be from the enorgy opsctrtam 

Fig. 7. The neutrons energy spectrum lor ha-Be calsulated by Hass. 
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