Impact of SiPM response on DarkSide

physics

Davide Franco



DarkSide SiPM
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First setup equipped with SiPMs
designed for DarkSide
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SiPM time response

PSD can not be applied directly on
waveforms as done with PMTs.

Starting time of each SiPM file signal
must be first extracted in order to build
the pulse shape.



SiPM energy response
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After Pulses and Cross Talks

1 PE at 10 can induce:
- Direct Cross Talks (DICT): at t0 with mean number = mu

- {0,1} After Pulse (AP) at t1 + 0

DICT and AP can induce in tfurn DICT and AP

Since AP are delayed, we can study the statistics of all hits at t0 only, and then repeating
the procedure for all hits at t1 + 10, and so on.

(0] 1 12 3 T4
1 pe 1 AP 1 AP
CTs includes CTs
induced by CTs
CTs 1 AP
CTs
CTs 1 AP
CTs

We can treat hits at different times as independent events



After Pulses and Cross Talks

If the mean number of CTs for each PE is mu, we expect an effective mean value due
to the CTs induced by CTs themselves as mu_eff =mu / (1 - mu)
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Up to now, we have freated the stafistics of CTs as Poisson(mu/(1 - mu)), but this is

wrong.

We have tested it with a toy MC
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The mean number doesn’t change
but the RMS increases



Laser Runs
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1000 -
npe =0 is a direct measurement of 800 =
laser occupancy: 600+ ;
=>f=# 0 hits / # all hifs = Exp(-mu) i
=> mu = log(1/f) *9F




Laser Runs
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AP probability

Laser Mean Number [pe]
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241 Am Source Runs

Resolutions suffer from geometrical effects
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We need field-on runs for different Vbias



RUN 847 — field-on 241 Am Source Runs

Matching the energy scale Matching the resolution
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Xy response

241 Am at different phi angles
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241 Am Source

Sum of all channels corrected for TBA
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Full Simulation: g4ds
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Full Simulation: electronics
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In the low energy, looking at tile by tile first hit
response

At high energies, need to develop hit
identification in the single tile
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v Understanding SiPM with ReD
v' AP - CT- Saturation — Timing
v Calibration strategy definition

v SIPM effects in electronics simulation
v Reconstruction
v' How calibrating the energy response?

v How identifying not working SiPM in a tile?

v Test on proto-0



