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The principle of operation of a new charged particle detector, the track spark chamber, is 
based on termination of the streamer discharges induced by primary electrons at an early 
stage of development. In this case the particle tracks can be discerned by the luminous 
centers along the particle trajectory. In contrast to the familiar spark chambers, the track 
spark chamber possesses isotropic properties in the sense that it records in space particles 
moving in any direction with respect to the electric field. The characteristics of a 100 x 60 
x 19 em operating track chamber have been studied. A statistical model of development of 
the luminous centers is proposed for explaining the operation of the track chamber. The 
conclusions based on this model are in satisfactory agreement with the experimental results. 

THE rapid development of experimental work in 
the field of high energy particle physics has neces
sitated the creation of new types of charged parti
cle detectors. One of these detectors is the spark 
chamber, first suggested by Fukui and Miyamoto[1J, 
various modifications of which have found wide 
application in experimental physics. At present 
many design variations of spark chambers have 
been developed [ 2 •3]; however, the principles of 
their operation remain the same as in the first 
work of Fukui and Miyamoto. These authors 
studied spark chambers in two regimes: when the 
charged particle is moving in the direction of the 
electric field, and perpendicular to the electric 
field. In the first case, if definite conditions are 
fulfilled, the spark discharge follows the particle 
trajectory; in the second case, spark discharges 
produced by the electrons in the particle track 
extend from one chamber wall to the other. If we 
photograph the chamber along the electric field, 
the discharges give an image of the track con
sisting of its projection on the chamber wall. In 
the future we will designate the first regime as 
"track following," and the second as "projection." 

In the first regime, a single spark, following a 
particle trajectory, arises from the joining of 
showers created by neighboring electrons in the 
track[t]. For this reason, first, chambers opera
ting in this regime have a poor efficiency for 
counting particles which make an angle of more 
than 40° to the electric field direction, and second, 
fluctuation in shower development and loss of 

1>This work was reported at the All-union Conference 
on Cosmic Rays, Moscow, October, 1963. 
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primary electrons (by attachment to impurity 
molecules, and recombination) can produce dis
tortion of the track as a whole. Furthermore, 
great technical difficulties are encountered in ob
taining tracks a meter or more in length, which is 
essential for accurate momentum measurements 
of high energy particles in a magnetic field. A 
chamber in the projection regime is free from 
these deficiencies. However, while we have satis
factory accuracy in determining a particle trajec
tory in the plane of the electrodes, the location of 
the track in the electric field direction remains 
undetermined. 

We have achieved, for the first time, a dis
tinctly new regime of spark chamber operation 
which we have proposed to call the ''track 
regime." In our earlier papers[ 4, 5J we desig
nated the apparatus based on this principle as a 
"track spark chamber," since on the one hand it 
is a true track detector, and on the other hand it 
is a further development of the spark chamber. 2> 

A track spark chamber records equally well 
particles moving at any angle to the electric field. 
In contrast to other types of spark chambers, the 
development of the streamers in a track chamber 
is terminated at an early stage as a result of the 
short duration of the high-voltage pulse, and the 
particle tracks are obtained in the form of lumi
nous columns or centers, oriented along the elec
tric field and distributed along the particle trajec
tory. The extension of the centers along the 

2) A similar regime has been achieved by B. A. Dolgoshern 
and B.I. Luchkov (reported at the All-union Cosmic Ray 
Conference, October, 1963). 
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electric field is a few millimeters, and the 
diameter in the plane of the electrodes is 1.6 mm. 

Long tracks can easily be obtained in a track 
chamber. The track chamber's ability to repro
duce particle tracks in space with good resolution, 
together with its ability to record equally well both 
single particles and large groups of particles, and 
also particles arising in the chamber volume, 
makes it an extremely promising instrument for 
study of a broad field of problems in high energy 
elementary-particle physics. 

In this paper we present the results of a study 
of the properties and operating mechanisms of the 
track chamber. 

1. EXPERIMENTAL ARRANGEMENT 

The experimental arrangement used in this 
work is shown in Fig. 1. It is similar to that de
scribed by us earlier[ 4,s]. The main element of 
the track chamber is a 100 x 60 x 19 em glass 
container evacuated to a pressure of ~ 1 mm Hg 
and filled with 1 atm of neon. The evacuation and 
filling were carried out in a metal enclosure. 

