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PMT is the most popular photo-detector

1 V iti1. Very sensitive
2. High gain
3. Single photon resolution
4 Fast4. Fast 
5. Large sensitive areas
6. High counting rate
7 Reliable7. Reliable
8. Vast experience
9. …

However it has many drawbacks

НЕRА-В Electromagnetic Calorimeter

1. Sensitive to magnetic field
2. Large size, low granularity
3. Need of High Voltageg

(ITEP)
g g

4. Expensive
5. …

Some drawbacks can be (partially) cured



Granularity can be increased using MAPMT

HERA-B RICH with 27 thousand channels (Hamamatsu R5900-00-M16)



1ch
2ch
3ch

PMT does not work in magnetic field
-> Partially solved in MCP PMT

1x4 MCP-PMT (SL10)

1 4 li d MCP PMT f TOP d
22 (effective area)

27 5

3ch
4chExample:

• 1x4 linear-anode MCP-PMT for TOP readout.
• Developed under collab. with Hamamatsu Photonics.

27.5

#MCP stage 2

Gain (HV) 2x106 (-Gain (HV) (
3.5KV)

MCP hole dia. 10μm
Geometrical 
collection eff. 50%

1x4 /#pixel /size 1x4 / 
5mmx22mm

Effective area/
64%

Confirmed gain > 106 & TTS=30ps(σ) 
i B 1 5T i fi ld

Toru Iijima, INSTR08 @ BINP, Novosibirsk 42008/03/03

Total area
64%in B=1.5T magnetic field.



Solid state Photo-detectors offer many advantages

1 Not sensitive to magnetic field1. Not sensitive to magnetic field
2. High QE
3. Very high granularity
4. CompactCo pact
5. No High Voltage
6. Cheap
7. …

Simplest example – PIN Diodep p

No amplification => Very stable
High (80%) QE optimal for CsI(Tl) => Wide use in CLEO, BaBaR, BELLE, Glast …

Thick (~300 micron) sensitive layer => large NCE (MIP deposits 30k e-hole pairs)
No amplification => Can not be used with low light yield scintillators 



APD – Photo-diode with amplification

Electrons prod ced in the thin (deff 6 m) p la er b photo con ersion orElectrons produced in the thin (deff ~ 6 μm) p-layer by photo-conversion or 
by ionising particles induce avalanche amplification at the p-n junction.
Electrons produced in bulk are not amplified => small NCE
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1/M dM/dV ~ M (~7% at M=200)
1/M dM/dT M ( 5% t M 200) => Hard to operate at higher amplifications-1/M dM/dT ~ M (~ 5% at M=200)  Hard to operate at higher amplifications

Fluctuations in avalanche development => large ENS~M (typical values > 2)



CMS Electromagnetic Calorimeter 

Choice of Lead Tungstate is driven by small X0 =0.89cm, RM=2.19cm, τ~10ns and
di ti h d ith Y/Nb d i d ti i d thradiation hardness with Y/Nb doping and optimized growth

Crystals produced at Bogoroditsk( Russia) 
In spite of small light yield of ~8p.e./MeV excellent energy resolution is obtained

10 years of R&D with Hamamatsu resulted in excellent APD operated at gain 50
130.000 APD passed very strict tests with 500 kRad irradiation and accelerated ageing130.000 APD passed very strict tests with 500 kRad irradiation and accelerated ageing
Vacuum phototriodes  with QE~20% (RIA, St.Petersburg) are used in end caps
They are radiation hard (20kGy tests) 



SiPM main characteristics (MEPhI-Pulsar example) 

1156 pixels of 32x32μm2 (actvive area 24x24)1156 pixels of 32x32μm2 (actvive area 24x24)

Working point: VBias = Vbreakdown + ΔV ~ 50-60 V 
ΔV ~ 3V above breakdown voltage

Each pixel behaves as a Geiger counter with
Qpixel = ΔV Cpixel     with Cpixel~50fF  
Q ~150fC=106e

24μm
32μm Qpixel~150fC=106e

- Noise at 0.5 p.e. ~ 2MHzResistor
Rn=400 kΩ

hν

pixel - Optical inter-pixel cross -talk:
-due to photons from Geiger discharge initiated 
by one electron and collected on adjacent pixels
Xt lk s ith ∆V T i l l 20%

-20M Ω

R 50Ω

Al

Depletion

-Xtalk grows with ∆V. Typical value ~20%.

