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The BNL experiment E821 used a Cherenkov counter to measure the particle composition entering the (g – 2) ring.  The detector was used to distinguish the relative particle compositions of п+, e+, and µ+, but could not be used to measure protons [31]. 

The E821 Cerenkov detector was shipped to FNAL in 2012.  The tank was refurbished and brought up to current ESH&Q standards [32] before being installed in the AP-2 beam line for studies in 2014.  The flammable isobutene gas was replaced by nonflammable Octafluorotetrahydrofuran (C4F8O), which simplified ESH&Q requirements. C4F8O has been used in other Cerenkov detectors at FNAL and calculations showed that the Cerenkov light angle Ɵc and pressure thresholds were compatible with repeating the E821 particle composition measurements in the AP-2 line [29].
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Figure 1.63:  Cerenkov Detector installed in the AP-2 line.


A new controls system interface was designed and is shown in Figure 1.64 [16] [29]. An Automation Direct DL405 series Programmable Logic Controller (PLC) in the AP50 Service Building handles most of the control and monitoring for the Cerenkov detector.  The PLC has input and output capability for 24 VDC signals, relay contacts, and 0-10 V analog signals used by the pump cart and valves.

The user interface is Acnet.  There are status bits for pumps and valves, analog readings for turbo pump speed and tank pressure and control bits for pumps, valves and the test LED. The gate valve connects the pumps to the chamber.  The solenoid valve allows the introduction of gas to the chamber. PLC logic prevents the gate valve from moving from the closed position to the open position if the turbo pump speed is above 10%. This is to prevent damage to the turbo if there is gas in the chamber.

A small additional microcontroller board is used to communicate over a serial link with the Setra chamber pressure gauge.  The microcontroller queries the gauge once per second, parses the response and writes the value into the PLC memory for presentation to Acnet [16].
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Figure 1.64:  Cerenkov Detector schematic showing basic PLC controls [29].

Data were collected from the Cerenkov Detector during the spring 2014 beam studies.  Beam lines were configured with 8 GeV beam on target and +3.1 GeV secondary beam in the AP-2 line.  Figure 1.65 shows the results of these studies with pulses of 2.7E12 protons on target.  Beam intensities of secondary beam in the upstream AP-2 was approximately 2E9, while the beam intensity in the downstream portion of the line near the Cerenkov Detector was approximately 6E7.  Detector response was measured as the gas pressure was slowly raised to about 14 PSI and then lowered.  As expected, Figure 1.65 shows three distinct slopes representing the positrons, muons and pions [29].


[image: M:\Projects\g-2\Instrumentation\Cerenkov Counter\cerenkov results 831.gev 3-13-2014 norm ic704.jpg]
Figure 1.65:  Cerenkov Detector data.  The three distinct slopes represent positrons, muons and pions [29].

With the successful implementation of the Cerenkov Detector in the AP-2 line, the next step will be to move the electronics and controls to the MC-1 service building and the detector to the M5 beam line for commissioning.  The Cerenkov Detector will be installed between Q023 and Q024 in the M5 line as shown in Figure 1.66, and   modifications will be made to the detector stand to match the beam pipe elevation.  The Cerenkov Detector is a significant source of Compton scattering, so during (g – 2) operations, the detector and vacuum windows will be replaced with a spool piece.
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Cerenkov Detector Schematic D. still updated 3/11/2013
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