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Abstract.  Dielectron measurements by the PHENIX Experiment at RHIC are limited by the combinatorial background from electrons and positrons which are not produced in the same pair.  The Hadron Blind Detector will allow a substantial reduction of this background by correctly identifying dielectrons from photon conversions and pion Dalitz decays which dominate the signal in the low mass region of the spectrum.  Triple GEM stacks, with a CsI photocathode deposited on the uppermost GEM, detect Cherenkov light produced by electrons in a CF4 radiator.  The transparency of CF4, high quantum efficiency of CsI in the UV, and absence of a window between the gas radiator and the GEMs allow a large photoelectron yield, while minimizing the hadron signal.  Results from the HBD in RHIC’s Run-7 and preparations for upcoming runs are discussed.  
Introduction

Due to their lack of a strong interaction, dielectrons are useful probes of the dense partonic matter created in RHIC collisions.  Measurements by the PHENIX collaboration have found an enhanced yield in the low mass region (150MeV < mee < 750MeV) of the dielectron mass spectrum in Au-Au collisions at √s = 200GeV [1].  However, the combinatorial background and incomplete acceptance of the PHENIX detector [2] create a large systematic error.  Electron/positron pairs created by photon conversions and pion Dalitz decays dominate the signal in the low-mass region, giving a signal to background ratio of ~1/300.  

Photon conversions and Dalitz decay dielectron pairs typically have small opening angles.  By measuring this angle, the Hadron Blind Detector will give the correct identification of partner electrons.  Once identified, the electrons from these background sources can be rejected, thereby reducing the combinatorial background.    
Detector Design

The HBD is a Cherenkov detector that is read out by triple stacks of gas electron multipliers, which have the upper surface of the topmost GEM coated with a CsI photocathode of thickness ~350 nm.  Using CF4 as both the radiator and the detector working gas avoids any attenuation the Cherenkov photons would experience by passing through a window.  The transparency of CF4 and the quantum efficiency of CsI set the photon detection range from ~120nm to 200 nm.  The HBD has a radiator length of 50cm, and extends radially from 5cm to 65cm from the beampipe in a nearly field free region created by the inner coil of the PHENIX magnets. 

To operate in this high multiplicity environment, it in necessary to suppress signals generated by ionizing radiation while allowing amplification of signals from Cherenkov photons.  To achieve this, a reverse bias is applied to a stainless steel mesh situated 1.5mm above the surface of the top GEM.  This voltage drifts away ionization produced above the GEM stack, but the 92% transparency of the mesh allows the Cherenkov photons to shine onto the CsI photocathode and create photoelectrons which are avalanched through the GEM stack (see Fig 1).  Simulation of the field characteristics at the surface of the GEM stack has shown that free electrons within ~100 microns of the top GEM surface are avalanched through the GEM stack.  Effective gain on the order of 104 has been demonstrated for triple GEM stacks in CF4 [3].

All GEM foils used in the HBD are manufactured at CERN.  The foils are glued to 27 x 22 cm2 FR4 frames and tested to have a leakage current of < 10 nA at 550V.  The topmost GEM foil in each stack is coated with ~ 50 nm of gold to avoid reactivity between the more typical copper coating and the CsI photocathode.  More detailed descriptions of the HBD can be found in [4, 5, 6, 7].
HBD in Run-7

Both arms of the HBD were installed at PHENIX prior to RHIC’s Run-7.  To facilitate switching between forward bias (for gain calibrations) and reverse bias (for hadron blindness), two separate LeCroy 1471N power supplied were used to power the GEM stack and the mesh.  Capacitive coupling caused both power supplies trip and return to ground upon a discharge in the GEM stack.

A flaw inherent to the power supplies caused voltage to be momentarily reapplied ~200ms after a trip condition.  The fluctuation between the two power supplies caused large potential differences to appear between the mesh and the GEM stack which resulted in a spark.  Since CF4 has a scintillation emission line at 160 nm, optical coupling between separate GEM stacks in the detector vessel caused multiple stacks to trip, and spark, in one event.  The sparks led to damage and non-Ohmic current draw in several top GEMs and rendered those stacks inoperable.  Once the problem was identified, zener diodes were installed to limit the voltage between the mesh and GEM stacks, along with relays that disconnect the power supplies in the event of a trip.  The undamaged GEM stacks continued to function throughout the rest of the run.


 Figure 2 shows the HBD response to hadrons and electrons identified in the rest of PHENIX.  A clear separation is apparent.  An electron identification efficiency of >90% was demonstrated.     

Current Status:


The West arm of the HBD has been fully instrumented and tested.  Figure 3 shows a cosmic ray spectrum taken by one GEM stack with zero bias between the mesh and GEM stack (left panel) and with reverse bias.  At zero bias, the ionization trail left by cosmic rays is avalanched and read out.  In reverse bias, the ionization trail is drifted away, but the scintillation light produced by the cosmic ray in CF4 is still apparent as a falling exponential spectrum.

A new high voltage configuration has been implemented for powering the rebuilt GEM stacks.  The new HV scheme gives higher transfer efficiency of avalanche electrons between GEMs, which results in a higher effective gain [8] .  This allows a lower operating voltage to be used, thereby increasing stability against discharges.
Conclusions   


The Hadron Blind Detector has proven to be an effective device for electron identification in a high multiplicity environment.  Problems identified in Run-7 have been addressed and upgrades to the high voltage system have been implemented.  The HBD is currently being prepared to take data in Run-9.
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Fig. 1. Illutration of a triple GEM stack operated in the reverse bias voltage configuration.  Photoelectrons are avalanched through the GEM stack while ionization trails are swept away.

[image: image2.emf]
Fig. 2.  When operated in reverse bias, the HBD shows a clear separation between hadrons and electrons.
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Fig. 3.  Left:  The cosmic ray spectrum in zero bias from one module of the rebuilt HBD West.  Right:  The cosmic ray spectrum in reverse bias.  The ionization trail is gone but scintillation light remains.
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