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Introduction





The hybrid detectors have been used in many configurations, but these instructions apply only to the operation of two detectors at the same internal gas pressure, although the number of detectors can be increased. The operation of a number of detectors at different pressures is not feasible in the chamber at Strasbourg, without major re-design of the pipework and additonal control functions for the gas pressure. This version of the notes supersedes those written originlly by Bob Cunningham, and results from the many changes during the years 2000-2001; ie. the removal of the original Charissa beamline which was replaced by a new beamline completely under the control of the Vivitron operators; and the removal of the polarimeter chamber on the exit of the scattering chamber, together with its associated pumps and vacuum fittings.





Layout of scattering chamber and control racks





The 0.75m chamber has four rotating arms, though arm 4 has been removed and is jammed, and arm 1 can only be rotated by hand, and there is no readout of position. Fig.1 shows a sketch of the chamber layout and the positions of the control racks. The arm controls and readout are in a short rack by the cable gantry near the chamber, whilst the main vacuum control rack (VCR) is against the wall downstream left of the chamber. The gas control rack (GCR) is moveable and when not in use is stored against the wall next to the VCR but in use should be positioned downstream right of the chamber close to the support frame, because it is then close to the hand valve VH634 ( and dial gauge GD637) used for slowly pumping out the chamber when there are delicate detectors inside. Fig1 shows the layout for the pipework for the  gas inlet/outlet to the detectors passing across the framework at the exit of the chamber, and the position of various pumps and valves referred to in this document.














Installation of the gas inlet/outlet, gauges and gas/ air suppies  for the GCR





Make sure that the vacuum flanges X, Y and Z are installed on the left side of the chamber. X has two 0.25" pipes (X1, X2)  for gas inlet and for the bypass line. Flange Y has a 0.375" pipe for the gas outlet. Flange Z should have a tee with a thermocouple gauge head  GT1 and a Penning gauge head GP1 installed and should be connected by the two multiway cables to the GCR. The valves V1,V2 and V3 should be installed on flanges X & Y with a flexible stainless bellows for the bypass pipe for V3. Connect the two long flexible  pipes from the GCR to X and Y; the smallest diameter pipe  to  V1, and the larger pumpout (exhaust) pipe to valve V2 ( see Fig1).


You may need to adapt pipe and/or flange sizes; the components are in the metal cupboard nearest the entrance to the area.


You need to connect a supply of compressed air to the GCR via the white PTFE pipe; there  is a small toggle valve fitted underneath the downstream exit  of the chamber next to the compressed AIR dial gauge- in the open position the lever extends at 90deg.  from the body of the valve.


The gas supply for the detectors should come from a bottle of isobutane or camping gas ( propane) connected to the  pipe which enters the rear door of the GCR. Make sure the fittings are properly connected and test the valves and pipework installed on the gas bottle by opening the valves up to the GCR, then shut  the bottle valve and observe the regulator gauge to see if it drops with time due to leaks from the small pipework into the GCR. With 1.8bar max pressure ( for isobutane), a leakage of about 20% in a few days is OK. 





Installation of the  pipework internal to the scattering chamber





Inside the chamber, pipe X2 has a flexible PTFE  pipe attached; this connects the interior of the chamber to the detectors via the valve V3 if necessary; the PTFE pipe is normally tucked into the port so that it is out of the way, and any blast of air through it won't damage detectors or targets. There are two PTFE pipes ( stored in the second metal cupboard near the door) which connect the pipes X1 and Y to the detectors via Swagelock fittings. The pipes are angled to drop to the base of the chamber inside and pass around the chamber in opposite directions, going under the arms if necessary to prevent any fouling when arms are moved. The final bends fitted with Swagelock connectors fit onto the fittings on the rear of the hybrid detectors.  The final tightening should be done very carefully; tighten the Swagelock connector by hand until it goes tight and then tighten with a spanner through a further 90 degrees ONLY. Overtightening may cause leaks of gas into the vacuum.�



The gas control rack (GCR)





At the top of the rack, a Critchley crate contains the  gauge control/display modules for  the gauges GP1 and GT1 ( on flange Z) and the thermocouple gauge head GT2 installed inside the GCR in the backing line. 


