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Abstract: A Cosmic Muon Veto (CMV) detector using extruded plastic scintillators is
being designed around the mini-Iron Calorimeter (mini-ICAL) detector at the transit cam-
pus of the India based Neutrino Observatory, Madurai for the feasibility study of shallow
depth underground experiments. The scintillation signals that are produced in the plastic
due to muon trajectories are absorbed by wavelength shifting (WLS) fibres. The WLS fi-
bres re-emit photons of longer wavelengths and propagate those to silicon photo-multipliers
(SiPMs). The SiPMs detect these photons, producing electronic signals. The CMV detector
will use more than 700 scintillators to cover the mini-ICAL detector and will require around
3000 SiPMs. The design goal for the cosmic muon veto efficiency of the CMV is >99.99%.
Hence, every SiPM used in the detector needs to be tested and characterised to satisfy the
design goal of CMV. A mass testing system was developed for the measurement of gain and
choice of the overvoltage (Vov) of each SiPMs using an LED driver. The Vov is obtained by
studying the noise rate, the gain of the SiPM. This paper describes the experimental setup
used to test the SiPMs characteristics along with detailed studies of those characteristics
as a function of temperature.
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1 Introduction

A 51 kton magnetized Iron Calorimeter (ICAL) was proposed [1] at the underground labora-
tory of the India-based Neutrino Observatory (INO) to precisely measure the parameters of
atmospheric neutrinos, mainly to study the effect of matter on neutrino oscillations [2]. The
underground laboratory (with a rock cover of more than 1 km in all directions) along with
ICAL is planned to be located in Bodi West hills at Theni (9°57′50.1′′N, 77°16′21.8′′ E),
India. ICAL will consist of three modules, where each of the modules will contain 150 layers
of Resistive Plate Chambers (RPCs) interfaced between 5.6 cm thick iron plates. Due to
the low interaction cross-section of neutrino, there are only a handful of neutrino events in
a day whereas there are a large number of cosmic-ray muons ∼ 3 × 108 /day incident on
the surface about a km above the proposed ICAL detector [3]. These cosmic muons act
as a huge unwanted background interfering with the detection of muons arising from neu-
trino interactions. Placing a neutrino detector under a rock cover of 1km in all directions
reduces the cosmic muon flux by a factor of ∼ 106. At a depth of ∼ 100m or so, muons
will be suppressed by a factor of ∼ 102. To achieve a reduction factor 106, an active CMV
system with an efficiency of ≥ 99.99% must be built around such a shallow depth detector
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to veto events arising from cosmic ray muons. The prototype detector of the ICAL i.e.,
mini-ICAL is currently in operation at IICHEP, Madurai [4]. The mini-ICAL consists of
wenty 2m× 2m glass RPCs sandwiched between 11 layers of 5.6 cm thick soft iron plates
in the central 2m × 4m region. The detector is magnetised using two sets of copper coils
of 18 turns each. The central region of the mini-ICAL, where the RPCs are placed, has a
nearly uniform magnetic field of 1.4T for a coil current of ∼ 900 amps. To suppress the
cosmic muon background, it is planned is to cover the top and three sides of the mini-ICAL
with an active veto detector for the detection of the cosmic ray muons and estimate the
CMV efficiency of the detector, using the same concept as the Mu2e collaboration [5]. The
goal is to build an active veto detector with an efficiency of 99.99% and a false-positive rate
of less than 10−5.

The CMV detector for mini-ICAL will have four layers of extruded scintillators [6] of
size 450 cm × 5 cm × 2 cm on top and three layers of 460 cm × 5 cm × 1 cm on three
sides of the mini-ICAL [7]. The fourth side is planned to not be covered with veto layers
due to the maintenance and troubleshooting of the mini-ICAL. In all, the veto system will
comprise more than 700 extruded plastic scintillators. The surface area of each layer on top
is (450 cm× 440 cm) and is (460 cm× 200 cm) for each of the side layers. The scintillation
signal will be collected through WLS fibres [8] embedded in the extruded scintillator and
the light from both ends of the fibres will be readout using SiPMs.

