The Hall D Cerenkov Gas System

The proposed gas system for the Hall D Gas Cerenkov detector is a hybrid of the SLAC End Cap CRID (ECRID) C4 F10 gas system as shown in Figure 1 and the liquid radiator system used in JLab’s E-94-107’s C6 F14 liquid Cerenkov radiator system.

The ECRID gas system is described as a “Heat Engine” in that they use controlled temperatures to recirculate the radiator fluid.  It is an elegant system that is inexpensive and inherently safe for the detector in case of a power failure.  A similar system was originally proposed for use in the Hall B Cerenkov system, but it was decided that it was not optimal for Hall B due to a lack of space near the detector in the hall and the difficulty in feeding multiple sectors independently.  In the ECRID gas system the outlet from the radiator, at the top of the gas volume is fed to a tank inside a chest type freezer.  The gas condenses inside this tank creating “gentle” vacuum pump.  A heater inside the liquid controls the pressure and the pumping speed.  A pump controlled by a liquid level controller in the condenser tank transfers the liquid to a warm tank outside the freezer.  In the warm tank, the liquid boils off and the gas is piped into the bottom of the radiator volume.

What is proposed to differ from the ECRID system is the filtering system.  The ECRID filtering system using pairs of molecular sieve and Ridox filters to purify the gas.  There are significant disadvantages to this method.  The largest problem is the expense.  The Ridox filters, which are used to remove oxygen, require an extremely expensive and questionably safe processing system.  The Ridox filters use a copper-coated filter media that must be reduced by baking them in the presence of hydrogen prior to use.  To mitigate the obvious hazard of running hydrogen to an oven SLAC uses a small percentage of hydrogen in Argon.  The amount of gas required to reduce the filters is so large they actually connect a tube trailer of gas to the filter processing system.  Both the Molecular sieve and Ridox filters introduce considerable dust into the gas stream so additional filtering to remove that dust is required.

In lieu of the molecular sieve/Ridox, filter system a system similar to what was used effectively on the Hall A liquid Cerenkov detector first used in E-94-107.  This system uses 10 micron (average pore size) sintered stainless bulbs in the bottom of the liquid tank.  Clean Nitrogen is bubbled through the chilled liquid. The Nitrogen, flowing through the radiator liquid in very small bubbles, scavenges oxygen and high vapor pressure contaminants in solution in the liquid and carries it away.  The Nitrogen/contaminant effluent exits the liquid tank though a chilled heat exchanger on top of the liquid tank that condenses the C4 F10 out of the gas stream.  The C4 F10 condensed out of the effluent drips back into the liquid tank.  In E-94-107 this system proved effective in rapidly removing moisture and oxygen, the main contaminants expected, from the radiator fluid.

To reduce the amount of contamination that the liquid handling system must remove from the detector upon start up Nitrogen purge system will included.  A large flow of clean dry Nitrogen will be introduced for several days before the considerably more expensive C4 F10 is introduced to the chamber.

A consequence of the “Heat Engine” concept is that since the pumping in both directions is very gentle the system does not have the ability to overcome large pressure drops.  Therefore the part of the system that handles the radiator fluid must be adjacent to the detector and be connected to it with fairly large diameter tubes.  Both ECRID vessels are connected to the gas system by 1” stainless steel tubes.  The proposed footprint for the liquid handling system is approximately 6’ x 10’.  The Nitrogen for the purge gas and the filter bubbler will be supplied by liquid Nitrogen dewars in the gas shed.  Using a cryogenic source for the purge and filter gas guarantees clean gas as most of the contamination is already frozen out with liquid Nitrogen.  The remainder of the system will be entirely contained in the area next to the detector.

As presently budgeted, the funding for this system is not adequate to include instrumentation to measure UV transmission of the liquid.  The system used to measure liquid transmission used in E-94-107 was a system built by CERN and shared by the STAR Rich detector at Brookhaven.  Built several years ago, the vacuum spectrophotometer used for those experiments cost approximately $135k.  That instrument has been dismantled and returned to CERN and is no longer available.  It needs to be investigated whether this type of instrument is required or can the detector itself to determine radiator effectiveness. 

Jerry Vavra, a prominent member of the SLAC SLD of which the ECRID was a component, has agreed to consult to JLab on the design of this gas system if we elect to  build it.
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Figure 1 A schematic of the SLAC ECRID C4 F10 Recirculation System.
Source; Strange Particle Production in Hadronic Z0 Decays, K. Baird III, April 1996, Ph.D Thesis, Rutgers University