-PDE ~15% for Y11 WLS fiber spectrum
Depletion
Region
2 μm Substrate

Insensitive to magnetic field (tested up to 4Tesla)

Very short Geiger discharge development  <100 ps

Ubias

Pixel recovery time ~ (Cpixel Rpixel) ~ 20 ns (for small R)

Dynamic range ~ number of pixels (1156) saturation



ADC channel
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SiPM has excellent single photo-electron resolution
(uniform response from all pixels) 
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∑ Poiss⊕Xtalk·G(x0+i·Δx,σ0+σ1 ·√i)



ADC channel
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1p.e. noise rate ~2MHz.
threshold 3.5p.e. ~10kHz
threshold 6p.e. ~1kHz

Optimal operating voltage
for this SiPM ~54V

Other SiPMs have similar propertiesOther SiPMs  have similar properties
Hamamatsu MPPCs have considerably smaller noise
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Photon detection efficiency (PDE)=

QE (~80%) * Geiger efficiency (~60%) *Geometrical efficiency ( ~35%) Q ( ) g y ( ) y ( )

- highest efficiency for green light matches well with WLS fibers

- X-talk increases with gain → optimal gain about 106

Temperature and voltage dependence

-1 oC +4.5%  in Gain*PDE*Xtalk      +0.1 V +6%  in Gain*PDE*Xtalk



Typical SiPM PDE



Individual tile energy reconstruction using
SiPM signal saturation due to finite number of SiPM pixels

 

Individual tile energy reconstruction using 
calibration curve SiPM signal vs energy deposited::

Average number of 
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Very fast pixel recovery time ~ 20nsVery fast pixel recovery time  20ns

For large signals each pixel fires about 2 times during pulse from tile 



SiPM pixel recovery time depends on RC and can be quite fast

Y.Musienko NDIP08

Since usually only small fraction of pixels is firedSince usually only small fraction of pixels is fired 
SiPM dead time is much smaller than pixel recovery time



After-pulses are caused by trapped charge carriers 

Increase of  after-pulse amplitude with time is due to pixel voltage recoveryp p p g y

Main fraction of after-pulses appear soon after the initial signal (time constant ~20ns)
however there is also after-pulse component with about 100ns time constantp p
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SiPMs have excellent timing propertiesSiPMs have excellent timing properties

B.Dolgoshein Beaune-02



TOF with SiPM (MEPHI)

SiPM 3x3 mm2 attached directly to BICRON - 418 scintillator 3x3x40 mm3

A ~ 2700 pix

y
Signal is readout directly from SiPM w/o preamp and shaper !

σ = 48 4 ps A ~ 2700 pix
Threshold~100pix
σ = 48,4 ps

33

σ = 48,4 ps

σelect = 33 ps
(not subtracted)

Sensitive area : 3x3 mm2 # of pixels: 5625
Depletion region: appr 1 μm

SiPM Parameters

Depletion region: appr. 1 μm 
Pixel size: 30 μmx30 μm
Working voltage: 20…25 V Gain: 1…2 x10**6
Dark rate.room temperature:  20 MHz
iPM i (FWHM)SiPM noise(FWHM):
room temperature  5-8 electrons
-50 C                        0.4 electrons

Single pixel recovery time: 1usSingle pixel recovery time: 1us
After pulsing probability: appr. 1%

Optical crosstalk: appr. 30 - 50 %
ENF: appr. 1.5-2.0(overvoltage dependent)                                                                 



Radiation damage measurements

ITEP Synchrotron
Protons E=200MeV
MEPhI-Pulsar SiPM

Dark current increases linearly with flux Φ
as in other Si devices:

Δ I=α Φ Veff P Gain α=6x10-17A /cmΔ I=α Φ Veff PGGain,    α=6x10 17A /cm
(Radiation damage by 200MeV protons
is similar to 1 MeV neutrons)

Veff ~ 0.004mm3 determined from 
observed ΔI

Since initial SiPM resolution of ~0.1 p.e. is 
much better than in other Si detectors
it suffers sooner:
After Φ~1010 individual p.e. signals are 
smeared out

However MIP signal are seen even after 
Φ~1011/cm2

Other SiPM types show similar behavior



Radiation damage by photons and electrons is much smaller

1600 pix MPPC after 
200kRad Co60 irradiation
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No change in PDE, VB, Rcell, after 1010 82MeV protons/cm2

(Y.Musienko NDIP08)( )

(Y.Musienko NDIP08)



SiPM ApplicationsSiPM Applications



Small 108ch. prototype (MINICAL) with SiPM, MAPMT & APD was tested in e-beam

Scintillator tile analog or semi-digital HCAL (CALICE Collab.)

