[
S

PL/PA e oy

T T

Sensor and Simulation Yote No. 10

sescription of Gamma Anlsotropy Sensor
(32atis)

by
Stanley Kronenberg and Harry L. Berkowitz

U, S. Army Elactronics Labaratorles
HQ U, S. Army Electronics Commend

1. Purmgse of Instrument

i1t is imoortant that a methad be found to measure the
pzrecantage of anisotropy, (or directionaility), of high in=
tensity, time dependent gamna radiation fleids. The in=
strument hersin described 1s capable of ylelding both ths
paersentace of anisotroals radlatlon present and the direction
of the anisotropy. Such an Instrument is urgentiy neaded for
research in nuclesr wespon environmants,

2, Pescrintlion of lnstrument

The Instrument conslsts of six psrailel piate, pancake
type, gamms sensitive, semirad dicodes, one on esach face of a
heavy, alunilnum encesad, lead cubs. The lead cube should be
large enough to anternuate gsmmas by a facter of approxlimately -
e*, Wlth this requirement met, the back to front sensitivity
ratio should be less than 1% for any individual semived eiement
of the system.

The outputs of ths semlivads on opposite faces arz tled
together in such a mannar as to make their responses cancel
each other, If thelr sensitivitles are sufficiently ciose,
a8 net current from a2 palr of such elements indlcates that there
Is an anisotropic component to the y rediation field., We will,
show that three such pairs of elements, togsther with a normally
operatad 4n semirad diode completely defina the radiation field
to first order. The instrumaznt will henceforth be referred to
as the "Beatle," s0 named (by an =nicmologiczully mindad
co~workar) because of its “six legged" nature.

3. Xheory of Gseration

)

8. Razpon: semirad panczke vs, angle,
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A semirad sancake dicde consists of three conducting
2lates wirad as shown in Fig. !, mounted In an evacucted chamber,
A potentiail difference is malntslned between tha center plats and
the two outar plates.
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When a high energy vy rey passes through a semirad piate,
it may produce Compton electrons In it, which in turn liberate
low energy secondary electrons. (f thess secondary electrons
are ejected from the sppropriate surface, they will be collected
by the potential. The current produced by the collsction con~-
stitutes the semirad output,

in order to ascertaln the dspendence of the semirad output
on the angle between the Incoming v flux and the normal to the
surface, we must first take a closer look at the process of
secondary electron emission. Present theories maintsin that
secondary electrons can only be emitted from the Yescaps layer''.
This Is a region extending from the surface of a matal to about
10°® cm into the metal. The theory also states that the number
of secondaries produced should be governad by the track length of

the lonizing particie in the gscape layer. If the range of the
particle is much larger than this distance, the number of sec-

ondaries is given by

g€ . A secondaries
Ymk dx 4 sec © mh-—r—-‘—-m—r&w —rTos

In our case the lonizing particle Is a high energy gsams-

produced electron, These should be produced mainly in the for=
ward direction of the scattering vy ray, so that the angle . In
the preceding formula Is approximately the angle betwean the
rormal to the surface and the direction of the Incoming vy ray.
In the design of the Beatle It is essential that this dependence
be eliminated when a large flyx of y's Is incldent. This is ac-
complished by roughing the surface, e.g. sanding to randomize the
angle of Incidence of indlvidual vy rays.

1f the incoming v flux I' Is uniform over the semirad facae
ares, the response should be given by
t (amp) = So [ cos U
where So is now no longer a function of the angle v,

in the Bastle, semirads on opposite faces of the
aluminum encased lead block will be wired together as shown in
Fig. 2.

As can be seen from Fig. 2a, the response of semirads A

and B will be exactly opposite for the same vy dose rate, If the v
flald is Isotropic over the entire Instrument, the net signal should
bs 2zero. To understand the operation of the entire instrument, ws

will consider the following example.
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Assume a gamma flux of streagth I' and direction given by
direction cosines I, m, n, with respect to & sst of axes {x -+ z}
as shown In Fig, 3.

The semived elements on faces perpendicular to the x axis
are wired so that if a vy comes {rom -x the response wiil be
negative {see Fig. 2}. Similar statements can he made for the
semirad palrs in the y and z direction.

if the radiation flux mekes an angle ¢, with the semirad }
to the x axis, the output should bz according to equation .

bx = 3ol cosey. Similarly Tor the semivad palvs In the y and
y and 1, = 30 [ cose,

But cosey, cosey and coses are just the direction cosines 1,
m, n which define the direction of the radistion field.

hed

Z direction ly = Sol cose

So that, given (§, 1, 1,) and I, (the response of a L semirad
dose rate measurement)’, eXe can defline the radiation field come
pletely to first order.

The percantage of anisotropy is given by

2 2 2\ |

{1, + 1 + 1,7)
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x 100 % = percent anisatropy.
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The directlion cosines of anlsotropic radiations sre
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