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INCOHERENT SCATTERING OF 662 keV GAMMA RAYS BY
K-~-SHELL ELECTRONS IN GOLD

A, Ljubi¥ié, K. Ilakovac, V. Enapp and K. Pisk
Ingtituts "Ruder Bodkovidé", Zagreb, Yugoslavia

1. IRTRODUCTION

The diffarential cross sectiion for the in-
cohexent scattering of photons by elsctrons, the
Compton scattering, has been derived by Xlein
and Niahinal assuning that the electron is ini-
tially free and at rest. This impliss that the
Klein~Nishina equation i3 applicabls %o the case
whers the atomic binding snergy of the struck
electron is negligzibls compared %o the kinetie
snergy which this electron ia to acquire as the
Compton recoil electron. In such casges the
Klein-Nishina equation is in excsllent agreement
with sxperimental data,

Du ¥ond°™> and his cowarkers first reportad
the influence of the slectron binding. They in-
vestigated the line of secondary photons detainsd
in the Compiton scattering of X-rays in medium
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heavy elements and observed & line-broadening and

a glight defect of the Compton shift. Sujkowski

and Nag316 havs measured the cross sections for the
incoherent scattering of 662 keV gamma rays from K-
eloctrons in lead. They found that at the scatter—
ing anglss of 28°, 68° ana 132.5° the cross sections
are 0.29, 0.87 and 1.0 of the corrssponding Klein-
Nishina cross ssctiona. Motz and Miason17 alao ob-
gerved & decrease of the cross section at small
scattering angles, but at large angles they found
it to be larger than the Klein-Nishina predictions.
The increase they found at 110° was by a factor of
1.2 and 1.4 for tin and gold, respectively.

The incoherent scattering of photons by bound
elactron assuming hydrogen ground state type of
wave function for the initial state has been solvad
exactly, in the nonrelativisiic limits. Several
approximations have besn applied to take into ac-
count the complex states of electrons in atomsg-lo.
In this analysis of experimental data Motz and
missoni7 also calculate the croas sections for the
gcatiering by K-electrons assuming a momentum
digtribution in a shell of radius corresponding %o
the X-ghell binding snergy.

2, THEORY

The procsss is treated in an impulse approxims-
tion assuming the outgoing electron wave to be un-
perturbed. The initial electron distribution is
described by the wave function u(p), where S ias
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the electron momentum in ita bound state. The in-
coming photon with a momentum nE intsracts with
the electron of momentum 5 and is scattered as
in a collision with a fres electron with the same
momentum. The outgoing photon of momentum Ki'
is emitted only if the elactron scquires gufficiant
amount of energy to be releassd from its bound
gtate, i.e. hek - nck” > B, where 3B is the bind~
ing =nergy of the alectron.

The cross section for this process can de

derived in the impulss approximation. The regult is

ar (@58 = lu@)® e ar @3k ),
where dO‘F(‘Z,;;E') represents the Klein~Nishina
erogs ssction for the scattering of a photon of
momentum HK on @ moving elsctron with momentum 5
that results in ths scattersd photon of momentum
hi'. In the case of scattering by free slectrons, the
final elsctron ensrgy and momentum are determined by
ansergy and momentum conservation laws. In the cal-
culation of the abova cross section 1t is assumed
that the electron ag it leaves the atom aftsr inter-
action does not change its diresction. Its final
energy 1s calculated taking into account the binding
in the initial state ¥ = Hek - Bek ™ - 3. The cross
saction amounts to ths product of the drF and of
the probability to encountsr an electron of mo-
mentwm 5 . Some theorsetical cross sections cal-
culatsd using eq. (1) are shown in Fig. 1.
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Fig. 1. The theoretical electron-energy despendence
0of the differential cross sactions. 6 and ¢
are photon and slectiron scattering anglss.
raspectively, and 6‘ is the angle between
¥’ and P°, where P = momentum of scat-
tared slectrons.

3, METHOD OF THE MTASUREMENT

The experimental arrangement is shown in
Pig. 2. A 13705 gource of 5 C1 was used as the
gemma ray source. It wag placed in a lead shield.
Through the collimator a narrow beam of 662 keV
photons was directed into the evacuatad scatter~
ing chember. In the centre of the chamber were
placed scatterers of 2 em x 2 em of 5 mg/cm2 gold

foll or of aluminium for background. The scattered
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electrons wers
datected in s 15

SOURCE

A DETECTOR |

mm diameter x 1 mm
Li-drifted semi-

conductor detector.

CHAMBER

Its resolution wes
about 20 keV. The
acattered photons
were dstacted in

scace 748
T g oETECTOR

2 38 mm diamater
% 51 mm NaI{Tl)
scintillator. Its
regolution for
Fig. 2. Experimental arrangement. 662 keV gamma rays
was 7%. The X-reys

were detected also in a NaI(Tl) erystal, but of 38 mm
diameter x 12 mm. A tripple coincidence with the re-
solving time 27 = 80 ne was used. Identification of
the real events and a ssparation from the accidsntal
coincidences was made by the application of two-
dimensional analysis of gamma counter and elsctron
counter pulses in $riple colnrcidence with KX-ray
pulges, .

The differential cross ssectiona were calculated
from the expression

do nk 1

= £
Q
dﬂdee dEe 28n Qy e ¥

X ¥y %e

whers n is the number of counts per unit time per
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channel, & the flux of incoming photons per unit
time and area, n the mumber of atoma in the scat-
tersr, QY and Qe the s0lid angles subtended by
the gamma counter and electron counter, Ea the
energy width of one channsl, < and € the of-
ficiency of the gamma ray and the electron detactor,
respectively, and Yy the total efficiency of the
KZ-ray detector which takes into account the solid

angle, and was adjusted to ba 0.04 F 0.003.
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Fig. 3. The experimental two-dimensional energy
spectrum obtained with 100x100 pulsa-height
analyzer. Each point presents one coincident
eYent. The exposure was 36 hours.
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The display of two-dimensional spectra obtained
with the gold scattered at anglea 6 = 90°% ¢ = 24°
are ghown in Fig. 3. The dashed line represents the
expected locus of events Ee+Hck'= ﬁek-BK, where BK
is the K electron bhinding energy in gold. A spectrum,
number of evenis per energy intervel of Ee+nck' is
gshown. in Fig., 4. The upper peask 1s due to accidental

coincidences of X-rays and coilncident Compton scat-

|
N : | Free eisctrony

K-etectrons

500 "800 70 Energy sum
(keV)

Fig. 4. The number of total and chance coincidence
events aa a function of the ensrgy sum.
The chance coincidences are presented
with dashed lines.
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tered photons and electrons that were lobaaly bound,
The lower peak 1is due to the scattering by K-elege
trons from gold. The accidantal coincidences wers
measurad with an aluminium scatterer with the

game electron density per unit area,

The dependence of the measured differential
crogs section obtained for two gets of angles ls
ghown in Pig. 5 and Fig. 6, Ths background due to
accidental coincidences was subtracted. For com=
parison also are shown the calculated differential
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Pigs., 5 and 6. The electron-energy dependence of
the differsntial cross section for the Compion
scattering by K~-shell electrons in gold for
incident photon energy Eg = 662 keV,
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eross sections reduced by & factor of 1/2 and 1/3
respectively. The multiple gcattering of electrons
is very pronounced in ths prssent measurements,

and it may be the cause of the discrepancy. A rough
estimate of the coxrections dus to multiple scat-
~taring gave factors of roughly 2, but a rather

more elaborate calculation is required %o find the
expected distribution iaking into account finite

angles and multiple scattering.
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