FIG. 1. Schematic view of the experimental apparatus 
(in two projections): 1,2) Geiger-Muller counters, 3) mesh 
electrodes, 4) glass vessel, filled with neon, 5) shunting 
spark gap. 

Grids of 0.1 mm copper wire are used as trans
parent electrodes. The 200 kV pulse with a rise 
time of ( 1.5-2) X 10-8 SeC Which feeds the cham
ber is developed by a Marx-type generator with 
an equivalent capacitance of 2000 pF. The pulse 
length was adjusted by changing the spacing of the 
shunting spark gap. The chamber was controlled 
by counters connected in coincidence. A delay 
circuit connected between the coincidence circuit 
and the modulator which triggered the pulse gen
erator allowed changing the time T d between the 
particle's passage through the apparatus and the 
pulse supplied to the track chamber over the 

range 1-200 JJ.Sec. Photography of the tracks 
was carried out by a stereo camera through a 
transparent electrode and by another camera 
through a side wall of the chamber. 

2. EXPERIMENTAL RESULTS AND DISCUSSION 

Examination of the photographs obtained through 
the side wall of the chamber (Fig. 2) shows that 
for long durations of the high voltage pulse 
( ~ 10-7 sec), the discharges are distributed from 
electrode to electrode (Fig. 2a) and are of the 
brush type with a vertex at the location of the 
primary electron. Decreasing the pulse length 
results in separation of the discharges from the 
chamber walls and their localization in the gas 
volume (Fig. 2b). 

By further decrease in pulse length to ~ 5 
x 10-8 sec we can reach a condition where the 
streamers have the form of short lines a few mil
limeters in length. This is the "track'' regime. 
Here the track is a series of luminous centers 
distributed along the particle trajectory, and the 
chamber reproduces in three dimensions the 
tracks of particles moving at any angle with re
spect to the electric field. The streamer bright
ness is greater in the electric field direction and 
is sufficient for obtaining high quality stereo 
photographs with Type P-10-1000 film and an 
aperture of f/1.5. Further decrease in the pulse 
length leads to disappearance of the centers. 

The pulse length for which the "track" regime 
exists can be varied over a very narrow interval 
of several nanoseconds. In order of magnitude 
this interval is 5 -10~ of the time necessary for 
development of the electron shower and its transi
tion to a streamer. For a decrease in the high
voltage pulse amplitude, it is necessary to extend 
the pulse duration, and for an increase in ampli
tude, to shorten it. 

All this imposes very severe requirements on 
the shaping of the high voltage pulse. For a pulse 
shape determined by an RC network, it is difficult 
to achieve equally good recording of single parti
cles and groups of particles. If the chamber is 
adjusted to the track regime for a single particle, 
then for a large group of particles the rather in
significant voltage drop in the stray inductance re
sults in very faint tracks for the shower particles. 
On the other hand when the chamber is adjusted to 
the track regime for a large group of particles, 
the streamers for a single particle will be over
developed. The method of pulse shaping by means 
of the shunting spark gap is free from these 
troubles. For the passage of a group of particles, 
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FIG. 2. Photographs of charged particle tracks in 
the spark chamber, taken through a side wall: a) for 
a high voltage pulse length of 10-7 sec, b) for a high 
voltage pulse length of "-'5 x 10-• sec (still not short 
enough to obtain the track regime). 

FIG. 3. Stereo photograph of the track of a single 
particle with the chamber operated in the track re
gime. 

the slump in the high voltage pulse is automatically 
compensated by the lengthening of the pulse as a 
consequence of the increased delay in the spark 
gap breakdown. In operation with a shunting spark 
gap, high quality tracks are obtained in the cham
ber both for single particles (Fig. 3) and for 
groups of particles (Fig. 4). 

Analysis of the stereo photographs by the 
method of measuring parallax has shown that the 
track coordinates in the electric field direction 
can be determined with an accuracy of a few milli
meters. 

We have investigated the various characteristics 
of track chambers, including the number of lumi
nous centers, the width of the centers, and the 
root-mean-square deviation of the centers from 

the true trajectory, as a function of the delay time 
between the particle passage and the time of appli
cation of the high voltage pulse. 

Good tracks are obtained in a track chamber 
over the range of delays studied by us, from 1 to 
200 1-1sec. With increasing delay the brightness of 
the luminous centers decreases, and for obtaining 
good tracks it is necessary to increase somewhat 
the width of the high voltage pulse. Thus, for ex
ample, for an increase in the delay up to 200 1-1sec, 
the pulse length must be increased by about 5% in 
comparison with short delays of the order of 1 
J.J.Sec. 

