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- Cell

- Cell Size
EM : 4cm x 4cm
HD : 12cm x 12cm

- Tower

- # of Layers    
ECAL : 38
HCAL : 130 

- Side view

Barrel Tower Front : 210cm
Endcap Inner R : 40cm                            
Endcap Tower Front Z : 270cm         

Introduction

40 cm

270 cm

210 cm

Full One Tower

ECAL + HCAL

27 X0

6.1λ

ECAL

HCAL

Choice of cell size and material are under R&D.
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Fine segmentation scintillator

Read out by photon sensor

-> Study of photon sensor

Basic Configuration

X, Z-layer strip scintillator : 10x200x2mm

Tile-layer : 40x40x1mm

Strip scint & SiPM(or MPC) R & D Studies important !
.
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Geometry of SiPM

Matrix of independent pixels
arranged on a common substrate

Each pixel has a size 25*25 m2

1600 pixels/mm2

Pixels can be arranged in any shape
to fit the shape of fiber

Figure 1: Schematic view of SiPM.
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Operation of SiPM

Each pixel operates in a self-quenching Geiger mode under bias
voltage of 10-20% more than breakdown voltage, so each carrier
generated by photons or thermally gives rise to a Geiger-type
discharge(tdischarge < 1 ns).

The strip resistor serves as a decoupling element between the 
individual pixels because Cpixel Rpixel ~10−8s >>  tdischarge

Each pixel produces a standard response independent on number of
incident photons (arrived within quenching time)

Each pixel multiplies the carriers created by photon or thermally by
a factor about 10 6 , the value close to that of photomultiplier.

Single pixel gain is determined by the charge accumulated in pixel
capacity Cpixel: Qpixel = Cpixel (Vbias − Vbreakdown).

Typically, Cpixel '100 fF, and Vbias-Vbreakdown ' a few volts, so Qpixel ' 
few times 100 pC and the single pixel "gain" is about 106

One pixel – logical signal: 0 or 1

SiPM at whole integrates over all pixels: SiPM response = number
of fired pixels
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ADVANTAGES 

1. High quantum efficiency,

2. Photon counting capability

3. Low electronic noise(<0.1 electrons)

4. Fast response, 

5. Short signal rise time (~1ns)

6. Short recovery time (<100ns) 

7. Very low power consumption,(~7 W)

8. Low bias voltage (30-80V) 

(comparable to PMT’s ~1kV)

9. Good temperature and voltage 

stability (much better than for APD)

10. Insensitive to magnetic fields

11. Compactness and robustness

12. Low cost and simplicity of 

measurement system.

DRAWBACKS

1. A  large dark urrent, (1-

2MHz/mm2)  

2. Crosstalk between 

micropixels (< 0.2%) 

3. Relatively low 

sensitivity to UV and 

blue light.

4. Nonlinear response

5. Temperature dependent
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I-V Characteristics of SiPM

R SiPM+ _
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TESTING LAYOUT AND MEASUREMENT PROCESS
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MEASUREMENT RESULTS
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Measurement results for different bias voltage

•
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Gain measurement of SiPM

1st peak corresponds to fire 
of one pixel and
2nd peak corresponds to fire 
of two pixels
The  difference between 
two simultaneous peaks 
gives the gain of one pixel.
so number of channels 
between two simultaneous 
peaks times least count of 
our ADC (0.25 pc) gives 
total charge created in one 
pixel i.e., the gain of one 
pixel. 
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Scintillator + Wavelength shifter + SiPM

••

LED

WLS Fiber

Scintillator
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Response with varying position of light source

•
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For different size of scintillators

•

• Responses are nearly 
equals in a plot except at 
the middle.

• Amplitudes are increasing 
with decreasing the width 
of the scintillator.
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For different size of scintillators

•

• Responses are nearly 
equals in a plot .

• Amplitudes are increasing 
with decreasing the width 
of the scintillator.
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Response with varying the length of WLS 

fiber inside the  Scintillator
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y = 34.04x + 11.60
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Response with varying the length & 

position of clear fiber  

•

LED
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Study of Scintillator detector using 

cosmic particles
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Determination of operating voltage
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Responses with varying the length of WLS fiber
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Inefficiency calculation

Using mean(µ) of the fit

• According to the Poisson 

Distribution, the probability 

of observing r events 

P(r)=µre-µ/r!

• P(0)=e-µ

Using integration values 

• N=Int. of pedestal

• N0=Int. of total plot.

• f = N/N0

• f0 = N/N0 for zero (20cm) 

length fiber.

• Inefficiency = f-f0
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Inefficiency variations with the length of  

WLS fiber
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Conclusions

We have successfully studied some characteristics of SiPM.

We made an good arrangement for photon counting system.

Getting good response from the scintillator + SiPM detector

and there is a great chance to use it for ILC ( Inter national

collider) calorimeter.

This detector is good enough to measure the cosmic muon.

Plot of inefficiency variation with length of WLS fiber will

help to choose the length of future detector for the INO (India-

based Neutrino Observatory).
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Producers

JINR Dubna, Russia

HAMAMATSU Hamamatsu City, Japan

PULSAR Moscow, Russia

CMTA Moscow, Russia

Similar performance has been reached.

No real mass production yet, each of the producers is has built 
~10000 pieces so far

Many R&D for future detectors including LHC and ILC use SiPM 
from all three producers.  
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Thank you very much for listening! 
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Inefficiency calculation
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Fit function 
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Comparison between WLS & clear Fiber 

•
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y = 34.04x + 11.60
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Comparisons of typical present photo-detectors
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Responses with varying the length of WLS fiber
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