Tile 5x5x0.5cm3MEPhI SiPM
Moscow Hamburg

(the first “mass” application of SiPMs)

Cassette

3x3 tiles3x3 tiles



MINICAL tests with electron beam
Measurement of electron energy with HADRON CALORIMETER ⇒ resolution modest

Very good agreement between  SiPM, MAPMT, APD(not shown) and MC 
i h h l 1 6 G Vin the whole range 1 - 6 GeV
SIPM non-linearity can be corrected even for dense e/m showers for each tile
and does not deteriorate resolution
P ibilit t b k f diff t b f i l f lib tiPossibility to observe peaks for different number of p.e. crucial for calibration
Results with novel SiPM photodetectors were obtained  before MAPMT results
It took much longer to solve calibration problems with APDs



The CALICE HCAL prototype comprises 38 planes of scintillating 
detectors with 216 tiles in first 30 planes and 145 tiles in 8 last ones.

LAL 18 ch SiPM

SiPM 3х3 cm2 tile with SiPM

Light from a tile is read out via WLS fiber and SiPM
LAL 18 ch.  SiPM 

FE chip



Operational experience with HCAL

HCAL was operated practically without problems at CERN during  2006-07 
( h ) i i i ll i h 23 l d h i h 38 l I 2008 d FNAL(7months) initially with 23 planes and then with 38 planes. In 2008 tested at FNAL 

~98% of channels are good
1% d d (b f bl ith SiPM ld i i ith ti )~1% are dead (because of problems with SiPM soldering – improves with time)

~1% problems with SiPMs (SiPM selection procedure was not perfect initially)

Good channels were calibrated with muons and corrected for non linear SiPM responseGood channels were calibrated with muons and corrected for non linear SiPM response

HCAL response after
correction is perfectly linear
for electrons up to 45 GeV

CALICE
preliminary

Response before correction

MC



Response uniformity is good for tiles with WLS fibers even for thin tiles
d bl i f di SiPM li hi h i i f f b i i

Tile thickness can be reduced to 3 mm (saves a lot of money)

Uniformity measurements of 30x30x3mm3 tiles at ITEP synchrotron 

and problematic for direct SiPM coupling which is easier for fabrication
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Light yield is sufficient for 3mm thick tiles with glued WLSF and SiPM (~14pix./MIP)

Problems with direct coupling will be more severe for larger size tiles

Light yield is sufficient for 3mm thick tiles with glued WLSF and SiPM ( 14pix./MIP)
and larger area SiPMs (3x3mm2) or MRS APD (2x2mm2 blue extended) but
noise is too high in these detectors to resolve individual p.e. – bad for calibration



Comparison of SiPMs used in mass applications
MEPhI-Pulsar SiPM (1156pix) ~ 8000 channels (CALICE HCAL&TC)
CPTA MRS APD (656pix) 500 channels (ALICE TOF test)CPTA MRS-APD (656pix)           ~500 channels (ALICE TOF test)
Hamamatsu MPPC (1600pix)     ~500 channels (CALICE ScECAL)

SiPMs were illuminated with
Y11 (green) and 
scintillator (blue) light
Effi i li dEfficiency was normalized
to MPPC one

MRS-APD and MPPC have larger PDE
and smaller X-talk than MEPhI SiPM

MPPC has ~4 times smaller noise

Blue extended MRS-APD has PDE 
comparable with MPPC

New MEPhI-MPI SiPMs with ultra-low
X talk and high PDE already availableX-talk and high PDE already available



CALICE (Japan-Korean group) Scintillator e/m Calorimeter

MPPCMPPCs
(1600 pixels)

Tungsten
(3.5 mm thick)

Scintillator layer
(3 mm thick)

Scintillator strip

Frame

Scintillator strip
(1 x 4.5 x 0.3 cm) WLS fibre



energy response

Linear response.Linear response. 
No strong effect of MPPC saturation has been seen

2000 channel e/m calorimeter with MPPC readout will 
be tested at FNAL this yearbe tested at FNAL this year



Scintillator based muon systems
Si Photo Multiplier (SiPM) offers more elegant solution than traditional MAPMT :Si Photo Multiplier (SiPM) offers more elegant solution than traditional MAPMT :

It works in magnetic field – no clear fibers for light transportation
It is very small and can be installed directly in  scintillator strip

ITEP tested a 200x2 5x1cm3 strip with WLS fiber and SiPM at each endITEP tested a 200x2.5x1cm3 strip with WLS fiber and  SiPM at each end
2000

