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The possibility is demonstrated of measuring specific primary ionization in a streamer chamber.
The relativistic rise in primary ionization has been with an accuracy of 2% in a chamber filled

with 0.6 atm of helium.

1. INTRODUCTION

THE streamer chamber is a device in which the ion-
izing power of a particle can, in principle, be meas-
ured by one of the following means:!*

a) by measurement of the number of streamers per
unit length of track;

b) by measurement of the brightness of the
streamers;

c) by measurement of the length of the streamers
(along the electric field).

Nevertheless, in spite of the dependence of the num-
ber streamers (and also the brightness and length) on
ionization, demonstrated by Asatiani et al.,[z] the
possibility of measuring ionization in a streamer
chamber is practically never utilized. This results
from the fact that in many investigations with streamer
chambers *"®) the number of streamers per unit length
of relativistic-particle track changes strongly from
investigation to investigation, usually remaining sev-
eral times smaller than the number of electrons pro-
duced by the particle in the chamber gas. This spread
in the experimental data apparently indicates the strong
dependence of the results on the conditions of the ioni-
zation measurement (the mode of chamber operation,
conditions of photography, etc.), which does not permit
us to count on obtaining high accuracy in such measure-
ments.

In addition we should note two features of the
streamer chamber which are of interest in regard to
measurement of specific ionization. The first is the
possibility of measuring the ionization in the region of
the relativistic increase in ionization loss, for the
density effect in the chamber gas at a normal pressure
sets in near E/mc? = 300—500 (where E is the parti-
cle energy and m is the rest mass). In the second
place, the streamer chamber, along with such detectors
as low-efficiency Geiger counters and cloud cham-
bers,m under defined conditions has the ability to
record the specific primary ionization, i.e., the number
of ionizing collisions per unit length of track.

The specific primary ionization produced by a
charged particle in the chamber volume can be meas-
ured in the case when the electrons from secondary
ionization diffuse to a distance appreciably less than
a streamer radius R (i.e., the diffusion length L. «« R)
during the time between passage of the particle and
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FIG. 1. Ratio of the number 27
of streamers in the chamber to
the number of primary ionizing
collisions, as a function of the
high-voltage pulse delay time 74;
the calculation was made for a
streamer radius R = 0.04 cm. The
electron diffusion coefficients
used in the calculation were 2000
cm?/sec for neon, 370 cm? /sec 0
for argon, and 310 cm?/sec for I I

. n - m
helium.
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supply of the high-voltage pulse to the chamber elec-
trodes. Under this condition the secondary-ionization
electrons are not fixed in the form of individual
streamers but are recorded either as a single streamer
which has grown in a group of electrons (in the case of
small energy transfer in the primary collision) or with
a characteristic branching in the track (in the case of
large energy transfer) and can easily be rejected in
the analysis. As the delay time is increased up to
values in which the electrons diffuse to distances con-
siderably larger than the streamer radius (L > R),
an individual streamer grows at each electron, which
permits detection of the total specific ionization.

From the point of view of accuracy in the measure-
ment of the ionizing power of particles, a strong prefer-
ence must be given to measurement of the primary
ionization, since the fluctuations of the primary ioniza-
tion are described by a Poisson distribution, and the
relative error in the specific ionization measurement
is N_‘/z, where N is the number of ionizing collisions
of the particle in the track length. At the same time
the fluctuations in total ionization for the case of a
thin absorber such as the chamber gas are described
by a Landau distribution,[” whose width (relative to
the most probable energy loss) shows practically no
decrease with increasing track length of the particle
in the chamber.

Figure 1 shows curves illustrating the possibility
in principle of measuring primary ionization in a
streamer chamber filled with various noble gases. The
curves show the excess of the number of streamers in
the chamber over the number of primary ionizing col-
lisions as a function of the delay time 73 between
passage of the particle and the high-voltage pulse. The
curves were calculated for a streamer radius
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R = 0.4 mm, a pressure of 1 atm, and electron diffu-
sion coefficients calculated from Ramsauer’s data on
the cross sections for elastic collisions of electrons.
It is evident from Fig. 1 that of the gases considered
the most suitable for measurement of primary ioniza-
tion is helium, which possesses the smallest electron
diffusion coefficient (310 cmz/sec). For helium in the
region of delay times actually achievable,

74 = 150—200 nsec, the number of streamers depends
weakly on 7q and corresponds to the number of
primary collisions. On the other hand, for neon, which
is most frequently used for filling streamer chambers,
the expected number of streamers depends strongly on
the delay time of the high-voltage pulse and is not equal
to the number of primary collisions.