Beneath (left) are the pressure transducer readout (PTR) unit and (right) the control ( CTRL )  unit.  The PTR displays the pressure measured  by the  transducer in the GCR at the end of the pumpout line from the chamber and measures in TORR. Both low and high pressure limits can be set on the PTR and the LEDs and relays indicate when the  pressure is between these limits. The zero point can also be adjusted. The CTRL is used on INTernal to set the required pressure for the detectors using the ten-turn SETPOINT potentiometer. The 1V RANGE gives a max pressure of 100torr, whilst a 10V RANGE gives over 100 torr. The phase and gain of the feedback circuit used to control the pressure are variable and usually set at 2-4 and 90% respectively; normally the set values should be OK, but if the cycling of the pressure is overactive, then may need adjustment. The control valve has a multi-position switch with CLOSED, MANUAL and AUTO positions. MANUAL  is used to fill and empty the detectors, AUTO control is used for the running conditions with gas flowing through the detectors.


Beneath is the interlock and alarm system panel . Four interlocks are supplied; if any are violated, the two shutoff valves PS1 and PS2 ( Fig.2)  isolate the sytem, and alarms go off. You can reset the individual alarm once the fault has been rectified by pushing the button.; there is also an audible alarm which can also be muted. The interlocks are:-





	a. AIR FAIL the compressed air must be above 2 bar  (30psi) to keep open the 	pneumatic  valves PS1 and PS2. Below 2 bar the alarm will go off.





	b. FAN FAIL. No longer used - just push the button to reset





	c. VAC FAIL . The pressure in the scattering chamber, as measured by GT1 and 	GP1 on flange Z must be  low enough ( ie. green lights  Ch1, Ch2 on  the gauge 	displays). If this trip goes, you probably have a detector window leak or a pump 	has tripped!





	d. HI/LOW PRESSURE. If the detector pressure is outside the limits set by you 	on  the PTR, this interlock safeguards the detectors in the event of loss of pressure


	or other fault. This interlock can be bypassed during startup, filling or closing 	down the system, using the key switch marked 'BYPASS'�
6. Evacuating the scattering chamber with hybrid detectors  installed


    	Refer to figs. 2 & 3 which show schematics of  vacuum and gas systems. Note operations are required on both the VCR ( controls main vacuum pumps)  and on the GCR (  controls the gas flows). These instructions assume that the chamber and detectors are at atmospheric pressure, with the lid lowered and the hand valve on the lid closed.





a. Check that the nitrogen vent hand-valves VN635,VN636 underneath the chamber (behind the AIR pressure dial gauge) are closed.  Switch on the mains power to the VCR.


 Check that the nitrogen vent valve VN634 is closed on the pump control panel on the VCR - NB. the red ('closed') LED does not work, but shows green when VN634 is open.





b. On the pump control panel of the VCR , switch on  pumps  PR635, PR636 by pushing the buttons ( check the switches on the pump bodies if nothing happens!); after  a few minutes switch on the turbo pumps PT635, PT636.  


 Switch the vac system to 'GT PROTECT '  on  the pump control panel.





c.  Check that valves V1,V2, and V3 are open on the LHS of chamber.


Check that VH634 hand valve below the  dial gauge VD637 is closed on RHS.


 


e. Check that the valves N,B,L,V and S on the GCR panel are closed. Switch on the mains  to the GCR. Cancel  alarms on the GCR by pushing the buttons, and switch on the pressure transducer readout  PTR ( should read  ~ 740 Torr) and the control CTRL unit.





f. Return to the VCR, switch on roughing pump PR634, open VM634; switch on GT637.





g. Return to  manual roughing valve VH634; crack it open slowly so that the pressure falls no faster than about 1 Torr every 2 seconds as shown on the PTR  on the GCR.


