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ABSTRACT. Obsorvations have boon made on the onergy spectrum of photons of opergy
grouter than 30 MeV onutted by bremsstrahlung from high onergy electrons of 1011 ¢V to
1012 oV. Thus obsorvation 1s of importance from the pownt of view of chocking the mfljenco

of tho donsity of the modium. No significant doparture from the conventional l,haury‘ Las
boon observed. \

INTRODUCTION

In the past few years, a new aspeet of the electrodynamic theory of radiation
has evolved from the theoretical prediction of the Russian physicists Landau and
Pomeranchuk (1953) and Ter-Mikaclyan (1954), according {0 whom the probabi-
lity of bremsstrahlung of low encrgy photons depends upon the density of the
medmum  In the conventional theory due to Bethe and Heitler (Hetler, 1954)
there it no such dependence. According to the new effect, abbreviated as L-P-T,
the cross section for the emussion of Jow energy photons is predicted to decrease
in media of higher density, as higher initial energies for the primary electron are
approached. This influence vesults from the multiple scattering of the electron
and due to the polarisation of the medium  On the basis of quantum mechanical
consderations, Migdal (1957) has worked out the details of the effect. Curves
suitable for comparison with experiment havo heen given by Varfolomeev et al
(1968, 1959)*

Nuclear emulsions have a density of ~ 4 g.cn-3 and electromagnetic cas-
cades initiated by 1solated elecirons or photons and by the photons from the 7°-
mesons croated in very high energy wmteractions are readily available. Tor
primary electron encrgies greater than or ~ 10! oV gnd secondary electron
pairs duc 1o photons of a few MeV, one expects to check the validity of the
theoretical predictions. This article is meant to describe the results of our
work and discuss these in the light of the other results available on the subject.

* Thanks are duo to Prof Yarfol v for the ication of the preprint
and the roprint,
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STATEMENT OF THE PR()BLE]\‘[

Tt is important to consider the problem in the light of the experimental ob-
servations that can be made. One normally observes a soft shower and obtains
its energy from parameters that involve the growth of the shower which is derived
from the longitudinal development as given by the cascade theory or from the
lateral spread (Pinkau, 1956). Therc are also alternative methads such as the
suppression of ionisation near pair origin (Twadare 1958) or the true opening angle
of the pair (Lohrmann 1955; Aditya 1969 a). The second problem s to detect
the secondary pairs and determine the encrgy of each one of them. When both
these quantities are known, the theory can in principle be put to Lest.

Tt is well known that the intrinsic fluctuations (Aditya 1959 b) involved in the
nature of the processes do not always permit a precise estimation of the primary
cnergy. Results derived from one or a smaller number of cascades are thus subject
to uncertamtics This limitation can he overcome to a great extent by collecting
together a large number of cascades of about the same encrgy. Another factor
that plays a decisive role, 18 the probability for the detection of low energy electron
pairs. In nuclear emulsions the critical energy iy ~ 20 MeV so that one s
not hkely to detect pawrs of cnergy smaller than this value with as good an
efficiency as the high cnergy pairs. The detection efficiency is strongly dependent
upon the oxperimental conditions of observation,

There is yet another factor that influences our conclusions on the cffect,
as follows *  The lack of low energy pairs 1s strongly dependent on the prunary
cnergy, so that one would bike to take account of only the first. generation puirs
due to the bremsstrahlung from the primary electron and not those created from
the secondary” electrons This distinction between the pairs of the various
generations is not straightforward, but has been attempted hy some workers
(Benisz et al., 1959; Fenyves et al., 1959). Tn such a procedure there is a POsKi-
bility of introducing a bias towards the removal of more low energy puirs than the
high energy one's. 1n the hight of the considerations given above, the results of
the present investigation arc given.

EXPERIMENTAL DETATILS

Out of a large number of soft showers picked out from two stacks of stripped
emulsions exposed in the stratosphere (Aditys 1959 c), 17 cascades have been selec-
ted, tho criteria for selection being good conditions of cxperimental ohservation
There is apparently no bias likely to affect the conclusions on the subject. 3
cascades are associated with a nuclear disintegration (Aditya 1959 d), Sare initiatod
presumably by a single clectron entering the stack and 9 originate from a single
pair. In cach case the development has been normalised to a primary electron
und the cascades grouped into two bunches : high energy (650, 625, 550, 500.
500, 475, 350, 326)and low energy (250, 225, 200, 125, 50, 50, 40, 40, 40) groups.
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The figures in the hrackets give for each cascade the onergy per electron in
GeV. 1n the case of cascades initiated by a pair, the energy has been assumed
to have been equipartitioned bhetween the two electrons. These energies have
m most of the cases been determined by the application of different procedures
and the most probable value estimated The individual errors n the energy
cstimution are expected to have been smoothed out as the cascades of about the
same cneigy have heen grouped together.