(8]

2. EXPERIMENT

We used a streamer chamber of dimensions
30 x 18 x 3.5 cm. The minimum-ionizing particles
were electrons from a Sr®(Y) source, crossing the
chamber in a direction perpendicular to the electric
field direction. The energy Ee of the electrons whose
tracks were recorded in the chamber was determined
by the maximum energy of the B spectrum, 2.26 MeV,
and the absorber, which limited the electron energy to
values greater than 1.3 MeV (thus, 1.3 MeV = E¢
< 2.26 MeV). The delay between the passage of the
electron through the chamber and the high-voltage
pulse could be varied from Tmin = 200 nsec to tens
of microseconds. The chamber did not contain any
materials except metal (brass) and glass (cemented by
BF-4 cement), and was filled with gases of special
purity. During the operation of the chamber (except in
cases where we studied the effect of impurities on
operation of the chamber) the gas was in constant con-
tact with activated charcoal which had previously been
heated to 100°C and pumped to 10> mm Hg. A mass-
spectrometer analysis of a sample of gas taken from
the chamber showed the presence of the following im-
purities: Kr--less than 5 x 107*%, Ar and Xe--less
than 5 x 107%, and N,—of the order of 1%.

The tracks were photographed by means of a three-
stage image converter with an effective gain of 10® and
a resolution of 15—20 lines/mm.

3. EXPERIMENTAL RESULTS

1. In order to confirm the usually used theoretical
data on electron diffusion!®*°! we measured the elec-
tron diffusion coefficients in neon and helium in the
absence of an external electric field. The results are
shown in Fig. 2, where we have plotted the mean-
square deviation of the streamers in a particle track
as a function of delay time. From Fig. 2 it can be seen
that there is good agreement of the experimentally
measured values with those expected for neon and
helium. On the other hand, it is apparent that presence
of a small amount of molecular impurity strongly de-
creases the electron diffusion coefficient (presence of
water or alcohol with vapor pressures corresponding
to room temperature decreases the diffusion coefficient
by factors of ten® ). This phenomenon may explain the

D A similar phenomenon has been observed by Vinogradov et al. [°]
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FIG. 2. Mean-square streamer  ,|
deviation in the particle track as a
function of high-voltage pulse delay
time: @—technically pure neon, P =
1 atm; +—neon with impurities from
outgassing of ED-6 epoxy resin, P = 1
atm; O—neon with alcohol-vapor im- 1
purity, P =1 atm; X—neon with 2
water-vapor impurity, P = 1 atm; 3
A—pure helium at a pressure of 0.6 /
atm.
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reduced values of electron diffusion coefficients meas-
ured in a streamer chamber, obtained by several in-
vestigators.[* ]

2. Figure 3 shows the number of streamers per
unit length of relativistic-particle track in neon for a
pressure of 1 atm, as a function of delay time. The
nature of the variation of the number of streamers in
the track is explained by two causes: diffusion of elec-
trons, which produces an increase in the number of
streamers (see Fig. 1), and attachment of electrons to
impurity molecules, which strongly decreases the
number of streamers. Particularly important is the
fact that the epoxy resin (in our case ED-6) often used
to cement the chambers can appreciably decrease the
number of streamers.

Thus, the impurities in a noble gas decrease the
number of electrons and slow down their diffusion.

3. Under our conditions, control of the gas purity
(see Sec. 2) and use of the image amplifier easily
permitted us to obtain a good correspondence between
the number of streamers in the particle track and the
number of electrons produced by the particle in the
gas. Figures 4 and 5 present data on the increase with
delay time of the number of streamers per unit track
length in neon at a pressure of 0.8 atm. In Fig. 4 the
experimental data are compared with a theoretical
curve (') calculated with a computer. The calculation
took into account electron diffusion (see Fig. 2) and
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FIG. 3. Number of streamers per unit track length in neon at atmos-
pheric pressure, as a function of high-voltage pulse delay time: @ —meas-
urements one half hour after filling chamber with pure neon, O—six
hours after filling: A—neon with water vapor, A—neon with alcohol
vapor. Measurements were made in a chamber glued with ED-6 epoxy
resin.
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FIG. 4. Increase in number of
streamers with increasing delay time.
Pure neon, P = 0.8 atm. Solid curve—
theoretical.
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the geometrical overlap of the photographic images of
the streamers.

4. On the basis of the data of Fig. 1 we made fur-
ther investigations with a chamber filled with helium.
Figure 5a shows a typical relativistic-particle track
in a chamber filled with 0.6 atm of helium. In Fig. 5b
we have specially selected a track with a 6 electron
possessing an energy of ~1.5 keV (large energy trans-
fer), in order to show that such events can easily be
rejected in the analysis. It should be noted that the
probability of such an event is small (on the average
one event in 2 m of track).

In addition to the considerations related to the small
diffusion coefficient, the possibility of measuring
primary ionization in helium requires further proof.
As such proof we have used the shape of the distribu-
tion of the number of streamers in a particle track.
Figure 6 shows the distribution of the number of
streamers per unit track length for the case of mini-
mum delay, 0.2 usec (Fig. 6a), and for a delay of
15 usec (Fig. 6b). It is evident that for small delays
the experimental distribution is in good agreement
with the Poisson distribution curve, and for large
delays--with the Landau distribution.

