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SUMMARY

A cluster of four narrow gap (2.5 mm) spark chambers
containing 8 wires per millimeter has been built and
operated at low temperatures (as low as 118°K). Results
obtained from these chambers indicate that the width
of the spark column is reduced at lower temperatures due
to the increased gas density. Electron diffusion and
deviation of the spark column from the true particle
trajectory are greatly reduced at lower temperatures
with narrow gap spark chambers. Space resolutions less
than ¢ = 70 microns (HWHM)have been achieved and even
better resolutions are predicted from the observed tempera-

ture dependence.

INTRODUCTION

In the last few years increased attention has been
directed to improve space resolution of detectors due to
the fact that higher energy accelerators are being built
and operated. The National Accelerator Laboratory in
Batavia, Illinois has produced proton beams at 400 GeV
energies. At such energies secondary particles are pro-
duced in a very narrow forward cone. Thus, tagging beam
particles in space with high space resolution and detecting

the direction of the secondary particle tracks with high

high accuracies become important.



Qur preliminary results obtained from a single spark
chamber indicate that space resolution in detecting particle
tracks is improved substantially at low temperatures.! We
were encouraged by the results and built a cluster of four
spark chambers enclosed in a simple polyurethane liquid
nitrogen cryostat.

Two fundamental effects may contribute to higher
accuracies in determining particle tracks in spark chambers
cperating at low temperatures:

a) Increased spark chamber gas density,

b} Reduced thermal energy of gas atoms.

The first effect allows us to reduce the spark chamber
gap since at low temperatures more primary electrons are
produced per unit path length during the passage of a
charged particle. A smaller gap results in decreased
spread of a spark column. The mean free paths for the
collisions between the electrons and the gas atoms become
smaller at lower temperatures which reduces the diffusion
of electrons during the spark formation. The second effect
reduces the diffusion of electrons before a high voltage
is applied to the chamber. This effect and operating at
atmospheric pressure are the main advantages over highly
pressurized spark chambers in which the resolution may be
limited by multiple scattering depending cn the window

thickness of the pressure container, ?

CONSTRUCTION
Figure 1 is a simplified cross-sectional view of the

cryostat-spark chamber assembly showing the four one



dimensional spark chambers and the polyurethane enclosure.
Liguid nitrogen vapor is used for cooling the spark
chambers. Each chamber in the cryostat can be translated
and rotated for visual alignment. A more detailed view

of the spark chamber illustrated in Figure 2 shows a

10 micron thick photo etched copper wire-plane printed on
a 125 micron kapton film. The 3 x 5 cm? sensitive area

of the spark chamber plane contains 8 wires per millimeter,
which is expanded by a factor of 4 in the magnetostrictive
pickup region. The fiducial lines are positicned on both
sides of the cryostat.

The temperature in the cryostat is set and maintained
by a servo system with a chromel-constantan temperature
sensor. When the temperature rises above a set value a
solenoid valve is activated to transfer liquid nitrogen
to the copper pan until the temperature returns to this
value. This is repeated to insure a stable temperature
within the cryostat.

90% Ne + 10% He gas is precooled through copper tubes
in the cryostat and then slowly flows through the spark

chambers at a rate of 10 c¢c per minute,

OPERATION
The spark current sensed by a magnetostrictive delay
line 0.25 mm distance from the wire plane produced sonic
pulses which were detected through a 0.5 mm wide pickup
coil (8 turns). These pulses were then amplified and

processed by a commercial 40 MHz scaler readout system used



to determine the center of gravity of the spark pulse
along the wire plane.?

A high voltage thyratron pulser provided the high
voltage pulses toc the spark chambers with about a 30 nsec
rise time. Sixty feet of RG8/U coaxial cables were used
as transmission line storage capacitors. The spark chambers
were tested at the Alternating Gradient Synchrotron of the
Brookhaven National Laboratory using an unseparated ©
(7 GeV/c) beam contaminated with low energy particles from
a lead absorber upstream from the detector. The beam
passing through the active area of the spark chambers was
defined by two 2 x 2 cm? plastic scintillators. The
coincidence pulses obtained from these scintillators
triggered the thyratron. Figure 3 shows the spark wvoltage
threshold at various temperatures as the Ne-He mixture was
flowing through the spark chambers. It has been observed
that the speed of the sonic pulses along the magnetostrictive
lines increases by 0.0027% per degree centigrade. This was
correlated to a decrease in the scaler count as the cryostat

temperature was lowered.

RESULTS
Particle trajectories sensed by the magnetostrictive
readouts of three parallel wire planes were analyzed by
subtracting the average of the first and third coordinates
from the second to yield a deviation from a linear track
through the wire chambers. From a scattergram of the

deviations as a function of the slope of the track,



(x3 — x;), the centroid of the resulting distribution
determined the relative translational displacements of
the wire planes provided a majority of the slopes were
in a preferred direction. The scattergram plot shown
in Figure 4 was positioned about the centroid to produce
a distribution of deviation from which the ¢ was measured
as half width at half maximum. The distribution will be
broadened by relative rotations of the planes about the
beam axis; however this effect is expected to be small
{less than 33 microns) and, thus, was not considered in
the data reduction. Another effect which was, however,
taken into account was deviations from particle trajectories
with a deflection at the center wire plane producing angles
as large as five degrees. Since the planes were evenly
spaced it was determined that the resulting deviations
would be related to the calculated "slope" of the track
by a factor of + 1/2 as observed in Figure 4. These data,
although not taken as linear trajectories were included
in the distribution. The procedure was repeated for
decreasing chamber temperatures to obtain a relationship
between resolution and temperature.

