
Study of Solid State Photon Detectors 
Read Out of Scin6llator Tiles 

A. Calcaterra, R. de Sangro, G. Finocchiaro, P. Pa?eri, M. Piccolo 
INFN ‐ Laboratori Nazionali di Frasca6  

E. Kuznetsova 
Università di Roma “Sapienza” 



Outline 
•  Scope of the Work 
•  Test Beam Set Up 
•  Calibra6ons 

–  Calorimeter (# of MIPS in detector) 
–  External Tracker (Resolu6on and Residuals) 
–  Temperature Monitoring 
–  PD Gain Measurement 

•  Preliminary Results on 
–   Charge vs Vbias 
–  Light Collec6on 

•  Amplitude X,Y Scans 
–  Efficiency Measurement 

•  X,Y Radiographies 
–  Cosmic Ray Test Stand Results 

•  Timing Resolu6on 

•  Summary 

Nov 23, 2008  2 R. de Sangro ‐ LCWS 2008 



Scope of Study 

•  Present LC hadron calorimeter prototype (CALICE) uses WLS 
fibers and MEPhI SiPM. Since its design and construc6on: 
–  Newer solid state PD have been made available from several 

producers: Hamamatsu, SensL, IRST 
–  New devices are more sensi6ve to blue light 

•  avoid WLS fiber 

  Test other possible combina6on of scin6llator material, 
thickness, geometry with different kind of PD for 
calorimetry applica6ons 

  Study other SiPM/MPPC characteris6cs such as excellent 
6me resolu6on and noise rate, important also for other 
kinds of applica6ons, i.e. medical devices etc. 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10 Configura6ons all 3x3 cm2 Tiles 

•  Ch.1 – BC400 5mm, Hamamatsu 400 pixel (50x50 μm2) 

•  Ch.2 – BC400 5mm, Hamamatsu 1600 pixel (25x25 μm2) 
•  Ch.3 – Vladimir (Russia) Scin6llator 5mm, Hamamatsu 400 pixel 

•  Ch.4 – EJ212(~BC400) 2mm, Hamamatsu 400 pixel 
•  Ch.5 – EJ212(~BC400) 2mm, Hamamatsu 1600 pixel 

•  Ch.6 – BC400 5mm, Ham 3x3mm2 3600 pixel (50x50 μm2)  

•  Ch.7 – CALICE Vladimir 6le w/Kuraray Y11 1mm fiber, MEPhI/
Pulsar SiPM 1156 pixel (20x20 μm2 – 1mm2) * 

•  Ch.8 – BC400 5mm, IRST 625 pixels (40x40 μm2) 

•  Ch.9 – BC400 5mm, SensL SPMScint1000X04, 1000 pixel 
•  Ch.10 – EJ212(~BC400) 2mm, SensL  as above, 1000 pixel 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PD‐Scin6llator Coupling 
•  Side Centre 
•  A?ached to the centre of one 

side of the 6le using op6cal glue 

Face Centre 
3x3 mm2 Hamamatsu MPPC a?ached to the 
centre of the 6le face with op6cal glue 

CALICE 
Green WLS fiber, 100 µm of air between 
the fiber and the SiPM 

“Standard” configura6on but the IRST SiPM is 
fi?ed in a protec6ve case with a transparent 
window glued to the 6le (IRST SiPM does not 
have a protec6ve coa6ng on its face) 

IRST Protec6ve case 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Config 1 to 5 

Config 6 

Config 7 

Config 8 



Preamp‐Tile Assembly 
•  INFN‐Pisa design based on the GALI‐5 chip 
•  Gain ≈10  

•  A custom NIM module distributes (via a flat 
cable) both Vbias to the PM and the low 
voltage supply (8V) to the preamp 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PD  Scin6llator Tile 