The width of the centers for small delays fluc
tuates slightly, and the mean value of the diameter 
of the centers is 1.6 mm at a delay Td = 1 1-1sec. 
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With an increase in delay the fluctuation in the 
diameter of the centers increases somewhat, and 
the number of luminous centers per unit path 
length grows very slowly. With a change of delay 
from 1 to 200 J.J-Sec, the number of centers in 1 em 
of track length changes from 1.4 to 2.8, and it is 
more than an order of magnitude less than the 
number of primary electrons, which in neon (at a 
pressure of 1 atm and for minimum ionization) is 
approximately 30. The observed discrepancy can
not be explained by the decrease in the number of 
primary electrons due to their attachment to im
purity molecules. A mass spectroscopic analysis 
of a sample of gas taken from a chamber six months 
after its filling shows the presence in it of 0.1% of 
air (other impurities are absent). Under these 
conditions the mean lifetime of an electron up to 
its capture by impurities is about 10-3 sec, and the 
loss of electrons in a period of 200 J.J-Sec is only 
20% of the initial number of electrons. For 
smaller delay time this effect plays a still 
smaller role. 

The small number of luminous centers can be 
explained simply by the fact that a streamer in
hibits the development of showers which are close 
to it. In fact, let us consider a small region con
taining several primary electrons of the track. 
After application of the electric field, the showers 
initiated by these electrons begin to develop. Aa a 
result of fluctuations, one of them will reach the 
critical dimensions sooner than the others and will 
develop into a streamer. Then the field produced 
by the space charge of the streamer reduces the 
strength of the external field in its vicinity, which 
leads to a "freezing" of the development of 

FIG. 4. Stereo photograph of a shower of parti
cles with the chamber operated in the track regime. 

showers from neighboring electrons [s]. Thus, 
there must exist a definite distance r 0, closer 
than which only one of several growing showers 
can develop into a streamer. 

For very large delays, Td = 200 J.J-Sec, the root
mean-square deviation a of the luminous centers 
(from a particle trajectory reproduced by many 
points of the track) agrees with the deviation of 
the primary electrons expected from diffusion. 
For a delay of 1 JJ.Sec, a= 0.3 mm, which is two 
times less than the value resulting from diffusion 
of the primary electrons. The fact that for very 
small delays the luminous centers are distributed 
very close to the trajectory of a particle is very 
important for measurement of its momentum in a 
magnetic field. For a delay T d = 1J.J-sec, the 
natural curvature of the track due to deviation of 
the luminous centers from the particle trajectory 
corresponds to a maximum measureable momen
tum of about 400 BeV /c (for a field intensity of 
104 Oe, a track length of 100 em, and measurement 
of 140 points). In Fig. 5 are plotted experimen
tally determined values of a for delay times Td 

of 1-llJ.J-sec. The errors shown correspond to 
two standard deviations. The solid curve corre
sponds to the diffusion of electrons in neon for a 
diffusion coefficient D = 2 x 103 cm 2/sec. 

It can be seen from Fig. 5 that the experimental 
points fall below the diffusion curve, and that the 
discrepancy cannot be explained by the experimen
tal errors. The cause of disagreement lies in the 
mechanism of operation of the track chamber and 
indicates, apparently, that for small delay times 
the principal role in the creation of the luminous 
centars is played not by individual electrons of the 
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FIG. 5. Root-mean-square values of the deviation of the 
luminous centers from the particle trajectory, as a function 
of rd: 11-experimental values (the errors shown are equal to 
two standard deviations), 0- theoretical value for a group 
of electrons with a multiplicity of 3.9. 

track but by their combined action. Therefore 
there must exist some definite distance r 1 < r 0, 

such that if the distance between the primary elec
trons is less than r 1, the showers initiated by 
these electrons are joined and create a single 
streamer. The lateral dimension in which 99% of 
the electrons of a shower are located, before its 
transition to a streamer, is very close to the 
width of the luminous centers, and therefore it is 
reasonable to assume that r 1 is equal to the lateral 
dimension of the luminous centers. 