This paper describes the test setup to characterise ∼ 3500 SiPMs. These studies were
performed as a part of the R&D program for the CMV system around mini-ICAL. Along
with the basic performance studies we have also looked in detail at the effect of temperature
on the SiPM and whether a feedback circuit is required for Vbias to compensate for the gain
of SiPM due to the variation of temperature or not.

2 Hamamatsu SiPM 13360-2050VE

The SiPM selected for the CMVD experiment is the Hamamatsu S13360-2050VE. This
SiPM model has an effective photosensitive area of 2mm×2mm and a total of 1584 square
microcells with a microcell pitch of 50µm, fill factor of 74%, the breakdown voltage of (53
± 5)V at room temperature [9]. The 2mm×2mm active area of the chosen SiPM (S13360-
2050VE) makes it very suitable for coupling with the WLS fibre of 1.4mm diameter. The
SiPMs are available mounted on tiny Carrier Boards (sim-like structure on left in figure 1)
and 16 such carrier boards are present in a panel as shown on the right in figure 1.

3 Test Setup for mass testing of the SiPMs

The major components used for SiPM testing are LED driver as a light source, DRS for front
end readout, and Transimpedance (TI) amplifiers to amplify the raw SiPM signals. Before
going to the overall setup, here are some of the details about these major components.

3.1 Pulsed LED for characterising the SiPMs

The standalone SiPMs were tested and characterised using an SP5601 CAEN LED sys-
tem [10]. The LED system consists of an ultrafast LED driver with tunable periodicity and
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Figure 1: Geometrical structure of 16 SiPMs in a panel on right, sim like structure of a
SiPM on left.

intensity and a pulse width of a few ns. It can provide a light burst with a tunable intensity
varying from a few to more than tens of photons required for calibration purposes.

3.2 DRS4

The Domino Ring Sampler (DRS4) ASIC is a switched capacitor array (SCA) capable
of sampling 9 differential input channels at a sampling speed of up to 5GS/s [11]. The
SCA consists of 1024 capacitive cells per channel to store the input analog waveform. The
stored waveform samples can be readout via a shift register clocked at 33MHz for external
digitization. For SIPM data collection we used the DRS4 evaluation board [12]. The
evaluation board has four analog inputs, a USB connection for data readout and board
configuration and, on-board trigger logic. It is equivalent to a four channel 5GS/s digital
oscilloscope. The Evaluation boards come with PC software to display the waveforms
captured from the four-input channels as well as store the captured data in the local disc.

3.3 Transimpedance Amplifier

The SIPM generates a charge of around 0.27 pC for every photoelectron (p.e.) at Vov of
2.5V. The current that flows due to this charge into a 50Ω termination resistor of an
oscilloscope, generates a very small voltage pulse of the order of a few millivolts. To get
reliable charge distribution data, a Trans-Impedance (TI) amplifier was used. The gain of
the TI amplifier is determined by the collector resistor, RA1 in parallel combination with
RE1 shown in figure 2. The OpAmp stage provides a further gain of 1.37 and helps in
driving the coaxial cable.

3.4 Overall Setup

A wooden black box of size 120 cm×60 cm was used for mass testing of the SiPMs with the
LED source. The overall setup is shown in figure 3. The test setup contains a motherboard
to mount the 16 SiPM’s panel (figure 1) which was fixed inside the black box. The SiPMs
on the panel will have secure electrical connections using pogo (spring-loaded) pins on the
motherboard. The LED driver is kept inside the black box such that the SiPM will directly
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Figure 2: Circuit for the Transimpedance Amplifier.

face the LED flash. The LED pulse is synchronized with a trigger by an external pulser.
A Tyvek paper was used as a screen between the LED driver and the SiPMs to diffuse the
light. The intensity of the LED source and the distance from the SiPMs is adjusted so that
a handful of photons are incident on every SiPM and the charge distribution can be seen
clearly without saturating the system.

Figure 3: Signal readout paths through the DRS system.

