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Introduction

The gain of SIPMs increases with bias voltage V.. and decreases with temperature T

€ To operate SiPMs at stable gain, V,,.. can be adjusted to compensate for T changes

€ This requires the knowledge of dV/dT, which is obtained Smin
from measurements of dG/dV and dG/dT =

€& We tested this procedure in a climate chamber at CERN
iIn February 2016 using a linear approximation for d\V/dT
performing automatic dV/dT adjustments with an
adaptive power supply

[Sms | du]

€ We tested gain stabilization for 30 SiPMs from Hamamatsu, KETEK and CPTA
stabilizing 4 SiPMs simultaneously with one dV/dT setting =»goal: achieve stable gain:
AG/G <£0.5% in 20°-30°C range
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Extraction of Photoelectron Spectra

€ For 18 Hamamatsu MPPCs, we integrate € For 8 KETEK and 4 CPTA SiPMs, we

each waveform over time window waveform determine the waveform minimum for
stays below the baseline =» pe spectra are each pulse from which we extract the
obtained from the measured total charge pe spectra Mirror
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Gain Determination

We define the gain as the distance between the first and the second pe peaks

€ In the standard fit, we fit the pedestal, first pe peak and second pe peak each with a

Gaussian G; and fractions f 4, f;

ped:
sig

Besides the signal peaks, we include a background F,, that is determined by a

sensitive nonlinear iterative peak-clipping algorithm (SNIP)
50000

€ Thus, the likelihood functionis L =[] [fSFS,g (Wi)+(1‘f5)Fbkg (W'ﬂ f.: signal fraction
i=1

F 0 fpedéped +f161 * (1 _fped _fI)GZ

In the new fitting methodology, we fit the pedestal and all visible peaks with Gaussians
G,eq and G;, where all widths are free parameter but the distance between pe peaks is
fixed, except for the distance between pedestal and first pe peak
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[dV, dG/dT & dV/dT Measurements (new fits)

. 6 Gainvs V,, Gainvs T
€ Forfixed T X10° ;C..........lb"'.s.. : A ey
measure dG/dV,,, [ 5% 1 i ] S8y
C g 1 12 4 5y,
’ L °C B B 1 m732V
€ For fixed V, R 1 | iz
measure dG/dT ' & B :
. GRS 15 & 2241
€ Forfixed T : 1 !
extract all dV,../dT . 1 e
and average them | 1k
J ] - =22y
€ Do this for each I L. 510 15 20 25 30 B35 40 45
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Compare 2 Fitting Strategies

New fit Old fit
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Stabilization for Hamamatsu MPPCs (old fits)

e $ sensors Gain'vs T, B sensors
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Stabilization for Hamamatsu MPPCs (new fits)
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Gain Stabilization of KETEK SiPMs

ecay time of KETEK SiPMs is much longer than that of other SiPMs =>waveforms
typically do not

: Ketek_ W12_A_ch1_Temp25_BV28.5_Run275_Time1456157888_DataWave a900 —

B w G = 2.3250115 + 0.0141131
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Gain Stabilization of CPTA SiPMs

CPTA #922

CPTA_922_ch2_Temp25_BV33.2_Run287_Time1456243355_Da ve

200

G =4.901 £ 0.019

& CPTA SiPMs

a —
— o —
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s 600 —
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board using Time s sool
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4
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€ We test gain stability within T=1°- 48°C  Gainvs T Average over 18 points

taking = 18 50k waveform samples 4580 T
ateach T - PR -
40F BE

The gain is nearly uniform up to 30°C, 35F+#022 E

= —Ch 1 (£0.539%)

€ SiPMs in ch# 2 and ch#4 look fine; o O Conacosem
ch#1 is noisy, ch#3 changed gain 25 oha 01009
but looks ok 20F-#975 =

_ : _ 15[ MF;F:E:;E

& Three SIPMs satisfy our requirement of S 9 .
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Measured dV/dT Values vs V.. (old fits)

€ Look for correlations between operating voltage and measured dV/dT for all SIPMs

SiPM dV/dT vs Vm

as
— 70
O S13360-1325 s12571
3 S13360-3025 :_3.
E 60 o
% - Type Al W&
X — Type B
© 90 LET
40
30
wlz *
20 | g —
PM33sg “FTA
10
20 30 50 60 70 80
vV V]
hias

& dV/dT increases with V.

