Lawrence Berkeley National Laboratory
Lawrence Berkeley National Laboratory

Title
Diffraction Effects in Neutron Attenuation Measurements

Permalink
https://escholarship.org/uc/item/73h8r7dn

Authors

McMillan, E.M.
Sewell, D.C.

Publication Date
2008-05-09

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/73h8r7dn
https://escholarship.org
http://www.cdlib.org/

e

UCRL_/3

UNIVERSITY OF
CALIFORNIA

BERKELEY, CALIFORNIA




ENG-48 INLEX NO. 2/ (¥ L~
This document contalns £ 1Ees,
and_-—plates of figures.
This 1s Copy g /hf P /e uerleSﬁf%

DO NOT REMOVE TZIS PAGE ;Issueﬂ to:

FLy TE

THIS IS A CLASSIFIED . TCCUMENT - .

{CIEEé!%?batloneto be. stampedrherc)
o CTHORITY

1. This document contains réstricted data within the myén¢ng of the Atpm&ciQQ%ngy
Act of 1946 and/or information affecting the national defense of the United
States within the meaning of the Espionage Act U. 5. C. 31 & as amended.
Its transmission or the revelation of its contents in any minner to an unauther.:
ized person 1s prohibited and may result in severe criminal penalty.

2. Belore this document can be given to a person to read, his name must be on the
Reading List of those autherized to read material on this subject, or permissicn
must be obtained from the Information Division or the bxecutive Office..

%+ A SECRET or CONFIDENTIAL document is te be kept only in a guarded area. When
stored, it must be kept in a locked safe or in a locked filing case with a.
tumbler lock.

4, A SECRET er CONFIDENTIAL document is not to be copied or etherwise duplicated
without permission of the eoriginating office. Extensive notes on the contents
of a secret report may be taken only in a bound not:sbcok with numbered pages,
having the designation SECRET. This must be safeguarded in the same way as a
Secret Report (See 1, 2 and 3). Other notes must be avoided, but if made must
be dene in a form meaningless to anyone but the writer and later destroyed.

5. The person er office to whom a SZCRET ot CORFIDENTIAL document is 1ssued is ac-
countable for the document at all times. A system - accountability by signed
receipts or a signed record book must always be used. Permissicn for trans-
mission to another office than that of the assignee must be obtained through the
Information Division and recorded there.

6. After a document passes the stage of usefulnesss te its possesser, it should be
returned to the Information Division, whereupon the individual will be relieved
of the responsibility for its safe-keeping.

7. Initial and date .he pages of this doeument which describe any work that you
have witnessed, adding any pertinent information, such as references to origin-
al work re:ords.This document, propsrly signed, datced and annotated, is import-
ant in patent preparation.

8. Each perscn who resds this document must sign this cover sheet below. Please
sign and date the cover sheet after reading the report. Also states by Yes or
No whether «r not notes have been taken. See paragraph 4 above,

Routc te Read by lNectes? Date Route to Read by ~  TNotes? Date

R K- Wakotud, o ’%Aj4]

, W
i 7 /%791&{zﬂg@ L

A-16



; ) “\1 > e UCRL~- 13

-

;zﬁﬁmw
i RS
4.3‘3» . "ﬂr‘;r"ﬂ"?’-: y
s e s 3
{?’!‘-‘?’ AR )
TE . .
- . -\ P . (S o
University of Califewrnidg™ - o,
Radiation Laboratory IR

Contract No. W-7405~Eng-48

DIFFR/CTION EFFECTS IN NEUTRON ATTENU;TION ME;SUREMENTS

Edwin M. MclMillan and Dusne €. Sewell

November 20, 1947

This document contains restricted date within the meaning of

the /tomic Energy fct of 1946 and / or information affecting

the national defense of the United States within the meaning of

the Espionage fct. U.3.C. 31 & 32, as smended. Its transmission

or the revelsation of its contents in any manner to an unauthor-

ized person is prohibited and may result in severe criminul penalty.

Berkeley, Californisz



UCRL-13
'Q¥T§Fhm,v Physics-General

PO o

. . . 1;1; ; '
University of Californid -

. s CL A,
Rediation Laboratoffe .,
o
Berkeley, California™* o,

Contract Wo. W-7405-Eng-48

1

0
3
8
2
2
8
4
2
1
3
1
1
2
1
1
5
2

Argonne National Laboratory
Atomic Energy Commission, Washington
Brookhaven National Laboratories
Cerbide & Carbon Chemicals Corp. (K-25 Aren)
Carbide & Carbon Chemicals Corp. (Y-12 Aree)
Clinton Laboratories
Generel Electric Company
Hanford Engineer Works
Iowa State Cellege
Los Alemos
Madison Sguare Area
Monsanto Chemical Company, Dayton
National Bureau of Standards
Patent Advisor
Research Division (for W.E.P.A.), Osk Ridge
Research Division, Qok Ridge
University of Rochester
University of Califeynia, Radiation Laboratory
Informstion Division
Patent Department