25 SiPM SiPMWLSF

Sum

10

Left SiPM Right SiPM

SumMIP

1 mm

M th 13 d t t d

SiPM – matrix of
1024 photodiods

1 mm

MIP Landau distribution 
starts above 10 fired pixels!
(WLS fiber is not glued to strip)

More than 13 detected 
photons per MIP
ε>99%at rate >1kHz/cm2

1024 photodiods
in Geiger mode
Developed by MEPhI



Scintillator KLM for BELLE
• Two independent (x and y) layers in one superlayer made of p ( y) y p y

orthogonal rectangular strips with WLS read out 
(28,000 channels)

y-strip 
plane

• Photodetector - MRS APD (CPTA)                                                       

Mirror 3M (above

Iron plate x-strip 
plane

3m
Mirror 3M (above 
groove & at fiber end)

Al i i f

p a e

Optical glue increases the 
light yield ~ 1.2-1.4)

WLS: Kurarai Y11 ∅1 2 mm

Aluminium framelight yield  1.2 1.4)

WLS: Kurarai Y11 ∅1.2 mm SiPM

Strips: polystyrene with dye (1.5% PTP & 0.01% POPOP)Diffusion reflector (TiO2)



ALICE TOF Cosmic Test System with 500 MRS APD was built at ITEP

Mosaic stricture of the trigger detector Light detection by 

WLS Fiber and MRS APD 

2 MRS APDs per 15x15x1 cm3 tile 

• dense packing ensures the absence of ‘dead’ zonesdense packing ensures the absence of dead  zones

• intrinsic noise of a single cell ~ 0.01 Hz

• rate capability up to ~ 10KHz/cm2

ti l ti 1 2• time resolution ~ 1.2 ns

More than 20 photoelectrons per MIP are detected 
even without WLS fiber gluing to tile 









Positron-Electron Balloon-borne Spectrometer ( PEBS)

Scintillation Fiber Tracker with 55000 channels (1700 SiPM arrays)Scintillation Fiber Tracker with 55000 channels (1700 SiPM arrays)
Scintillator strip – WLS fiber Electromagnetic Calorimeter with ~2000 SiPM



~10p.e./MIP obtained with 0.25mm Kuraray fiber & Hamamatsu SiPM array

Position resolution of 75 micron achieved                   (S.Schael)



E. Aprile et al.,NIM A556 (2006), p. 215
h h dl hi h PDE ( %) f MEPhI PULSAR SiPM

SiPM test in LXe

have shown unexpectedly high PDE (5.5%) for MEPhI-PULSAR SiPM
Would be great for Dark Matter searches

Our test of SiPM in LXe:
• 241Am – α-source
• (!) triggering by UV sensitive PMT
• one of the  SiPMs was screened by glass

Xe

α 241Am
1 mm

CPTA
blue

50 mm

α
241Am

CPTA blue        PDE = 0.75%
MEPhI PDE 0 45%

15 mm

PM

LXe

glass

MEPhI green   PDE = 0.45%
CPTA green
with glass         no signal

WLS i i dPM
T

CPTA CPTA MEPhI VUV 

glass WLS is required
Preparing to test p-terphenyl:
• deposited between two sapphire 
windowsC

blue
C
green green

VUV
PMT •p-terphenyl doped poly-n-xylene 

film2x2mm2 3x3mm2



SiPM: Cherenkov angle distributions for 1ns time windows
P.Krizan (Novosibirsk 08)

-3 ns-4 ns-5 ns-6 ns

ΘcΘcΘcΘc

+1 ns-2 ns 0 ns-1 ns

cc

ΘcΘcΘcΘc

+5 ns+4 ns+3 ns+2 ns

ΘcΘcΘcΘc

Cherenkov photons  appear in the expected time windows
First Cherenkov photons observed with SiPMs! 



There are other SiPM applications 
in particular for PET and Astrophysics

There are many  new developments

I selected just 2 examples



New MEPhI-MPI SiPM with strong X-talk suppression

(Mi NDIP 08)(Mirzoyan NDIP 08)



5x5mm 2  Mirzoyan NDIP08







ConclusionsConclusions

SiPM is a novel and very promising photo-detectory p g p

Fast going R&D already resulted in SiPMs with

Larger PDE
Larger size
Larger dynamic range
Smaller noise
Smaller X-talk

R di ti d d th ti b tt d t dRadiation damage and other properties are better understood now

~ 10 thousand SiPMs have already been used in experiments

Several projects with 30-60 thousand SiPMs are in preparation

SiPMs are still quite expensive especially for large area applicationsSiPMs are still quite expensive especially for large area applications 
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1 m × 40 mm × 10 mm