Figure 7 illustrates the smooth transition from the
primary ionization to the total ionization in the process
of diffusion of the electrons in the particle track. Here

FIG. 5. Photographs of tracks of minimume-ionizing particles in a
chamber filled with 0.6 atm of helium (a, b) and with 0.8 atm of neon
(c—f). The track length is 5 cm, and the delay time for the tracksis: a—
0.2 usec, b—0.2 usec, c—1 usec, d—2.5 usec, e—5 usec, f—10 usec.
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FIG. 6. Distribution of number of streamers per unit track length in
a chamber filled wth 0.4 atm of helium: a—delay time 200 nsec, b—15
usec. Smooth curves—Poisson and Landau distributions calculated for
the present case. The theoretical curves and the experimentally ob-
tained histogram have been normalized on the basis of area. The ordi-
nate is the probability of obtaining a given number of strcamers in a
track length of 5 cm.

we have chosen, as the parameter characterizing the
shape of the distribution of the number of streamers
in the track, the mean-square deviation of the number
of streamers in a given track length in units of the
Poisson standard deviation. This quantity is equal to
unity for a Poisson distribution and 1.8 for a Landau
distribution (in our case). The data presented indicate
a gradual transition from the Poisson distribution,
which is characteristic of the primary ionization, to
the Landau distribution, which describes the fluctuations
in total ionization.

5. The possibility of measuring the primary ioniza-
tion, which fluctuates in accordance with a Poisson
distribution, presents real interest only in the case
when the number of streamers in the particle track
does not depend on the mode of chamber operation over
rather wide limits. In Fig. 8 we show the results of
primary-ionization measurements made over a wide
range of operating conditions of a helium-filled cham-
ber (shape and height of high-voltage pulse, delay time,
and streamer length). The range of variation of cham-
ber operating parameters is roughly an order of mag-
nitude greater than the variations possible under con-
ditions of actual use. Thus, it is evident from Fig. 8
that the accuracy in measurement of the number of
streamers in a particle track which can be achieved
under real conditions is better than 1%.

6. To measure the rise in primary ionization in the
region of the relativistic increase in ionization loss, a
streamer chamber filled with 0.6 atm of helium was
exposed to an electron beam of known momentum. The

FIG. 7. Mean-square deviation gE————————— Ep———
of the number of streamers in a ) Franda |
track length of 5 cm, in units of the ] 5
Poisson standard deviation, as a 4 !
function of delay time. The cham- 77} } )
ber was filled with 0.4 atm of hel- o —— - __ _Polson
um. 08— ‘)x’ /} 7 S

Tg: Msec
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FIG. 8. Effect of change of various parameters of the chamber oper-
ating conditions on the number of streamers per unit particle track
length: @—delay, A—fall time, O—rise time, X—voltage, A—streamer
length.

measurements were made in two electron accelerators
at the Physics Institute of the Academy of Sciences,
USSR, in the energy ranges 12.5—250 MeV (solid points
in Fig. 9) and 150—570 MeV (hollow points in Fig. 9).
The solid curves in Fig. 9 are theoretical calcula-
tions [*#**1in which corrections have been made for
overlap of the photographic images [*!! of the
streamers.

During the period of use of the accelerators the
chamber was repeatedly refilled and calibrated with
minimum-ionizing electrons. The results of these
calibrations are given below:

Time of measurement: July August October
Number of streamers
in 1 cm of track: 2.264-0.04 2.244-0.04 2,224-0.03

The spread in the data serves as a measure of the
systematic error of the entire experimental setup
during the course of the measurements.

4. CONCLUSIONS

1. The investigations have demonstrated the possi-
bility of precision measurements of primary specific
ionization in a streamer chamber.

2. The possibility of measuring primary specific
ionization in the region of the relativistic rise in en-
ergy loss permits use of a streamer chamber as a
spectrometer for velocity analysis of particles. For
example, with a chamber 1—1.5 m long we can obtain
an accuracy of the order of several percent in deter-
mination of the ionization. This permits use of the
streamer chamber for mass analysis of particles in
momentum-selected beams in the region
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FIG. 9. Relativistic rise in primary ionization, measured in a
streamer chamber filled with 0.6 atm of helium. Solid circles—measure-
ments with 250-MeV electron accelerator, hollow circles—measure-
ments with 570-MeV electron accelerator. Curve 1—theory according
to Budini et al., ['2] curve 2—calculation made by L. Kotenko, G.
Merzon, and N. Chechin on the basis of formulas from Ref. 13.
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FIG. 10. Separation of particles in
mass in a beam of a given momentump s
in a streamer chamber of length / filled
with 0.6 atm of helium. The curves 2k
correspond to a separation probability p o
of 95%.
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10 « E/mc? < 300. We have shown in Fig. 10 as an
illustration the possibility of particle separation by
this means, calculated on the basis of the data obtained.
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