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A Cosmic Muon Veto (CMV) detector using extruded plastic scintillators is being built around
the mini-Iron Calorimeter (mini-ICAL) detector at the transit campus of the India based Neutrino
Observatory, Madurai. The extruded plastic scintillators will be embedded with wavelength
shifting (WLS) fibres to absorb scintillating photons and propgate the re-emitted photons to the
silicon-photomultipliers for the electronic signals. The CMV detector will require 760 extruded
plastic scintillators to shield the mini-ICAL detector, and will require 3040 SiPMs for the readout.
The design goal for the cosmic muon veto efficiency of the CMV is >99.99% and fake veto rate
less than 10−5. Hence, every SiPM used in the detector needs to be characterised to satisfy the
design goal of the CMV. For this, a large-scale testing system was developed, using an LED driver,
to measure the gain and noise rate of each SiPM, and thus determine it’s breakdown voltage (+1A )
and optimum operating overvoltage (+>E ).
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Large scale SiPM testing for the Cosmic Muon Veto detector Mamta Jangra

1. Introduction
The flux of the cosmic ray muons on the earth’s surface constitutes a huge background for the

experiments searching for the rare neutrino interactions. The cosmic muon flux reduces by a factor
of 106 against a depth of ∼ 1 km and 102 against shallow depth of ∼ 100m. An active cosmic muon
veto (CMV) detector with veto efficiency >99.99% will be required for a rejection factor of 106 at
depth of 100m. The prototype of Iron CALorimeter (ICAL) i.e. mini-ICAL, consists of 11 layers
of 5.6 cm thick soft iron plates and 10 layers of 2< × 2< glass Resistive Plate Chambers (RPCs),
an 85-ton magnet and is operational at Madurai, India. A CMV detector is being built on top of
mini-ICAL (as shown in Fig. 1) with extruded plastic scintillators with embedded WLS fibres to
propagate light and SiPM to detect scintillation photons. The SiPM model S13360-2050VE from
Hamamatsu is used for CMVDexperiment. This particular model of SiPMhas a total photosensitive
area of 2mm×2mm, 1584 microcells, microcell pitch of 50 `m, fill factor of 74%,+1A of (53 ± 5)V
at room temperature. The SiPMs are available on panels, with each panel containing 16 SiPMs, as
shown in Fig. 2.
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Figure 1: A schematic of the Cosmic Muon Veto Detector
around mini-ICAL

Figure 2: SiPM panel

2. Experimental setup for LED testing
The testing is performed inside a lightproof black box. The SiPM panel is mounted on one of

the faces of the black box as shown in the Fig. 3. An ultrafast LED driver (CAEN SP5601) is used
to expose light on the SiPM panel. A piece of tyvek paper is used to diffuse the light uniformaly on
all the SiPMs.

Figure 3: The SiPM mass testing experimental setup Figure 4: SiPM circuit diagram

DRS boards are connected to a computer system to collect the data [2]. A schematic of the
electronic circuit for signal readout is shown in Fig. 4. A total of 218 SiPM panels were tested using
this setup.
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L ar g e s c al e Si P M t esti n g f or t h e C os mi c M u o n Vet o d et e ct or M a mt a J a n gr a

3. C ali b r ati o n usi n g L E D a n d t est r es ults
A n e x a m pl e of L E D si g n al fr o m t h e e x p eri m e nt al s et u p c a n b e s e e n i n Fi g. 5 a. A t ot al of 5 0 0 0

e v e nts ar e c oll e ct e d f or e a c h of t h e Si P M. T h e si g n al is i nt e g er at e d wit hi n a 1 0 0 ns wi n d o w f or t h e

c h ar g e c oll e cti o n a n d t h e p e d est al is s u btr a ct e d t o c orr e ct f or t h e b as eli n e fl u ct u ati o ns. T h e c h ar g e

distri b uti o n is s h o w n i n Fi g. 5 b f or o n e of t h e Si P Ms at bi as v olt a g e ( �푉 �푏�푖 �푎 �푠 ) = 5 4 V.
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Fi g u r e 5: ( a) R a w Si P M si g n al, ( b) C h ar g e distri b uti o n at �푉 �푏�푖 �푎 �푠 = 5 4 V a n d ( c) C ali br ati o n pl ot f or m e as uri n g

�푉 �푏 �푟 a n d d G/ d V f or o n e of t h e Si P Ms.

