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1.0
Purpose

The purpose of this document is to present the case for using a 50/50 mixture of Argon and Ethane in the Drift Chamber (DC) and Pad Chamber (PC). The issues to be balanced are the safety of the experimental area and the performance of the two detectors when using Ar/Eth versus a gas like P-10. This note addresses the performance of the PC only. Since the DC and PC share a common gas distribution system, the choice of gas for one subsystem impacts the gas for the other.

 

1. Safety Considerations

There is primarily only one safety consideration driving the choice between P-10 and Ar/Eth, and that consideration is flammability and explosiveness. 

P-10 is considered flammable, although it is not easy to make it support combustion. Gas must be drawn from the bottom of the cylinder in order to obtain a flammable mixture of the gas. This is one of the reasons why P-10 is being used in the 1008A Counting House to conduct the testing of the DC and PC prototypes. 

A 50/50 mixture of Argon/Ethane, on the other hand, is quite flammable and can create an explosive mixture in air. If we are to use Ar/Eth, we must insure that there are no leaks of a size that constitute a threat of fire or explosion. 

 

2. Performance Considerations

From the standpoint of performance, there are a number of points that need consideration. Each of the two detector subsystems using the gas has conflicting requirements. The gas must have high gain so that the signal from a track passing through the chamber is amplified sufficiently to make for efficient detection. The gas must also be fast enough so that most of the signal from a track is recorded in time to be associated with the event. And yet the gas must not be too fast or it will deteriorate the timing resolution of the DC. 

The gas gain of P-10 is higher than that of Ar/Eth. This means that for a given amplification the chamber (either the DC or the PC) can be run at lower voltage with P-10 than with Ar/Eth. 

P-10 is a slow gas, however, making it unsuitable in the long run for the PC. Simulations of the gas performance using a program called GARFIELD, give effective drift velocities of 4.6 cm/s for Ar/Eth and 2.3 cm/s for P-10. The standard configuration for operating the PC electronics is to integrate the signals for 3 clock ticks (3 x 80 ns = 240 ns). In a chamber using P-10 gas, this is long enough to receive signals from only 5.5 mm away from the wire. This means that the PC-3 layer would only be ~69% efficient because of late signal arrival. There are hardware fixes to this problem that will lengthen the time during which signals are received, but this has the side effect of increasing the occupancy of the chamber due to other crossings, as well as non-beam related hits. 

Using Ar/Eth gives good detection efficiency across the entire chamber of PC-3, since it is a faster gas. There are other gases that are fast, such as Ar/CO2, but they are too fast for the DC. The slower the gas, the better is the position resolution for hits made by a track. 
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