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Abstract The spatial resolution, dE/dx resolution and cell efficiency of two prototypes of small-cell drift chamber filled with He/
C3H3(60/40) with cell sizes of 14.0mm and 16.4mm were measured using cosmic rays respectively. The results show that the per-

formances of the two drift chambers are almost equivalent.
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1 Introduction

The physics goals of BESI[? experiment at the upgrad-
ing Beijing Electron-Positron Collider( BEPC II )* are precise
measurements and the search for new physics in the tau-
charm energy region. The drift chamber for BESII is used to
track charged particles produced in the electron-positron col-
lisions, measure their momenta with magnetic field and their
energy loss (dE/dx) for particle identification. The main re-
quirements for the drift chamber are good efficiency, high
momentum resolution, good dE/dx resolution and excellent
adaptability for high event rate. These requirements are met
by using a small cell chamber for the BESI drift chamber
and choosing the helium based gas of He/C3Hg(60/40) for
operation” . In order to study the impact of cell size on the
performance of the small-cell drift chamber filled with He/
C;Hg(60/40) , we built two prototypes of drift chamber with

different size cells in square shape and carried out a test using

cosmic rays. The cell sizes are 14. Omm which has been

adopted by the CLEO-II drift chamber'’), and 16. 4mm
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which is very similar to the BESIIl drift chamber’s final de-
signm, respectively.

In this work, we present the test results of the two proto-
type chambers including the spatial resolution, the dE/dx
resolution and the cell efficiency. The performances of the

two test chambers are also compared with each other.
2 Test chambers

The two prototype drift chambers are identical except for
the cell size and the wire layers. One test chamber contains
10 layers of 5 cells each, with the cell size of 14.0mm (pro-
totype 14.0). The other one contains 14 layers of 5 cells
each, with the cell size of 16.4mm (prototypel6.4) . All the
cells have standard square shapes to simplify the drift dis-
tance-time calibration. Each cell has one sense wire sur-
rounded by a square grid of 8 field wires. The sense wires are
25pm diameter gold-plated tungsten (3% Re). The field
wires are 110um diameter gold-plated aluminum. The wires
are about 60 cm long. All layers are axial with half cell stag-
gering between neighbouring layers for left-right ambiguity
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resolution. Fig.1 shows a close-up view of the wire configura-

tion.
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Fig.1. Wire configuration of the test chambers.

The high voltage is applied to the sense wires at one
end-plate, while the preamplifier boards are mounted on the
other end-plate. The field wires are all at ground potential.
The two chambers were tested with He/C3Hg (60/40) using
cosmic rays. The test setup and electronics have been de-

seribed in detail in Ref.[2].

3 Results

3.1 Drift distance-time relation

The drift distance-time relations ( x-¢ relation) for the
two test chambers are shown in Fig.2. The x-t relations are
nonlinear. This is one significant character of the small cell
which is caused by the nonuniform electric field in the cell
inherent in its geometry. The x-¢ relation for the prototype
14.0 is consistent with the one for the prototype 16.4 in the
whole drift cell except for the cell boundary where the elec-
tron’ s drift suffers from the distortion of the electric field. It
should be noted that the x-¢ relation depends heavily on the
operating voltage. The test shows that the x-¢ relations for the
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Fig.2. -t relations for the two test chambers.

two chambers with He/C3Hg (60/40) both will be improved

on the nonlinearity with the increase of the operating voltage.
3.2 Spatial resolution

The spatial resolution as a function of distance from the
sense wire for the two chambers is shown in Fig.3. The spa-
tial resolution deteriorates near the sense wire because of the
primary ionization statistics. The degradation near the cell
edge is due to the distortion of the electric field. The two pro-
totype chambers show a similar distance dependence of the

spatial resolution.
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Fig.3. The spatial resolution as a function of

distance from sense wire.

To compare the spatial resolution of the two test cham-
bers, the gas gain is used as the operation condition rather
than the operating voltage since the cell sizes of the two
chamber are different. In practice, the gas gain is replaced by
the relative gas gain, which is defined as the ratio of the peak
of the pulse height spectrum to the path length in one cell.
Fig.4 shows the dependence of the spatial resolutions of the
two test chambers on the relative gas gain. The behaviors of
the spatial resolutions due to the relative gas gain are similar.

The spatial resolutions are improved significantly with the in-
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Fig.4. The dependence of the spatial resolution

on the relative gas gain.
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crease of the relative gas gain, i.e. the operating voltage and
then arrive at a plateau with a resolution of about 100pm.
The two chambers achieve almost equal spatial resolutions

with the same gas gain.
3.3 dE/dx resolution

The truncated mean ’technique[3 Vi applied for the dE/dx
measurement. Here only a fraction (truncation fraction) of
the measured samples are used to calculate the dE/dx . The
measured samples are ordered according to their pulse heights
with the lowest f% (i.e. truncation fraction) of the samples
used for the calculation. This procedure converts a landau
spectrum into a Gaussian-like spectrum. The dE/dx resolu-
tion is then defined as the ratio of the width of the Gaussian to
the peak.

The dE/dx resolution as a function of the truncation
fraction for the two chambers is shown in Fig.5. The resolu-
tion has a broad minimum near the truncation fraction of

60% .
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Fig.5. The dE/dx resolution as a function of

the truncation fraction.

The dependence of the dE/dx resolution of the two
chambers on the number of samples is studied by combining
consecutive events. Fig.6 shows the results with the trunca-
tion fraction of 60% . The improvement of the dE/dx resolu-
tion with the increase of the samples is less than N =% as ex-
pected from a simple Gaussian, where N is the number of
samples. It is due to the long tail of the Landau distribution
of dE/dx. The dE/dx resolution of the prototype 16.4 is
better than that of the prototype 14.0 with the same number of
samples. It is consistent with the expectation, as the sam-
pling length (cell size) of the prototype 16.4 is longer than
that of the prototype 14.0. But with the same total sample

depth, the resolution of the prototype 14.0 is better than that
of prototype 16.4, due to the larger number of samples of the
prototype 14.0. It indicates that the contribution of the num-
ber of samples to dE/dx resolution is larger than that of the
single sample length. Nevertheless both of the dE/dx resolu-
tions using the two cell sizes fulfill the requirement of the

BESI drift chamber (6% —7 % @ 30—40samples) .
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Fig.6. The dependence of the dE/dx resolution

on the number of samples.
3.4 Cell efficiency

The dependence of the cell efficiency of the two cham-
bers on the relative gas gain is shown in Fig.7. The efficien-
cy rises with the increase of the operating voltage. An effi-
ciency over 98% can be obtained for the two chambers. They

achieve almost equal efficiency with the same gas gain.
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Fig.7. The dependence of the cell efficiency

on the relative gas gain.

4 Conclusion

We tested the performance of two prototypes of small-
cell drift chamber filled with He/C;Hg(60/40) with cell sizes
of 14.0mm and 16.4mm respectively. The performances of

the two drift chambers are almost equivalent.
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