Proceeding from the above, it is possible to 
imagine a general picture of the development of 
the luminous centers in the following way: After 
the passage of the particle through the track 
chamber and the application of the high voltage 
pulse, the primary electrons created by the parti
cle initiate Townsend showers. Townsend showers 
which have reached a definite stage of development, 
when the field created by their space charge be
comes comparable with the external field, transfer 
to a streamer[7J. However, the number of 
streamers arising will be less than the number of 
primary electrons, since, on account of fluctua
tions in the development, one of the showers will 
transfer to a streamer earlier than the others and 
then, by the field of its space charge, will inhibit 
the development of showers arising inside a cer
tain region and will make it impossible for them to 
develop into streamers. Furthermore, since the 
condition for transfer of a shower to a streamer 
is related to a definite critical number of electrons 
in its ''head,'' then two or more showers located 
sufficiently close together can create a single con
dition for streamer development, that is, a 
streamer can arise as the result of the develop
ment of two or more closely spaced showers. It is 
obvious that a streamer created by such combined 
showers will arise earlier than a streamer created 

by a single shower, and, since the probability of 
joining of showers is much greater in the center 
of the particle track than at its edges, the devia
tion of the streamers from the particle trajectory 
will be less than the deviation of the primary elec
trons due to diffusion. The streamers which arise 
develop very rapidly in the electric field and be
come visible a few nanoseconds after their initia
tion. The development of the streamers is termi
nated by the sharp drop in the electric field, and the 
particle track is a succession of luminous centers, 
streamers located in the particle trajectory. 

Thus, we see that the process of development 
of a visible track in a track chamber is a very 
complex process, in which an important part is 
played by a different mode of interaction of 
showers and also by fluctuations in their develop
ment. Construction of an exact, quantitative theory 
of this process at the present time is not possible; 
however, we can construct a qualitative model 
which allows us to describe the dynamics of lu
minous center development in a track chamber 
and to explain the observed experimental facts. 

The model which we have proposed is described 
in the following section, and its comparison with 
experiment is described in Sec. 4. 

3. STATISTICAL MODEL OF LUMINOUS 
CENTER DEVELOPMENT IN A TRACK 
CHAMBER 

Before we proceed with the analysis of the 
mechanism of track chamber operation, let us 
consider the fluctuations in the number of particles 
contained in a shower in the Townsend stage of its 
development. 

The probability that a shower created by a 
single electron traversing a distance l in the 
electric field will contain M electrons is given [B] 

by 

P (M, l) = e-a.l (1- e-a.l)M-1, ( 1) 

where a is the first Townsend coefficient, which 
depends both on the nature of the gas and on the 
electric field strength. We will designate the 
mean number of particles in a shower produced 
by a single electron in a path length l by M. From 
(1) it follows that 

According to (1), the probability that a shower 
which has traversed a path length l in the field 
contains a number of particles 2: M is equal to 
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We will introduce a new variable {3 = M/M. If we 
consider that M ~ 108, then the integral distribu
tion function of the quantity {3 will be given by the 
formula[ 3J 

F 1 C> ~, l) = e-13, (4) 

and the differential probability will be given by 

(5) 

If instead of a single initial electron there are m 
electrons, then the total number of particles Mm 
in the shower will be 

m 

Mm= ~ M;, 
i=l 

where Mi is the contribution to the total number 
of particles from the shower initiated by the i-th 
primary electron. 

Let us define 
M m 

~m = ~ = ~ ~i· 
M i=l 

If the values of {3i are distributed according to 
(5), then we can show[ a] that the normalized dif
ferential probability of finding the value of f3m in 
the interval f3m, f3m + df3m will be given by 

I (~m. l) d~m = r ~m) ~;;:.-le-13md~m· (6) 

The probability that a shower with m initial elec
trons traversing a path length l will contain a 
number of particles ~ M, according to (6), is 
expressed by the equation 

co 

<Dm (M, l) = r !m) ~ ~m-1e-13 d~ 
M;M 

co 

- r (m) 2m-l ~ t2m-le-t•;, dt. (7) 

V2M!M 

The right hand side of (7) is well known x 2 distri
bution of mathematical statistics. From ( 6) and 
(7) it follows that the number of particles M in a 
shower can differ considerably from the mean 
value M. 

