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Abe tract 

A method is presented £or meaeuring the average energy of the neutron• 

from a aource. The attenuation ol the neutrons by polyethylene ia measured by 

the use a£ a long countor in good geometry. The attenuation length ia a aenaitive 

function of the neutron energy. The average neutron energies from aeveral (n, n) 

sources have been measured and agree weli with values obtained b other techniques. 
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uc;:::tt.-8617 

The problem of measuring the energy spectrum of neutron sources in the 

Mev. range is not an easy one. Many experiments have been performed, eopacially 

with various (o., n) neutron sources, but the results are not too good. In order to 

get more information about the energy of neutrons from such sources, we have 

measured the at_tenuation o! the neutrons in polyethylene (CHzl· The neutron 
. . 1 

detector used was a J.ia.naen and Mc!f.ibbtm long counhr, and the measurements 

were made in good geometry. 

The counting rate of the long counter was meaBured for various thicknesses 

of CHz and also for a thick (8-inch) copper absorber; this latter measurement 

supplied the required ''room background" correction for all other data. The 

measurements were carried out in a thin-walle
1
d building (about 1 g~/cm2 

thick) 

to minimize scattering. The voltage and bias plateaus of the long counter were 

measured accurately and were quite fiat over a considerable range. The source 

counting rate with no CHz absorber was checked several times to asaure that 

the electronics syotem characteristics were stable. Variations observed here 

were less than O.ZS%. The background counting rate was also checked to se~ that 

no significant: changes took place • 

1 
A. 0. Hanaen and J. 1... M:cKibben, Phya. Fev. 72, 673 (1947}. 
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From the total cro!::r.-1 sect~orH!iz the atttm.uation curves for various mono

energetic neutrons have been calculated and are t>hown in r"'ig. 1. The energy of 

a monoener~etic neutron source can be determined to about lOo/o from the slope 

of the att nuation curve for the ranglll of. enorgics shown. The pro!:·' em is more 

coznplicated !or a source that haa a spread of neutron energies. ·The attenuation 

curve is not straight as in Fig. 1 but is curve!i because the spectrum hardena 

as it passes through the attenuator. The dat.a. from r'o-Be is shown in Fig. 1 to 

demonstrate this point. 

If good enough data were taken, the neutron-energy spectrum of a source 

could be obtained fro1n ilhe curvature of the attenuation curve. 'Ne tried this for 

a Po-E'oe source and found that the calculations were too ee11.liilitive to the measured 

counting rates for different absorber thicknesses to give good results. Our 

measurementtJ had an acct.ll'acy of :1! 0.57v and were not good enough to give the 

apectrum. We estimate that measurements ten times as accurate as ours might 

give reasonable energy spectra. 

From a measured or calculated neutron-energy spectra, we can calculate 

the CHz attenuation curvf. We <b this by using the total neutron cross section 

lor CHz ~d decreasing the height of the neutron energy spectrum by the proper 

attenuation factor at several different energies for several different thicknesses 

of CHz absorber. The areas under these di£ferent curves are determined and 

plotted versus absorber thickness to make the attenuation curve.Such a curve for 

Po-Be is shown in Fig. 2;. also shown are the measured points for Po-Be. 

zD. J. Hughes and J. A. Harvey, Neutron Crose Sections, BNL-3Z5, July 1, 1955. 
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In order to c9mpare the calculated and meo.:mred attenuation curves, 

we muat k11ow that our detector doco not distort the:! energy spectrum, that io, the 

detector must have the sa.-ne Gensitivity for neutrons o£ all energies. Otherwise, 

we would have to weight the energy spectrum by the energy aenaitivity o£ the 

detector. The energy scnoitivity of the Hansen and McKibben counter is known 

to be conClltant to :k 10% from .E; = 2.5 kev to 9 Mev. 
3 

No correction has been 

made for the ama.ll variation in energy sensitivity of the detector. 

Measurements of the attenuationin CH2 have been made for sources of 

polonium-beryllium, polonium-lithium, plutonium- beryllium, and radium-

beryllium. The results are shown in Figs. 2-S. The curves calculated from 

various energy spectra are also shoVi/'l'l. 4- 9 Determination of the attenuaiion 

curves for Po-Be and Ra-Be were repeated for thin absorb~ra to compare the· 

yield of low•energy neutroi\13 from these sources. From Fig. 6 we see that there 
I 

are more low-energy neutrona from Ra-Be than from .Po-Be, because the .Ra-Bo 

curve fallS faster. 