As the chamber pressure falls, slowly open VH634 to maintain the rate of pressure drop until the valve is fully open when the pressure falls below 1 Torr.


Switch on GT1 on the GCR, and check that it reads similar to GT637.





h. Monitor the pressure on the gauges in the VCR; when GT637 shows less than 2 x 10-1 Torr, close VM634 on the VCR panel, then close  hand valve VH634.


Open VA635 and VA636 to evacuate  the chamber via the turbo pumps.


Switch on the  Penning gauges GP637, GP635 and GP636 on the VCR.





i.  Switch on GP1 on the GCR. When the pressure is low enough in the chamber, the green lights (Ch1,Ch2) on the GT1 and GP1 readouts will come on, and the  'VAC FAIL' interlock can be cancelled on the GCR.





j. When GP637 shows a green at less than 5 x 10-5 torr , switch to 'FULL PROTECT' on the control panel on the VCR. At this pressure, it may be possible to open to the beam line, if the pressure interlock to the Vivitron allows; the actuation of the gate valve is under control of the Vivitron operators. It is best to fill the detectors with the gas before opening this valve, unless 'gas-out' runs are in progress!


7. Putting gas into the hybrid detectors.





a. Ensure valve S on the GCR is shut. Make sure the gas bottle is turned off, and that the regulator valve is shut.


Turn on the toggle switch under the chamber to get compressed air to the GCR.





b. Check that the chamber pressure on GP637 and GP1 agree roughly and are less than 10-5 torr .  Close the bypass valve V3 on the LHS of the chamber.





c. On the GCR check that valves L,S, and V are shut, and the four-position switch for the control valve on the CTRL unit is in the CLOSED position. Check that valves N and B are closed.





d. Check that GT1, GP1 and GT2 are switched on - all should be showing greens.





e. Switch on the  HI/LOW pressure interlock bypass. Ensure all interlocks on the GCR control panel are complete ie. no lights flashing.  Any flashing interlocks should be cancelled by pressing the switch, but this needs the compressed air switched on. The pneumatic shutoff valves PS1 and PS2  should then open.





f. Switch on the rotary pump at the side of the GCR, and open the hand valve to pump down the pipework. If this is not the start of the filling operation skip to instruction h.





g. If it is the start of filling, ensure the gas bottle is turned off. Open valves V and S and pump down the line between the  gas bottle and the control valve. Certain types of regulator valves may leak during this process.  After a few minutes GT2 should show less than 5 x 10-2 torr, if you are lucky! Close S and V and then turn on the  gas bottle and the regulator valve so that a reasonable pressure is presented to the GCR;  about 0.5 bar is sufficient, since detector pressures of <100 torr are usual.  Note that the regulator gauge should read about 0.5bar above  -1bar since  the pressure in the pump out line is effectively vacuum. 	Skip to instruction i.





h.  Open valve S to let gas reach the control valve.





i. Set the controller switch to the required range; 1V for pressures up to 100 torr and 10V for pressures above 100 torr. Set the pressure required in the detectors on the 'SET POINT' potentiometer - one complete turn represents 10 torr ( or 100torr ) on the 1V ( or 10V) ranges respectively.





Make sure that the pressure  set is OK for the  window thickness you have installed!





j.  Ensure the control valve potentiometer  is set to zero. Switch the valve control knob to MANUAL.





k. Open the control valve manually by winding up slowly until gas flows into the detectors at no more than about 5 torr per minute as shown on the PTR.  