In order to keep the detection efficiency presumably constant over the entire
energy region, we have not attempted to consider the cloctron pairs of energy
loss than 30 MeV  The vesulting energy spectrum up to a distance of 15 cascade
unit has heen plotted m the Figs. la and 1h, for the two encrgy intervals
The expected curves for the Bethe-Heitler and Migdal caleulations have been
included for comparson  We have made no attempt to separate the pairs of
various generations on account of the reasons already mentioned. In orfl(‘r
10 decreuse the mfluence of the pairs of further generations, the nees hL]'n(‘!\'lfﬂ
have been limited to only the tirst 1 5 cascade unit from the origin . 3
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¥Fig. 1. Enorgy spoctrum for clectron pairs observed over tho fiist 1.5 cusendo Jongih,
Tho lowes Inmt for aceaptublo pair enorgy has been set at 30 MeV (soo toxt)
(w) 9 cusendos of median oneigy 50 (h) 8 cascades of madsan onergy 500
GoV per electron. GeV per clectron.

T'vom the figuro, it may be scen that subject to the experimental fluctuation
a conclusive statement might not be made m favour or against oge or the other
theory. Smee our ehergies are not extremely high, allowance has to he made
for the possibility of the suppression being genuine at higher energies, there being
no measurable departure up to ~ 500 GeV energy for primary electrons.

DISCUSSION

It appears useful to compare our results with those of other workers m the
field, Varfolomeov et al., (1958, 1959), have studied the spectra for primary
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energies from 10! eV {0 101% V. and secondary pait energics up to 1.5 MeV, They
have found a significant depurture from the Bethe-Heitler theory and agreement
with L-P-T. Tt is worth considering that their lower linnt of ~ 1 MeV 1s too low
to guarantee uniform detection efficiency over the entire range.  In view of this
it may not be fair to consider their measurements as having estabhished the exis-
tence of the effect.

The sccond investigation is thut of the Polish group (Benisz ef al.. 1959)
who have studied 4 photon-imtiated cascades out. of which three are associnted
with a high energy disintegration and the fourth one is that of Miesowicz et al.,
(1957).  The mean encrgy per clectron is ~ 500 GeV. and they have attempted
at the separation of the pairs of the first generation from the rest.  The lack of
low energy pars might well be accounted for the introduced bias. 'Their encrgy
regon is the same as ours and smee our statisties 1s relatively larger with no efieet
observed, 1t may be concluded that the effect if present at these energies is not at
least of the order suggested by T.-P-T.

There is yet another work Ly the Czech-Hungary group (Fenyves et al.. 1959)
in which they have studied the energy spectrum np to 1.5 cascade nnit tor a cas-
cade mitiated by a photon of <2000 GeV  Tuspite of the fact that this energy
is farrly high (in fact higher than our energies and of Bemnsz ef al.) no departure
has been noted.  The authors have attempted at the separation of the various
generation pairs and still observed no divergence {from the conventional theory.

In view ol the present mvestigation and of the mvestigation of other workers
mentioned above, it may be concluded that the deercase of bremsstrahlung cross
section for Jow energy photons is not appreciable. This work howevor does not
prove whether the departure would exist at higher energies.

After this work had heon fimshed, the results of the Bristol group (Fowler
el al., 1959) have come to our notace*  The method js based upon measurmg the
average istance of materiahsation of the first pair for two groups of cascades
of different cnergies. Fronmi the distribution ol theso distances and the mean
value for two groups of primary encrgy 10" ¢V and 10" ¢V, they found better
agreement with L-P-T than with B-H. Their encrgy of 10 ¢V per clectron is
much higher than most of the other investigations and in view of the large statistics
give ovidence on the existence of the effect at 1012 ¢V. The actual magnitude

of the suppression, whether it is as much as predicted, will have to he determined
from the availability of larger statistics.

*Thanks aro due 1o Professor M. G K. Menon for pomnting out this paper at the
Ahmedabad Symposium, where these results were reported: Annual Cosmic Ray
Symposium of tho Depuartment of Atomic Encrgy, March 1969.
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