Amplifier Board 



10‐Channel Test Box 

Beam 

Beam Window 

10 Devices  
(Tile+PD+Preamp) 

10 LEMO (in back): signals to 
ADC readout 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BTF Set Up 

Lead Glass 
Calorimeter 

RPC External 
Tracker 

Test Box 

e Beam 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Pel6er Cell 

The BTF can 
deliver up to 50Hz 
of ≈1ns pulses of a 
tunable number 
(from 1 to 104) of  
e± with energy up 
to 500 MeV  

Typical beam size 
few mm2 
(tunable) 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Temperature Monitor 

Temp reading recorded every minute 
δT ≈ 0.2°K 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0.5°K 

24 h 

Pel6er off 

Monitor data N/A 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External Tracker 

•  5 layers of 50x50 cm2 glass RPC: 3 in front 
and 2 in the back of the test box 

•   
• Digital read out  of 8 mm wide strips in 
both X‐Y projec6ons (≈ 25x25 cm2) 

•   
• Point resolu6on ≈ 2.3mm 

X‐Residuals 

Y‐Residuals 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Calorimeter Selec6on of # MIPs 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Pb cal in Run 10830

 0.0027±a0 =  0.5342 

 0.0020±a1 =  0.8472 

 0.0012±a2 =  0.9802 

 0.0027±a3 =  0.9065 

 0.18 cnts±gain =  256.74 

 0.21±s1 =  29.63 

 0.52±s2 =  38.15 

 1.7±s3 =  30.8 

 18±s4 =  678 
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Pb cal in Run 10831

 0.0027±a0 =  0.5368 

 0.0020±a1 =  0.8441 

 0.0012±a2 =  0.9813 

 0.0027±a3 =  0.9056 

 0.18 cnts±gain =  256.03 

 0.21±s1 =  29.26 

 0.50±s2 =  38.29 

 1.8±s3 =  31.7 

 16±s4 =  677 
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Pb cal in Run 10832

 0.0026±a0 =  0.5427 

 0.0020±a1 =  0.8515 

 0.0012±a2 =  0.9830 

 0.0026±a3 =  0.9053 

 0.18 cnts±gain =  254.92 

 0.22±s1 =  30.00 

 0.50±s2 =  37.38 

 1.8±s3 =  31.4 

 17±s4 =  673 
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Pb cal in Run 10833

 0.0027±a0 =  0.5396 

 0.0021±a1 =  0.8495 

 0.0012±a2 =  0.9837 

 0.0028±a3 =  0.8987 

 0.19 cnts±gain =  252.08 

 0.23±s1 =  30.19 

 0.52±s2 =  39.40 

 1.9±s3 =  29.9 

 17±s4 =  670 
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2 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Energy (ADC counts)  Energy (ADC counts) 

Pedestal = 0 MIPs 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PD Response: ADC counts 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1 MIP 

Ham 400 “Russian” Sci  5mm  Ham 400 BC400  2mm 

MePhi CALICE 6le 

Ham 1600 BC400 5mm Ham 400 BC400  5mm 

Ham 3x3 – BC400 5mm Ham 1600 BC400  2mm 

Vb= 1.79 V Vb= 2.07 V 

Vb= 4.79 V 

Vb= 1.69 V Vb= 2.63 V 

Vb= 1.05 V Vb= 3.25 V 



PD Response: Charge (pC) 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1 MIP 

Ham 400 “Russian” Sci  5mm  Ham 400 BC400  2mm 

MePhi CALICE 6le 

Ham 1600 BC400 5mm Ham 400 BC400  5mm 

Ham 3x3 – BC400 5mm Ham 1600 BC400  2mm 

Vb= 1.79 V Vb= 2.07 V 

Vb= 4.79 V 

Vb= 1.69 V Vb= 2.63 V 

Vb= 1.05 V Vb= 3.25 V 



PD Response: Gain vs Bias 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0 MIPs  

pedestal 

1 pixel 

2 pixels 

pedestal 

1 pixel 

2 pixels 

• Measure gain vs V, extrapolate to 0 pixels to get Vbreak  
• Subtract from V to obtain Vbias=V‐Vbreak 
• Plot G vs Vbias  
• All PD show good linearity 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PD Response: # of Pixel 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# pixels # pixels # pixels # pixels 