When photons from the LED are incident on the SiPMs, electron-hole pairs will be
generated in the corresponding microcells and an avalanche will be produced in every cor-
responding microcell due to the applied bias voltage (Vbias) leading to a current pulse in
the circuit. For analog SiPMs (common readout for all microcells), the overall signal of the
SiPM will be proportional to the number of individual microcell signals which are read. The
SiPM signals are taken from the motherboard to the TI amplifiers using coaxial cables, the
voltage signals (amplified SiPM signals) of the TI amplifiers are then connected to the DRS
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waveform sampler modules as it is shown in figure 4. The LED driver generates a trigger
pulse when it fires the LEDs, this signal was used as a trigger input to the DRS modules, 4
of which were used to capture the signals of the 16 SiPMs. The charge generated by every
SiPM was measured from the DRS data by using the equation 3.1

q =
1

R×G

∫ t1

to
V (t)dt (3.1)

where R is the input resistance of the transimpedance amplifier and G is the gain of the
operational amplifier stage.

DRS:
Waveform
Sampler

Vbias

0.1 µF

1 kΩ

Rf

Figure 4: Schematic diagram of SiPM test setup.

4 Data Analysis

As discussed in the section 3, there are 16 SiPMs carrier boards in one panel, and all those 16
SiPM are illuminated with LED at the same time and each of the SiPM signals is amplified
by a TI amplifier of gain 0.909mV/µA and the output voltage is stored through the DRS
system. The sampling rate is 2GHz. Typical signals of SiPM are shown in figure 5. The
first signal figure 5(a) is the clean output correlated with the LED pulse. The rise time
of the pulse is ∼6 ns and the signal falls with a decay constant of ∼28 ns. The rise time
of SiPM pulse without an amplifier is ∼2 ns, increase of rising time to 6 ns is due to the
effect of the TI amplifier, whereas the decay constant mainly depends on the quenching
resistance and associated capacitances. Signals in figure 5(b) and 5(c) shows the LED
signal associated with single and double p.e. peaks due to single dark noise and two dark
noise events respectively. The LED signal may also be associated with signals from optical
cross talk, as shown in figure 5(d). The dark noise and optical crosstalk depend on the
temperature and Vov [7].

A SiPM is characterised by its gain as a function of Vov, its dependence on temperature
and noise rate as a function of Vov and temperature. The gain of a SiPM is defined as the
integrated charge due to a single p.e. as defined in equation 3.1. The integration time
is taken as 100 ns, which contains more than 95% of the signal. This optimum width is
chosen to reduce the dark noise as well as accept most of the signal. The signals in figure 5
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Figure 5: Raw signals of SiPM; (a) Ideal clear signal of LED, (b) signal with one dark
noise, (c) signal with two dark noises and (d) signal with optical crosstalk signal.

show the baseline of the electronic signal to be close to zero, but to avoid any baseline
fluctuations, integrated pedestal values of the same 100 ns width is subtracted from the
signal. Typical integrated signals due to LED exposure are shown in figure 6(a) for two
SiPMs on a single panel. From this figure, it is clear that the gain of different SiPMs is
not exactly the same, although the specifications are the same. The gain is quantified by
fitting those distributions with the combination of Gaussian functions for each p.e. peak
and a wider background function. A typical fit is shown in figure 6(b). Details of the fit
function are given in [7]. As different peaks are due to different p.e., the gap between two
peaks is the estimation of the gain of the SiPM at that Vov and the temperature.
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Figure 6: Pedestal subtracted integrated signals due to LED pulse at at 54V for (a) two
SiPM in a panel and (b) Fit of a spectrum to obtain gain.

To obtain the threshold voltage (Vth) and the variation of gain with respect to applied
HV (dG/dV) data are collected for five different HV above the rated Vth. A typical dis-
tribution of gain vs HV is shown in figure 7. The points are fitted with a simple linear
function, where the intercept of the line in the voltage axis is defined as Vth and the slope,
(dG/dV) is the measure of the variation of gain with the change in overvoltage, Vov, the
difference between the Vbias and Vth. During this data taking, the temperature was not
controlled properly, but the room temperature was 24±1◦C. The effect of temperature will
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Fi g u r e 7 : V ari ati o n of g ai n a s a f u n cti o n of a p pli e d H V al o n g wit h t h e li n e ar fit f u n cti o n

f or f e w Si P M s.

