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Abstract

The time resolution and memory time of streamer or spark chambers is deter-
mined by the 1lifetime of free electrons produced by an ionizing particle. It
can be varied over a large range by an admixture of electronegative gases,
e.g. IO_SZ sulfur hexafluoride (SFG)' We describe here a simple method which
allows one to measure and regulate the memory time. The device consists of a
small ionization chamber and an electronic circuit which has been tested for
the | m DESY streamer chamber. It has been found that, for example, a memory

time of 2 us could be controlled to within 5 % accuracy.
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Introduction

Time resolution is an important property of all particle detectors in nuclear
and high energy physics. The time resolution is the minimum time interval be-
tween events such that two events can be distinguished from one. This period
is determined in the streamer chamber by the lifetime of free electrons along
the path of the ionizing particle. This lifetime - the so-called memory time -
can be longer than a few hundred microseconds in pure noble gases. Such a long
memory time would severely limit the use of streamer chambers at accelerators,

since only a small number of particles can be accepted per memory time.

A simple method to reduce the memory time is to introduce a small quantity of
electro-negative gases into the chamber. The free electrons are captured by
these molecules to form negative ions. The negative ions do not contribute to
streamer formation because of their inertia in the electric field. One commonly
uses electro-negative gases carbon tetrachloride (CC14), freon, and sulfur
hexafluoride (SF6). The latter is preferred, because SF6 is effective in such
small quantities that it has no influence on the streamer mechanism (1-3).
reduce the memory time from 100 us to 2 ps we need only about 10 5? SF (Flg 1)
compared to 10 e 10~ 7 Freon, because SF_ has a large capture cross sectlon
for electrons: g, = (1.7 +0.2) + 10 lacm2 (1).

For streamer chamber operation in one experiment it is necessary to continuously
measure and regulate the memory time. A number of SF6~molecules are broken up

in each streamer or spark. These molecular fragments are not as electronega=-

tive as the complete SF6 molecule and thus do not serve to reduce memory time.

2. Measurement of the Memory Time

The simplest memory time measurement can be made by eye: The high voltage pulse
can be delayed in short steps after the events have taken place. With increas-
ing delay the number of streamers per track decreases, From this decrease, one
can estimate the memory time. An improvement can be achieved by photographing

a delayed tracks and counting the streamers per unit length. One.can see from
the diagram of the number of streamers n vs. delay time t that this number de-
creases exponentially. We define the memory time L = I/} by the inverse slope
of the curve n a exp (-At).(3). This result is more exact and reproducible but

does not permit continuous control,
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The problem was to find a method which works without disturbing streamer
chamber operation. We can achieve this by using the same effect which occurs

in the chamber — namely the capture of free electrons - in a special ioniza-
tion chamber. The electrons can be produced by ionizing the gas flowing out of
the chamber with an o-particle source (1). Next one must separate the electrons
the SF, ions. These two components can be separated because of their different

6
masses in several ways:

1) A separation is possible in a spectrometer, but it is expensive.

2) One can use a proportional chamber, in which the number of free electrons

6 ions cannot, at atmospheric

can be amplified whereas the number of SF

pressure.

3) The electron drift velocity in an electric field is about a factor of a

thousand higher than the velocity of the SF6 ions.
We have tested points 2 and 3 experimentally, as described below.

3. Memory Time Measurements with Gas Amplification

The gas flows out of the streamer chamber through a cylindrical chamber with
three parallel electrodes (Fig. 2). The a-particle source (Am 241, 500 uc)
produces free electrons in the larger gap. The electrical field strength is
low enough (100 V/cm) for the charge carriers to drift without amplification.
While the positive neon and helium ions travel to the cathode, the electrons
and SF; ions drift in the direction of the grid. Since the field strength is
much higher in the small gap (1 kV/cm), a large part of the negative particles
cross the grid. In this field the electrons get enough energy to initiate ava-
lanches. The current of all avalanches is easy to measure. The current of the
non-amplified SF; ions is negligible. The measured current is directly propor-
tional to the number of electrons which cross the grid and therefore proportion-
al to the memory time. One condition for faultless operation of this method
is that the amplification factor be constant, i.e. Townsend coefficient

o, = const. . In the first tests, however, we found that very small quantities

T

of air can reduce Gl strongly while exerting little influence on the memory

time, Small amounts of impurities cannot be avoided in the operation of large

streamer chambers with big foil windows. This is a disadvantage which leads to

from
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wrong measurements, since the measurements are no longer sensitive to the SF6

concentration.

