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This document contains~pa<es

~p9RI~ENTS o~tSCATTERING OF FAST MIJTRONS 1!;TA!~lWRMAT’?RIALS

Report of Committo consisting of’

H. ELWve, J. L. tJcKi.b?xn$J. Manley, B. Roissi,V. Weisskopf, and J. Williams

‘Me experiments recommended in this i-~po~t are inixnkiedto obtain

informationabout the a) elastic cross section ~ (G) of neutrons for dif-el!

ferent energies~ as func-tionof the angle Q ; in particular the transport

average (( 1- co8Q)Q (~)dfi; b) the inelastic scattering, ite cross section

depending on the incident energy ark the energy loss per collision; and c) the

cayture WWJ.SSsection in dependence of’the energy of neutronso

The ux~torialswhich should be i.nvestigutedl’orpossible use as taqxw

are: Be~ Cz O as IkO or A1203, F as CnF2m+~, Al, Si, ~et ~~7Luu p~, ~~, UC

!M?ERINXTS—.

3. a). Trms=ission experiments. *

Sowce: (d-d) neutrons and Li ip,n) neutrons.

Scwttorer: Disk of material thin compared to one mean

free path.

D~%ector: Spherjcnl gas chamber.

calcu2ations0 its response.can be made very flak over a

It changes less than 25T<from 1.5 x biw energy up to 9

detector registers neutrons of’energies above bias. If

According to preliminary

h-gt9 tmergy inh-val. a

x bias energy. ‘l’his -

enough to the primary energy it will re~ister only neutrons which have not suf-
*

?kred an energy loss, Since the measurement of the elastically sccttwed neutrons ~

is an important Once it may be repeated with a spherical ohmk.r coated with
s

T; ,$) $) - &A+p’w ~ Lx:%.

~:r,~ u
.-

--”-..-2+G2~
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thiok paraffin, in ease the high bias in the gas ohamber leads to some

difficulties. The thiok paraffin ohamber deteots maluly neutrons of’

the highest

from disoO

energy if Suitkbly biased.

Arrangement: Souroe and deteotor in equal

Limiting mattering angle @’ to be 30°~ 60°- ~“~

distanoa

120°0

If the souroe intensity Were spherically symmetriod

and mono-energetio~ this mea8uremmt would give (Chri8ty$s theorem)a

L+TLM-I *R +T ;

where Fin and Z#$are’the *WI --f$eotions for inelastio mattering

and for oapture. ~~n is the woss-seotion for inelastio mattering per

Solid angle with a final energy high enough to be deteoted by the deteatoro

It is zero for a bias olose to the primary emrgy or for the thiok paraffin

deteatoro Both oorreation8 oan be taken inti aooount and give a 81ightly

different expression for what is measured namely

J
~n +5 + &Ul

--&%3Yz(e)dfi,

where w(e) is a weight &motion whioh deoreases somewhat from unity by

going from O to ~. In order to avoid these oorreotiona it is proposed to

have tho axis of the arra~ement at an aagle of 61° with the’direotion of.

the.deuterons. Most ofthe asymmetries are averaged out by this arrangement~

1. b). Transmission experiment with l/v-detedmrO

Source: (d-d).

Doteotor~ BF3-ohamber or 25-fissiono

Purpose: 1) To show that the differeme

8ults of tran8mis8ion experiments and back mattering is due

between the re-

to inelastio

scattering rather than oapture, 2) to give a qualitative measurement of the
,,

energy 108s in “inela8tio soati.ering o ,“. ,.. ,,.”.
.J,.
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.

directional, by

the side facing

Souroe: (d-d) o%QL” (p,n).

Deteotor:

mating only a

the soatterer,

SOatteror:

Chamber mated with thiok paraffin and made

limited area of the spherioal ohamber on

in order to reduue backgroundo

Same as before.

Arrangementt Deteotor between souroe

has been shown thqt, by this experiment, an average value

and eoatterer. It

Of the baok 8oatter-

ing is measured, in whioh one definite angle @* is given a strongly prepon-

derant weight. e* is given by & = ~/2+2X , tan-=~, d is distanae

between soattiererand deteotor. D is between matter and souroe. (The diso

must be “largeenough to makea sat+x’iti angle 8* possible)o

The result of this experiment is therefore essentially

q’~ (i)”).

It is proposed

of ~*, between 120 and 180. (The

and

@*

the

8*= 131. d=6”, D -6” would

124.) No strong dependence on

required aoouraoy is not high~

to perform this for two or threev+luee

present arrangemeritias da205SW, D=z16°,

give Q*s1S3, d=l.5”, D=16” gives

~ is expeoted in this region so that

2. b). Baoksoattering, thl~deteotore Same as 2a) but deteotir

with thin par&ffin ooating on the side faoing the soatterer~ (probably

only (d-d) souroe.) Gives Q((j+)+~;.

Remarks to 1. and 2.3 l%om la) (high bias,~= 120) and 2a) “ “

(~ ‘~ 120), one oan eiiminate~ j if the latter is asmkned tobe apherioally

/
Ienoe

symmetric. ~%he”elastio transport orose-seotiok oan be oomputed. It should

be added that the experiments la) arenotperfo~ed to.d~termine~ (8) at

every value of ~ , but.to determine the integral
J
(1 - ooe~)~~ (@)dflo

This integral is some w~gh~m”ag’’’’~ageof tho aotual ~nstission’ooefflolbnts I
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would

e.g.,

tween

under

first

not be InProved if value8

by mattering on rings.

3. Energy degradation
..

of~(~) at definite angles were measured,

experiment.

