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ABSTRACT. A smple and practieal mothod 18 described by wlnch oleetron pair
enorgios from 2107 ev to 1012 ov can bo estimoted with suflicient relinbiity  Tho mntial
divergonee 15 allowed modification by the multiple coulomb scattering of the olecirons, and the
enorgy of the primary photon dorived from the ohsorved opening, which 15 diroetly moasurahle,
This method when apphod to a considerablo number of pars obtamod from elcctromagnetic
cuscados has boen shown to yield meanmgful results. The advantugos wnd limitetions of
the method are diseussed.

During the course of an investigation (Kumar, 1956; 1957-a, b; Aditya, 1959a,
b) on the phenomena of eleciromagnetic cascades at high cnergies, a simple
method has been used for estimating energy of electron pairs, and found to yield
reliablo results. TIn prineiple, the initial divergence of the pair and the subse-
quent multiple scattering of tho Lwo partners are both taken account of, so that
the energy of the materialising photon can be derived directly from the observed
opening of the pair. The influenco of mulliple scattoring on tho true opening of
a pair has been considered independently also by Lohrmann (1956) who concluded
that the observed divergence for pairs of enorgy i 1 Bev., is essentially deter-
mined by the multiple scattering. Koshiba et al, (1954) had also proposed to
discuss such an influence of the multiple scattering.

Using the method of energy estimation described below, some resulis on the
mean freo path for trident production have been recently publishod (T), where a
brief outlme of the method was given. In the present article we propose to dis-
cuss the principle alongwith the many approximations and assumptions involved
and enumerate the merits, demcrits and limitations of the method. The reliabi-
lity has already been checked (I) by comparing the cnergies so estimated with
those expected from using other methods.

When a photon materialises into a negaton-positon pair, the intermodiate
angle between the two partners is a function of the enorgy of the photon and of the
ratio of the shared energies. This angle is minimum when the two electrons
share the energy equally and increases with the disparity of the pair, the disparity
being defined as the ratio of the energy of the low energy electron to the energy
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of the photon. This opening of the pair may bo called its true opening and at a
certain distance from the origin of the pair, the separation due to it be denoted
a8 dp.

1t is well known that during passage through condensed matter, charged
particles undergo multiplo coulomb scattering the magnitude of which is a fune-
tion of the particle momenta. Since the irue opening is usually small (~10-3
radians for an energy~a fow Bev.,) the multiple scaitering is cxpected to lead
almost always to an increase of the true angle. For example, according to Baroni

4m—

et ol (1953) the probability that the angle is increased is ~ ;ﬂ_—u where ¢ is the
solid angle definod by the aperture of the pair. Let us denote this incroase in the
separation of the pair hy dg.

Consequently, the observed soparation is a resullant of the true opening
dp, and the subsequent separation due to scattering dg. Wo shall estimate d,p
and dg in order to find their relative magnitude at various distances from the
pair origin.

Stoarns (1949) has derived the root mean square value of the angle «, between
the electron and tho direction of the photon, so that in the case of cquipartition
of energy between the negaton and tho positon, the r.m.s., value of the truc
opening angle of the par is given as : °

_ omc? I
“””2_E' In et we (D)

For the electron rest mass, m == 0.5Mev., and photon energy cxpressed also in
Mev., eq., (1) gives

op, =~ 10/E )

for photons of energy from 1 Bev., to 100Bev. Following similar arguments,
Borsellino (1953) has derived the most probable value of the opening angle,
given as

4mc?

Op = —p= P e (3)
where ¢ = 1 for energy equipartition and ~ 1 even when the energy of one of -
the electrons 18 twice than the other. Substitution for m, and for the photon
energy in Mev., gives

Wy == 2[B . (4)

The energy found from Stearns’ relation (eq. 2) is seon 1o be about five times
that found by using Borsellino’s relation (eq.4). Since the latler gives the most
probable value, and that in the cnergy region upto ~ 200 Mev., the results of
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Hinterman (1954) suggest better accordance with Borsellino’s relation, we have
amongst many other workers, preferred to use this relation. Thus

Y

2
dye ot e (5)

where ¢ is the distance measured from the pair origin, and has the same units
a8 dy, say microns.

From tho theory of multiple scattering, it is known that when two electrons
of equal energy are mvolved, the mean relative scattering in t p, is given as

- - e
au® = Ayoou °. ( __t__) L9t e (6)

whore a,g,, denotes 1 degrees the mean scattering anglo per 1004, while 2! arisos
on account of the assumed equal scattering of the two electrons. For a photon
of energy E (in Mev.,) and equipartition as above,

Oygou = _E/‘2 = e (D)

where K, the scattering constant is taken — 26 for the wnts of « and £ mentioned
above. In view of the approximations involved in the method, much purpose
is not served by taking into account the variation of the scattering constant with
coll size. So that egs. (6) and (7), with

- _ds 180
g0 — % 18 ®)
lead to dy = L‘!;:'ﬁ o )

-where dg and {, are as usual 1 microns.

