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Abstract

We present detailed laboratory measurements of the lifetime of a small test
chamber, simulating the Mark III straw vertex chamber conditions. The tests were
carried out with an argon ethane 50/50 gas mixture at 3 atmospheres absolute
pressure and 3.9 kV was applied to the wires. After the accumulation of ~0.02
C/cm on a single straw continuous discharges began. The addition of alcohol or

~ water vapor to the gas mixture was found to extend the lifetime of the straws.
Continuous flow of the gas mixture with water vapor through the straws prolonged
the lifetime significantly. We present preliminary results on the effects of changing
the gas mixture inside the straws at regular time intervals. Adding a small
_percentage of water vapor to the argon-ethane gas and flowing the gas mixture in
the straws can improve the lifetime by more than an order of magnitude. An
accumulated charge of 1.0 C/cm on a single straw has been obtained.

1. ‘Introduction

Wire chamber ageing is important in experiments which are exposed to high fluxes of
particles. Ageing manifests itself by spontaneous current and rate increase after exposure to
radiation. The gas amplification decreases and spontaneous discharges may begin.

2. Experimental

We have measured the lifetime of a prototype straw chamber under various operating
conditions. The test apparatus (Figure 1) consists of four straws in a pressurized vessel. The
straws are 12 cm long, 0.8 cm in diameter, and are constructed of aluminized Mylar. A gold-plated
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tungsten sense wire is centered in each straw. The wire is 50 pm in diameter and is tensioned to
275 g. The raw materials are the same as those used in the Mark III vertex chamber (VC). In most
of the tests the straws were surrounded by an 8 mCi Fe55 source, spotted on a thin copper sheet,
which uniformly irradiates each straw over a length of 10 cm. Data were taken at 3 atmospheres
absolute pressure® and a high voltage of 3.9 kV was applied to the sense wires. In these tests the
gas mixture was Matheson brand argon-ethane 50/50. The gas flowed through electro-polished
stainless steel pipes and over a reservoir containing the additive to be tested (water or alcohol). The
temperature of the reservoir and the concentration of the additive (0.2% water vapor, 0.4%
- alcohol) were controlled by a temperature stabilized water bath.

Throughout each test the gas volume inside the straws was either a) kept constant; b)
allowed to flow continuously; or ¢) replaced at different but regular time intervals.

3. Results and discussion

Twenty five tests were performed. Typical test conditions had a singles rate of ~100 kHz
per wire and a current of ~SuA per wire as the initial conditions. The pulse height was 15-20 mV in
a 50 Q load.The straw lifetime, measured in deposited charge per unit length [C/cm], was
calculated from the initiation of each test to the point when the current and singles rate began to

escalate (Figure 2 shows a measurement of the current).

‘The first set of measurements compare the straw lifetimes for various additives. The gas
volume was kept constant throughout each test. The results of these tests are shown in Figure 3.
The error bars represent a 10% systematic error on the time when the currents and singles rate -
began to escalate.

In another set of tests the gas mixture flowed continuously through the straws. When water
vapor was added to the gas mixture the lifetime improved significantly. After a month of constant
irradiation each straw had accumulated 1.03 C/cm with no indication of performance deterioration,
at which point the measurement was stopped.

The Mark ITII VC was designed to allow a moderate gas flow through the straws. However,
one can speed the gas exchange by replacing the gas volume in the chamber every few hours. This
condition was simulated in the test chamber by replacing the gas volume at constant time intervals.
A volume change every 5 minutes in the test chamber corresponds to a volume change every 23
hours in the VC, under typical VC operating conditions. Preliminary results of these tests are
shown in Figure 4. The error bars represent a 10% systematic error on the time when the currents
and singles rate began to escaiate. The measurements with 3 to 6 minutes between volume changes
show fluctuations, due to argon ethane gas mixture changes (up to 1%). We plan to repeat these
measurements with a high radiation source (80 mCi) to speed up the tests.



To conclude, the lifetime without gas circulation or the addition of water vapor was
measured to be ~0.02 C/cm. The addition of 0.2% of water vapor or alcohol extended the lifetime
by ~50%. Continuous flow of the gas mixture through the straws further prolonged the lifetime.
With the addition of 0.2% water vapor and continuous flow of the gas mixture through the straws
a lower limit of ~1.0 C/cm for the lifetime was obtained. Replacing the gas mixture in the straws at
constant intervals was found to extend the lifetime. The shorter the interval between gas volume
replacements, the longer the lifetime became. This is of practical consequence for the Mark III VC,
and should be taken into consideration for future designs.
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Figure 1: The experimental setup. Figure 2: Current as a function of time, for a typical test.
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Fig 3: Lifetime as a function of additives to the Fig 4: Lifetime as a function of the rate of volume
argon-ethane (50/50) gas mixture. changes (water vapor added).

The gas mixture was not circulated.