Four 1mx1m scintillator planes have been built at ITEP and tested at KEK

1 m × 40 mm 10 mm 
strip

imperfection of the 
t itrigger

1m

1m

Internal SiPM noise is not a problem (suppressed by threshold), 
and is  much smaller than expected physical background rate 



Light Collection Uniformity, 
Y11 MC 1mm fiber,  Vladimir Scintillator,

t d id 3M f il t d b tt
Light yield drop between tiles acceptable
(C l i t t i t j ti )mated sides, 3M foil on top and bottom 

Reduction in light yield near tile edges
is due to finite size of a β source

(Calorimeter geometry is not projective)
Cross-talk between tiles ~2% - acceptable

Light collection efficiency

5x5x0,5cm3 mm

Sufficient uniformity for a hadron calorimeter even for large tiles
Acceptable cross-talk between tiles of ~2% per side
Sufficient light yield of 17 28 21 pixels/mip for 12x12 6x6 and 3x3 cm2 tilesSufficient light yield  of 17, 28, 21 pixels/mip for 12x12, 6x6, and 3x3 cm2 tiles 
(quarter of a circle fiber in case of 3x3 cm2 tile)



HCAL, ECAL, and TC have been tested last year at CERN

Set up at SPS H6b

Common DAQ

Set-up at SPS H6b

TCMT HCAL

mm n D Q
18’000 ch

ECAL 

ECAL
TCMT

HCAL

Tail catcher  - 16 
scintillator strip layers

with SiPM readout

SiW ECAL
1cm2 pads, 30 layers

Sintillator HCAL, SiPM readout
HCAL



Event with 2 hadrons  (distance ~6 cm)



144ch HAPD
Multialkari 
photocathode

Pixel APD

144ch HAPD 
• Newly developed under 

collaboration with

-10kV
15~25mm

e-

collaboration with 
Hamamatsu Photonics.
4 APD hi• 4 APD chips 
(6x6pixel/chip)

• 5x5mm2 pixel
• 64% effective area

3 p e
Test at bench

• High gain: O(104) 1 p.e.

2 p.e.

Total gain 
~ 5x1042 p.e.

3 p.e.

p

3 p.e.
4 p.e.

S/N = 8-15
for single p.e.

1 p.e.
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Recent surprises
High QE achieved with high purity photocathode materials (99.9999) and process tuning

Photonis PMT 5302
Measurements done at MPI 
Munich





GLD calorimeter prototype

Result of the beam test demonstrates that the MPPC  is 
feasible for the GLD calorimeter readout.

Photomultiplier MPPC
Gain ~106 105~106

Photon Detection 
Eff.

0.1 ~ 0.2 ~0.2 for 1600 pix. 
MPPC

Response fast fastResponse fast fast
Photon counting Yes Great

Bias voltage ~ 1000 V ~ 70 V W:Sc=3.5:3mm
Size Small Compact

B field Sensitive Insensitive
Cost Very Not very expensive

MPPC

Cost Very 
expensive !

Not very expensive

Dynamic range Good Determined by # of 
pixelsp

Long-term Stability Good Unknown
Robustness decent Unknown, 

presumably good 10x45mm

04.03.2008 Rustem Dzhelyadin(IHEP, 
Protvino)

INSTR08 Conference, BNPI, Novosibirsk, Russia

presumably good
Noise (fake signal 

by thermions)
Quiet Noisy (order of 100 

kHz)

10x45mm
S.Uozumi, PD07, Kobe, 2007





Selection of SiPMs

1 Long term stability test: ~48 hours at elevated HV (~+3V->5 μA)1. Long term stability test: 48 hours at elevated HV ( +3V->5 μA)
Selection criteria: SiPM current < 5 μA

2 Tune of operation HV and saturation curve measurement with LED2. Tune of operation HV and saturation curve measurement with LED
Tune HV till number of pixels per MIP 14.25 < Npix < 15.75

Selection criteria:Selection criteria:

SiPM gain G > 4*105

Noise frequency at zero level F0 < 3 MHzNoise frequency at zero level F0  3 MHz

Noise frequency at ½ MIP level F1/2< 3000 Hz  

Crosstalk < 0.35

SiPM current I < 2 μA

RMS of multiple SiPM current measurements RMSI< 20 nA

Number of pixels at maximal light (~200MIP) during measurement of saturation 
curve  Npix max > 900