# pixels # pixels # pixels 

1 MIP 

Ham 400 “Russian” Sci  5mm  Ham 400 BC400  2mm 

MePhi CALICE 6le 

Ham 1600 BC400 5mm Ham 400 BC400  5mm 

Ham 3x3 – BC400 5mm Ham 1600 BC400  2mm 

Vb= 1.79 V Vb= 2.07 V 

Vb= 4.79 V 

Vb= 1.69 V Vb= 2.63 V 

Vb= 1.05 V Vb= 3.25 V 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PD Response vs # of MIPs 

Ham MPPC 1600 pixels 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Charge collected as a 
func6on of the number 
of MIPs impinging on 
the scin6llator 6le 

# pixel 

# pixel 

# pixel 

# pixel 

1 MIP 
2 MIPs 

3 MIPs 

NOTE: 
This data is from an 
older test beam  

The BTF allows to have 
many more MIPS/event 

Can measure dynamic 
range of the various 
configura6ons 



PD Response: CR Data 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Temperature Dependence 

Varia6on with T of the average 
collected charge per MIP (CR 
data) for different PMs 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‐12.1%/°K 

Ham 400 – BC400 5mm  Ham 400 – “Russian” 5mm 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2mm 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3x3 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– 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6le 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IRST w. BC400 5mm

Efficiency Tile Profile X 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The efficiency profile in 
one coordinate is lower 

as it Includes edge 
effects on other 

coordinate. This is true  
for all configura6ons 

Cut at 2 pixels 



Efficiency Tile Profile Y 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Entries  59005

Eff       0.0120± 0.9799 

Slope     0.001112± -0.001183 

Edge-L    0.009± 5.755 

Sigma-L   0.0098± 0.1896 

Edge-R    0.011± 8.897 

Sigma-R   0.0±   0.2 
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=2.63 VbiasV

Ham 400 BC400 5mm

Entries  57938

Eff       0.012± 1.002 

Slope     0.00108± -0.00344 

Edge-L    0.01±  5.77 

Sigma-L   0.0100± 0.2073 

Edge-R    0.004± 8.842 

Sigma-R   0.0072± 0.1265 

5.5 6 6.5 7 7.5 8 8.5 9
0

0.2

0.4

0.6

0.8

1

Entries  57938

Eff       0.012± 1.002 

Slope     0.00108± -0.00344 

Edge-L    0.01±  5.77 

Sigma-L   0.0100± 0.2073 

Edge-R    0.004± 8.842 

Sigma-R   0.0072± 0.1265 

=2.07 VbiasV
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Ham400, BC400 2mm

Entries  55156
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=3.25 VbiasV

Ham1600 BC400 2mm

Entries  56029
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Slope     0.001435± -0.002435 
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=1.05 VbiasV

Ham 3x3 BC400 5mm

Entries  58167
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=4.79 VbiasV

MePhi CALICE tile

Entries  50119

Eff       0.1029± 0.1666 

Slope     0.01034± 0.02968 
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=2.43 VbiasV

IRST w. BC400 5mm

The efficiency profile in 
one coordinate is lower 

as it Includes edge 
effects on other 

coordinate. This is true  
for all configura6ons 

Cut at 2 pixels 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Efficiency ‐ XY 



Efficiency: X‐Y Radiography 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Ham 400 “Russian” Sci  5mm 

Ham 400 BC400  2mm 

Ham 400 BC400  5mm 

MePhi CALICE 6le 

Vb= 1.79 V Vb= 2.63 V 

Vb= 4.79 V Vb= 1.69 V 

Cut at 2 pixels 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Ham1600 BC400 5mm

4 4.5 5 5.5 6 6.5 7 7.5
0

2

4

6

8

10

12

14

16

18

20

22

=1.79 VbiasV

Ham400 Rus.Sc.5mm

4 4.5 5 5.5 6 6.5 7 7.5
0

2

4

6

8

10

12

14

=1.69 VbiasV

Ham400, BC400 2mm
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Ham 3x3 BC400 5mm
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IRST w. BC400 5mm

PD Response to 1 MIP ‐ X 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X Posi6on (cm) 

w/fiber 

PM
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se
 (#

Pi
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• Readout with fiber less 
efficient at the edges 

 but different PD 
 Vbias not op6mal?  