T h er e w er e a t ot al of 2 2 0 p a n el s wit h 1 6 Si P M s e a c h. T h e Si P M s of o n e of t h e p a n el s

w er e u s e d b ef or e t h e t e sti n g, t h u s w e h a v e t e st e d all t h e Si P M s i n t h e r e m ai ni n g 2 1 9 p a n els.

T h e V t h of all Si P M s ar e s h o w n i n fi g ur e 8 . T h e V t h v ari e s fr o m 5 0. 7 V t o 5 2. 3 V a n d m at c h e s

wit h t h e s p e ci fi c ati o n gi v e n b y H a m a m at s u, at 2 5 ◦ C. T h e p oi nt t o m e nti o n i s t h at t h e V t h

of Si P M s i n e a c h p a n el ar e n e arl y t h e s a m e a n d t h e m a xi m u m d e vi ati o n i s 0. 5 V.
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Fi g u r e 8 : V t h of all t e st e d Si P M s f or C M V D.

T h e v ari ati o n of g ai n wit h r e s p e ct t o a p pli e d v olt a g e ( d G / d V ) a b o ut t h e V t h i s s h o w n

i n fi g ur e 9 . M o st of t h e Si P M s ar e h a vi n g d G / d V ∼ 6 .8 × 1 0 5 . T h er e ar e f e w o utli er s, b ut

o nl y o n e Si P M h a s m u c h l o w er g ai n, 5 .1 × 1 0 5 .
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Fr o m t h e fi g ur e s 8 a n d 9 it i s cl e ar t h at all e x c e pt o n e Si P M (l o w g ai n wit h d G / d V ∼

5 .1 × 1 0 5 ) i s s uit a bl e f or t h e C M V, w h er e g ai n s i n all Si P M s ar e r e a s o n a bl y hi g h a n d t h e

v ari ati o n of V t h i s m o d er at e. T h e t hir d cr u ci al p ar a m et er of t h e Si P M i s d ar k n oi s e. T h at

w a s e sti m at e d b y i nt e gr ati n g t h e Si P M si g n al b y r a n d o ml y tri g g er e d 1 0 0 n s ti m e wi n d o w s.

All t h e s e d at a w er e t a k e n wit h o ut a n y L E D s o ur c e a n d al s o at V t h ∼ 3 V. T h e r a n d o m

n oi s e i s c al c ul at e d b y c o u nti n g t h e fr a cti o n of e v e nt s wit h a n i nt e gr at e d si g n al m or e t h a n

0. 4 8 p C, w hi c h i s e q ui v al e nt t o ∼ 1. 5 p. e.. T h e v ari ati o n of n oi s e r at e f or all t h e s e Si P M i s

s h o w n i n fi g ur e 1 0 . T h e m a xi m u m n oi s e r at e at 1. 5 p. e. t hr e s h ol d i s 3 4. 9 k H z f or V t h = 3 V,

w hi c h i s w ell b el o w t h e a c c e pt a n c e t hr e s h ol d [ 7 ].
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B a s e d o n t h e crit eri a a n d t h e n oi s e r at e of i n di vi d u al Si P M, all Si P M ar e s ati sf yi n g t h e

r e q uir e m e nt s of t h e C M V D. T h e fi g ur e 1 1 s h o w s t h e c orr el ati o n of n oi s e r at e wit h d G / d V

o n l eft a n d V t h o n ri g ht r e s p e cti v el y. T h er e i s n o o b s er v e d c orr el ati o n of n oi s e wit h t h o s e
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5 S e t u p f o r C o n t r oll e d T e m p e r a t u r e T e s ti n g

