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Abstract
Investigations of single-electron avalanches in a proportional drift tube have been carried out with a
pulsed N, laser. The study consists of two aspects: timing properties, and fluctuations in the gas avalanche.

Detailed information on single-electron drift and
avalanche behaviour has a basic interest in an investigation
of gas-chamber performance. Its timing, avalanche dis-
tribution, attachment by the working gas mixtures, etc.,
provide various criteria for choosing the best suitable gas
mixture under a specific experimental circumstance.

Timing Studies with Single Electrons

A sketch of the experimental set-up is shown in Fig. 1.
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Figure 1: Sketch of the experimental set-up.

The N; laser generates pulsed 337-nm (3.67-eV) UV
photons, with a pulse length of about 350 ps. The
pulse energy is about 50 pl, corresponding to about 104
photons. The test drifi tube was made of 7.67-mm-
diameter aluminum tubing with a 25-pm-diameter gold-
plated-tungsten anode wire.

The laser beam was focused onto the inner wall of alu-
minum tube after passing through a 1-mm-diameter hole
in the wall. The hole is offset by 1 mm from the center
line of the tube. Because the beam spot on the inner sur-
face of the tube is quite small, we can neglect mechanical
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imperfeciions and consider that the drift distance of the
photoelectrons was just the radius of the tube. A beam
gplitter was used to reflect part of the laser beam Lo a
photodiode (RCA C30905E), which generates a fast, large
electric pulse ms a start signal for TDC system. A pream-
plifier was directly connected to the test drift tube through
a high-voltage capacitor. The drifi-tube signal was used
as a stop signal.

Two different preamplifiers have been used in our
measurements: & LeCroy TRA402 and U. Penn/AT&T
preamplifier.[1] The U. Penn preamplifier was used for
studying the performance of CF4/Ar and CF,/isobutane
mixtures with different mixing ratios. The other gas mix-
tures were measured by LeCroy preamplifier.

Due to the very small quantum efficiency and large num-
ber of primary UV photons, the number of photoelectrons
in each pulse should vary according to a Poisson distribu-
tion. We reduced the aperture of the iris dinphragm until
only 1 in 10 laser pulses yielded any photoelectrons, and
hence at least 90% of the recorded events were initiated
by single photoelectrons.

Using simplified formulae to approximate the published
curves on the drift velocity w vs. E/P,[2, 3] we are able
to calculate the total drift time. The results are shown in
Fig. 2. The agreement is impressive. Because our data are
collected under various pressures, and the drift velocity
curves used in our fitting were measured or calculated at
1 atm, our results further confirm the well-known fact:
wx f(E/P).

We have ditectly measured the time resolution oy, and
converted to the spatisl resolution o, using the z vs. ¢
curve near the tube wall. Figure 3 shows our data as well
as a fit of the form

. =_o'o+A/\/I_3

for Ar/COj, Ar/CH4 and Ar/CzH,.

We made a further investigation for gas mixtures con-
taining CF4. This “fast” gas is believed to be one of the
most attractive candidates for the SSC environment.[2, 4]

We summarize the drifi-time results of CF4 gas mix-
tures in Fig. 4. The dependence of the drift time on the
percentage of CFy and V/P is insensitive for Ar/CF,.




N ] 1 T T I T T 1 T I T T F T -I T T T 1 I ]

180 |
C 1

160 —
. ]
g 140 —
: — MMD’O i
- o -
b= B H 1
fiza [ o Ar/CH,(90/10) b
- 0 Ar/C0,(50/50) -

100 —

- ——calculated drift time -

- 4

L E

-Te] | I loa a1 4 | T L yvova s |
1.0 1.5 2.0 2.5 3.0

v/P(Volt/Torr)

Figure 2: Drift time of Ar/CO2 (50/50),

Az/CH, (90/10).
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Figure 3: Spatial resolution of Ar/CO»
(50/50), Ar/C2Hg and Ar/CH,4 (90/10).

The time resolutions are in the 0.55-0.75 ns range for
Ar/CF4 mixtures, and 0.55-1.0 ns for CF4/isobutane mix-
tures. Using data from T. Yamashita et al.[5] we can in-
fer the spatial resolution for Ar/isobutane nesr the tube
wall. All of the resolutions are 25-50 pm, as shown in
Fig. 6. Because there is no existing drift-velocity data
for CF, /isobutane (83/17), (67/33), we have adopted the
(80/20), (70/30) data instead.