3w. D. Allen and A. T. G. ltcrgu~ou, The Meaourernent of Fast Neutron Flux over 

the Neutron Energy Range 0.030 Mev to 3 Mev, AERE-NP/F-2096, October 1956; 

and J. E. Perry, Loa Alamo Scientific Laboratory. private communication, 1957. 

4
David M. Barton, Measur.·emcnt of the Neutron Spectrum from a Po· Li 1 

Low

Energy Neutron Source, LA \609, July 1953. 

5
B. G. vVhitmore and W. B. Baker, Phys. P.ev. 78, 799 (1950). 

6 
Leona Stewart, Phye. Fev • .JS. 740 (1955). 

7 
D. L. Hill. Studies with the .Ranger, AECD 1945 (rev.), April 1947. 

8
wilmot N. Hess, Annale of Physics,~ 115 (1959). 

9Picrre Demers, Energy Distribution of Ncuh·ono from a Ra-Be ,t..,1ixed Source, 

~:i.P-204, November 1945. 
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Curve A o£ F'ig. 6 is the Po-B~ calC"L.llated attenuation curve !rom the 

calculated neutron-energy tJpectrum of Hess for ex<:ita.tion o! the 0; 4.43-, and 

12 7.65- Mev· lcv0ls in C with no thre0-body brc::1lmp. Curve B is calculated for 

Po-He from three-body breakup inataad of excitation of the 7.65-Mcv level • 

. 1-"'rom con1.parison with the experime11tal data, it is obvious that the attenuation 

curve calculated from the energy spectn'm shown in l'<!!i'erencc 8, Fig. 3, 

Curve A (no three-body brealmp) is the beat flt for Po-Be. 

The neutron energy spectrw:u oi ~a-Se 7 used in calculating Curve G of 

li'ig. 6 is shown in Fig. 7. 'This has considerably more lo\V-encrgy neutrons 

than Curve B for Po-Be. 'fht:lse low-energy neutrons are due to three-body 

breakup of the c~ 3 
compound nucleus. In other experim.onts to measure the 

neutron-energy spect1;um o£ .Ra-Be, this groupo£ low-energy neutrons has not 

been detected, but there are other data that tend to confirm the existence of the low-

energy group. First,. the average neutron energy !rQrn ;Ra .. Be is lower experimentally 

10 than the average neutron energy from Po-Be. The Ba-Be spectrum extends to 

higher energies than Po .. Be, so it ;must have an appreciable low-energy yield to 

n1ake the average energy lees. Th(e fact that the age to indium. resonance for I~a.-13e 

rJeutrons in HzO is lees than i.or Fo- Be in n
2
o asrees with this. Secondly, the age 

.r.neasurements !or a Ba-Be neutron source in graphite indicate three neutron g'l'oups 

2 11 . l o£ ages 130, 340 and 815 cn1 • The y1.eld of the 130 cxn group is 150fo of the 

total. Calculating the age from the expression12 

' 
dE 

E 

10 Alan R. Smith, University of California 'Radiation Laboratory, private 
communication, Jan. 1959. 

11 V. G. Beckerley, Neutron Physics, /tECD-2664, 1949. 
12 . 

S. Glasstone and M. C. Edlund, The Elements of Nuclear F eactor Theory 
(Van Nostrand, New York, 1952). 
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2 ,..,c get ·r = 130 c:m , wb.i.c:h corresponds to u.n onc.:1·gy oi about 5 k<ilv. Thi££ .i.e a 

lower energy than is allowed by our mea::>llr..:nnents. Th.:~ H a-I:le opcct:.·urn shown 

0.5 lv!cv. Tha e11ergy of thls group could be lo>ve1·ed to about 100 kev and still 

giv.; agrear-.ctcn.t with the n;.ea.sured . CH2 attenuation curve. Balow 1 CO kev there 

would atart to be disa.green·-Aent, a.nd it is hard to see bow a. la:rg~ number oi such 

low-energy neutrons would be produced pnysically. Even though the age seems 

too small, ti1c existet.tce of this low-energy nev1tron group (T = 130 em 2} tends to 

confirrn our m.easurernents on Ba-o.-Be. Av'lea.aure:r:nel:~.ta by De Pau.g~1c1· at 