& KETEK & CPTA SiPMs have larger

dV/dT spread than Hamamasu

. MPPCs
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MPPC

Al1-15
A2-15
A1-20

A2-20

B1-15

B2-15

B1-20

B2-20
S12571-271
S12571-273
S12571-136
S12571-137
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LCT4#9
S13360-10143
S13360-10144
S13360-10103

S13360-10104

dV/dT [mV/°C]

59.2+0.4
59.3+0.3
59.6+0.4

59.8+0.3

57.3+0.5
56.5+0.3
56.9+0.4
58.0+0.5
63.9+0.2
65.2+0.2
63.5+0.3
62.3+0.3
53.9+0.5
54.0+0.7
56.2.+0.3
58,1+0.3
56.0+0.2

56.1+0.1

SiPM
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w12B

PM3350

PM3350

PM3350
PM3350
PM3350
PM3350

#857
#922
#875
#1065

dV/dT [mV/°C]

21.2+0.4
23.0+0.2
20.0+0.3

18.7+0.4

18.8+0.2
19.1+0.3
20.5+0.2
19.8+0.4
21.6+0.4
22.6x0.2
25.9+0.3

22.3+0.2



Conclusions and Outlook

We successfully completed gain stabilization tests for 30 SIPMs and demonstrated that
batches of SIPMs can be stabilized with one dV/dT correction

All 18 Hamamatsu MPPCs, 6 with trenches and 12 without trenches, satisfy the goal:
AG/G < £0.5% in the 20°C-30°C T range = most MPPCs satisfy AG/G < £0.5% in the
extended T range 1°C-50°C

Gain stabilization of KETEK SiPMs is more complicated,

® Signals are rather long and are affected by afterpulsing

® range of stabilization is limited to 1°C-30°C T range where SiPMs have more
complex V(T) behavior =»need individual dV/dT values to stabilize gain of 4 SIPMs
In 1°C-30°C T range

Gain stabilization of CPTA SiPMs works fine
=» for 3 SIPMs, AG/G < £0.5% is satisfied in 20°C-30°C range
=>» procedure works with scintillator and wavelength shifter attached

We checked all Hamamatsu MPPCs without trenches with new fit model and get the
same results; for MPPCs with trenches we need 2 Gaussians per peak

We are checking KETEK and CPTA gain stabilization with new fit model

Paper draft is progressing

G. Eigen, AIDA annual meeting, Paris 5. April 2017
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Questions

Infrastructure: To what extend is your work an infrastructure or part of an infrastructure
that can be used in the European (and beyond) Research Area?
= This work is relevant for the AHCAL and other large arrays of SiPMs

Network: Does your work belong to a bigger network on similar research topics (this is
similar but not exactly the same as 1) )?
=» Large calorimeter systems such as those used in medical applications (PET, etc)

Synergies: Do you create synergies beyond your actual field of working?
= We think of extending measurements to temperatures below 0°C, which are of
Interest for neutrino experiments such as DUNE

Industrial partners: Are you in contact or will you in the near future establish sustained

contacts with industrial partners (of any size)?
=>\We have not contacted any company yet, this may be useful for applications

G. Eigen, AIDA annual meeting, Paris 5. April 2017 13
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dG/dV, dG/dT & dV/dT Measurements

Gainvs T

Gain vs V;,
L Tt T T30 34

—
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o)

Z

€ Forfixed T -
measure dG/dV,,. **

& Forfixed Ve 30
measure dG/dT

€ Forfixed T 20
extract all dV,,,./dT 24
and average them 22

& Do this for each
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€ dV/dT=(57.8+0.1,) mV/°C
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mpare 2 Fitting Strategies for A & B SiPMs

€& We obtain same dV/dT for Hamamatsu A and B SiPMs for both fitting strategies

T T T 7T T T T 1 T T T 1 T T =T T 1 T 1 T T

o e T = 63
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pare Fitting Strategies for $12571 & S$S13360 SiPMs

€ We obtain same dV/dT for Hamamatsu S12571 and S13369 SiPMs for both fitting

strategies
o ARLAAAL AR A RS AARRS AAAA SESAS AAASS AR
SS <dV/dT> = (63.9 £ 0.2) mV E
E 655 E
= S12571-010 chl -
S 65
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<dV/dT> = (65.8 £0.3) mV
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