CAu@ &

S1PM Saturation Study
with UV Pulse Laser

Linghui Liu ICEPP, University of Tokyo

CALICE Collaboration Meeting at Utrecht
Apr. 10-12, 2019
Utrecht University, Utrecht, Neatherland

1



Saturation of SiPMs

» Standard SiPM for ILD AHCAL : Hamamatsu MPPC S13360-1325PE

» Active area : 1.3 x 1.3 mm?

» Pixel pitch : 25 um

» 2668 pixels 2668 pixels | OV:+4.34V
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Saturation Study with UV Laser

» Excite scintillator with fast fsec UV pulse laser

» Standard 30 x 30 mm? scintillator tile used for large prototype (provided by a
courtesy of E. Garutti)

190 nm wavelength -> invisible to MPPC

Different attenuations (10 - 40 dB) applied depending on the light intensity
MPPC $13360-1325PE with over voltage of +5V

Same reflector as in large prototype (3M Vikuiti) AHCAL tile with injection of UV laser
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EXpe r] m e n t Setu p 7 Incident light intensity controlled with three ND filters
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Analysis

» Digitized waveform is integrated to estimate charge

» The charge is then converted into number of photoelectrons being divided by
single photoelectron charge
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Laser Intensity

» Incident light intensity is measured with photodiode

» Measured separately from saturation measurement due to a lack of splitter for UV
light

» Relation between Npe and diode current is calibrated at small Npe (e.g. linear)
region

» Effect of crosstalk and after-pulse not subtracted
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MPPC Saturation

Saturation still has uncertainties of attenuation factor and photodiode calibration

» The uncertainties will be resolved through next measurements
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Comparison with Previous Study

Comparing the measured saturation with the
previous study

Very large saturation recovery observed even
at minimum of the band

Still a few things to be checked
» Resolve the uncertainty of the curve

» Possible excitation of scintillation light in
surrounding materials?

_U
A
®

Proceedings paper in preparation:
PM2018 — 14™ Pisa Meeting on
Advanced Detectors (Q. Weitzel)

Simulation: Exp. | N_ 2668

Fit Exp. | N.__: 25526 +- 3.5 | x*/NOF: 1.77

Fit XT-axt. | N_: 2544.0 +- 3.8 | ag: 0.01 +- 0.00 | x*/NDF: 1.55

Fit Adv. | & 0.94 - 0.00 | }: 0.00 +- 0.02 | «_: 0.01 +- 0.00 | x*/NDF: 1.45
n n n N M N 1 n n n n M n

IIIIIHIIITI]IIII]IIII]II

4000

5000 6666
4000 5080ues = N, 5600 7000

®0dB

e 10dB
®20dB
®30dB
e 40dB




To Do

Stabler monitoring of laser light intensity
Fine calibration of attenuator and photodiode
Measurement with tile without reflector
» To see effect of scintillation light excitation in reflector
» Measurement with 400nm laser incident in scintillator tile
» To check the reproducibility of previous saturation curve
Comparison with theoretical model of saturation
» Over-voltage dependence of saturation curve

Measurement with different scintillator materials

» Try saturation correction using the observed curve on the AHCAL testbeam
data




Summary

» SiPM saturation could be lower for the scintillation light due to the SiPM cell
recovery

» We measured the SiPM saturation with fs UV pulse laser incident on standard
scintillator tile for AHCAL

Large saturation recovery observed
» Still the measured curve have big uncertainty to be resolved

Further studies such as theoretical modeling and material dependence
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Saturation Curve without Correction
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