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Introduction

Upgrading the PHENIX Time-Expansion Chambers (TEC) to a Transition Radiation Detector (TRD) involves changing the operating gas from the current P10 (90%Ar and 10%CH4) to a gas that can absorb the produced TRD photons and tuen them into detectable electrons. 

The gas mixture we plan to use is 45%He+45%Xe+10%CH4 mixture, in a circulative mode to avoid the high cost of Xenon. The current TEC gas system was designed to operate either way as an exhausting or re-circulating system.

The changes necessary to the current system are:

· Add a cryostat to recover the Xenon

· Add Xe gas vbottles to the Isobutan shack next to the gas mixing house as a XE supply.

· Make small modifications to the exisiting gas rack to run in re-circulation mode.

· Make small modifications to the existing monitoring computer system to handle the new signals.

· Add CO2 or Ar flow to the TRD enclosures of the chambers using existing pipes.

Figure 1 shows as a sketch the location of the equipment. The two cryostats will be located on the gas-pad supplied by liquid nitrogen for cooling. Xe will be supplied from bottles in the Isobutan Shack next to the gas mixing house. All gas flow and controls will be handled by the existing gas racks and control systems.
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Fig.1 Sketch of the additions to the TEC gas system

Details of the gas system


Xenon recovery system takes Xenon from the 45%He+45%Xe+10%CH4 mixture, venting from PHENIX TRD. The scheme of Xenon recovery system is shown in Fig.2. It includes two low temperature cryostats , each capable to accumulate  up to 6 litters of liquid Xenon. The cryostats have two stages of Xenon separation at the different cryogenic temperatures. Upper first stage is at 161K and the bottom second one is at 110K. For the operation solid Xenon will be collected with the second stage. Only one cryostat will be in the operation for the normal run mode, second one is a spare. For TRD purging time or power failure, both cryostat are in the operation.
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Fig.2. Xenon recovery system


Each cryostat stage temperature is supported with the temperature indicating controller(TIC) by changing  the coolant flow through the stage heat exchanger. As the coolant, liquid Nitrogen is used. Two commercial 160 liters Dewars can be used to supply the cryostats with the liquid Nitrogen.


In the case of plugging of running cryostat  the second one will be tern on in the operation  with the pressure switch PS1 or PS2. 

The amount of Xenon recovered by the second cryostat stage is measured with the scale.

 To remove Xenon from the cryostat the second stage is heated up to 164K to transform solid Xenon to the liquid one. The heater permits to reduce the heating time. Xenon is removed with 4.2 liters stainless steel vessel placed into the liquid Nitrogen. Then 4.2 liters vessel is heated up to the room temperature and Xenon gas is replaced to 43.5 liters commercial cylinder

25PSI  relief  valves(PSV1, PSV2) are installed on Xenon gas lines to prevent accidental overpressure of the cryostats stages. The flow rate through them is 2SCFM at 30PSI.


There is a possibility to operate the one cryostat to supply TEC/TRD gas system with Xenon gas evaporated from the second stage at 8 PSI.


Each cryostats second stage has RTD(100Om) temperature transmitter(TT1X, TT2X) connected to the  TEC/TRD gas system readout electronics to inform about the cryostats temperature(pressure). In the case when the temperature(pressure) will exceed the set pointed level the shift crew will be informed about it with the audible and light signals.

                                         Xenon  Recovery  Cryostat   Design   Peculiarity


The cryostat design is shown in Fig.3. It has demountable vacuum jacket to have access to the inside parts. Cylindrical part of vacuum jacket 1 is made from the stainless steel(1.2mm thickness). Its diameter is 200mm. The thickness of vacuum jacket bottom 2 is 2 mm.
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Fig.3. Xenon Recovery Cryostat

First cryostat stage 3 is connected to the vacuum jacket flange 4 with the input 5 and output 6 mixture pipes and thermometer pipe 7. In the top part of first stage there is a heat exchanger 8 using for Xenon condensation. Input mixture pipe 5 has a heat exchanger 9 to cool the mixture before its input to the first stage. As a coolant, Nitrogen gas outgoing from the heat exchanger 8 is used. Input mixture pipe has 14.5mm inner diameter. Output mixture pipe 6 has 7.5mm inner diameter.

Second Xenon Recovery cryostat stage is connected to the first one with 52.6mm inner diameter pipe and to the flange 4 by some pipes(liquid Xenon Out, Xenon Gas/Heater Out, two thermometers pipes). The stage body is made from 1mm stainless steel. Inside it there are: two heat exchangers(11 top and 12 bottom connected in series),  heater 13,  copper temperature equalizer 14, thermometer(TT1X or TT2X).

The second stage is covered with many layers vacuum insulation 15. 

 All cryostat connections located on the flange 4 are shown in the Fig.4. 
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Fig.4. Xenon Recovery Cryostat Connections

Liquid Nitrogen is supplied through the connector 16 (Fig.3) to the first and second cryostat stages. The adsorbent(charcoal) 17 is used to support the stable vacuum level.
Basic Xenon Cryostat parameters


· First Stage Volume - 1.3l

· Second stage volume – 8.6l

· Operating pressure: Xenon collection Mode – 0 atm(0 PSI)

· Xenon Gas supply to TRD or remove liquid Xenon  – 0.55atm(8.1PSI)

· Maximum pressure – 3atm(45PSI)

· Nitrogen consumption – about 5l/24hr

· Cryostat weight  - 14.4kg(31.7lb).
· CO2 or Ar flow to TRD enclosures < 1l/h
