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Recently two papers appeared con-
cerning ionization caused by electron
pairs of very high energy near their ori-
gins. A. E. Cupakov (1) estimated theo-
retically the reduction of ionization
caused by an electron pair (as compared
with ionization produced by two part-
icles separately) on the length on which
the separation between negaton and po-
siton is smaller than the maximum value
of the interaction radius for ionization.
Assuming for this value 5-10-7 cm and
neglecting the influence of the relative
scattering of the two particles A. E.
('upaxov obtained a formula from which
follows that for energies of pairs of some
10" eV we can expect measurable effects
of reduction of ionization on distances of
some hundreds microns. Quite inde-
pendently from Cupakov, D. H. PEr-
KINS (%) following a suggestion of D. T.
Kixng (1950) (*) made ionization measu-
rements on a number of electron pair
tracks with energies of ~ 1011eV. It
follows from his measurements that for
pairs of this order of magnitude this

) A. K. Cupagov: Izw. Akad. Nauk

USSR Ser. fiz., 19, 651 (1955).

() D. H. PERKINS: Phil. Mag., 46, 1146
(1955).

(*) Unpublished.

effect is measurable for distances <100pm
from the origin of the pair. In conse-
quence of poor statistics on such length
it was only possible to measure this
effect as a mean effect for several pairs.
PERKINS has performed these measure-
ments for 7 pairs.

The aim of this letter is to report
measurements of ionization on a single
pair of energy probably higher than the
pairs of PERKINS. The pair under dis-
cussion is the beginning of a large elec-
tron-photon cascade which at the dis-
stance of ~ 2.5 cascade units contains
~ 70 tracks of electrons of energies higher
than 108 eV, from what we get roughly
for the energy of the first pair some
10 eV (3). On a length of 9540 um the
track ‘is single. At this distance from
the origin, an apparent trident of high
energy is generated and the four par-
ticles form a single track for further se-

() A. JURAK, M. MiEsowIcz, O. STANISZ
and W. WoLrER: Bull. de I’Acad. Pol., C1, III,
369 (1955); M. Migsowicz, W. WOLTER and
O. STANISZ: communicated at the Piga Con-
ference, Junc 1953.

Added in proof; The recent analisis of the
clectrons energy spectrum at the depth 2.5 c. u
give for the energy of primary photons the
value (70%3%).101 eV,
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veral hundreds microns. We could only
estimate the upper limit of the value of
the projected angle of this pair as
1.7-10-5 radians. Information about
the energy of such pairs is very limited.
We are able to measure only the projected
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~ 10" ¢V, which seems to be very under-
estimated.

As the measure of ionization we have
taken the coefficient g of the exponential
distribution of gap lengths after FowLer

and Prrwixs (8). This distribution is
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Fig. 1. — Gap length distributions on tracks of: a) a relativistic electron (plateau); b) the investi-
gated pair (0260 um); ¢) the investigated pair (260+ 1560 pm).

angle of the pair. Besides, for distances
of ~1mm from the origin of the pair
the separation of the electron tracks is
essentially determined by multiple scat-
tering (LOHRMANN (4)). In any case it
is very probable that the opening angle
of our pair is smaller than the value
mentioned above. Assuming the equi-
partition of the energy we get from the
formula of BORSELLINO (5) as a lower
limit for the energy of the pair the value

(*) BE. LOHRMANN: Nuovo Cimento, 2, 1029

(1955).
(¢) A. BORSELLINO: Phys. Rev., 89, 1023

{1953).

given as H=B ¢ where H is the den-
sity of gaps of length greater than [
and B iy the blob density. The gap
lengths were measured with a filar miero-
meter. There were carried out the fol-
lowing measurements of the distribution
of gap lengths:

(a) For a relativistic electron (pla-
teau) on the length of 1040 pm.

(b) for the investigated pair on the
first segment of 260 um from the origin
of the pair.

¢y P. H. FowLER and D. H. PERKINS:
Phil. Mag., 46, 587 (1955).
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(¢) For the investigated pair in
the segment of track between 260 and
1560 um.

These distributions are shown on
Fig. 1.

The investigated tracks were so long
as compared with the «dip» that the
gap length could be measured simply
along the track. From these measure-
ments the following values for the coef-
ficient ¢ of exponential gap length distri-
bution ean be obtained:

g-values per seale division (==0.065 pm)

Relativistic electron

021 +0.
(platean) 0.021+0.001

High energy pair near

the origin (0260 ym) 0.028 +0.004

High energy pair far
from the origin
(260 +1560 wm)

0.039 +-0.002

The values of errors are caleulated
as 1/4/N, where N, is the number of
blobs. In order to examine whether the
g values were not influenced by local
differences in development of the emul-
gion, control measurements of ¢ were
carried out for a long relativistic track
nearly parallel to the track of the pair
at a distance of ~ 50 um on a length
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of ~ 1000 pum including the neighbour-
hood of the pair origin. On all segments
of the track of 260 pm length, the same
value of ¢ was obtained within the
limits of statistical errors. On Fig. 2.
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Fig. 2. - the values of g determined on two
gegments of track; —+—-— the values g, (plateau
ionization) and 2g,; ... the curves of Cudakov

for opening angle of the pair 4= 10~% and
# = 10~° radians.

are given the values of g for two segments
of the pair. On the same figure the
curves of Cupakov for opening angles
#=10-% and $=10-¢ radians are shown.
If the observed effect of the diminishing
of ionization near the origin of the pair
is really caused by the unlike charges
of negaton and positon then we can use
this effect for the estimation of the open-
ing angle of the pair which is very valuable
because of difficulties in measurements
of this angle in any other way. It follows
from Fig. 2 that the value obtained in
this way for the opening angle does not
contradict with the value estimate from
the energy development of the cascade
and the Borsellino formula.