Equating dj from eq.(5) with dg from eq . (9), it is seen that the contribution
due to scattering s as much as that due to uutial divergence at a distance of
~250 p from tho pair origmy, while for all larger distances, dg predominates over
dp.  As an illustration let us consider the combmed effect of dp and dg on a pair
of 10 Bov. In figure 1., are plotted the curves between the expected separation
againgt distanco from origm. In addition to the curves for the original and scat-
tering corrected separations according to Borsellino’s and Stearns’ relation,
are included iwo curves, one showimg the contribution of multiple scattering
alone (curve 3) and another showing the separation expected according to Bor-
sellino’s relation for a par of energy 1 Bev., (curve 6). The close proximity
of curve 6, with the other curves for 10 Bev., indicates that withoul a suitable
correction for scattering, the opemng angle relations would lead mvanably to
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an underestimation of cnergy It is also evident, that as higher encrgies are
approached, it malkes little difference as to which one of the Borsellino’s or Stearns’
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Fig. 1. Expected sopuiation for w pair has boen plotted agninst the disfaneo from pair
origin. . For a 10 Bov, puir, curves 1and 2 show thoe separation accordmmg to {he relubions of
Borsellmo and Stewns, while corve 3 mdicates tho root mean squaro value ol the separn-
tion due to multaple seattonng alone,  Consoquontly. 4 and 5 wio the respoctave modified
cwrves,  Cutve 6, whieh wves Bowsellino’s separation for a 1 Bev., pan 18 meluded for
compiviIEOn.
relution is usod or may be that none of tho two ws essential, as has been concluded
by Lohrmanu (1955). However, simce no sharp cut off can be defined above
or bolow which either of the two contributions due to initial divergence or scat-
toring may be neglected, it appears advantageous to consider at all energies
the combined effect of instaal divergence and scatiering, so that none of the two
is deprived of its true,mmportance at various stages of energy and distance from
origin,

For various energics from 100 Mev., to 1000 Bov., curves between expected
separation and distance from pur origin were drawn in figure 1, of (I). Theso
curves eai, in short, be expressed in the form of an equation as :

E—6.d71, 4 we (10)
where & is in Bov., # in mm and d in g,

11 had heen formerly felt that in those cases, when the energy is so high as
to allow no measurement of the separation made within a few mm from the origin,
the measurements made at larger distances involved uncertainity due to radia-
tion losses, large single scatters and the presence of increasing number of secondary
phenomena. At the preseut stage, most of this difficulty can be overcome by
making use of the arguments described very recently by Weill (1959), according
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to whom the variation of iowsation along the combmed track can be used to
derive the separation belween the {wo partners.

The energies of 20 pairs inutiuting soft cascades, a number of associated pawrs
in the vicinuty of a high energy interaction (Kumar, 1958, Aditya, 1959-c) and the
secondary pairs of all these showors have been estimatod by this method. Results
in the very high region (Table 1, Aditya, 1959a) and the energy specirum of the
secondary electrons (figure 2, Aditya, 1959a) install confidence n the rolability of
the encrgies cstimated by this method. u the energy range, where the multiple
seattermg measurements are meawnngful, both theso methods yield idontical results.
There are howevor two factors that may point out the inaccuracy of the assump-
tions. Firstly, because of the separation due to relative scattermg having an
ran s., distribution, the most probable value shall not be as much as the r.m.s.,
separation, so that the mothod would lead to an overestimation of the pawr energy
Secondly, smee energy eyuipartition has been assumed, whenever onc of the elec-
trons has an energy much different from that of the other, the appheation of this
method 15 likely to underestimate the energy. It is expected that in most of
the cases these two factors might compensate for each other but 1t cannot be so
for all pairs. That 1s why, for an individual pair the method is not likely to give
in all cages the most ropresontative value for the energy. The probability consi-
dorations mentioned by Lohrmann (1955) would apply to the distribution of the
pawr geparation as a rosult of which large discrepancies have to be allowed for in
some cases. Inspite of thesc limitations, tho method has a few outstanding ad-
vantages. 1t is perhaps the most simple method and can be applied even to
those events which occur in tho stack under unfavourable geometrical condi-
tions such as steepness. Unloss one nceds to go very far from tho par origin,
which is not essential in most of the cases, tho influence of radiation losses is known
to be small. Provided the pair soparation is not directly measurable in the vici-
nity of the origm, it may be derived from the change of ionisation (Weill 1959).
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