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When investigating a gas-discharge chamber the Japanese physicists Fukui and Miymoto111 observed 

an interesting phenomenon: a discharge appeared along an ionizing particle track in the cases when the 

. direction of the particle movement and the direction of the electrical field made the angle not larger than 

' 3()0 • Jt should be noted that despite a great number of the earlier performed studies of a discharge in gas 

even theoretical considerations did not take into account the possibility of the formation of a streamer 

channel inclined to the direction of the external electrical field. A simple explanation of this phenomenon 

has been given in a ~~Sfquent paper of the same authors/2/ who have taken into account the reciprocal 

influence of the space charge of neighbouring cascades the development of which precedes the formation of 

a streamer discharge. Thet:e is no quantitative theory describing the influence of various factors on the 

appearance of a discharge inclined to the field as yet and optimum conditions for the appearonce of such a 

, discharge are under investigation. :These investigations are first· of all of practical interest since their 

results may be applied to the construction of reliably ope~ing discharge chambers ha'ving higher space 

resolution as compared to ordinary spark chambers • :Thus, for instance, the appearance of a discharge 

' inclined to the field ·along a particle track is very important for multi-layer chambers used for the determina

tion of proton polarization by the asymmetry of their angular scattering in the electrode material of the 

chamber. 

The discharge chamber used in experimentfll had one construction peculiarity: the conducting layers 

of the electrodes were separated from the gas volume of the chamber by a layer of dielectric. In furtht:tr 

investigation/3•41, performed at the Laboratory of Nuclear Problems ·of the Joint Institute for Nuclear 

Research, chambers with external electrodes were also employed. Then in papelS/ the authors have shown 

the possibility of obtaining a discharg~_iricllned to the field in the chamber with electrodes without die-

' lectric layers. 

In the present paper the conditions of obtaining a discharge inclined to the field along an ionizing par

ticle track in the chamber with electrodes of aluminium foil without dielectric layers between the electrodes 

and the working volume of the chamber have been investigated. These investigations have been carried out 

for the sake of obtaini~g information necessary for the construction ·of a large multi-layer discharge chamber 

to measure the polarization of recoil protons in the reaction of elastit ,.-meson scattering on hydrogen. 

The ConaCracUoa of &be Chamber ud die Palae SUpply Syatem 

The spark chamber consisted of two gas. gaps between three electrodes of aluminium foil 711 thick. The 

electrodes were of rectangular ·form. The dimensions of the electrodes are shown. in Fig .. 1. 

In ol'der to remove d discharge caused by the edge effect two opposite edges of each electrode 

· were rounded owirio to the stretching of the foil' on plexiglas ftames with aluminium pipes 

on two sides • The curvature radius of the electrodes was determined by the curvature 
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of the pipe and was 5 mm. The other two edges of each electrode (without curvature) were located at a dis

tance from the discharge intervals of the chamber. The fastening of the electrode plates permitted to change· 

the distance between the electrodes smoothly. The electrode system was placed into an aluminium box with 

two windows for· observing and photographing the discharge. The vacuum condensations of the window 

plexiglas joints with the box walls were made of rubber. 

The Geiger counters (counter of MC-7 type), fed to the coincidence circuit, selected particles which 

passed through the chamber in a certain range of angles to the direction of the electrical field between the 

electrodes of the chamber. A pulse from the coincidence system triggered a thyratron Tf'30,1 I 1,3 (see 

the circuit in Fig. 1 ). A positive pulse o! this thyratron with an amplitude of 850 V was used to fire a high 

voltage hydrogen thyratron of Tf'l-11-325/ 16 type. The capacity C = 0.04JL F was discharged by the current 

of a high voltage thyratron. A negative pulse of triangular form with0.3JLsec duration at the bottom and with 

the rise time about 10-8 sec appeared on the inductance L. The pulse amplitude was determined by the value 

of voltage on the anode of the high voltage thyratron. 