Fluctuations in Single-Electron Avalanches

We have studied this with the same experimental set-up
as in the timing measurements. Here we use an EG&G
ORTEC 142PC charge-sensitive preamplifier instead of
the transresistance preamplifier used for timing measure-
ments.

The single-electron-avalanche spectra from Ar/CF4 and

100 7‘ T T T I T T T T I T T T T l T T T T I T I:
90 | " . 3
F [ ] -
80 } v - 1] —:
& 70 F . T =
) E L M E
® &0 - e, .. L ] . . B
£ B = E
& 50 - 4 a =
- E A gag o, @ 'L g 4 s E
B 40 F 3
a £ CF, /i—-C H 3
30 E 4 1710 CF,/Ar E
r = 20/80 s 30/70 E
20 ¥ 50/50 v 40/60 3
F = 87/33 o 50/50 ]
10 -« B3/17 -
D 1 11 1 I 1 11 I I | I | I 1 11 1 I I I:

1.5 2.0 3.5

2.5 3.0
v/P (V/Torr)
Figure 4: Total drift time of CF4/Ar and

C¥,/isobutane.
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Figure 5: Spatial resolution of CF,/isobutane.

Ar/isobutane have been measured for several different
mixing ratios. The single-electron-avalanche spectra were
then fitted with the Polya distribution [6]

P(a) o (ba/a)* te~te/2,

where @ is the amplitude of an avalanche, @ is the mean
gas gain, and b is a measure of the fluctuation of gas gain:
{oa/a)? =1/b.

We are able to observe the presence of electron attach-
ment in the chamber gas as follows. Charge spectra were
also recorded for each gas mixture at several different high
voltages using an Fe®® source. If the sighal size observed
with the Fe®® source is not ~ 200 times that from a single
photoelectron ejected by a laser pulse, then attachment
has occurred. Comparisons of avalanches due to single
photoclectrons with those from Fe®® x-rays are shown in
Fig. 6.
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Figure 6: Gas gain from single photoelec-
trons and from Fe®5 x-rays in Ar/isobutane
and Ar/CF,.

All three of the Ar/isobutane gas mixtures gave rather
consistent results, both from single electrons as well as
from Fe®® x-rays. Then when Ar/CF,4 gas mixtures were
tested, the large discrepancy between single-clectron and
Fe®® measurements indicates that CF, may have serious
electron attachment.[2] The gas gain from single electrons
was about ten times higher than that from Fe?3.

Additiona] evidence for electron attachment is the poor
energy resolution observed with Ar/CF; mixtures. Previ-
ous work[2] yielded energy resolutions with Ar/CF, (95/5)
and (90/10) of ~ 60% and ~ 756%, respectively. We
have measured the energy resolution for the mixing ratios
{(80/20), (70/30), (60/40), and (50/50) under different gas
pressures. Typical values are summarized in Table 1.

A statistical model of the energy resolution of propor-
tional counters has been well established,[7] which yields
the relative variation of gas-gain A as following

2
T4 1 1
(I) *n_o(”b)‘

where F' is the Fano factor and & is the parameter of Polya
distribution.

Typical values of F and b are 0.05-0.2 and 1-2, respec-
tively. Since np is the number of ion pairs created by the
incident radiation, for Fe®%, ng ~ 200. The Polya param-
eters b for these gas mixtures are greater than 1.

A rather surprising fact is that even under the worst case
of F and b (but no electron attachment), the energy res-
olution of 5.9-keV z-rays still should be better than 18%.
For Ar/CF, the measured energy resolution is worse than
this by a factor of 3-5. If ng has been reduced by a factor
of 9-25 due to electron attachment this behavior would be
explained. As noted previously, such a reduction is consis-
tent with the low mean value of the gas gain observed for
Ar/CF4 mixtures with an Fe®® source .
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Table 1: Energy resolution of Ar/CF4 and Ar/isobutane
using an Fe3® source.

Ar/CF, P (Torr) Gas Gain  Resolution

(Fe)  (Pe)

Bo/20 760 08.8 48%
1160 105.9 61%

1960 107.2 82%

50/50 760 119.0 53%
1160 92.2 63%

1960 89.1 98%

Ar/isobuiane
§0/20 760 206.0 16%
1160 371.1 18.4%
1960 243.8 17.3%
70/30 760 210.5 16.4%
29/71 760 994.9 16.7%
90/10 760 188.5 13.3%
1160 2b64.0 12.5%
1960 1861.0 15.2%
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