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EXPERIMENTS ON SCATTERING OF FAST NEUTRONS IN TA4PRR MATYRIALS

Report of Committe consisting of

Ho Bethe, J. L. HcKibben, J. Manley, B. Rossi, V. Weisskopf, and ¢o Williams

The ezperiments recommended in this report are intended to obtain
information about the a) elastic cross section G:Q(GD of neutrons for dif-
ferent energies, as function of the angle 0 ; in particular the transport
averaze .((1 = cos @ )6y (6)afl; b) the inelastic scattering, its cross sectiom
depsnding on the incident enerzy snd the energy loss per collision; and c) the
capture cross section in dependence of the energy of neutrons.

The muterials which should be investlzuted or possible use as tamper
ares Be, C, O as BeO or Aly0z, T es On¥an.2, Al, 51, Fe, W, fu, Pt, Fo, Uo
EXPERINENTS

1: 8)» Trunsmission experiments. .

Source: (d-d) neutrons and Li §p,n) neutrons.

Scatterar: Disk of material thin compared <o one mean
fres path.

Detector: Spherical gas chamber. Accordiny to preliminary
calculations, its response can be made very flat over a large energy intervalo
It changes less than 25% from 1.5 x bias energy up to 9 x bias energy. %This
detector registers neutrons of energies above biams, If the bias 1s chosen close
enough to the primary energy it will rezister only neutrons wnhich have not suf-

fered an energy loss. Since the measurement of the elastically sccttered neutrons
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is an important one, it may be repcated with a spherical chamber coatsd with
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thick paraffin, in case the high bias in the zas chamber leads to some
difficulties. The thiock paraffin chamber detects mainly neutrons of
the highest energy if suitably biased. .
Source and detector in equal distance

Arrangement:

from disc. Limiting scattering angle &g to be 30°, 60°, 80°, 120°
If the source intensity were spherically symmetrical

and mono-energetic, this nwasurement would give (Christy's theorem):

f("“ +a3, JD- + T

where q.in and 'c\‘ are the total oross-sections for inelastic scattering
q-in is the cross-seotion for inelastio scattering per .

and for capture.

solid angle with a final energy high enough %o he detected by the detector.
It is zero for a bias oclose to the primary eneorgy or for the thick paraffin
Both oorrections can be taken into acoount and give a slightly

detectors
different expression for wh.at is measured, namely

T, + 0 -s-f GdIL ”J-W(G)U‘(e)dﬂ

where w(e) is a weizht funct:lon which deoreases somewhat from unity by
In order to avoid these corrections it is proposed to

going from O to 61.

have the axis of the arrangement at sn angle of 61° with the dirsction of

Most of the asymmetries are averazed out by this arrangement.
8, =90° or larger.

the. deuterons.

1. b). Transmission oxperiment with 1/v-detestor.

Source: (d-d).
Dotector: BFg=-chamber or 25-fission.
‘ Purpose: 1) To show that the difference between the re-
sults of transmission experiments end back scattering is due to inelastic . S
S
scattering rether then capture, 2) to give a qualitative measurement of the :‘:
energy loss in inelastlc scatieringo. o LT DA s e A :::
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2. a). Back seo.tteritg exborimants.

Source: (d-d) o~1i (p,n).

Dstector: Chamber coated with thick paraffin and made
directional, by coating only & limited arsa of the spheriocel ohamber on
the side facing the scatterer, in order to reduce background.

Scatterer: Same as before.

Arrangement: Deteotor between source and scetterer. It
has been shown tha,f;, by this experiment, an averaze value of the dack scattere
ing is measured, in which one definite angle 6* is given a strongly prepone
derant weight. 8" is given by 6§ = W/2+éet , tanxs{d/D, d is distance
between scatterer and detector. D 18 botween scatter and source. ('fho disc
must be large enocuzh to make a _aoattering angle ' pbssibls)o

The result of this experiment is thereflore essentially
T (87 | |

It i3 proposed to perform this for two or th?ee v lues
of 6* hetween 120 and 180, (The present arrangement iss d=2955", D=16",
end §%= 131. 4 =6", D =16" would give &= 163, d=1.5", D=16" gives
6 * 124.) No strong dependence on & 1is expscted in this region so that
the required accuracy is not high.

2. b). Backscattering, thiw detector, Sa'.me.as 2a) but detector
with thin pareffin coating on the side facmg the scatterers (probably
only (d-d) source.) Gives G"I(G )+ .

Remarks to 1. and 2.3 From l.a) (high bias,8= 120) and 2.a)

(® "~ 120), one can eliminate & | if the Intter is assumed to be spherically
ience ' , .
- symmetric./,the elastic transport cross-section can be computed. It ghould

be added that the experiments l.a) are not perfoz;mod to dotormine Gy (8) at
every value of &, but.to determine the integral f(l - 0038)6;1 (8)aQl.

This integral is some wp,ighdgdtz age'rage of tha sctual transmission coefficlents
o' L

measured in l.a)oamd-qf ﬂmo%eékscattering coeffient in 2.e). The acouracy

oo AE‘F"I559\7E°§ 5’93 - :PUBLI C RE'L;L\PSEAWHEB
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would not de improved if walues ofd'(@) at definite angles were measured,
0.3+, by socattering on rings.

3e Ener,,y degradation experiment.

Aim: To fi.nd out whether neutrons of an enerzy be-
tween 200 and 1;000 KV are still inelastically scattered. The cnergy B
under which inelastic scattering is absent (E is the excitation energy of
first level), is also the energy to which fast neutrons are slowed down by
inelastic scattering. (Exactly: they are slowed down to a oontinuum between
% and 0.)

