HPS ECal Pedestals and Pileup

(Dated: January 10, 2015)

I. PEDESTAL MEASUREMENT
A. Model

In the FADC mode-1 data in this study, all samples in a 400 ns time window were readout
with no threshold requirement. In the case of cosmic trigger, the pedestals were taken from
regions of that time window far from the cosmic signal. In the case of only a random pulser
trigger, all samples within the window were used. In both cases the pedestal was calculated

as the mean ADC value. The difference between these pedestals before and after the 2014

commissioning run is small, shown in Figure 1.
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FIG. 1. The difference between the pedestals calculated from dedicated FADC mode-1 runs before

(run 2915) and after (run 3464) the commissioning run. The majority of channels changed by less

than 0.5 ADC, and none by more than 1 ADC.

B. Mode 7

For the FADC mode-7 data in this study, an event-by-event “pedestal” was recorded
directly in the data stream from the average of the first four samples in the time window.
The trigger for readout was on the calorimeter with a threshold of 12 ADC, and our physics
signal is well separated in time from those first four samples by design of the readout window.

That event-by-event pedestal was then averaged over many events offline, and a gaussian



fit of the resulting distribution did not give different result. The run-dependence of the

pedestals is shown in Figure 2.
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FIG. 2. Run-dependence of pedestals, calculated with different methods and under different con-

ditions, averaged over low- (top) and high- (bottom) rate channels. The one point on the y-axis

is actually from a much earlier run. The green circle at run 3275 correponds to data with 150 nA

beam current and supposedly no target. The triangles cover a variety of currents, see Figure 3.



C. Discussion

The pedestals calculated from mode-1 and mode-7 with no beam /target basically agree
in Figure 2. Except for run 3275, a mode-1 run with pulser trigger, which could be

explained by it really having a target in the beam in disagreement with the loghook.

There is an obvious linear correlation between beam current and mode-7 pedestals
for high-rate channels in Figure 3. From what I understand from Ben, this can be
attributed to the capacitor in the calorimeter’s APDs/preamps, causing the measured
pedestals to decrease with pileup. And, the measured effect appears to have an appro-

priate magnitude based on a rough estimate from our average rates and pulse energy.

The beam currents used for these plots are those recorded by the shift takers in the
run spreadsheet. The mode-7 pedestals are calculated from one file in each run. The
outliers from the nicely linear pedstal-current correlation could be to incorrect beam

current (from trips, human error, ... ).

For the most extreme channels with the highest rates, the pedestal decrease for 200
nA beam on 5 um Pt target is over 10 ADC, shown in Figure 4. After inegrating the
pulse and accounting for gains, this results in a 60 MeV underestimate of energy when
using our current pedestals for those channels. The effect roughly scales with rates in

Figure 5.
To deal with this in offline reconstruction:

— For mode-7 data, we can use a running pedestal average from the data.

— For other modes, we can parameterize the pedestals as a function of current.

This also means the threshold was effectively higher for high-rate channels.
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FIG. 3. Current-dependence of pedestals from FADC data recorded with mode-7, averaged over

low- (top) and high- (bottom) rate channels.
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FIG. 4. Current-dependence of pedestals for the two channels with the largest effect, (z,y)=

(—=6,—2) and (—6,+2), which are the channels with the highest rates, see figure 5.
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FIG. 5. FADC scaler rates from run 3437 with 200 nA beam and 5 um Pt target.
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