If the number of particles in a shower during 
its development in the electric field reaches such 
a size that the field in the head of a shower due to 
its space charge becomes equal to the external 
field, then the shower will develop into a streamer. 
The conditions for the transfer of a shower to a 
streamer are given by the relations of Meek and 
Craigs C7J: 

ZM=20fcx. (8) 

Because of fluctuations, the shower can satisfy 
the Meek-Craigs condition at distances other than 
the mean distance ZM· The probability that a 
shower traversing a path length l will transfer to 
a streamer, according to (7) and (8), will be equal 
to 

00 

F (l) = _1 __ 1_ \" t2m-Ie-t'/2dt 
m f(m) 2m-1 .) ' 

s 

s = V2exp [20 (1 -lflM)] · (9) 

The function F m ( Z/ZM) is shown in Fig. 6 for 
different values of m. We can see from Fig. 6 
that showers created by several initial electrons 
begin to develop into streamers after traversing 
a smaller path length in the electric field, and 
complete the transition to a streamer in a shorter 
path length, than showers created by single elec
trons. This fact is expressed more strongly, the 
larger the number of initial electrons which ini
tiate the shower. 

F 
1 m 

t:?: v..--....-y 

o/?/ 1/ v V" ~ 
~"i r;./ ~-~~ ~ o/r--- f-- f--

1//l/ 
0.5 1/ / 
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FIG. 6. Probability of the transition of a shower to a 
streamer as a function of the path length traversed by the 
shower in the electric field, for different numbers of ini
tial electrons m. 

We have discussed above the behavior of iso
lated showers created by one or several initial 
electrons. However, as a result of the fact that 
the electrons arising from ionization of the gas by 
a charged particle are spaced relatively small 
distances apart, neighboring showers which develop 
from them can interact with each other. 

We have designated by r 0 the linear dimension 
of the region inside which an inhibition of the 
shower development into streamers will occur, 
and by r 1 the dimension of the region inside which 
joining of showers will occur (see Sec. 2). We 
will now find the number of streamers N in a unit 
length of track for a path length l traversed by the 
showers in the electric field. 

The distribution of the number of electrons 
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across the track is given by a normal probability 
distribution. However, for simplicity we assume 
that the electrons are distributed across the track 
with equal probability with a distribution width b, 
where b is chosen so that 80% of the primary 
electrons fall in it. We will divide a segment of 
track 1 em long and of width b into square "ele
ments" of area of dimensions r 0 x r 0 ( Fig. 7). 
We choose the position of the elements so that the 
central elements are bisected by the axis of the 
track. In each element of area, according to the 
definition of the quantity r 0, only one streamer 
can develop. A unit length of track will contain a 
different number of elements boo depending on the 
size of b: 

1 
~0 =- for 0 < b < r0 , 

ro 
5 

~0 =-for 3ro<b<5r0 , ••• , 
ro 

We divide each element into "sub-elements" 
of size r 1 x r 1 (Fig. 7) and arrange the sub
elements so that a line passing through the center 
of an element parallel to the particle track bisects 
the central sub-element. The number of sub
elements in an element will be 

(11) 

However, for the value of b specified, all the sub
elements will not overlap the track in all elements. 
We will designate the number of sub-elements 
which overlap the track in the i-th element by b.ti• 
and let the average electron density in them be A.i. 
Then the number of sub-elements in the i-th ele
ment occupied, if only by one electron, is equal to 

FIG. 7. Location of the sub-elements and elements 
relative to the particle trajectory. The dash-dot line is 
the direction of motion of the particle, the solid lines are 
the boundaries of the elements, and the dotted lines are 
the boundaries of the sub-elements. 

(12) 

These sub-elements are potential centers for 
the development of a streamer in the element. The 
average multiplicity of a potential center (the 
average number of electrons in occupied sub
elements) is equal to 

lc;t11i A; 
ki=-- = • 

J; 1-exp(-A;) 
(13) 

As r 1 - 0 or b-- oo, the quantity ki - 1. This 
means that the potential centers approach a multi
plicity of 1 and the showers develop from single 
electrons. 

According to (9), (12), and (13), the average 
number of centers of luminescence per unit length 
of track is given by the expression 

N = ~{1- exp [- t.1i (1- e-'-;) Fk (lflM)]}· (14) 
i ~ 

Here the summation is carried out over all ele
ments which overlap the track. 

In carrying out numerical calculations it is 
necessary to choose the value of the parameters 
r 1 and r 0. As was indicated above, the parameter 
r 1 can be chosen equal to the mean diameter of the 
luminous centers, i.e., equal to 1.6 mm, and r 0 

can be found from the fact that the maximum num
ber of luminous centers for a small delay time 
( T d = 1. 0 J.t sec) is 1.4. According to (14) we find 
that the size r 0 of an element is 6. 7 mm. 

