The ET Enterprises technical reprint included in SeaQuest-doc-537 contains some information about the performance limits of the phototube – base combination that we are using for the beam Cerenkov counter.  The reprint refers to a slightly different version of the base that works with a high voltage control system sold by ET, but the voltage divider is identical to the one we are using and we are using a 9125B phototube.

The paper says, “photomultipliers should not be operated for any length of time at anode currents in excess of 100 A… but the active divider maintains the gain to better than +/- 0.5% for [DC] anode currents of up to 360 A.”

The QIE least count is approximately 3.2fC.  Given an 18.8ns integration time, this is an average current of 3.2fC/18.8ns = .17 fC/ns * 1E-15C/fC * ns/1E-9s = .17 A.  The recommended DC maximum current of 100 A is thus equivalent to an average QIE linearized value of  ~600[footnoteRef:1]. [1:  If we take the macroscopic duty factor of ~4sec/60sec into account, we may extract an average QIE limit during the spill of ~9000.] 


During the recent run with 4 – turn injection into the Booster and 6 Booster batches, G2SEM typically read ~5.2E12 protons per pulse and (QIEsum – 7.25E9) was ~1.2E11 (7.25E9 was the sum for empty spills & is a good estimate of pedestal for a spill).  Using our canonical 207 million rf buckets per spill, 1.2E11 indicates an average of about 580 linearized QIE units… very close to the recommended maximum DC current.

The paper also contains information about the limits to pulse performance.  Specifically, the deviation from linearity as a function of peak anode current for 1 s wide pulses is presented.  Two curves are shown, one for HV = 700V & one for HV = 900V.  The 700V curve deviates from linearity at about 2.5 mA and falls by 5% at 10 mA.  The 900V curve deviates from linearity at slightly higher current and loses gain slower, falling by 5% at about 15 mA and 10% at about 20 mA.

Our Cerenkov phototube HV is currently set to –870V… very close to the 900V reported on in the paper.  Translating into QIE linearized units:
	2.5 mA = 14700 QIE units
	15 mA = 88000 QIE units
	20 mA = 118000 QIE units (just above the high end of the QIE range).
During the recent high intensity runs, the maximum QIE value recorded was ~60,000 – 80,000.

It’s hard to know how to interpret the limits for pulse performance, because we are concerned about many time scales: single bucket (18.8ns), single Booster batch (1.5 s), single Main Injector turn (11 s), …
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