3. Check Tile-WLS Fiber-SiPM system with Sr source



Parameters of ~ 10000 tested SiPM’s

NOISE AT ½ MIP(7 5 pixels) CROSS TALKGAIN NOISE AT ½ MIP(7.5 pixels) CROSS TALKGAIN
SATURATION CURVE SIPMS WAFER  4-11

Light, MIP

R
es

po
ns

e,
 p

ix
el

s

0

200

400

600

800

1000

1200

1400

0 50 100 150 200 250

SATURATION CURVE SIPMS WAFER  4-11

Light, MIP

R
es

po
ns

e,
 p

ix
el

s

0

200

400

600

800

1000

1200

1400

0 50 100 150 200 250

CURRENT STABILITYSIPM CURRENT

SATURATION CURVE SIPMS WAFER  4-11

Light, MIP

R
es

po
ns

e,
 p

ix
el

s

0

200

400

600

800

1000

1200

1400

0 50 100 150 200 250

SATURATION CURVECURRENT STABILITY SATURATION CURVE



0

200

400

600

0.025 0.05 0.075 0.1
0

500

1000

0.025 0.05 0.075 0.1

0

250

500

750

1000

0.05 0.1 0.15 0.2
0

200

400

600

800

0.025 0.05 0.075 0.1

0

200

400

0.025 0.05 0.075 0.1

N pixels/MIP

SIPM PARAMETER VARIATION AT 0.1 V HV VARIATION

Mean
RMS

 0.3642E-01
 0.9818E-02

1/10*Δ(N_pix/MIP)/ΔHV/(N_pix/MIP)
N

SiPM gain

Mean
RMS

 0.2788E-01
 0.7462E-02

1/10*Δgain/ΔHV/gain

N

SiPM response

Mean
RMS

 0.6257E-01
 0.1422E-01

1/10*Δresp/ΔHV/resp

N

SiPM efficiency

Mean
RMS

 0.2208E-01
 0.9148E-02

1/10*Δeff/ΔHV/eff

N

SiPM noise frequency

Mean
RMS

 0.3512E-01
 0.1078E-01

1/10*Δnoise/ΔHV/noise

N

SiPM crosstalk

Mean
RMS

 0.4672E-01
 0.1858E-01

1/10*Δxt/ΔHV/xt

N

0

200

400

600

0.05 0.1 0.15 0.2

0

200

400

600

0.025 0.05 0.075 0.1
0

500

1000

0.025 0.05 0.075 0.1

0

250

500

750

1000

0.05 0.1 0.15 0.2
0

200

400

600

800

0.025 0.05 0.075 0.1

0

200

400

0.025 0.05 0.075 0.1

N pixels/MIP

SIPM PARAMETER VARIATION AT 0.1 V HV VARIATION

Mean
RMS

 0.3642E-01
 0.9818E-02

1/10*Δ(N_pix/MIP)/ΔHV/(N_pix/MIP)
N

SiPM gain

Mean
RMS

 0.2788E-01
 0.7462E-02

1/10*Δgain/ΔHV/gain

N

SiPM response

Mean
RMS

 0.6257E-01
 0.1422E-01

1/10*Δresp/ΔHV/resp

N

SiPM efficiency

Mean
RMS

 0.2208E-01
 0.9148E-02

1/10*Δeff/ΔHV/eff

N

SiPM noise frequency

Mean
RMS

 0.3512E-01
 0.1078E-01

1/10*Δnoise/ΔHV/noise

N

SiPM crosstalk

Mean
RMS

 0.4672E-01
 0.1858E-01

1/10*Δxt/ΔHV/xt

N

0

200

400

600

0.05 0.1 0.15 0.2

Npix/MIP GAIN

0

200

400

600

0.025 0.05 0.075 0.1
0

500

1000

0.025 0.05 0.075 0.1

0

250

500

750

1000

0.05 0.1 0.15 0.2
0

200

400

600

800

0.025 0.05 0.075 0.1

0

200

400

0.025 0.05 0.075 0.1

N pixels/MIP

SIPM PARAMETER VARIATION AT 0.1 V HV VARIATION

Mean
RMS

 0.3642E-01
 0.9818E-02

1/10*Δ(N_pix/MIP)/ΔHV/(N_pix/MIP)
N

SiPM gain

Mean
RMS

 0.2788E-01
 0.7462E-02

1/10*Δgain/ΔHV/gain

N

SiPM response

Mean
RMS

 0.6257E-01
 0.1422E-01

1/10*Δresp/ΔHV/resp

N

SiPM efficiency

Mean
RMS

 0.2208E-01
 0.9148E-02

1/10*Δeff/ΔHV/eff

N

SiPM noise frequency

Mean
RMS

 0.3512E-01
 0.1078E-01

1/10*Δnoise/ΔHV/noise

N