Source: Li (p,n) neutrons of energy 200 KV up to maximum
possible.
l 3. &), Soatterer: "thin disk."

| Detector: 4. 1/V type, e.z., BFg or fission chambers
B, Recoil type, e.é. » Gas ghamber; the detsctor

should be "thin" for the recoil protons in order to give resulis comparsble
with the type A. '

Arrangement: Scatterer far from source to insure mono-
chromatic beam; Detector covering most of back face of scattersr.

If no inelastic scattering, Detector A and B will give the
same ratio of response with and without scatterer. The presence of inelastio
soattering will showx up as & larger ratio in Deteotor A.

3. b). Improved Arrangement: - Scatterer a hollow sphere, detector
within. Source at distence necessary to insure monochromatic beam. In this
case, elastic scattering is balanced out, and the ratio with and without scat-
terer should be one if there is .no inelastioc socattering and no capture.

Ratio measured with biasod. deteoctor B should give amount

of inelastic scatterings plus oapture. Comparison with ratio measured with

Detector A, gives an ave{a.ga of %ﬁe e'nergy to which the neutrons are slowed

.0 . .0. ..
L}
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down, if there 18 no, or weak, capture.

I1f materinls are found in Experimenf 3. which do not show
eny inelastic scattering with neutrons of a given energy, the same arrangement
as 3. (Partiocularly the improved arrangement,) gives a measure of the capture
oross-section by comparing the intensity in the deteotor with and without material
around.

For elements with energy degradation, this msasursment of
the mpWe cannot be performed becuuse the slowed dowm neutrons cause a
different response in the detestor.

CAPTURE EXPERIMERTS

4. To test the theoret:cal prediction that capture of neutrons over
1,000 KV is negligible, gold and perhaps & few other elements which bebome
radicactive should be irradiated with (d-d) neutrons and tested for radiosctivity.

There are great difficulties in measuring capture in slements whioh’
do not become radicactive. The degradation of energy is one, as mentioned under 3.
A fundamental difficulty lies in the fact that only these materlials ars of in- ‘
teraest, whose capture cross-section is small compured to the elsstic or inelastic
soatt.ering oross-seotion. If this is so s ‘the absorption in a thin scatterer
is very small and hard to measure. The main interest lies in the capture cross-
ssction at the energy of the slowed down neutrons. Therefors, capture in a .
thiok ascatterer should be measured, where the neutrons are slowed down before
absorption. (see 5.)

In the following paragraph & few methods are discussed which were
frequently proposed but whichk we don't think are worth being carried out. A methed
frequently proposed 13. the following: The souroce is within a hollow sphere eof
materisal and this is surrcunded by a ¥Mn bath or somothing equivalent, to slow domn
asd capture sll nevtrons which penctrato tho sphers. The difficulty of this ex=

periment, apsrt from thg.mu e,t’fbof:mnﬂoned above, lies in the feot that some

5 ) —wm—
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neutrons ieave the l!n ba!-.}r tdawgn. ﬁho inside, and are captured in the meterial.
To avoid this, the inside of the bath must bs shielded by Cd, which, however, only
prevents the thormals from leeving. One also gan surround ths scatterer + souvrce
by the bath in some distance, leaving a largs empty spherical space within the bath
in which the much smaller unit scatterer ¢+ scurce is placed. The chanocs that a
roturning noutren hits the scattersr is then reduced. However, if the soatterer
soatters inelastically, ths spectrum of the neutrons reaching the bvath is different,
with and without soatterer. The mumber of slowed down neutrons absorbed in the
Cd~shield, inaide of the bath changes and the measurement is spoiled. The ¢4 shisld
howover is necessary eince the therma) neutrons are so much more frequent and so
much stronger captured, that the reduction in solid angle would not be enough pro-
tection. The difficulty cem be avoided by measuring the neutrons bty an indium foil.
This experiment is not proposed becsuse of the smallness of the effect (sse first
paragraph), and becsuse of the slight interest in the capture oross section of
noutrons higher than the lowest energy reached.

§ a) Ospture oxperiments; thisk target: If the material slows down neoute
rons of all energles availadble, the following arrangement msy give information
about oapture: Source and detector are ineluded in a big s0lid sphere of material.
Tho dimensions must be large commred to the diffusion length of the neutrons. ' The
deteotion intensity is then given by I = (1/1-2.,.) e"?/ L (Apart from amall corractionsH
to the diffusion theory), whers f.. is the transport corss seotion, r 4s bthe
distence Lstwoen detector aund sourcs, L is the diffusion longth: 1L -/1%93'
where I - 1/0 +C is the mean froe path in respe ot to ocapture.

Measurements of I for s few values of r detormines Ia. Wo may assume
that the neutrons are slowed down to their final energy after ome or two collisions
s0 that o, :i.a tho capture cross seotion corresponding to the £inal ensrgy.

§ b) The final enorgy resched can be determined by an edmixbure of B0 -
which shortons the lifetime a{,al‘l. neutrons. The oross section for capture, now

® ‘ .
will be (oo mi Won :Q:GQ wh;hcut boron I/v? where v is the velooity of
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the neutrons and {~ their 1ifetims &is £5 the boron, which can be caloulsted. Thus
the same messurement with boron admixture can be used to determine v.
These experiment may perhaps also be performed with m@ral 80uUrces. Any
dotootor which is sensitive for neutrons leas than the original energy, can ‘bo used.
This experiment supersedes I¢, (source and deteotor in hollow sphere)

gince it gives data which osn be much better interpreted.

RATING:

Experiment

Souras la 1 2a 2b 3 3 4 Sa b5b
D~D A B A B
13 (p,n) B B AB A~B A B ¢

Netural ' B ¢
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