Si P M s s h o w a l ar g e v ari ati o n of t h eir g ai n o n t h e o p er ati o n al t e m p er at ur e. A s p er t h e Si P M

d at a s h e et, t h e t e m p er at ur e c o e ffi ci e nt of t h e o p er ati n g v olt a g e i s 5 4 m V / ◦ C. T o m e a s ur e

t hi s v al u e, it w a s n e c e s s ar y t o t a k e t h e s et u p s h o w n i n t h e fi g ur e 3 a b o v e t o a c h a m b er w h er e

t h e t e m p er at ur e c o ul d b e m ai nt ai n e d at a k n o w n v al u e. We u s e d t h e t h er m al c h a m b er, “ S U-

6 4 2” fr o m “ E S P E C” f or t hi s p ur p o s e. A vi e w of o ur s et u p i n si d e t h e c h a m b er i s s h o w n i n

fi g ur e 1 2 . T hi s c h a m b er c a n m ai nt ai n a t e m p er at ur e fr o m − 2 0 t o 8 0 ◦ C wit h a t e m p er at ur e

fl u ct u ati o n of ± 0. 3 ◦ C [ 1 3 ], b ut d uri n g t h e d at a t a ki n g p eri o d, t h e t e m p er at ur e i s v ari e d

fr o m − 2 0 t o 5 0 ◦ C.

Fi g u r e 1 2 : S et u p i n si d e c o ntr oll e d t e m p er at ur e c h a m b er.
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i s v ari e d fr o m − 2 0 ◦ C t o + 5 0 ◦ C a n d f or e a c h t e m p er at ur e, L E D d at a ar e t a k e n f or ar o u n d

2 0 v olt a g e s. T h er e ar e m a n y d at a p oi nt s ar o u n d 2 5 ◦ C, w hi c h i s t h e a v er a g e o p er ati n g

t e m p er at ur e i n t h e II C H E P l a b or at or y.
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t e m p er at ur e. T h e b e h a vi o ur h a s b e e n s e e n i n lit er at ur e [ 1 4 , 1 5 ].
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Fi g u r e 1 5 : d G / d V v er s u s t e m p er at ur e f or t w o of t h e Si P M s.
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Fi g u r e 1 6 : T h e g ai n v er s u s t e m p er at ur e f or v ari o u s a p pli e d v olt a g e s f or t h e t w o Si P M s.

T h e v ari ati o n s of a b s ol ut e g ai n a s a f u n cti o n of t e m p er at ur e ar e s h o w n i n fi g ur e 1 6

f or di ff er e nt a p pli e d v olt a g e s. A s e x p e ct e d t h e g ai n is hi g h er at l o w er t e m p er at ur e s, w hi c h

i s m ai nl y d u e t o t h e s hift of V o v . F or e a c h a p pli e d v olt a g e t h e g ai n i s fitt e d wit h a li n e ar

f u n cti o n a n d t h e o b s er v e d sl o p e s (d G / d T ) f or t h e s e t w o Si P M s ar e s h o w n i n fi g ur e 1 7 . T h e

m a g nit u d e of d G / d T v ari e s wit h t h e a p pli e d v olt a g e, w hi c h i n di c at e s a v ari ati o n of d G / d V

f or di ff er e nt t e m p er at ur e s.
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Fi g u r e 1 7 : d G / d T v er s u s a p pli e d v olt a g e f or t w o Si P M s.

U si n g t h e sl o p e s d G / d V a n d d G / d T , d V / d T i s e sti m at e d. T h e a v er a g e v al u e of d G / d T

i s e v al u at e d u si n g t h e v al u e s of d G / d T i n li n e ar r a n g e fr o m fi g ur e 1 7 . T h e r ati o of a v er a g e

v al u e of d G / d T t o d G / d V at a gi v e n t e m p er at ur e i s u s e d t o c al c ul at e d V / d T at t h at

p arti c ul ar t e m p er at ur e. T h e v ari ati o n s i n d V / d T ar e s h o w n i n fi g ur e 1 8 a s a f u n cti o n of

t e m p er at ur e, w h er e t h e v al u e v ari e s fr o m ( 5 3. 5 - 5 5. 5) m V / ◦ C.
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Fi g u r e 1 8 : d V / d T v er s u s T f or t w o of t h e Si P M s.

