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In contrast to chambers filled with neon, air and particles. F o r this purpose one of the electrodes of 

air-argon spark chambers [ 1 - 4 ] have a large each gap was insulated from the working gas by a 

Fig. 1. Circuit of a chamber with six discharge gaps : 
1 - metal electrode (Al); 2 - glass; 3 - metal foil. 

"memory . " This proper ty is very valuable in some 

cases, for example, if the control pulse is consider­

ably delayed for physical or technical reasons. An 

example is the experimental installation in which the 

spark chamber is combined with an ionization 

calorimeter and is control led by the pulse from the 

calorimeter. 

An impor tan t shor tcoming of air and air-argon 

chambers is the low recording efficiency of several 

particles, which is manifested, in part icular , when a 

single charged particle crosses a few gaps of a spark 

c h a m b e r : a b reakdown does not occur in all the 

gaps. In order that sparks form in each gap, it is 

necessary to "decouple" the gaps by means of 

resistances or inductances. 

In the present work an a t tempt is made to create 

an air-argon chamber capable of recording several 

dielectric layer (glass, ebonite), which limits the dis­

charge current and thereby prevents a rapid d r o p 

of the potential on the chamber plates [ 5 ] . 

Fig. 1 gives the circuit d iagram of a chamber 

consisting of six discharge gaps [ 5 ] : the working 

area of each electrode is 100 c m 2 , the interelectrode 

distance is 5 mm. The chamber was filled with the 

mixture 
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to a total pressure of 1 a tm. A voltage of 12 14 kV 

was applied to the igniter and two or three sections 

of it were switched on. The ou tpu t capaci tance of the 

igniter was abou t 3.000 farad. The chamber was 

triggered by 2-400 jusec-delayed pulses from triple 

coincidences of discharges in a telescope of Geiger-

Miiller counters . Under these condi t ions (measure-



ments were also performed for other parameters 
of the high-voltage pulse) upon the passage of one 
particle, bright sparks located close to the trajectory 
are created as a rule in all six gaps (Fig. 2). 

by the me thod of deviat ions [2, 4 ] : the spark 
coordina tes A + x2 x6 in each gap were mea­
sured and for each trajectory the deviat ions 

= x2 + x 5 - 2 A 3 . A 2 = A 2 ^ A 6 - 2 A 4 were 
calculated (see Fig. 3). 

It is obvious that the dis t r ibut ions of Aj and A 2 

are identical to that of A. If we denote the rms 
deviat ion of each spark from the trajectory by 
<>v, then 

Fig. 2. Pho tograph of a particle track in a 
spark chamber . 

Thus , owing to the dielectric the individual gaps 
are decoupled. The accuracy of localizing sparks for 
trajectories passing near the vertical was determined 

The his tograms of Fig. 3 give the A-distr ibutions 
for two values of the high-voltage pulse de lay: 
t 3 = 2 and 400 ^usec. Mos t of the cases group abou t 
small deviat ions A < 1 mm. but there are also small 
dis t r ibut ion "tails.** For a quant i ta t ive est imation 
of the deviat ions, the rms-values of A for 9 0 ° ( ) and 
9 5 ° ( ) of the cases involved in the h is tograms were 
calculated. Hence, the deva lue s of interest (given 
in the table) were determined from formula (1). By 
increasing the delay from 2 to 400 //sec, the rms-
value of SX somewhat increases in accordance with 
the expected increase due to diffusion of oxygen 
molecules (0.07 mm dur ing 400 //sec). Some decrease 
in the recording efficiency is observed as the delay 
increases, which cannot be a t t r ibuted to recombina­
tion of ions, to charge carriers leaving bv diffusion 

The rms deviat ions 6X are given with the statistical error . The measurement error is 0.03 mm. 
1/ is the recording efficiency of a single particle in one gap. It is given with the statistical error. 
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to the plates, or to the purifying effect of the pulse 
front. Apparent ly , as a result of collisions with air 
and alcohol molecules, part of the negative ions 
eventually transforms into heavier slow molecular 
aggregates which reduces the probabil i ty of electron 

Let us consider this problem in greater detail. 
The process of spark formation can be divided into 
three s tages: a) de tachment of an electron from a 
negative oxygen ion ; b) development of an electron 
ava lanche ; c] development of the avalanche into a 

Fig. 3. Dis t r ibut ion of A for two values of the high-voltage pulse delay: 

were also investigated. 
The cor responding results are given in the Table 

(see the bo t tom three lines). 
The efficiency of the chamber and the localization 

accuracy of the sparks are mainta ined if the percent­
age of oxygen remains the same as in the air-argon 
mixture, i.e., the chamber ' s " m e m o r y " is determined 
by the a m o u n t of oxygen in the working mixture. 

Of great , interest is the quest ion of the ac­
curacy for inclined trajectories. The rms deviation 
of sparks for an angle of 25 was found to be 
SX = 0.37 + 0.06 mm. This result shows that not all 
negative "centers" appear ing on the path of a 
particle initiate sparks with the same probabil i tv. 
As a rule, sparks are formed only in a small region 
of the spark g a p ; most likely this region is adjacent 
to the negative electrode. 

conduct ing s t reamer channel which shorts both 
electrodes. 

Let us denote the dura t ions of each stage by 
Tir Th, and 7^ and the fluctuations of these quanti t ies 
by tLV th* and fc, respectively. 

If the place of formation of a spark b reakdown 
were determined by the fluctuations ta or tb, then 
the rms deviation SX would be considerably larger 
than that experimental ly observed (0.37 mm). 

Hence we conclude that the t ime Tc depends on 
the place of formation of the avalanche and it has 
the smallest value for avalanches initiated by 
electrons appear ing near the negative electrode. 

The quest ion now ar ises : does a dielectric have a 
decoupling effect between sparks in one gap and 
can the chamber record several particles? The 
preliminary da ta we are presenting were partly 
obtained in the above described chamber , whereas 
the major por t ion was obta ined in a larger chamber 
(9 gaps with a height of 7 mm each, electrode 
area 20 x 30 c m 2 , 2 mm thick eboni te dielectric, 
igniter ou tpu t capaci tance of abou t 4.000 farad, 
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str ipping in the electric field of the high-voltage 
pulse. 

Besides an air-argon mixture, mixtures of 



voltage of 50 kV, 20JJR inductanee L connected in 

place of the resistance R). Cases of 2 and 3 particles 

passing th rough the chamber were chosen. Usually, 

two or three trajectories are respectively observed 

relatively impor tan t role of fluctuations dur ing 
spark formation. 

Thus , ou r prel iminary da ta show that the air-
a rgon chamber with a dielectric has a relatively 

Fig. 4. Spark dis t r ibut ions upon the passage of two (a,h) or three particles (c). 

high shower efficiency. The same chamber without a 
dielectric yields a low recording efficiency, even for 
single particles. 
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