• The response is less uniform 
without the fiber 

• More evident for thinner 
scin6llator 

Cut at 2 pixels 



5.5 6 6.5 7 7.5 8 8.5 9
0

10

20

30

40

50

=2.63 VbiasV

Ham 400 BC400 5mm

5.5 6 6.5 7 7.5 8 8.5 9
0

2

4

6

8

10

12

14

16

18

20

22

=2.07 VbiasV

Ham1600 BC400 5mm
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Ham400, BC400 2mm
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Ham 3x3 BC400 5mm
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IRST w. BC400 5mm

PD Response to 1 MIP ‐ Y 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Y Posi6on (cm) 

w/fiber 

• Readout with fiber less 
efficient at the edges 
 but different PD  

• The response is less 
uniform without the fiber. 
More in Y projec6on 

Cut at 2 pixels 



PD Response to 1 MIP – Side Centre 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PD Response to 1 MIP – Face Centre 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PD Response to 1 MIP – CALICE 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Efficiency vs Threshold – 1 MIP 

Threshold (#pxl)

0 10 20 30 40 50

E
ff

ic
ie

n
c

y

0

0.2

0.4

0.6

0.8

1

=2.63 VbiasV

Ham 400 BC400 5mm

Threshold (#pxl)

0 10 20 30 40 50 60

E
ff

ic
ie

n
c

y

0

0.2

0.4

0.6

0.8

1

=2.07 VbiasV

Ham1600 BC400 5mm

Threshold (#pxl)

0 10 20 30 40 50

E
ff

ic
ie

n
c

y

0

0.2

0.4

0.6

0.8

1

=1.79 VbiasV

Ham400 Rus.Sc.5mm

Threshold (#pxl)

0 5 10 15 20 25

E
ff

ic
ie

n
c

y

0

0.2

0.4

0.6

0.8

1

=1.69 VbiasV

Ham400, BC400 2mm

Threshold (#pxl)

0 10 20 30 40 50 60

E
ff

ic
ie

n
c

y

0

0.2

0.4

0.6

0.8

1

=3.25 VbiasV

Ham1600 BC400 2mm

Threshold (#pxl)

0 10 20 30 40 50 60

E
ff

ic
ie

n
c

y

0

0.2

0.4

0.6

0.8

1

=1.05 VbiasV

Ham 3x3 BC400 5mm

Threshold (#pxl)

0 10 20 30 40 50 60

E
ff

ic
ie

n
c

y

0

0.2

0.4

0.6

0.8

1

=4.79 VbiasV

MePhi CALICE tile
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Threshold 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1MIP events 
Red = 0MIP events 

Tile edges 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Cosmic Ray Data 
Time Measurement 

•  Preliminary 
measurement of the 
6ming performances of 
the 6le‐SiPM device 

•  σ ≤ ≈ 300 ps without 
any correc6ons 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t6‐t2 (ns) 



Coming Soon 

•  Systema6c comparison of different 
configura6ons 
– Different Silicon Photomul6pliers 
– Different Tile Thickness/Material 
– Fiber vs No‐Fiber 
– Measure Response vs # on MIPS (Dynamic Range) 

•  More results on 6ming performances 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Summary and Outlook 

•  We have set up a test stand for systema6c 
studies of solid state photon detectors 
applica6ons to HEP 

•  We have shown preliminary results from a test 
beam comparing different 6le/PD 
configura6ons 

•  We have a program to con6nue and improve 
these measurements with more sta6s6cs 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