4. Measurement Without Gas Amplification

For this measurement we use the same cylindrical chamber and o-particle source
(Fig. 2) Now the cathode and grid have the same DC potential (~-200 V) but they
are AC-separated. The measurement is performed at the anode, which is at zero
potential. This gives an electric field strength of 200 V/em between the anode
and the grid for a | cm gap. Now on top of this DC-voltage we superimpose a
rectangular AC-voltage at the cathode. The conditions - amplitude and frequency -
must be chosen such that as many free electrons as possible cross the grid in
one half wave. They can then be measured at the anode without amplification,
since the negative SF6 ions move only a short distance in this time. Also, the
positive ions travel only a short distance if the choice of parameters is right.
Both positive and negative ions drift at the diffusion velocity, since

fT E(t)dt = 0. They can recombine at the walls, the cathode, and the grid, but

o
they cannot reach the anode. The distance is d = 7 cm between cathode and grid.

As one sees in Fig. 3,the maximum current is reached at 700 V (100 V/em). If we
assume a square-wave voltage at the highest admissible frequency fmax and no

influence by space charge effects, then we have:

d= u, v t=u 1/Qf ),

where the electron drift velocity (4) u,=a /% E A V8,

For a = 0.7, electron charge e, mass m, electron mean free path A, and the
energy transfer fraction in an electron-atom collision § = 2m/M, one obtains

u, = 2.6 lO5 cm/s and

c

i = = 18.5 kHz.

-

max  2d

The ions move only 10—2 cm in the same field, during the same time. The frequen-
cy can be tuned considerably lower than formerly before a noticeable part of
the ions can reach the anode. The value of the electric field is not critical

too, so long it is above 100 V/em. This is important in the case of a sine-



wave voltage. In Figs. 3 and 4 we show the current-voltage diagrams for differ-
ent frequencies in our ionization chamber. These measurements are made in ga-
ses without admixtures. Fig. 5 shows the current dependence of the memory time
for two voltages. With a higher voltage (factor of two more) the sensitivity
decreases because the higher drift velocity reduces the probability of forming
a negative ion. On the left side of Fig. 5 are some points obtained when air

is added to reduce the memory time., When the air admixture is higher than 1 %
the streamer brightness decreases rapidly, but for this memory time measure-

ment it is unimportant which kind of admixture is used.

5. Comparison of the Two Methods

For a comparison we used the following procedure: The chamber was filled with

pure noble gas and the memory time was reduced with SF, additives to 5 and 2 us,

6
respectively. Then air was introduced into the chamber, stepwise up to | %Z. The

decrease of the memory time was compensated by using less SF_. The result of

6
these measurements is shown in Fig. 6(a) and (b). For the method with gas am-

plification (a) air concentrations on the order of 10_22 lead to faulty results,
and at 1% the method is useless. The other method (b) - without amplification -

does not change the result,

The only disadvantage in the AC method is the relatively small current, especial-
ly for very short memory times. Improvements are possible by variation of the
chamber geometry or by using a stronger radiation source. In principle we can
also use other electron sources, for example heated cathodes. We prefer the

a-source because of its long-time stability and absence of space charge effects,

6. Electronics for SF6 Admixture

A special apparatus was developed for the current measurement and the SF6 ad-
mixture into the chamber, This arrangement has proved itself reliable in the
experiment with the | m streamer chamber at DESY. Fig. 7 shows the electronic

circuit and the special valve to put small SF6 volumes into the noble gas flux.

The input current produces a voltage which can be compared with a reference
voltage at the comparator. If the voltage exceeds the reference value, the
relay R 1 is shut, opening the magnetic valve MV | for a few seconds, which

causes high pressure (4 atm) nitrogen to depress the piston in the special



valve so that the opening containing some SF6 comes into the neon-helium stream.
When R | opens, MV | closes and the nitrogen pressure drops. The piston now re-
turns to the first position and the opening can be filled again with SF6.
To avoid high SF6 concentrations, the comparator is blocked up for a certain
time after every switching process. This dead time is given by the length of
tubing, the flux and the streamer chamber volume. These parameters determine

the delay time between the admixture process and the effect of SF, in the spe-

6
cial ionization chamber. For the DESY streamer chamber (250 % volume, compara-
tively large lengths of tubing) this time is 4 minutes. With a nominal memory
time of 2 us we get a ripple (saw tooth) of about 100 ns, which corresponds

to 5 Z accuracy.

In summary, a method has been developed for the measurement and control of the
memory time with high accuracy. This method offers the following advantages in

streamer—-chamber operation when high intensity beams are used for experiments:

1) The memory time can be made as short as the triggering system allows.

2) The stability of gas characteristics, which is very important for ioniza-
tion measurements and track quality, can be regulated.

3) Good operation conditions can be achieved with this method when particle

tracks are to be stored (3).
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Figure Captions
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Fig.2

Fig.3

Fig.4

Fig.5

Fig.6

Fig.7

Memory time vs. SF6 concentration

Ionization chamber for memory time measurement

Measurement current vs, cathode voltage at different frequencies
Measured current vs. grid voltage and at different frequéncies
Current dependence of the memory time

Current vs, air concentration

a) DC ionization chamber

b) AC ionization chamber

Electronic circuit and valve for the memory time measurement device.
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