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Abstract
The present data relating to the Compton current produced by

photons as a function of photon energy is estimated and presented in
graphical form.
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The Compton Current

An electron current results from collisions of gamme rays vith air; this
current is the mmjor driving force of the emp. The dominant process in the
energy range of interest is the Compton effect vhich is described by the Klein-
Nishina relations; these are summrized in the appendix. Graphs of the Compton
energy-a.nglsfrehﬁipgﬂ;ipl are presented by le:l.-.(6) The differential cross-
section per unit so-iﬁ angle for scattering of the electron as a function of
angle and gamms-energy are also presented in Fig. 1; the total and the absorption
cross sections integrated over angle in Fig. 2; and the energy of the electron
averaged over all angles in Fig. 3. These last two figures are froa !lel-;(s)
that report also contains Fig. 1 data in more detail.

The Compton electrons as produced move predominantly in the forward direction.
As it traverses & material medium it dissipates its energy in a very large number
of inelastic collisions, the net effect being & nearly continucus pi-ocou. The
theory rqr energy loss by inelastic encounters with electrons of the stopping
material has been worked out by Bethe. For electrons of relatively lov energy
(less than the critical energy, 100 MeV for air) the energy loss is dus to excita-
tion and ionization of the bound electrons in the stopping material. The stopping
pover (dE/dx) is given by (3,8)
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where

mc® = rest energy = 0.511 MeV

T = kinetic energy of electron in units of mc’
NZ = nusber of electrons / cof’

r? = (¢ /uc?)? |

I = excitation energy (~ 87 ev for air)

An extensive set of calculations applying this theory to seversl materials has
peen prepared by Neims,(?) and by Berger and seitzer.(11) Tese works tabulate
the stopping power (-dE/dx) and the reciprocal stopping power (RSP) (or con-
t1inuous-slowing-approximtion [csda] ) range,
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Resp ” fT =

for many meterials; the data for aluminum and for air are shown in Figs. 4,5.
Thés renge, while a definite quantity, is not physically realizable mminly be-
cause of elastic collisions of the electron with the atom in which the electron
is merely deflected without loss of energy. The theory of multiple scattering
is discussed by Bethe, Ashkin.(z) The work of Hi].l:lm(g)quotad in(a)ahm

the mean square angle of scattering invelves the logarithm of Zh/ 3 /A and hence
is rather insensitive to the material. With this observation, scattering re-
sults for aluminum might be expected to be applicable to air. Experimental
data for the "practical" range of electrons in aluminum gre summarized by Katz,
Penfold(lz) , quoted in the American Institute of Physics Handbook, and shown
in Fig. 1. Thisrenge is about 0.80 of the csda range calculated by Nelms(7)

or Berger.(1) The calculsted csda renge in air is sbout 0.90 that for aluminum.

Intensity versus range data for aluminum messured by Marshall and Wa.rd,(lo)
and quoted by Bethe and Ashkin and by Birkhoff(3) show the range at half in-
tensity to be about 0.66 the extrapolated range. (The half intensity point is
the value given by multiple scattering theory to derive the average range.) The
average value besed upon total area is about 0.68 of the extrapolated value.
Longmire used the value 2/3 in his Lecture notes on emp; AFWL used the value
0.63. The value to be adopted for this work is 2/3.

To provide further information upon the value to use for average range,
Martin walt of Lockheed performed & diffusion calcuiation of electrons produced
by 2 MeV gamma rays incident upon & slab of air. The calculation assumes that
the electrons interact with air through shielded COulqgmb collisions with the
energy loss-rate given by the Bethe dE/dx relation. The numerical solution in-
volvee starting at the highest energy, using implicit finite difference methods
to sweep through the spatial and angular mesh in the direction of current flow,
eventually returning to the outer boundary. The integration scheme is similar
to the Sn method of Carlson. The numerical integration scheme requires that
the energy distribution be peaked in the forward direction and hence it was not
possible in these calculations to use the proper angle-energy relationships
appropriate to Compton scattering. Two calculations were made: one calculation
used the proper angle dependence but with all electrons having a value near 1.76
MeV which is the meximum possible (the average is about 1 MeV); this gave plausible
intensity distance and energy dependence with an average range of 0.55 Emfcma .
The second calculation used the proper energy distribution but with all electrons

directed forward; this ylelded an average range o€ (%36 gm/cn? . Both are high as
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expected considering the starting assumptions. They lend credence however to
the use of the Marshall, Werd data for the multiple scattering correction.

To derive & relationship for the average range of the Compton resulting
from gamms ray interaction with air, the same procedure used by Longmire wes
followed. The range data from Fig. 5 vas fit by the relation:

618
R = T35 SWod

with E in MeV., To arrive at the average forward range for the electron it is
pultiplied by cos ¢ to get the forwvard component, by 0.8 to get the practical
range, and by 2/3 for the average range. This is then averaged over all possible
angles for Compton scattering to arrive at the mean forwvard range:
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The result is shown in Fig. 6. Also shawn in Fig. 6 is the ratio of this range
to the gamma mean free path for production of Compton electron and also the

RMF =

quantity

# gn/cad  MeV
Y t :

which is the gamm energy dependent part of the saturation electric field relation.
It may be Seen that vhile the ratio R /A, is not constant, the second relation-
ship is sensibly constant over the énergr range of munst?‘ o

The nearly empirical determination of the Compton electron renge indicates
a need for further work in this area, both theoretical and experimental. The
multiple scattering corrections for beth practical arnd average ranges are based
primrily on data whieh mmy not be as directly applicable to a spectrum of
electron energies as is implied here and & more complete calculation would be
worth while. There exist no good experimental data on electron ranges nor of
Compton electron renges in air; elsctron range data for aluminum do exist but
the corresponding data for Compton electron ranges are questionable. The errors

in the ranges predicted here are probably not large but the prediction is not
satisfying.
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APPENDIX:

Compton effect relationships:

’

hv
hv ) o = hv
P BeC®
E ’
electron o’ =
me ¢
U' o
=T +a(l-cos?d)
Eelectron moc” 2 a 3 - mec ¢ (1o cos 9)
1+20+ (1 +a) tan"o 1+a (1l - cos 8)
cos 8 = 1 - 2
(1 +af tarfp + 1
gin © 1 ]

tan @ = YT 7 q) (i- cos 9) = [OT+a) ctn  ——

Cross section for the number of photons scattered per electron per unit
solid angle in direction 8 :

a,9(8) To- 1 ’ [ o® (1L - cos 8)° ]
=5 = = os’9
[1+a(l-cos®) tre "+1+a(1-cole)

Cross section for the number of electrons scattered per electron per

unit solid angle in direction ¢ : ' = : -
deo(cp) deo( ) aQy
o T &y . o I
L4 ?
&g - -4 (L+a) cos o - -4 (1+a) cos @
m(p [ (1+a) - a(a +2) cos®o)? [1+a(x+2) sidel
3
re = — . = 2.8182.10™2 cm
MeC



d_o(v)

or

a |b(1+a) coso

T [1+a(a+2) lin’q;] [1+au+d’ l:|.u'q::|3
[ cos*p + (o + 1)* sin‘e , .2 o® cos'e
|_1+a(a+2)u.n’9 1+ 20 + o sid’y

re® 4 (1+a) cose
[1 + (a+1) ﬂn’v] [1 +2n + (o +1)° tan"ep]’

[1*(a+1)‘ tan'e | 20°
1+(a+1)'ta.nfcp 1+ 20+ (o +1)° tad’e
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