4. COMPARISON OF THEORY AND EXPERIMENT 

In comparison of the experimentally determined 
number of luminous centers with the calculated 
number, it is necessary to take into account that 
the brightness of the streamers increases in pro
portion to their development in the electric field. 
In our case (for the aperture and film sensitivity 
used) the streamer length should be approximately 
5-6 mm if we are to obtain good photographs. For 
a streamer velocity Vs = 108 em/sec, the time ts 
necessary for the development of the streamer 
will be (0.5-0.6) x 10-8 sec. 

The total time T required for formation of a 
visible track is composed of the time it• during 
which the transitions of the showers into streamers 
are completed, and the time of streamer develop
ment ts: 

T = tt + t8 , 

For a constant velocity of propagation Vsh of 
showers in the electric field, 

l 
t = __.!. = l t · 10-7 sec, 

t vsh 

(15) 

(16) 

where Zt is the distance in which the showers com
plete the transition to streamers. 
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FIG. 8. Variation of the number of luminescent cen
ters with the path length traversed by the showers in the 
electric field, for different values of Td: 1) Td = 1 p.sec, 
Nmax = 1.4; 2) Td = 11 p.sec, Nmax = LS; 3) Td = 200 p.sec, 
Nmax = 1.48. Curve 3 was computed taking into account 
the loss of electrons by attachment to air molecules. 

Figure 8 shows the results of calculations made 
using formula (14). The abscissa is the distance 
traversed by the showers in the electric field in 
units of ZM (in our case ZM = 3.34 mm ), and the 
ordinate is the number of showers which have 
transferred to streamers, relative to Nmax· It 
follows from Fig. 8 that an increase in delay re
sults in an increase in the time interval during 
which the transition of the showers into streamers 
occurs. If this time, for Td = 1 f..!Sec, is 1.3 
x 10-9 sec (~Z = 0.04ZM), then for delays of 10 
f..! Sec and 200 f..! Sec it has the values 1.8 x 10-9 sec 
(~l = 0.05 ZM) and 3.6 x 10-9 sec (~Z = 0.10 ZM), 
respectively. An increase in the time interval 
during which the showers transfer to streamers 
should result in increased fluctuations in the di
mensions of the luminous centers, which is in 
qualitative agreement with experiment. 

For a delay T d = 1 f..! Sec, 90% of all the luminous 
centers appear within a time tt = 3.11 x 10-8 sec 
( l = 0.93 ZM), and the total length of the high volt
age pulse which is necessary for obtaining good 
tracks should be 3. 71 x 10-8 sec. An increase in 
delay with no change in high voltage pulse length, 
in agreement with experiment, should produce a 
decrease in brightness of the luminous centers. 
Actually, for a delay T d = 10 f..! Sec, the appearance 
of 90% of all centers occurs at a time tt = 3.21 
x 10-8 sec, and for T d = 200 f..! Sec, at a time tt 
= 3.44 x 10-8 sec. Therefore, for development of 

"young" streamers there remains a time in the 
first case of 0.5 x 10-8 sec, and in the second case 
0.27 x 10-8 sec. The length of these streamers 
will be 5 and 2.7 mm, respectively. 

The number of luminous centers calculated ac
cording to formula ( 14) is in good agreement with 
the experimentally observed number. For small 
delays, Td s 11 J.tSec, the calculated number 1.4 
agrees with the experimental value. For the same 
high voltage pulse length, and a delay time Td 
= 200 f..! Sec, the calculated number of appreciably 
bright centers is small, in agreement with experi
ment. An increase in pulse length by 5% leads to 
an increase of the calculated number of centers to 
2. 75. The number of luminous centers observed 
experimentally for the same increase in high volt
age pulse length is 2.8. 

Within the framework of the model which we 
have developed, we have been successful also in 
explaining qualitatively the experimental data re
lating to track width. Because of diffusion, the 
primary electrons are distributed across the 
track according to a normal distribution with a 
root-mean-square deviation O"diff = V 2DT d. 
Therefore the occupied sub-elements which are 
close to the center of the track will have a higher 
multiplicity, that is, they will contain more elec
trons, than the occupied sub-elements which are 
at the periphery. As a consequence of this, the 
shower-to-streamer transition will occur with a 
higher probability in the central sub-elements than 
in the peripheral ones. This will lead to a narrow
ing of the distribution of the luminous centers about 
the true trajectory in comparison with the distribu
tion of the primary electrons. A second factor 
leading to the same effect results from the fact 
that the position of the center of a group of several 
electrons which initiate a single shower and pro
duce a shower-to-streamer transition, as the re
sult of statistical averaging, will fluctuate fess 
than the position of the primary electrons. It is 
extremely difficult to carry out a quantitative cal
culation in the general case; however, for the two 
extreme cases-for very small and very large de
lay time-such evaluations can be made. For 