A@# TO find out ‘whetherneutrons of an energy be-

200 and 1,000 KV are still intslasthally mattered. The energy S

whioh inelastio mattering is absent (E is the excitation energy of

level), is also the energy towhioh fast neutrons are slowed down by

inelastia scattering. (Exaetlyg they are slowed down to a oontinuum between

possible.

3. a).

should be “thin”

with the type A.

Souroet Li (p,n) neutrons of energy 2b0 KVup to maximum

Soatterer: ‘thin diskol’

Deteotorx A. l/V type, e.g., BF3 or fission ohamberd

B, Reooil type, e.g., Gas chamber; the deteotor

for the reooil protons in order to give results comparable

4

Arrangement; Soatterer far from source to insure mono-

dromatictbeam Deteotor covering most of baok faoe of soatterer.

Ii’no inelastio scattering, ilete~torA and B will give the

same ratio of response with and without soatterer. The presenoe of inelastio

mattering will showup as a larger ratio in Deteotor A.

3. b). Improved Arrangement: Soatterer a hollowsphere,detmtor

within. Souroe at distanoe neoesmry to insure monoohromatio beam. In this

ease, elastie mattering is balanoed out, and the ratio

terer should be one if there is no inelastic”soattering

Eatio measured with biased deteotor

of inelastio smatterings plus oapture. Comparison With

with and without soat-

end no oapture.

B should give amount

ratio mea”euredwith
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down, if there is no, or weak, oapture.

If materials are found in Experiment $. whioh do not show

any inelastia mattering with neutrons of a given energy, the same arrangement

as 3. (I%rtioularlythe improved arrangement,) gives a mea6ure of the oapturb

oross-seotionby oomparing the intensity in the deteotor with and without material

around~

For elements with energy degradation, this measurement of

the oapture oannot be performed beoause”the 810wed down nsutrons oause a

different response in the deteotorO

OAPTURE EX?WRI?!ENTS

4. To t@ the theoret; oal prediction that oapture of neutrons over

1#00 XV is negligible, gold and perhaps a few other elements whioh beaome

radhaotivo should‘beirradiated with (d-d] neutrons and tested for radioaotivityo

There are great difficulties in measuring oapture in elements whioh

do not beoome radioactive. The degradation of energy is one, as mentioned under $Q

A fundamental difficulty lies in the faot that only these materials are ~f in- ‘

terest~ whose oapture cross-seotion is small oompared to the elastio or inelastio

scattering oross-seotion. If this is so, the absorption in a thin soatterer

is very small and hard to measure.

seotion at the energy of the slowed

thiok isoatterer”8hould be measured,

absorption. (see”S.)”

The main interest lies in the oaptureoross-
.

dowa neutrons. Therefore, oaptum in a

where the neutrons are slowed do~ before

—— —
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have the”d”~%% to@#%”&Q $nside,and are oapturedin the material:
●

this,the insidaof t- bathmust be shieldedby Cd,whteh,hcwever.cm2y

tho thermda from leaving. One aho oan surroundthe matterer 4 sourm

3y the bath in mm distanm, leavinga largeemptyspherioa2 spaoe withtn the bath

in whhh the muoh smkller unit soatterer * source is plaoed. The ehanoe that a

returning noutren hits the matterer is then redwed. Howt4ver,if the soatteper

eoattersinelastloally,the speotrumof the neutronsreaohing the bath is different

with and without scmtterar. T&o nuniberof s20wed duwn matrons absorbed in the

Od-shield, inside of the bath Gharqym and the metaouremsntis spoiled. The Cd shisl

however is neoeasary sinoe the therma2 neutrons are so muoh more @requont and so

muoh stronger oaptured, that the reduoti.onin solid angle WOUM not be enough pro-

teot$on. The diffiou2ty oan be avoided bg measuring the neutrons ~ an iridiumf’oS3

This expwbmt is not proposed Moauso of the sm12ne88 of’the effeet (see first

paragraph). and beeauae of the sl$ght Anterwrb in the oapture oross aeotion of

neutrons Mgher than the Uwest energy reaohed.

6 a) oaptureexperiments;thicktarget: If the material slum down ncmt

rons of a21 energiesavailable,the followingarrangementmay give information

aboutoaptures Souroo

Tho dimensionsmust be

deteotioa Intensityis

and deteotorare imhzded in a big solid sphere of material.

large ooqa red to the diffmion lengthof the neutrons. The

theng&ven ~ I = (2/r~) @“P’L (Apart front small eorrec?tio

to the diffusiontheory),where ~v is the transportoorssmotion. r is MS

distanoebelmeende%eotor and souroe, L is Ws diffusion Wzgth: L ‘e

where & a 3/+&aI the mean free path in reqnot t. os@uIM.

1Measurementsof I for a few vahes of r determines ~. W@ ZWy essua!e

that the neutrons are sbwed down to theirfina2energyafter one or two collisions

so that Go is the oapture erosc seotion eorre8pondi.ng to the find energy.

6 b) The fWa2 energy reaohed oan be determinedby an admixtureof I+*
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the mne measurement with boron admixture oan

oxperimmt may perhapa also be

is sensitivefor neutronslass
●

—
—

boron, whioh ean be ualoule.ted. Thus

be used to determinev.

P rformedwith natural souroee. Any

than the original energy, cum‘bo used.

experimmt 8UpUrS8de8 14, (Muroo) and deteotorin hollow sphere)

data whioh oan be muoh bettor interpreted.

Souroa la lb .28 2b 3* 3b 4 !h” Sb

D-P Al?AB

la (p,ll)

Them

ddxxtor whioh

I’MIS

Simm it gh%il

RATING:

B B ,&a~ AI-B A B c

Be

-“- --
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