7 T h e e ff e c t o n e ffi ci e n c y a n d n oi s e r a t e wi t h t h e c h a n g e i n V o v

T h er e i s n o e xtr a c o ntr ol of t e m p er at ur e i n t h e C M V D el e ctr o ni c s, ot h er t h a n t h e d e-

f a ult c o ntr ol t hr o u g h t h e r o o m air c o n diti o ni n g s y st e m i n t h e mi ni-I C A L r o o m, w h er e t h e

v ari ati o n of t e m p er at ur e i s a b o ut 2 ◦ C. T h e g ai n of t h e Si P M d e cr e a s es wit h i n cr e a si n g

t e m p er at ur e b e c a u s e V t h s hift s t o w ar d t h e hi g h er si d e. T h e c h a n g e i n g ai n of Si P M wit h
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t e m p er at ur e will h a v e a n i m p a ct o n t h e e ffi ci e n c y a n d t h e n ois e r at e of t h e C M V D. T o

c o m p e n s at e f or t h e g ai n c h a n g e d u e t o t e m p er at ur e c h a n g e, t h e bi a s t o t h e Si P M n e e d s t o

b e a dj u st e d. A s it c a n b e o b s er v e d i n fi g ur e 1 8 , a v er a g e v al u e of d V / d T i s ∼ 5 5 m V / ◦ C.

T hi s i m pli e s t h at t h e c h a n g e i n o p er ati n g v olt a g e w o ul d b e ∼ 1 1 0 m V. D o w e n e e d a f e e d-

b a c k s y st e m i n t h e Si P M p o w er s u p pl y t o c o m p e n s at e f or t h e v ari ati o n of t e m p er at ur e f or

t h e C M V D r e q uir e m e nt, i. e. t h e e ffi ci e n c y of t h e v et o w all s h o ul d b e m or e t h a n 9 9. 9 9 %

wit h t h e r a n g e of t e m p er at ur e v ari ati o n, a n d si mil arl y t h e r ati o of t h e f a k e t o tr u e m u o n

r at e s h o ul d b e l e ss t h a n 1 0 − 5 ? T h e r a n d o ml y / n oi s e tri g g er e d d at a a n d t h e c o s mi c m u o n

tri g g er e d d at a h a v e b e e n c oll e ct e d at V o v of 2. 5 V ± 2 0 0 m V at r o o m t e m p er at ur e, w h er e a s

2. 5 V i s o pti mi s e d v al u e of V o v f or C M V D o p er ati o n [7 ]. A t ot al of 1 3 s et s of d at a ar e

c oll e ct e d t o s e e t h e e ff e ct of g ai n c h a n g e of Si P M ( w.r.t. a p pli e d v olt a g e c h a n g e) o n t h e

C M V D p erf or m a n c e.
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Fi g u r e 1 9 : T h e n oi s e r at e a s a f u n cti o n of V o v a n d q t h of ( a) a n i n di vi d u al Si P M, ( b)

a s ci ntill at or w h er e at l e a st t w o o ut of f o ur Si P M s will h a v e si g n al a n d ( c) of C M V D f or

atl e a st t w o o ut of f o ur l a y er s s ati sf y tri g g er crit eri a w h e n at l e a st t w o o ut of f o ur Si P M s

will h a v e si g n al i n a s ci ntill at or.