In order to increase the steepness a high voltage pulse was supplied to a middle electrode through a 

hydrogen discharge switch of PE-2 type. If a high voltage pulse was absent, a discharge switch broke the 

circuit between the inductance L with small ohm resistance and a batary forming the constant electrical 

field to remove electrons and ions from the working volume of the chamber. 

The present system· of pulse supply provided the appearence of high voltage between the electrodes of 

1e chamber with a minimum delay of0.4~tsec after the particle had passed the chamber. In the contro1 sys

tem there was a possibility to change the delay time of a high voltage pulse from 0.4 to 2.0 IL sec. , 

Results of Measurements 

When the chamber was filledwith neon with 0.5% argon contamination up to l.5atm pressure, the dis

tance between the electrodes being 17 mm, a discharge observed visually in the chamber appeared with an 

amplitude of a 7.5 k'l high voltage pulse. With increasing the voltage on the thyratron anode the intensity 

o{ the. spark channel luminescence increased sharply. A spark discharge gave rise to a point damage of the 

aluminium foil on the electrodes. In order to reduce current in a discharge the extreme electrodes of the 

chamber were earthed with the help of seP9fate resistances of 15 ohm. These resistances were necessary 

also to avoid the reciprocal influence of discharges in separate gaps of the chamber. 

If an ionizing particle passed the chamber, a spark discharge occurred only at the place of particle pas

sing right up to 18 kV. f!owever, with the absence of a particle pas;sing the chamber a spark discharge occur

red between the middle electrode and the box wall beginning from 15 kV. The point burning through of the 

electrodes did not qive rise to the appearence of false discharges. 

The 
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The main advantage of the spark chamber without dielectric layers underlies the fact that there is 

a possibility of reduCing the resolution time owing to the formation of the constant electr!Cal field clear

ing the chamber volume of electrons. The effectiveness of the registration of cosmic particles passing 

the chamber was measured with the amphtude of a 10 kV pulse supply with various delays of a high 

voltage pulse and with various voltages of the clearing field. The obtained curves of the time resolution 
~ - ~ 

for a separate gap of the chamber are given in Fig. 2. 

The observed decrease of the effectivenesl> with the increase of the pulse with the presence of the 

clearing field proves the fac;t that a discharge in the chamber arises only due to electrons produced by a 

cosmic particle. 

The investigation of the formation of discharge channels inclined to the field was performed with va

rious amplitudes of a supply pulse and with various fillings of the chamber. H was cleared out that the 

limit angle for the fonnation of a spark channel along the chain of electrons produced by an ionizing 

particle, rises with the increase of the amplitude of a high voltage pulse. With overvoltage less than 1 kV 

a spark discharge arises only along the direction of the external electric field. 

With the addition of alcohol to neon there was observed a sharp decrease of the limit angle for the 

fonnation of an inclined streamer. When the chamber was filled with argon up to the pressure of 1.~ atm 

there was obtained no satisfactory tesults, apparently, m connection with restriction to the increase of 

overvoltage iri the chamber. (A discharge in the chamber, filled with pure argon, began at 16 kV. The 

maximum possible voltage, obtained in the described system of pulse supply, was 18 kV). 

The largest limit angle for the production of an inclined streamer channel, was observed when the 

chamber was filled with pure neon and also with neon with 0-5% argon contamination, the discharger 

PE-2 being used (see Fig. 1 ). With a probability of about 1000,.6 a discharge arose along the particle track 

with comparatively small distortions of electrodes for the inclination angles of 35°. Fig. 3 gives the 

picture of a discharge taken through a blue lightUlter CC-12 and with a diaphragme of 22 units. :The 

chamber was filled with pure neon up to 1.5 atm pressure. The distance between the electrodes was 2.3 ~: 
' I ill mit- ""lee.- v i w . A high voltage pulse was fed to a discharger P0--2 with a 0.4 /l sec delav 

and the pulse amplitude was 14 kV. There was no clearing field. The blue lightfllter pennitted to separate 

the central part of th~ spark channel. For the sake of comparison a discharge from a particle, passed 

at an angle of 35°, photographed without a lightfilter is given in Fig. 4. 