FIG. 9. Stereo photograph of a soft shower in 
a track spark chamber located in a magnetic 
field. 
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T d = 1 JJ. sec, the track width b is less than the di
mension of the sub-element. Therefore a narrow
ing of the track due to the first factor does not 
occur, and only the second factor is effective. In 
this case the root-mean-square deviation of the 
luminous centers from the trajectory will be 
a = Udiff I Vm, where m is the multiplicity of 
electrons filling the sub-element ( m = 3.89 for 
Td = 1 JJ.Sec). 

The value of a calculated in this way, which is 
in good agreement with the experimental value, is 
plotted in Fig. 5. For very large delays, Td::::::: 150 
JJ. sec, the diffusion width is so great that the multi
plicity of filling of the occupied sub-elements is 
practically equal to unity, independent of the posi
tion of the sub-element; therefore both factors 
leading to narrowing of the track are absent and, 
in agreement with experiment, the distribution of 
the deviations of the luminous centers should agree 
with the distribution of the deviations of the primary 
electrons from the true trajectory of the particle. 

Consequently the experimental facts relating to 
track spark chamber operation can be quantitatively 
explained on the basis of calculations of fluctuations 
in shower development, suppression by a streamer 
of nearby showers, and formation of combined 
showers from closely spaced primary electrons. 

CONCLUSIONS 

While the track spark chamber possesses all of 
the positive qualities of ordinary spark chambers, 
in particular good time resolution, short recovery 
time, and extreme simplicity of design and use, it 
has one further extremely important property. In 
contrast to ordinary spark chambers, this type of 
chamber is an apparatus with isotropic properties 
which permit equally well the reproduction in 
space of the tracks of particles going at all angles, 
individually or in large groups, and also of parti
cles which have originated within the chamber. 

The possibility of obtaining in a track chamber 
tracks of a meter or more in length, together with 
the complete absence of any thermal distortion or 
distortion resulting from mechanical motion of the 
working medium, permits the measurement in a 
magnetic field of charged particle momenta an 
order of magnitude greater than momenta meas
urable in a cloud chamber or a bubble chamber. 
For a track length of 1 meter and a magnetic field 
intensity of 104 Oe, the track spark chamber per
mits measurement of charged particle momenta 
up to 400 BeV /c. 

The experimental possibilities of the track 
spark chamber lead us to believe that it will be-

come a new powerful tool for the study of the 
nature and interactions of elementary particles. 

The authors wish to express their gratitude to 
Professor E. L. Andronikashvili for stimulation of 
the present work and discussion of the results, to 
their co-workers at the Cloud Chamber Photograph 
Analysis Laboratory of the Physics Institute of the 
Academy of Sciences, Georgian SSR, to their co
workers of the programmers' group of the Institute 
of Physics for carrying out computer operations, 
and also to V. Ya. Oshmyan for assistance in prep
aration of the chambers. 

Supplement (December 26, 1963). The track 
spark chamber described above was placed in the 
electromagnet of the Bakuriani High Altitude Sta
tion with a magnetic field intensity of 7000 Oe. The 
strength of the electric field pulse applied to the 
mesh electrodes was 20 kV /em. The length of the 
high voltage pulse was controlled by a shunting 
high pressure spark gap. The photography was 
carried out by a stereo camera through openings 
in the magnet pole and through a mesh electrode. 

Figure 9 shows a typical stereo photograph of a 
soft shower generated by cosmic radiation in an 
absorber above the apparatus, which demonstrates 
the operation in a magnetic field of a track cham
ber with isotropic properties. As we should ex
pect, on turning on the magnetic field no change is 
required in the regime of operation of the track 
spark chamber, and the root-mean-square devia
tion of the luminous centers from the particle 
trajectory remains the same (0.3 mm) as in the 
absence of a magnetic field. 

The track images obtained in a spark chamber 
operated in the track regime [4• 10 ] are of better 
quality than the photographs obtained in the regime 
described by Alikhanyan et al [ 11]. 
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