=

=

71



Y ‘,',-v’({ s

DIFFRACTICN EFFECTS IN NEUTRON ATTENUATION ME/SUREMENTS s ¥

Y«

Bdwin M. McMillan and Dusne C. Sewell Ty

Rediation Labhoratory, Departmént of Physics
University of Califernia, Berkeley
November 20, 1547

ABSTR/CT

A1l errors due to diffraction effects in a neutron attenuation
experiment are computed. Also a special experiment to measure the
forwzrd intensity of diffracted neutrons from lead and copper is
described, and the results given., These agree with the theoretical

values.,
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DIFFRACTION. EFFECTS IN NEUTRON ATTENUATION ME/SUREMENTS

A

Edwin M. McMillan and Duane C, Sewsll R
Radiation Laboratory, Department of Physics
University of Celifornia, Berkeley
November 20, 1947

I. Introduction

In interpreting fast neutron scattering experiments, it has
generally been assumed that the diffraction of the neutron waves by
the nucleus accounts for a part of the total cross section equal to
the projected collision area of the nucleus. (See, for example, refs,

(1) and (2) and earlier work referred to in these papers.) This is

(1) R. Sherr, Phys. Rev. 68 240 (1945)
(2) E, fmaldi, D, Bpeciarilli, B. H. Cacciapuoti, and G. C. Trabsacchi,

Nuovo Cimento 3 203 (1946)

a very reasonable assumption, particularly in cases where the neutron
weave length is short compared te the nuclesr diameter, since the
diffracted intensity is‘mostly in the forward direction and the situa-
tion approximates that of diffraction by a disk;like obstacle. Com-
parison with the well~known equivalent optical problem shows that the
total diffracted flux is indeed equal to the flux intercepted by the
obstacle, and that its angular distribution is given by:-

@7 (6) = [ RJ1 (KR sin @) 2

i sin © |
- .Jl . (1)

where ¢ &) is € Cross section er unilt s011 angle or bR raction
here ¢y (@) is th tion p it solid angle for diffracti

et the angle ©, R is the collision radius of the nucleus, k is 2 7rtimes



the reciprocal of the neutron wevelength, and J; is a Besseil funption.
The total cross section “i should then be made up of the inte-
grated cross section “a for diffraction plus an egqual amount to take

care of theé neutrons that actually strike the nucleus, giving the

usually assumed relation:

Ty =28 = 298¢
(2)

This should be strictly valid when kR>»1, if the nucleus can be
considered as an opaque obstacle. If the nucleus is partially trans-
parent, as is apparently the case for lighter nuclei at 90 Mev

neutron energy, the situation is more complicated, and both the magni-

tude end hgﬁi;gwdistrigggzah of the diffraction cen be altered. One
can however still treat (2) as a definition of R in these cases, and
use the diffraction formula (1) &s a first approximation, with the'
understanding that the R so defined may be smaller than the actual
nuclesar radius.

In the cases to be considered here, we are dealing with 90 Mev
neutrons, for which k = 2,15 x 1013 cm‘l; the collision radius found
for the uranium nucleus is 9.0 x 10-13 Che, giving kR = 19, According
to egne. (1) the diffraction pattern for ursnium falls to half intensity
at © = 0,085 radisn, while the patterns for other elements will be
wider.

At small values of 6, the diffraction per unit solid angle is

given approximately by the first two terms in the sories expension for

the Bessel function, thus: 5

&3 (0) - 1/4 ¥ B: |1 - 1/8 (k& sin 0)° i

[}

(3)
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II. Diffraction Error in an Attenuation Experiment

With the above preliminariss we can estimate the intensity

diffracted into the detector in a typical attenustion experiment (3),

(3) BP-122; Phys. Rev. Dec. 15, 1947

set up as in Fig. 1. The method of cealculation is similar to that of
ref. (2), appendix II. The source cnd detecctor are treated as points,
since they subtend angles small compared to the width of the central
diffrection pesak.