Fr o m t h e n ois e d at a, t h e i n di vi d u al n oi s e r at e s of 4 Si P M s ar e c al c ul at e d a s a f u n cti o n

of V o v a n d q t h a n d i s s h o w n i n fi g ur e 1 9 ( a) f or o n e t h e Si P M s. U si n g t h e i n di vi d u al n oi s e

r at e s of 4 Si P M s, t h e n oi s e r at e of a s ci ntill at or i s e sti m at e d w h e n at l e a st t w o o ut of f o ur

Si P M s h a v e a si g n al a n d t h e n t h e s e n oi s e r at e s ar e pr o p a g at e d t o e sti m at e t h e n oi s e r at e

of C M V D f or a n y t w o o ut of f o ur-l a y er tri g g er crit eri o n a s a f u n cti o n of V o v a n d q t h a n d

t h e r at es ar e s h o w n i n fi g ur e 1 9 ( b) a n d fi g ur e 1 9 ( c) r e s p e cti v el y. At t h e c h o s e n q t h = 0. 6 8 p C

w hi c h i s e q ui v al e nt t o 2. 5 p. e. f or V o v = 2. 5 V, f or C M V D o p er ati o n, t h e n oi s e r at e of C M V D

f or t h e hi g h e st v al u e of V o v (i. e. 2. 7 V) i s ∼ 1 0 − 7 H z. T h e c o s mi c m u o n si g n al will b e

i nt e gr at e d wit hi n a 1 0 0 n s d uri n g C M V D o p er ati o n. T h e n oi s e r at e at q t h = 0. 6 8 p C f or a

1 0 0 n s wi n d o w will b e ∼ 1 0 − 1 4 H z w hi c h i s w ell b el o w t h e t ol er a bl e n oi s e r at e f or C M V D

r e q uir e m e nt [ 7 ].

F or t h e e ffi ci e n c y m e a s ur e m e nt of a c o m pl et e s ci ntill at or of l e n gt h 4. 7 m, t h e s ci ntill at or

i s e q ui p p e d wit h W L S fi br e a n d Si P M s ar e m o u nt e d o n b ot h si d e s t o c oll e ct t h e si g n al a n d

m e a s ur e t h e e ffi ci e n c y of t h e c o s mi c m u o n, w hi c h ar e tri g g er e d b y t hr e e si mil ar s ci ntill at or
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Figure 20: The muon detection efficiency of (a) an individual SiPM as a function of Vov
and qth, (b) a scintillator as a function of Vov and qth when at least two out of four SiPMs
will have signal and (c) a scintillator for qth=0.68 pC, the error on the data points in last
plot is less than 10−4.

detectors. The applied voltage of the SiPMs is varied up to ±200mV about the Vov= 2.5V
and the variation in the efficiency of SiPM and the scintillator detector is checked and then
extrapolated to the efficiency of the four-layer veto wall as described in [7].

The cosmic muon efficiency is measured for individual SiPMs as shown in figure 20(a)
as a function of Vov and qth. Also, the cosmic muon efficiency is measured when atleast two
out of four SiPMs will have signal and it is shown in figure 20(b) as a function of Vov and
qth. Figure 20(c) shows the cosmic muon efficiency of a scintillator as a function of Vov at
qth=0.68 pC, this plot shows the statistical fluctuations in efficiency for different Vov which
can’t be seen in figure 20(b) due to the efficiency scale. The scintillator efficiency at the
lowest value of Vov i.e. 2.3V, is high enough to attain the efficiency requirements for the
CMVD operation [7].

This study concludes that even if Vov is not compensated for ± 4◦C variation at
IICHEP lab, CMVD requirements will still be satisfied. Thus, neither it require a special
temperature control on top of the air conditioning system nor a feedback option to change
the operating voltage.

8 Summary

The main goal of this study is to test all SiPMs for the CMVD. The test results based on
the gain and noise study show that all except one SiPM are acceptable for the CMVD.
The variation in the threshold voltage of SiPM with temperature is studied and is found
to be (53.5 - 54.5)mV/◦C. The CMVD will be operated in an air-conditioned room, where
the maximum variation in temperature is 2◦C. Thus, a detailed study was done to find
the variation in gain of SiPM as a function of temperature, which is found to be less
than 2%/◦C. This study also confirms that even with this variation of temperature, the
performance of the CMVD detector will satisfy the design goal. The feedback electronic
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circuit will not be required to change the operating voltage to compensate for the variation
of SiPM gain due to the variation in temperature.
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