The spatial resolution of a single wire plane may be
determined since the linear deviation is

Ax = x, = (x, +x,)/2 (1)

where X, X, and x are the coordinates in the three

wire planes respectively. Thus

2 _ 2 2 2 2 2
g% = sz + (1/2) le + {(1/2) Gx3 (2)



hence for identical planes the spatial resolution of a
single chamber is .8165 of that obtained by fitting linear
tracks with the three chambers.

The freguency of the deviations of particle tracks
from a straight line is shown in Figure 5 for various
temperatures with a minimum ¢ = 70 microns at 118°K.

The efficiency which remained about 100% over a 1 kV
wide plateau akbove the spark voltage threshold was measured
as a function of delay time at the various temperatures
with no applied clearing field. The high voltage pulses
applied to the chambers were delayed up to 3 microseconds
beyond the transit time of the particle. The efficiency
of the spark chamber approaches 100% at 173°K as shown
in Figure 6 with a delay of 230 nsec while it drops to
50% for a delay of 1330 nsec and about 5% at 2 microseconds.
Only a slight overall variation of the efficiency as a

function of temperature was indicated over the range studied.

THEORY

The spatial resolution of the wire chambers is
primarily affected by the thermal diffusion of electrons which are
created by the passage of a beam particle through the
chamber. This diffusion process was treated with standard
techniques® for electrons in thermal equilibrium with the
gas mixture. Using the number of ion pairs formed by a
particle passing through the gas from an experiment by
K. Skolil® with cosmic ray muons and the ionization energy

loss of the particle predicted by the Bethe-Bloch formula®



the electron's average energy can be estimated to determine
the time necessary for thermalization. Typical times for
thermalization to be approached were calculated using an
expression given by M. Biondi’ for rate of electron energy
less in neon and are seen to be within the minimum delay
time of the readout system as shown in Figure 7.

The diffusion velocity for thermalized electrons is

determined using the method of analysis by M. Biondi® giving

D32y, =nv (3)

£ X
Here D is the electron diffusion coefficient as measured
by J. Lloyd® and is plotted in Figure 8. The time dependence
of the electron density satisfies the equation

nO
(1 + an,t)

(4)

n =

This equation has been shown to be valid where the
dominant process is electron recombination with gas atoms
particularly for high initial electron densities'?, n_.

Although the spatial form of the charge density is
not known analytically since it depends on the initial
electron distribution as well as the geometry of the chamber,
the electrons are assumed to experience elastic scattering
during the process of diffusion which may relate particle
flux to the charge density in the form e PPc¥. yhere P, is
the elastic collision probability measured by A. Salop!'!
and earlier by C. Normand'? for low-energy electron scattering
in neon, and p is the gas pressure.

The electron absorption coefficient o is given by

3

M. Langevin'® for high density gases as



= &
a = eou (5)

where u is the electron mobility from the Einstein
relation'®:

w = (e/k) D/T (6)
where T is the temperature of the gas. For intervals
of time less than the delay time o« decreases rapidly which
is evidenced by calculating the number of electrons remaining
as a function of time and comparing the result with the
measured efficiency of the chamber. It was noticed that
the electrons are completely recombined as the chamber
efficiency drops to zero within about 3 microseconds. The
time dependence of o is influenced mainly by the non-random
initial distribution'® of the electrons. Combining these
results with Equation (3) the normal diffusion distance
becomes

t

dt

* = DPPe L TTan T

(7)

It is assumed that electron diffusion is directly related
to the resolution of the chamber and which is seen in
Figure 9 to be proportional to T3/2, and is verified by
completion of the integration in Equation 7 by numerical
methods with time dependence of o included.

Thus, calculations based on electron diffusion are in
good agreement with the observed temperature dependence of
the resolution. The temperature scale was adjusted to
account for the liquification of the gas. This method was
applied to the data reported by W. Willis? for high pressure

spark chambers where the resolution was observed to depend



b

on pressure approximately as P ° and is in good agreement
with the diffusion theory. An obvious comparison bhetween
the pressure and temperature data is a more rapid decrease
in resolution as the temperature is lowered. As the gas
temperatures near the point of neon liquification even
better resclutions are predicted.

The authors would like to express their appreciation
to Dr. A. Roberts, Dr. J. Lach, Dr. 8. BEcklund, J. Blomguist

and J. Urish for their significant technical assistance and

consultations.
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A schematic cross-sectional view of the spark

chamber liguid nitrogen assembly.

A front view of the wire plane and a more detailed

cross-section of the spark chamber.

Spark voltage threshold versus temperature.

Scattergram of the deviations of particle trajectories
from linear tracks as a function of the slope of the

track.

Distributions of linear deviations from tracks for

various spark chamber temperatures.

Efficiency of a spark chamber as a function of the

delay time of the high voltage pulser.

Fractional energy loss of ionization electrons in

neon (at temperature T) as a function of time,.

Diffusion coefficient of electrons in neon.

Resolution cf the spark chamber at cryogenic

temperatures.
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