Note that not much happens until the manual pot approaches the value on the set point pot, but then the pressure may rise suddenly! Check the chamber pressure on GP1 frequently, and if the pressure rises  above   10-5 torr  set the control valve to CLOSE, pump out the  gas ( section 9) and find the leak- this is usually either a faulty window ( pinholes), an ill-fitting window frame ( O ring) or more rarely one of the Swagelock connectors.





l. When the pressure in the detectors rises to the required value, turn the valve control knob to CLOSE and turn the MANUAL  potentiometer to zero.





m. Turn the valve control knob to AUTO. Set the needle valve N by opening it about TWO  turns. The pressure in the pumpout line should rise to about 2 x  10-1 torr, as indicated on GT2. Arrows are marked under the meter scale on GT2 to indicate a good working range. Check that the automatic pressure controller is working correctly;  the pressure in the detector will cycle slowly over a narrow range about the set point. Continue to monitor the pressure in the chamber on GP1 throughout filling and throughout  the run.





n. Set the low and high pressure limits on the PTR to about 10 torr above and below the set point operating pressure in the detectors. Then switch off the HI/LOW pressure bypass switch.





o. The gas detectors are now ready to operate. An operating  voltage of about 2.5 V per torr per cm ( = 5V per torr for the Charissa hybrids with 2.5cm anode to earth) is the minimum for  the anode grids, but often no pulses can be seen with an alpha source even beyond this value; the onset of pulses comes suddenly and even 20V can make a large difference!  Usually about 6V per torr is  reliable. If no pulses are seen, check the leakage current in the HV bias supply; if it shows  approx 1mA per 10V ( depending on the preamplifier) then you probably have a complete short to earth inside the hybrid, or a broken anode wire which is flailing around  and shorting inside the detector!


�



Changing the pressure in the detectors.





This assumes the detectors are in an operational state.





A. To increase pressure:-


a.  Turn off anode voltages before any changes are made to the pressure! 


Ensure MANUAL  pot on CTRL  is zero. Turn valve control knob to MANUAL.


Turn on HI/LOW pressure bypass switch.


Check window thickness  are OK for increased pressure !





b. Open  MANUAL control valve pot carefully until gas flows into detectors at rate of about 2 torr per minute.  Note that the reading on the MANUAL pot is NOT the same as on the SETPOINT pot, so the gas may flow in after only a couple of turns!


When required pressure is reached, turn the valve control knob to CLOSE and turn the MANUAL  control pot to zero. Leave valve N about 2 turns open.





c. Adjust the SET POINT pot to the new pressure. Turn control valve to AUTO. Check  that the control valve is operating correectly, cycling slowly over a narrow range. Check the pumpout pressure indicated on GT2, and adjust valve N if necessary. Reset the low and high pressure limits on the PTR  to 10 torr above and below the new pressure. Turn off the HI/LOW pressure bypass switch.





d. Monitor the chamber pressure via GP1; any significant increase in pressure will indicate a leak in the detector system and the system should then be shut down. If all is OK, apply the 6V  per torr to the anodes and the detectors are ready.





B. To decrease pressure





a. Turn off anode voltages. Switch control valve knob to CLOSE. Turn on HI/LOW pressure bypass key switch.





b. Open needle valve N to maintain a pumpout rate of about 5 torr per minute. When pressure reaches required value, re-adjust the needle valve N to about 2 turns open.





c. Adjust SETPOINT pot to the new pressure. Turn valve control knob to AUTO.





d. Check automatic pressure regulation is OK. Check GT2 and adjust valve N if necessary. Reset high and low pressure limits on the readout unit to 10 torr above and below the new pressure.





e. Monitor the chamber pressure via GP1; any significant increase in pressure will indicate a leak in the detector system and the system should then be shut down. If OK, re-apply HV bias of ~ 6V per torr. Turn off HI/LOW pressure bypass  switch.





Pumping out the detectors





This assumes starting with the detectors in an operational state.





a.  Turn the control valve knob to CLOSE. Turn off the HV on the anode grids. Close valve S. Turn on the key switch for the HI/LOW pressure bypass.





b. Adjust the needle valve N to maintain a pump out rate of about 5 torr per minute as indicated by the pressure readout on the PTR.





c. When the pressure in the detectors falls below 1 Torr, open the bypass valve B on the GCR panel and shut valve N. Pump out the detectors for about 10 minutes by which time the pressure on GT2 should have dropped to less than 5 x 10-2 Torr. 





d. Whilst pressing the mute switch on the interlock panel, switch off the HI/LOW pressure bypass switch. The pneumatic valves PS1 and PS2 should shut. Turn off the gas rack rotary pump and also GT2. Then follow the procedure for letting the system up to atmosphere in the following section.