SiPM crosstalk

Mean
RMS

 0.4672E-01
 0.1858E-01

1/10*Δxt/ΔHV/xt

N

0

200

400

600

0.05 0.1 0.15 0.2

0.1*Δ(Npix/MIP)
(N i /MIP)*ΔHV

0.1*ΔGAIN
GAIN*ΔHV

0

200

400

600

0.025 0.05 0.075 0.1
0

500

1000

0.025 0.05 0.075 0.1

0

250

500

750

1000

0.05 0.1 0.15 0.2
0

200

400

600

800

0.025 0.05 0.075 0.1

0

200

400

0.025 0.05 0.075 0.1

N pixels/MIP

SIPM PARAMETER VARIATION AT 0.1 V HV VARIATION

Mean
RMS

 0.3642E-01
 0.9818E-02

1/10*Δ(N_pix/MIP)/ΔHV/(N_pix/MIP)
N

SiPM gain

Mean
RMS

 0.2788E-01
 0.7462E-02

1/10*Δgain/ΔHV/gain

N

SiPM response

Mean
RMS

 0.6257E-01
 0.1422E-01

1/10*Δresp/ΔHV/resp

N

SiPM efficiency

Mean
RMS

 0.2208E-01
 0.9148E-02

1/10*Δeff/ΔHV/eff

N

SiPM noise frequency

Mean
RMS

 0.3512E-01
 0.1078E-01

1/10*Δnoise/ΔHV/noise

N

SiPM crosstalk

Mean
RMS

 0.4672E-01
 0.1858E-01

1/10*Δxt/ΔHV/xt

N

0

200

400

600

0.05 0.1 0.15 0.2

(Npix/MIP) ΔHV GAIN ΔHV

RESPONSE EFFICIENCY

0

200

400

600

0.025 0.05 0.075 0.1
0

500

1000

0.025 0.05 0.075 0.1

0

250

500

750

1000

0.05 0.1 0.15 0.2
0

200

400

600

800

0.025 0.05 0.075 0.1

0

200

400

0.025 0.05 0.075 0.1

N pixels/MIP

SIPM PARAMETER VARIATION AT 0.1 V HV VARIATION

Mean
RMS

 0.3642E-01
 0.9818E-02

1/10*Δ(N_pix/MIP)/ΔHV/(N_pix/MIP)
N

SiPM gain

Mean
RMS

 0.2788E-01
 0.7462E-02

1/10*Δgain/ΔHV/gain

N

SiPM response

Mean
RMS

 0.6257E-01
 0.1422E-01

1/10*Δresp/ΔHV/resp

N

SiPM efficiency

Mean
RMS

 0.2208E-01
 0.9148E-02

1/10*Δeff/ΔHV/eff

N

SiPM noise frequency

Mean
RMS

 0.3512E-01
 0.1078E-01

1/10*Δnoise/ΔHV/noise

N

SiPM crosstalk

Mean
RMS

 0.4672E-01
 0.1858E-01

1/10*Δxt/ΔHV/xt

N

0

200

400

600

0.05 0.1 0.15 0.2

RESPONSE EFFICIENCY

0

200

400

600

0.025 0.05 0.075 0.1
0

500

1000

0.025 0.05 0.075 0.1

0

250

500

750

1000

0.05 0.1 0.15 0.2
0

200

400

600

800

0.025 0.05 0.075 0.1

0

200

400

0.025 0.05 0.075 0.1

N pixels/MIP

SIPM PARAMETER VARIATION AT 0.1 V HV VARIATION

Mean
RMS

 0.3642E-01
 0.9818E-02

1/10*Δ(N_pix/MIP)/ΔHV/(N_pix/MIP)
N

SiPM gain

Mean
RMS

 0.2788E-01
 0.7462E-02

1/10*Δgain/ΔHV/gain

N

SiPM response

Mean
RMS

 0.6257E-01
 0.1422E-01

1/10*Δresp/ΔHV/resp

N

SiPM efficiency

Mean
RMS

 0.2208E-01
 0.9148E-02

1/10*Δeff/ΔHV/eff

N

SiPM noise frequency

Mean
RMS

 0.3512E-01
 0.1078E-01

1/10*Δnoise/ΔHV/noise

N

SiPM crosstalk

Mean
RMS

 0.4672E-01
 0.1858E-01

1/10*Δxt/ΔHV/xt

N

0

200

400

600

0.05 0.1 0.15 0.2

0.1*ΔEFFICIENCY
EFFICIENCY*ΔHV

0.1*ΔRESPONSE
RESPONSE*ΔHV

0

200

400

600

0.025 0.05 0.075 0.1
0

500

1000

0.025 0.05 0.075 0.1

0

250

500

750

1000

0.05 0.1 0.15 0.2
0

200

400

600

800

0.025 0.05 0.075 0.1

0

200

400

0.025 0.05 0.075 0.1

N pixels/MIP

SIPM PARAMETER VARIATION AT 0.1 V HV VARIATION

Mean
RMS

 0.3642E-01
 0.9818E-02

