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Incoherent scattering of gamma rays
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Tho totul atomic cross-sections are determined in Carbon, Aluminiam
Copper, Silver, Samarium, Tungston and Lead at selecled photon
cenergios in the energy range 45-1115 keV by the transnussion method
in a good-geometry sct-up employing a 35 cc Co-axial Ge(Li) spectro-
meter The values of the hound-electron incoherent scattering
cross-sections @, are extracted. The bound electron incoherent
scattering cross-sections calculated using the S(g, Z) values based
on the Thomas-Fermi (TF) and Hatree-Fock-Slater (HFS) models,
arc interpolated and the theorétical values of oy arc obtained. The
freo-cloctron mcohorent. seattering cross-sections gy are computed
from tho Klein-Nishina Formula The bound to free electron cross-
soction ratios are formed and a comparison is made between the
values of (ap/01)exprr and (00/0)theor-

l. INTRODUOTION

The incoherent seattoring of gamma rays by free eloctrons is accurately deseribed
by the Klein-Nishina theory (1929) But in all practical situations where the
scattering olectrons aro bound, the applicability of the Klein-Nishina thoory is
restricted 10 cases whore the momentum q transferred to the electron is laige
compared with the square root of the binding cnergy of the electron T thus
condition is not fulfilled, the meoherent scattering cross-section & reduced and
is obtained by multiplying the Klein-Nishina cross-soction by u factor S(q, Z),
called the meohorent scattering function. This function approaches umty in
gituations where the free-eloctron hypothesis is justified and vanishes m the othe:
extreme case of small momentum transfer Theoretical calculations of S(¢, Z)
have usually been carried out using various models for the atomic charge dis-
tribution. Of the various models used to describe the atomic charge distribution.
only two namely the Thomas-Fermi (1926, 1928) and Hartree-Fock-Slater (1928,
1930, 1951) models are imporient from the stand point of applicability and
aceuracy.

Experimental investigations on the incoherent scattering of gamma rays
aro relatively few. Generally two cxperimental methods are cmployed o study
the incoherent scattering process : the coincidence method and the subtraction
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method. In view of tho low coincidence counting rates involved. the experi-
mental accwacy attamable with the first method is, however, not adequate, the
associated arors ranging from 5 to 20%,  The second method consists of deter-
mimng the total atomic cross-sections by transmijssion cxperiments and sub-
tracting from it the thooretically computed contributions due to photoclectre,
colierent seattoring and pair production processes. The extracted incoherend
seatiormg crosa sections (op) can he divided by the respeetive free clectron
seatbormg cross-sections (o) computed from the Klein-Nishina formula to obtain
the meoherent scatbernng lunction (opfoy) By swtably sclocting the energy
region for cach cloment, reasonably good experimental accuracy can be attained
with this method  The previous investigations (Ramana Rao el ol 1965) are
confined to lunited onorgy and Z rogions only  Moreover, in these investigations
the subtracted theoretical cross-scetions are less accurate. Recently, improved
and moto aceurate theorotical cross sections (Scoficld, 1973; Storm & lsreal,
1970) have beon reported. Hence, m the present mvestigations. the boung
clectron meoherent scattering cross-soclions are extracted by using the subtrac-
tron bochmque vver a wide enorgy and Z regions.

2 EXPERIMENT

The total atomic cross sections are deternmuned in seven clements €, Al,
Cu, Ag, Sm, W and Pb at selocted photon encrgics in the energy region of 45

to 1115 keV by conducting transmission expermments m a good geometry sot-up |

(Lakshminarayana, 1961; Subrahmanya Reddi, 1973; Premchand, 197'3; Aruna
Prasad, 1975). A 35 cc co-axial Ge(Li) spoctromoter cquipped with a ND 512
channol analysor 18 employed as the photon detector. The crrors associated
with the total cross-soctions are about 1%, except in five casos using the element
samarium. In the ease of samarium which is used m the form of Sm,0, powdes .
the total eross sections are, howover, associated with an error of about 2%, The
bound electron mcoherent scattoring cross sections are extractod, by subtracting
the theoretical eross seetions from the measured total cross-sections The bound
to free electron cross soctions ratios (op/oy) are then formed. Photoclectric
cross-sections reported by Sfofiled (1973) and coherent and pair production
cross-sections tabulated by Storm & Israel (1970) are utilised for subtraction.
No errors are reported n the theoretical values of Coheroni scattoring cross-
seetions (Storm & Isracl, 1970). Moreover, the contribution’ duc to this effect
is vory small.  The error in the photoclectric cross-sections is of the order of
0.1% as roported by the author (Scoficld, 1973). Hence, the offect of errors in
the theoretical croms-vections of photoolectric process and coherent scattering
15 negligibly small. - Howover, this effect s also taken into consideration while
ostimating the error in the bound-clectron mcoherent scaltoring cross-section
as well as the mivgral incoherent scattering function (y/oy).
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3. RESULTS AND DIscUSsION

The experimental ratios and the theoretical ratios based on the Thomas-
Fermi (TF) and Hartroo-Fock-Slater (HFS) models are furnished in table 1
Tho ratio (opjoy) cnables a quantitative estimation of the influence of binding,
the deviation of this ratio from unity being a simple measure of it. Tt can be
soert from tabio 1 that (07p/07)erpt 3L (T5/0°7)theor sShow & progressive decrease with
increasing atomic number and decroasing energy in conformity with the expected
trend of varation

It can also be seen from tablo | that the ratios based on the HFS model,
show hotter agreement, in general, with the oxperimental ratios m low- and
medium-Z elements particularly in €, Al and Cu. This 18 bocause of the more
sophisticated nature of the HFS modol calculations. It can bo observed that
Dhoth the TF and HES models fail equally in the case of tungsten and lead Tl&u
is possibly duo to the fact that relativistic effocts which aro considered 1mportant
for hugh-Z cloments are neglected in hoth the models.
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