10. Letting the system up to atmospheric pressure.


	This assumes starting with the gas pumped out of the detectors and being pumped by the rotary pump through the bypass valve B as at   subsection d. above. 





a.  Turn off GP1 on the GCR - this shuts off PS1 and PS2  if you have forgotten to switch off the HI/LOW pressure bypass as d. above!





b. On the VCR, close VA634, VA635,VA636 and switch off GP637.





c. Shut valve B on the GCR panel. Ensure that needle valve N is shut. Open the bypass valve V3 on the LHS of the scattering chamber.





d. Make sure that you have a source of dry nitrogen from a gas bottle; connect its plastic pipe to the PTFE pipe marked 'Nitrogen' which enters the back door of the GCR.  Don't get confused with the similar pipe marked 'Air' !


On the GCR, open valve L to admit nitrogen to the GCR system. Open valve N to allow nitrogen into the system through the hybrid detectors. Ensure that the pressure displayed on the PTR does not rise faster than 10 Torr per minute. Open valve N further to maintain the rate of flow as the pressure rises.





e. Once the pressure in the scattering chamber and detector system reaches a maximum, you should see  the lid of the chamber rise- be careful not to overpressure the chamber excessively, otherwise the chamber lid may jump up in a dnagerous fashion!


Shut valves L and N, and open the gate valve on the lid of the chamber; the lid can then be lifted.





 At the end of a running period





a. When the run is finished completely, disconnect  the nitrogen bottle and wheel it away; stow the nitrogen pipe neatly near the CGR.  Turn off the compressed air toggle switch by the AIR dial gauge, and if necessary disconnect the white PTFE pipe.  You can then shut down the mains power to the GCR.  Close V1,V2 and V3. Disconnect the gas pipeline from the gas bottle and allow the pipe to rest inside the GCR.  Shut off all the valves on the gas bottle and  return it to the Strasbourg technician, Christophe Ruescas. 


If the chamber is to be left unattended for many months, you should switch off the compressed air ( in line valve behind the AIR dial gauge) and the water ( wheel hand valve near the floor underneath the support for the beamline pump and Vivitron gate valve).





b. If the GCR is to be used in future, leave attached to the chamber. Otherwise, carefully remove the long flexible pipes running from the GCR to the  valves V1 and V2. Taking care of the very long mains cable, wheel the GCR away and park it next to the VCR.  If the valves and pipework  for V1,V2 and V3 cause any obstruction they can be removed and placed in the metal cupboard, but otherwise are best left in place. The PTFE pipes inside the chamber should be disconnected from the detectors and from the pipes X1 and Y and put in the cupboard.





c. Follow the instructions for the vacuum pumping rack on how to shut down all the pumps  on the VCR ( fairly obvious) and vent the  turbo pumps via the  manual nitrogen valves VN635, VN636, whilst the nitrogen supply is available. 





d. Finally make sure that the mains power is switched off  on both  the VCR and the GCR.








In an emergency only





The VAC FAIL  interlock on the GCR can be set  to overcome the interlock by turning the COARSE GAIN potentiometer on the GT1 gauge controller, so that the meter reads about 10-1 Torr. Also the HI/LOW pressure bypass key switch can be used to clear the HI/LOW pressure interlock. These actions should only be carried out to allow the pneumatic valves PS1 and PS2 to be opened to pump the gas out of the detectors using the rotary pump on the GCR in the event of an emergency situation where PS1 and PS2 have shut because of some condition which has set the interlocks.  Note that PS1 and PS2 are only open when NO interlock lights are flashing- if any alarms are going, these valves will have shut and NO actions can be made with the GCR to  pump or evacuate the hybrid detectors, unless the system has been fooled by  altering the GT1 gauge controller!
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