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1260 11. Photon and electron attendation
_Contributions to Photon Cross Section in Carbon and Lead
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Figure 11.3: Photon tpt‘.'a.l:"cr‘qs's sections as a finction of energy in carbon and lead, showi’ng the contributions of different processes.

Atomic photo-effect (.eleétron ejection, photon absorption)

Ipe:
Teiherent-== Coherent scattering (Rayleigh scaltering—atom neither ionized nor excited)
" Tincoherent = Incoberent scattering (Compton scattering off an electron)

Ko = Pair production, nuclear field
n¢‘= Pair productmn electron field

Tauc = Phnf(\n11r]ear ahqorphnn (nnrlo'u- abmmtmn usually followed bv emlsswn ofa. neul‘.ron or other particle)

I‘:om Hubbcll Gimm, a.nd @verbﬂ, I Phys Chem. Ref Da.ta 9, 1023 (80). The photon total cross section is a.ssumed approximately ﬁat fo
at least two decades beyond the energy range shown. Figures courtesy J.H, Hubbell.

Fractional Energy Loss for Electrons and PbSitro_ns in Lead

I.I\‘IIFIIE! T lillllll T lII]IIl

. 0.20
Positrons Lead {(Z = 82)

Electrons
~ 1.0
'_Eto 5o .15
a) Bremystrahlung
R
Ry 40.10
' os '

—io.05

g4

1000

0 - 10 100

(em2g1)

3
Ed

Fxguré 11.4: Fractional energy loss per radiation
length inlead as a function of electron or positron
energy. Electron {positron) scattering is considered
as ionization when the energy loss per collision is
below 0.255 MeV, and as Moller {Bhabha) scattering
when it is above. Adapted from Fig. 3.2 from Messel’
and Crawford, Electron-Pheton Shower Distribution
PFunction Tables for Lead, Copper, and Air Absorbers,
Pergamon Press, 1970. Messel and Crawford use
Xo(Pb) = 5.82 gfcm?®, but we have modified the
figures to reflect the vatue given in the Table of Atomic
and Nuclear Properties of Materials, namely Xg(Pb)
= 6.4 gfcm?®. The development of electron-photon
cascades is approximately independent of absorber
when the résults are expressed in terms of inverse
radiation lengths {i.e., scale on left of plot).
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2. Passage of Radiation Through Mattet

46

scattered from &

e degree
=
=
[=]

g per sauar

002 k=

Fract‘lonc\ scatterin

Seattering angte [degrees']

Sx: thickness of _scatterer fom]
density of scatterer g/ cm”
momentum of incident particle [MeV/ cl

= p/eof incident particle
7. charge of particie in units of €

‘Q:- VZE+Y
' Z

L (Z+ 1)Z” 3 for clectrons and positrons
- Lzm for other particles.

For most caleul
Figure 2.15 shows an example of this distribution 10

for electron apnd positrons

~for other particles

j il. At small angles, this space angle distribution

through 2 thin gold fo
solid angle!) is close 1O thatofa Craussian, but as angle increases,

into play to form a
effect of many small angle scatterings. The proad tail,

gian. The transition petween the small and 1arset angle regio
scatiering. This is 8V

2.51 Multiple Scattéring—'m the Gaussian Appnoximation

1f we ignore the small probabﬂlty ofvla;ge?angle _single 8
effect of multipte gcattering in a given material can be ob
tribution resulting from the small angle (< 10°) single scattl

as we have seen, the probabilitydistribution is apprommatel _

20 —*\
Py =5 %% —7 . \do
= p(w%

wig. 2.15. Angular distribution of 15.7MeV electrons
thin Au foil (from Hanson € al.

12.23D. The experimen_tal values are compared with
{he Gaussian approx'\mation to multipte scattering

ations, it 18 usualty not necessary to 89 peyond ihe fir
for 15 MeV electrons passing

long proad tail. The deflections at larger angles af¢ general
. the material rather than to the cumulative

therefore, should roughly follow
4g/2) form for single scattering rather thant

en by Moliere as 2 correction 1o the small angle distribution.

cattering, 2 good idea of the -
tained bY considering the dis
erings oniy- ‘

2.5 Multiple Coulomb

where we have use
represents the mean
from §=0 to oo.
_should be equal to
tion. By comparin
should be approx
distribution’s long
A better estim
Lynch and Dahl |

2
LI IL:
1+ F?

42 = 2.007 %1

The variable p is
of the particle, 2
and o, the fine
Moliere distribut
since, as we have
value for (92)..8
scatters. For F ¢
formula yields 1

. As an illustr.
djstributions shy

ot three terms.

(with respect 10
corrective terms come
1y duetlo

By, (?Omparing
that'g = 1.94° ;
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