1/10*Δ(N_pix/MIP)/ΔHV/(N_pix/MIP)
N

SiPM gain

Mean
RMS

 0.2788E-01
 0.7462E-02

1/10*Δgain/ΔHV/gain

N

SiPM response

Mean
RMS

 0.6257E-01
 0.1422E-01

1/10*Δresp/ΔHV/resp

N

SiPM efficiency

Mean
RMS

 0.2208E-01
 0.9148E-02

1/10*Δeff/ΔHV/eff

N

SiPM noise frequency

Mean
RMS

 0.3512E-01
 0.1078E-01

1/10*Δnoise/ΔHV/noise

N

SiPM crosstalk

Mean
RMS

 0.4672E-01
 0.1858E-01

1/10*Δxt/ΔHV/xt

N

0

200

400

600

0.05 0.1 0.15 0.2

NOISE CROSSTALK

0

200

400

600

0.025 0.05 0.075 0.1
0

500

1000

0.025 0.05 0.075 0.1

0

250

500

750

1000

0.05 0.1 0.15 0.2
0

200

400

600

800

0.025 0.05 0.075 0.1

0

200

400

0.025 0.05 0.075 0.1

N pixels/MIP

SIPM PARAMETER VARIATION AT 0.1 V HV VARIATION

Mean
RMS

 0.3642E-01
 0.9818E-02

1/10*Δ(N_pix/MIP)/ΔHV/(N_pix/MIP)
N

SiPM gain

Mean
RMS

 0.2788E-01
 0.7462E-02

1/10*Δgain/ΔHV/gain

N

SiPM response

Mean
RMS

 0.6257E-01
 0.1422E-01

1/10*Δresp/ΔHV/resp

N

SiPM efficiency

Mean
RMS

 0.2208E-01
 0.9148E-02

1/10*Δeff/ΔHV/eff

N

SiPM noise frequency

Mean
RMS

 0.3512E-01
 0.1078E-01

1/10*Δnoise/ΔHV/noise

N

SiPM crosstalk

Mean
RMS

 0.4672E-01
 0.1858E-01

1/10*Δxt/ΔHV/xt

N

0

200

400

600

0.05 0.1 0.15 0.2

0.1*ΔCROSSTALK
CROSSTALK*ΔHV

0.1*ΔNOISE
NOISE*ΔHV



Event with 2 hadrons after reconstruction. 
Two showers separated in depth are visible





Uniformity of 3 different types of scintillators

) Kuraray Kuraray Extruded
co
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B iti ( )

Si
gn

al

Beam position (mm)

• The 2nd prototype will be 4 times 
larger than the DESY BT module.
(20 x 20 cm, ~30 layers)

ll d h d d i ill

MPPC R/O

• Fully adopt the extruded scintillators.
• Expect > 2000 readout channels.



PMT MCP-
PMT

HPD / HAPD Geigermode-
APD

Gain >106 ～106 ～103

X10～100 w/ 
～106

APD

Quantum 20% 400 (bi lk li) > 50%, ～Quantum 
Eff. ～20%, ～400nm (bialkali)  50%, 

600nm

Collection 70% 60% 100% 50%
Eff.

Time 
l ti

～150ps <100psresolution ～300ps ～30ps Depends on 
readout

<100ps
To be checked

B fieldB-field 
immunity × △ Depends on angle ○

Problems lifetime Noise sizeProblems lifetime Noise, size

70Toru Iijima, INSTR08 @ BINP, Novosibirsk2008/03/03



MPPC, MPPC



Stability of a 5x5 mm2 APD from Hamamatsu
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Excess Noise FactorExcess Noise Factor
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F = keff • M + (2-1/M) • (1-keff)
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for M > 10: F = 2 + keff • M 

k ≈ k = β/α
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keff  ≈ k = β/α

α and β are the ionization 
coefficients for electrons and 
holes1
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α >> β



Emission Spectrum of Y11 WLS 
Fiber

Measured at distances 10cm, 30cm, 100cm and 300cm from source.