Hanford also indicate the presenc4f o£ a low .. energy neutron group in Ha-be. 
13 

ln Table 1 are shown several energies associated with. the various neutron 

sources. Coluznn 1 gives the average E:lnergies oi various rneasured neutron-

energy spectra. Coluan.n 11 gives the avGra~e energies o! t•le neutron-encrjy 
. . 8 

spectra calculated by Hess.. Column 111 gives tile "average" energy obtained 

frorn the attenuation curves. This is obtained from the average elope of the 

attenuation curves for the first factor-of-ten decrease in counting rate. Column IV 

gives the average energy of several neutron spectra n1.eaeured by using a proton

recoil energy-flux proportional counter. 14 

13 
John De Pangher, Hanford Works. Bichland, Washington, private communication, 

1958. 
14 

Burton J. Moyer, Survey Methods for Netltron Fields, UCRL-1635, Jan. 1952. 
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Table 1 

----------------·-----------·---------------·---------.-..--------
Average energies for various a., n nlelutron eourcea 

------......----- ·------------------------
Energy (Mev) 

Source I II Ill IV 

---·--+------....--------.... - -.--·------------.. -·--· .. ----·· ... ---------
Po-Li 0.336(4) 0.460 0.480 

Po-Be 3.9<5> 4.08 4.2 4.5 

Pu-Be 4.43(6) 
0 4.05 4.1 4.Z 

Ea-Be 4.17(?) 3.50 3.7 4.1 

3.6(1 3) 

--··---... --..... ---~--····--··------·-A------------ ·-- -----·--------------------------------------·----------------
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CONCLUSIONS 

UGH L-8617 

This technique of measuring average neutro11 energies is quite foolproof 

and has the advantage o£ simplicity. It should be uoeful in studying new neutron 

sources. The ability to distinguish between spectra thnt are quite 9imilar has 

been d<!monstrated by the work pr~.Htonted here on usual laboratory net~tron sources. 

The £act that the new low~e.ncr~~y neutron group in! a Fa-a-De source hno been 

found by the use of tMs techniqu<~ showtli its :merits. 
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Figure Legends 

Fig. 1. .Attenuation curves for vario\ls monoenergetic neutrons in CH..,. Shown 
.:.. 

. for comparison iu the experixnental att-enuation curve of a Po- Be source. 

Fig. 2. Att(!.'nuation curve for Po-Be neutrona in CH2. Calculated curve:>1 !rom 

the spectra of H~asl:l and f:roxn Whitmore and Baker5 are sb.ov.rn for 

comparison. 

Fig. 3. Attenuation curve for Po-Li neutrons in CH2• The calcu.latl.ld cu1·vcs 

f1·om Hess 8 and Barton 4 are shown for com.pari&on. 

P'ig. 4. Attenuation curve for Pu-Be neutrons in CH2• Calculated du.rves from 

h fH 8 d'.'. 6 ' f i t e spectra o ees. an- ~tewart are tihlown or com.pa.:r eon. 

ltig. 5. Attenuation curves for .Ba-a.-Be n~u.trono in CH2. Calcul.!i.ted curves 

n 7 9 fron~ the apect:.ra cif Hesa'1 Hill and Demers are shown for comparison. 

Fig. 6. Attc:n~uati.on curve for Po-Bc and Ra- Be for U1.in CH
2 

absorbers. 

8 Calculated cu:r:ves from Has~ are ahown .. Curve A is for Po-Be 

Fig. 7. 

calculated com.dder.ing GXcitation of the 0-, 4.43- and 7.65-Mev em~rgy 

12 
level3 in C . Curve B is £or Po-J:3e conGidedng; t~xdtution oJ.' th«! 0- and 

of t.he 7.65-Mcv level. Curve C is for Ra-.Bt.~ from the c:mor gy opectrum 

shown .in .Fig. 7. 

8 
The neutrons energy spectr\lm for f.<.. a- Be caLculated by He&~ I!>. 
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• Experimental data 

MU-17677 

Fig. 1 



. ·--

u 
Q) 
(/) 

........ 
(/) ...... 
c: 
::J 
0 
u 

-12-

A calculated from Whitmore and Boker 
B calculated . from Hess 
• experimental data 

Fig. 2 
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MU-17678 
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A calculated from Hess 
8 calculated from Barton 
• experimental data 
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Fig. 3 
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A calculated from Hess 
B calculated from Stewart 
• experimental points 

MU-17680 

Fig. 4 
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A calculated from Demers 
B calculated from Hill 
C calculated from Hess 
• experimental data 

Fig. 5 

UCRL-8617 

MU-17681 
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i Experimental. Po-Be 
+Experimental. Ra- Be 

A calculated. Po-Be (1-!ess) 
8 calculated. Po· Be (Hess) 

C calculated • 

UCRL-8617 

MU-17682 

Fig. 6 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com
m1ss1on, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 

or usefulness of the information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor

mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com
mission, or employee of such contractor, to the extept that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 


