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• Physics goal of photon measurement 

– Test of pQCD (Neutral meson @ high pT) 

– Temperature of QGP (Thermal photon @ low pT) 

• Advantages of photon measurement 

– Direct probe (without strong interaction) 

• Calorimeter for photon measurement 

– cf.) PHOS @ ALICE 

Thermal photon 

Hadron decay  photon 

Prompt photon 

Central Pb+Pb at LHC 

Photon measurement with Calorimeter 
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• PHOS 

– PbWO4 crystal and APD readout 

– Excellent energy resolution : 3%@1GeV 

– Best two-particles separation at LHC 

• For precise photon measurement, especially at low pT 

– Hadron rejection (e.g. anti-neutron) is important. 

– Good timing resolution (σ < 1ns) is required. 
  

 → MPPC is a good candidate. 

PHOS (PHOton Spectrometer) 
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Δφ = 20 deg/module 

|η| < 0.12 

3 PHOS modules were 

installed for now. 

ALICE-PHOS detector  

PbW04 crystal 

APD & preamplifier 

Physics Letters B 717 (2012) 162–172 

mass spectrum 
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MPPC(Multi-Pixel Photon Counter) 
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• What’s MPPC ? 

– Single photon sensitive device 

– A large number of Geiger-mode APDs 

– High gain of 105 – 106 

– High photon detection efficiency for blue and green lights 

– Operable in magnetic field 

 

preamplifier 

MPPC 

Hamamatsu Photonics K.K. 

model : S10362-33-025C 

14400 pixels per 3×3 mm^2 

1 pixel is 25×25 μm^2 

MPPC & preamplifier 
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Purpose & Setup 
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• Purpose 

– Gain and time response 

– Bias voltage dependence 

– Temperature dependence 

Green-LED 

PMT 

MPPC 

Pulsar 

ADC 

TDC 

PMT 

MPPC 

Trigger 

Temperature controlled unit 

Green-LED 

Experimental setup 
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• LED-ON at 25 deg. 

– Single photon signal is clearly seen. 

– Good separation of photon peaks. 

• LED-OFF at 25 deg. 

– 0 p.e. peak is confirmed by  

LED-OFF data. 

– 1 p.e. peak is caused by dark count. 
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ADC count 

LED-OFF(Linear) 

Temperature : 25℃ 

Bias Voltage : 71.8V 

0p.e. 

1p.e. 

Single photon signal 
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1p.e.(20.0mV/div, 20.0ns/div) 

1 photon signal at 25 deg. 

LED-ON(Linear) 

Temperature : 25℃ 

Bias Voltage : 71.8V 
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Single photon signal 
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ADC count 
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ADC count 

LED-ON(Linear) 

Temperature : -25℃ 

Bias Voltage : 70.4V 

0p.e. 

1p.e. 

2p.e. 

3p.e. 

4p.e. 

5p.e. 

 Single photon detection and  

 good separation of photon peaks 

 are successful between 25 and 

 25 degrees Celsius. 

1p.e.(20.0mV/div, 20.0ns/div) 

1 photon signal at 25 deg. 

LED-ON(Linear) 

Temperature : 25℃ 

Bias Voltage : 71.8V 
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LED-ON(Linear) 

Temperature : 25℃ 

Bias Voltage : 71.8V 

T
h

e
 n

u
m

b
e
r 

o
f 

co
u

n
ts

 

0p.e. 

1p.e. 

2p.e. 

3p.e. 

0.25pC/ch 

4p.e. 

5p.e. 

ADC count 



ATHIC 2012 

• Operation of MPPC is under control.  

– Output signals proportional to number of  photons 

– Larger gain coefficients as higher bias voltage 

– Gain becomes higher as temperature goes down. 

Gain ~Bias voltage & Temperature dependence~ 
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The number of  detected photons 

Gain 
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Bias Voltage[V] 

Gain 



ATHIC 2012 

• Resolutions are derived from each photon peak. 

• The optimized voltage is at the local minimal value of  

resolution. 

Resolution 
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LED-ON 

Temperature : 25℃ 
Resolution 
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• Better resolution at lower temperature. 

• The best operational voltage goes down with decreasing 

temperature. 

Resolution ~Temperature dependence~ 
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Noise 
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Relative efficiency 
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• MPPC detects photons at above a threshold bias voltage. 

• The threshold voltages are lower at lower temperatures. 

• The relative efficiencies are higher at lower temperatures.  

• The relative efficiencies drop at over-voltages. 
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Timing distribution 
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• Timing distribution between LED start and MPPC signal 

• Resolution: 1.48  0.02ns @ 25 deg. 

                        1.550  0.002ns @ 25 deg. 

• Temperature independent at a few photons 

 

0.48ns/ch 
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Temperature : 25℃ 

Bias Voltage : 71.8V 
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TDC count 

Temperature : -25℃ 

Bias Voltage : 70.4V 

LED time jitter : 0.8ns 
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• For calorimetry application 

– Assure linearity of MPPC for a large amount of photons 

– Measure timing resolution under realistic conditions 

• In parallel... 

– Ongoing study by plastic scintillator with MPPC 

– Study with cosmic ray and RI source  

• Next Step in January 

– MPPC with PbWO4 crystal 

– Pico-second pulse laser as a input to  

crystal. 

 

Outlook 

2012/11/15 Tsubasa Okubo 

13 

Photo : plastic scintillator with  

MPPC 
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Summary & Conclusion 

• MPPC is under control. 

• Procedure to optimize bias voltage at a given temperature is 

established. 

• Single photon detection and excellent separation of photon 

peaks are observed. 

• Relative efficiency as a function of bias voltage and 

temperature are discussed. 

• Timing response is under study at a few photons level. 

• Study of MPPC with PbWO4 crystal is planned in this 

January. 
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Thank you for your attention. 
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Members 
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Back up 
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ADC count 

LED-OFF(Linear) 

Temperature : 25℃ 

Bias Voltage : 71.8V 

0p.e. 

1p.e. 
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LED-ON(Linear) 

Temperature : 25℃ 

Bias Voltage : 71.8V 
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ADC count 

LED-OFF(Semi-Log) 

Temperature : 25℃ 

Bias Voltage : 71.8V 
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The circuit diagram of preamplifier 
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Readout diagram 

PULSAR 

CS-ADC 

Bias Voltage 

GATE 

GENE.2 

GATE 

GENE.1 
LINEAR 

FAN-IN/OUT 

Green 

LED 

1ch 

1ch 

START 

GATE 

Threshold : -30mV 

Width : 30ns 

Width : 60ns 

LINEAR 

FAN-IN/OUT 

DISCRI2 

Threshold : -10mV 

TDC 

DISCRI1 
DELAY 

DC -6V 

DC  6V 

MPPC 

Delay : 8ns 

Temperature controlled unit 

Width : 30ns 

2ns 

4ns 

16ns 

8ns 

Setup of pulsar 

Duration : 9ns 

Voltage : 3.8V 
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MPPC spec 
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LED intensity ~temperature dependence~ 
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LED intensity goes down  

            as decreasing temperature. 