T h e t ot al c oll e ct e d c h ar g e is fitt e d wit h a f u n cti o n [ 1 ]:

�푓 ( �푦 ) = �퐿 �푎 �푛 �푑 �푎 �푢 ( �푦 ) +
�푁 − 1

�푎 = 0

�푅 �푎 × �푒 − ( �푦 − �푎 �휇 ) 2

2 �휎 2

w h er e N is t h e n u m b er of p h ot o el e ctr o n ( p e) p e a ks, �푅 �푎 is t h e p e a k h ei g ht a n d �휎 is t h e g a ussi a n

wi dt h of p e p e a k. T h e a v er a g e g a p b et w e e n t h e c o ns e c uti v e p e a ks ( �휇 ) is m e as ur e d fr o m t h e fit a n d

t h e g ai n is c al c ul at e d. T h e d at a is c oll e ct e d f or fi v e di ff er e nt v al u es of �푉 �푏�푖 �푎 �푠 . T h e g ai n v ers us �푉 �푏�푖 �푎 �푠

is pl ott e d a n d fitt e d wit h a li n e ar f u n cti o n as s h o w n i n Fi g. 5 c. Fr o m t h e li n e ar fit, t h e sl o p e will

d et er mi n e t h e v ari ati o n i n t h e g ai n wit h r es p e ct t o bi as v olt a g e ( d G/ d V) a n d t h e r ati o of t h e i nt er c e pt

t o t h e sl o p e will d et er mi n e �푉 �푏 �푟 a n d b ot h t h e p ar a m et ers ar e esti m at e d f or e a c h of t h es e Si P Ms as

s h o w n i n Fi g. 6 .
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Fi g u r e 6: ( a) T h e v ari ati o n i n t h e g ai n wit h r es p e ct t o bi as v olt a g e ( d G/ d V) v ers us Si P M n u m b er a n d ( b)

�푉 �푏 �푟 v ers us Si P M n u m b er at r o o m t e m p er at ur e ( 2 5 ◦ C).

N ois e r at e m e as u r e m e nt f o r Si P Ms
T h e s a m e li g ht pr o of b o x is us e d wit h o ut a n y L E D si g n al. T h e c h ar g e is m e as ur e d b y i nt e gr ati n g

t h e si g n al wit hi n a 1 0 0 ns r a n d o ml y c h os e n wi n d o w wit h p e d est al s u btr a cti o n a n d t h e c orr es p o n di n g
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c h ar g e distri b uti o n is s h o w n i n Fi g. 7 a f or di ff er e nt �푉 �푏 �푖 . T h e n ois e r at e is m e as ur e d b y c al c ul ati n g

t h e fr a cti o n of e v e nts cr ossi n g t h e c h ar g e t hr es h ol d (�푎 �푠 ℎ) a n d t h e m e as ur e m e nts ar e s h o w n i n Fi g. 7 a

at di ff er e nt �푉 �푏 ℎ a n d at di ff er e nt �푖 �푎 �푠 .
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Fi g u r e 7: ( a) T h e i nt e g er at e d c h ar g e distri b uti o n fr o m t h e n ois e d at a at di ff er e nt �푉 �푏 �푟 a n d ( b) Vari ati o n i n t h e

n ois e r at e at di ff er e nt �푓 �푦 ℎ f or di ff er e nt �퐿 �푎 �푛

Fi g. 8 a s h o ws n ois e r at e m e as ur e m e nts of all t h e Si P Ms at �푑 �푎 �푢 = 3 V a n d �푦 �푁 ℎ = 0. 1 6 p C ( ∼

0. 5 p e at �푎 �푅 �푎 = 3 V). Fi g. 8 b a n d Fi g. 8 c s h o ws t h e c orr el ati o n of t h e n ois e r at e v ers us d G/ d V a n d

�푒 �푦 �푎 r es p e cti v el y, b ut it is cl e ar t h at t h er e is n o c orr el ati o n of n ois e r at e wit h d G/ d V a n d �휇 �휎 �푅 .
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Fi g u r e 8: ( a) T h e n ois e r at e f or all t h e Si P Ms at 0. 5 p e t hr es h ol d f or �푎 �휎 �휇 = 3 V, ( b) C orr el ati o n pl ot of n ois e

r at e ( at 1. 5 p e t hr es h ol d) v ers us d G/ d V a n d ( c) C orr el ati o n pl ot of n ois e r at e ( at 1. 5 p e) v ers us d G/ d V

C o n cl usi o n

O ut of t ot al 3 4 8 8 Si P Ms, all Si P Ms ar e s uit a bl e f or C M V D p ur p os es e x c e pt o n e wit h l o w g ai n

i. e. d G/ d V ∼ 5. 1 × 1 0 5 as c o m p ar e d t o t h e a v er a g e g ai n of all ot h er Si P Ms i. e. d G/ d V ∼ 6. 8 × 1 0 6 .

T h e v ari ati o n i n t h e �푉 �푏 �푖 v al u es f or di ff er e nt Si P Ms is fr o m 5 0. 8 V t o 5 2. 5 V. T h e m a xi m u m n ois e

r at e at 0. 5 p e t hr es h ol d is 3 1 6. 8 k H z w hi c h is wit hi n t h e t ol er a bl e r a n g e.

A c k n o wl e d g e m e nts

We w o ul d li k e t o si n c er el y t h a n k t h e e x p ert c o m mitt e e of “I nf os ys- TI F R L e a di n g E d g e Tr a v el

Gr a nt " f or f u n di n g t h e tr a v el. We w o ul d als o li k e t o t h a n k H B NI a n d all t h e m e m b ers of I N O l a b.
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