When a particle was traversing the chamber at an angle larger than 30° in an incliried spark channel 

there appeared the distortions of electrodes. A relative value of these distortions increases quickly with 

the angle of the track inclination and becomes considerable for angles of 40°-50°. 
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In this region of angles along with the twisted inelined spark discharges of the electrodes there appear 

also the discharges coming strictly in the direction of the electrical field. The probability of arising of 

such straightened discharges for an angle of 45° does not exceed 10% and for an angle of 50° it is already 

about 90%. 

It should be noted that in the chamber of Fukui and Miyamoto121 a stable inclined discharge was ob

served from particles passing the chamber at an angle of 15°)n the angle region of 15-30° a discharge 

along the particle track arose unstably with the large distortions and streamers of the spark channel. 

Thus, the results obtained in the present paper do not confirm the assumption made earlier 131 that 

the presence of dielectric layers between a gas gap and the conducting layers of electrodes promotes the 

formation of a discharge channel inclined to the field along the chain of electrons produced by an ioniz

ing particle. The appearence of an inclined discharge in a larger angle region should be explained by the 

fact that in our experiment we have made use of higher gas pressure and quicker increase of high voltage 

between the electrodes of the chamber. 

Earlier it was noted/1-'-5/ that in order to obtain a discharge inclined to the field of a sufficient

ly quick rise of the eiectrical field between the electrodes of the chamber was necessary. In pape/51 it 

has been shown that as the rise time of high voltage on the spark counter increases, there takes place an 

increase of the distortions of the discharge channel of the negative electrode . With some sufficiently 

large pulse rise time a discharge becomes possible only along the electric field. On the basis of these 

observations the authors have come to the conclusion that the distortions in the inclined discharge 

.::hannel and also the trans~tion with the increase of voltage ri~e time to the discharge along the field 

',ekes place due to the bias of the chain of 'initial' electrons under the influence of the increasing elec

trical field. 

In our measurements due to the use of two spark counters with a common electrode there was a pos

sibility of direct measuring the value of the discharge channel bias under the influence of the increasing 

electrical field. For the case presented fn Fig. ·3 this bias is only 1 mm*. Only the distortions of discharge 

channels of the negative electrode might be explained by the observed bias of the initial electrodes. The 

greatest distortions ~e those of positive electrodes. These distortions cannot apparently be connected 

,,ith the drift of iriitlal electrons in the direction of positive electrodes. 

Thus except the distortions in the inclined discharge channel caused by the replacement of the chain 

of 'initial' electrons under the influence of the increasing electrical field, the positive electrode has dis-

* The bias of the diaeharge channel a in various gaps of the chamber ie removed by switchiag on of the clearing 
field about 100 V the eorrespeadiaa polarity. 
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tortions of othi!r origin the rise of which with the increase of the angle of the track inclination leads to 

the restriction by _the angle of the appearence of inclined spark channel along an ionizing particle track. 

With the increase of the distance between the electrodes a relative fraction ·of these distortions in the 

spark chamber will increase. This should lead in its turn to the decrease of the probability of appea

rence of the straightened discharges for large inclination angles. 

Fig. 5 aives a picture of a discharge in the large spark chamber containing 8 separate gaps. The cons

truction of the electrode system is analogous to that described above. The working area of the electrodes 

is 25 x 50 cm2; the distance between the electr_odes is 2.3 em. The chamber is filled with neon up to the 

pressure of 1.4 atm . For the formation of inclined disch(Jl'~es in this chamber which has the capacity of 

the electrode system about 500 pE a considerably ~reater overvolume is necessary than for a small spark 

chamber when the same system of pulse supply is used. 

The discharge given in Fig. 5 has an inclination gngle of 40°. The amplitude of p>ulse SU!i'JllY 

v·as 16 kV. 

We take an opportunity to express our gratitude to BJ./. Antonov and I.M. Vasilevsky for the help 

in our work. 
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