Let ID = neutron intensity per unit area at detector, in absence
of scattersr. Then the intensity at the position of ths scatterer is
I, (x1 + xz)z / xlz, from the inverse square law, and the number
striking the scattercr between r and r + dr is:

L] 2 2
dI_ = 2fir dr * I, <x1 ¥ x2) / Xl

(4)

Now the prolability that a neutron will pass through the scatterer
with no collisions is e'lkk, where X is the mean free peth. The
probability of making just one diffraction collision is 1/2 (#/A) e-ga‘,
the factor of 1/2 coming from the fact that half the total cross
section is due to diffraction. The probability of making just n
diffraction collisions is (é??)on (1/nt) e‘ﬁAA, assuming that the
paths remain nearly parallel to the axis. This assumption becomes
invaelid in the present case only for values of n too large to have
any importance .

The next step is to compute the intensity directed toward the
detector for each number of collisions. For one collision, this is

very simple. Combining egn. (4) with the result of the last para-

graph, we get the number of cellisions occuring at each value of rj
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this must be multiplied by the intersity per unit solid angle in the
direction of the detector per collision which is equal to 5&(6)/6" and
finally by the solid angle of unit crea at the detector as seen from
the scatterer, which is ecual to 1/x3%. Then the intensity diffracted

into the detector by single collisions is given by:
, ~P . :
Id(l) = -l (i/ﬂ)e_;ya (l.+.l )2 ; d (9) r dr (5)
o xl Xz '// d
a-
Putting in the spproximation (3) for ¢;(8), end noting that
sin @ ~(L . 1 )r, this is easily integrated.
Xl Xz
Using the relations (2), the result can be written:

Id(l)= I (¢/a)e” YA, K(1 - K) (6)

2

2
C

where X = 1/8 x232a8(1 , 1% 1 g & (1 , 1 )2.

X X TE7 X1

The setup we are interested in has k = 2,15 x 10 13 cm“l, a = 1.25",
x; = 110", xp = 88"; for lead ¢} = 4.53 x 1024 cn®, giving K = 0.0273.
Thus K can be neglected in the parenthesis in (6), which means that
the angles introduced by the finite width of the scatterer are not
important.

The computation of the intensity due tohmultiple scattering is
more involved if carried out to the second order as done above, and
we shall content ocurselves with a first order computation which will
be of s ufficient accurecy. The frequency of multiple collislons is
as given ahove; the width of the centrzl peak after n collisions
increzses ahout as nl/é, and therefore the central intensity varies
about as l/h. Thus the contribution of intensity due to the various

numbers of scatterings are proportional to (J7@10n / (nent)and the

total intensity is:

-

» - s T
Ig = Id(l) 2 1+ (Y2 2) /4 +(/2 A)2/18 + oo { (7)
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This series can be summed as an exponential integral, but this is
hardly justified since the higher terms sre certainly not accurate
and are not important in the present case, where “%ﬁ 1,

To find the errbr whith this effect produces in the attenuation

measurement, we consider that the cross section is computed from the

relation:
IO

Sz
IDe LA ) Id (8)

~ -

—Z - d
A " ( Bx )

and that therefore the fractional error is given by the difference of
the brackst from unity. This formula was uged fow coﬁputing the
corrections applicd to tne attenuation experiments; the correction is
3.1% in the case of lewd, less for lighter elements because of the
smaller value of ¢¢, and less for U because in this case the radius
of the scatterer was only 1",

III. Direct Measurement of Diffracted Intensity

in order to check to some extent the vslidity of the assumptions
used above, an sxperiment was set up &s shown in Fig. 2.

The cyclinder # is of copper, 10" long, and zbsorbs over 99% of
the direct beam, The ring B is lecd or copper, w'th gwfh Three
measurements were made, using the sswe technigue a3 in the attenuation
experiments:

intensity at detector with » and B away

—
[

= beckground = intensity with £ in plece

Il
™)
1

—
(V3]
!

= intensity with hoth A end B in place
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Then the ratio of the intensity scattered by B to the initial
intensity is given "y (Iz - Iy) (I} - I;). This is to be compared

to the theoretical ratio, ohteained frem equations (6) and (7):

. _ﬁ
Lo o &= 1007 , v -
I ;:ef‘ (1+-§if'\) ;K‘g (1;}{2) ‘K1(1~Kl)j | (9)

where the two values of K correspond to the two radii & and By e

Since a3 = 1.5", ay = 3", for lead K; = 0.036, K, = 0,142, and for

2

Cu K1 = 0,018, K, = 0,070, The expected ratios are then 0.036 for

2
Pb, G.019 for Cui

The measured values, with mean errors from the counting statistics,
are s

I; = 2.74 £ 0.04

Ip = 0.217 ¥ 0.003

‘4

13 (Pb ring) = 0.304 = 0,004
Iz (Cu ring) = 0.259 % 0,004
These give Ig/I = 0,035 ¥ 0.002 for Pb and 0.017 ¥ 0.002 for Cu, in

excellent agreement with the computed values.
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