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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. (~UDAKOV (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 smsller 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. 
(~UDAKOV 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 tmndreds microns. Quite inde- 
pendently from (~UDAKOV, D .  H .  P E R -  

KINS (2) following a suggestion of D. T. 
KIN(~ (1950) (*) made ionization measu- 
rements on a number of electron pair 
tracks with energies of ~ 101~ eV. I t  
follows from his measurements that  for 
pairs of this order of magnitude this 

(1) A. E. ~UD)~KOV : Izw. Akad. Nauk 
USSR Ser. ]iz., 19, 651 (1955). 

(~) D. H. PERKINS: Phil . .1fag. ,  46, 1146 
(1955). 

(*) Unpubl ished .  

effect is measurable for distances ~< 100 ~m 
from the origin of the pair. In conse- 
quence of poor statistics on such length 
it was only possible to measure thi~ 
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 l0 s eV, from what we get roughly 
for the energy of the first pair some 
1011eV (3). On a length of 9540 izm the 
track is  single. At this distance from 
the origin, an apparent tr ident of high 
energy is generated and the four par- 
ticles form a single track for further se- 

(3) A. JURAK, ~I. MIDSOWlCZ, O. ~TANISZ 
and W. WOLTER: Bull. de l'Aead. Pol., C1. I I I ,  
369 {1955); M. MI~SowIoz, W. WOLTER and  
O. ST.~N]SZ: communica ted  a t  the  P i sa  Con- 
ference, June  1955. 

Added in prool; The recent  ana l t s i s  of the  
e lec t rons  ene rgy  spect rum a t  the  d e p t h  2.5 e. u 
give for the  energy  of p r i m a r y  pho tons  thc~ 
value  (TO+_~a:~).1011 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 

--~ 1011 eV, 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 PERKINS (e). This distribution is 
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GAP LENGTH IN 5 C I L E  O / V I S I O N S  ( O I V  = O. O 6 5 y m  ) 
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a )  a r e l a t i v i s t i c  e l e c t r o n  ( p l a t e a u ) ;  b) t h e  i n v e s t i -  

i n v e s t i g a t e d  p a i r  ( 260+  1 560 ~ m ) .  

angle of the pair. Besides, for distances 
of ~ 1 mm from the origin of the pair 
the separation of the electron tracks is 
essentially determined by multiple scat- 
tering (LOHR~ANN (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 B O R S E L L I N O  (5) aS  a lower 
limit for the energy of the pair the vahIe 

(~) E .  LOItRMANN: NUOVO Oimento, 2, 1029 

(1955) .  
(5) A .  BOI~qELLINO: Phys. Rev., 89,  1023 

(1953) .  

given as F [ = B ' e  -g~ where H is the den- 
sity of gaps of length greater than l 
and B is the blob density. The gap 
lengths were measured with a filar micro- 
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 ~m. 

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

(a) P .  H .  FOWLER a n d  D.  H .  PERKINS:  
Phil. Mag., 46, 587 (1955).  
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(c) For the investigated pair in 
the segment of track between 260 and 
1 560 Fm. 

These distributions are shown on 
Fig. 1. 

The investigated tracks were so long 
as compared with the (~ dip ~> that  the g 
gap length could be measured simply a04 
along the track. From these measure- 

023 
ments the following values for the coef- 
ficient g of exponential gap length distri- 022 
bution can be obtained: 

0.01 

values s o . e  division < : 0  0 , , , m /  

Relativistic electron 
0.021 • 

(plateau) 

High energy pair near 
0.028 ~0.004 

the origin (0--260 Fm) 

High energy pair far 
from the origin 0.039• 
(260--1560 Fm) 

The values of errors are calculated 
as 1 / ~ / ~  where N 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- 
sion, control measurements of g were 
carried out for a long relativistic track 
nearly parallel to the track of the pair 
at a distance of ~ 50~zm on a length 

of ~ 1000 Fm including the neighbour-  
hood of the pair origin. On all segments  
of the track of 260 Fm length, the same 
value of g was obtained within the 
limits of statistical errors. On Fig. 2. 
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F i g .  2. - t i l e  v a l u e s  of g d e t e r m i n e d  o n  t w o  
s e g m e n t s  of t r a c k ;  . . . . .  t h e  v a l u e s  g0 ( p l a t e a u  

i o n i z a t i o n )  a n d  2g0; . . . .  t h e  c u r v e s  of ( ~ u d a k o v  
for  o p e n i n g  a n g l e  of  t h e  p a i r  O =  10 - s  a n d  

= 10 -~ r a d i a n s .  

are given the values of g for two segments 
of the pair. On the same figure the 
curves of ~UDAKOV for opening angles 
# = 1 0  -5 and ~ = 1 0  -~ 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. I t  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. 


