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A simple simulation for “hits” detected due to dark counts (for “discrete” readout)

2025-04-09

board #02, SIG2A output (direct on 50 Ohm), Vbias = 42.33 V (6487), 4.75 uA, laser 100 Hz 15:29:12

* Generate dark counts at a given Poisson rate
* Make a “waveform” pulse starting at each dark count time

* For now, a simple-minded triangular pulse, with
80 ns peaking time (somewhat realistic)

e Sum allthose pulses

e Sample at98.5 MHz / 2 (the planned ADC sample rate)
+—Pigitize-to-t4-bit (NOT IMPLEMENTED YET)

* Discriminate when there is a hit or not

 “Plan A”: Single waveform sample > threshold

* Require single waveform sample < threshold-hysteresis
to re-arm for next hit

e Channelis dead when hit until re-armed

* (Arange of waveform points is then read and processed
around each discriminated hit, but that isn’timportant at the

moment and isn’t simulated.) T
* However, readout/processing imposes a limit ~50 kHz dark count
on the hit rate we can allow. (Can be improved a little,
probably, but this is current specification.) the
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Waveform examples
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Results — hit rates and deadtime
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min threshold for <50 kHz noise rate, MeV

Required threshold vs. DCR
(Linearly interpolated from data set plotted on previous page)
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Conclusions

* Projected threshold for 50 kHz noise hit rates

* 30 MeV ok forR>~48 cm

* 40MeVat~42cm

* Uptoapeakabout75 MeV atinnermost towers
* Channel deadtime <1% whenever hit rate <~200 kHz

To-do
* More realistic pulse shape - should only make a slight impact
* Digitization — probably no impact really
* Extract fit for allowable threshold as a function of DCR
- feedinto data rate simulation for whole detector
* How much of hit rate budget needed for real hits, needs study

Remarks on hardware rate limits
* On latest estimations the full raw data format should work up to 65 kHz

* With feature extraction on FEB, we might be able to work up to 190 kHz



BACKUP - annealing factor

| assume that the UCR analysis results in dark current for
irradiation on a time scale of roughly 1 hour, not in dark
current for instantaneous irradiation.

Then the annealing factor we want to apply is that from 1
hour to, say, 3 years (arguably).

Drops from 7.5t0 2.5 (x107"7 A/cm) on the plot here

—> SiPM DCR will similarly drop by factor of 0.33
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Figure 5.2: Current related damage rate a as function of cumulated annealing time at
different temperatures. For each temperature at least one type inverted and one not type
inverted sample has been used. The dashed—dotted line represents a simulation according to
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