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EXPERIMENTAL SETUP

SiPM readout CAEN DT5702 (32 Channel Board)
CAEN DT5202 (64 Channel Board)

Gain, Threshold optimized

SiPM calibration Vbias set in order to get single rate ~ 3.5 kHz
for each SiPM channel

Lab temperature ~ 20° C

ECAL

PMT 1

PMT 3

PMT 4

SiPM 1 (8x8)

SiPM 3 (4x4)

SiPM 4 (4x4)

C                   D

A                  B
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Cosmic raysas trigger



f = 2.54 cm

Coupling surfaces

Light guide 490 mm2

4x4 SiPM 169 mm2

8x8 SiPM 666 mm2
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SiPM coupling

coaxial cables 5
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Np.e. = 0.00942 ADC – 0.655pedestal

1 entry for each SiPM channel
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Highest light collection from SiPM 4 (with the adapter 

to connect SiPM and light guide)
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On average the light distribution is uniform
on the different SiPM channels
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Efficiency measurement

ECAL

C           D

A             B

external trigger

(A OR B ) AND (C OR D)

for cosmic rays
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SiPM 3 - sum of ADC counts
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SiPM 4
The effect is confirmed when 
SiPM 3 and 4 are in data taking
with the same trigger

Noise = events with pedestal
values on all SiPM channels

Looking at the sum of all SiPM channels
an anomalous sample of events is visible
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The pedestal events (~ 4%) 
must be removed

S ADC > 6500

SiPM 4

8 entries for each event
1 entry for each pair of channels



BAR 3
BAR 4

12

Trigger SiPM 4 S ADC < 6500
( to be 

rejected )

SiPM 4 
efficiency (%)

PMT 4 PMT 4 
efficiency (%)

7716 7068 290 87.8 ± 1.1 6819 88.4 ± 1.1

Trigger PMT 3 PMT 3 
efficiency (%)

5722 5191 90.7 ± 1.3

Necessary more data to reduce the error below 1%

The efficiencies are comparable

Anyway PMT efficiency is higher
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Time resolution



Time resolution
Same SiPM (3 or 4)

PMT 3

PMT 4

SiPM 3

SiPM 4

Dt = ta50% – tb50%

142 channels from same SiPM

constant fraction method

40 Giga sample

without
amplification



Time resolution
Different detectors (3/4)

PMT 3

PMT 4

SiPM 3

SiPM 4

Dt = t4a50% – t3a50%

15
1 channel from SiPM 3
1 channel from SiPM 4

constant fraction method

40 Giga sample

without
amplification



A simulation has been implemented to take into
account the time jitter due to the track slope 

PMT 3

PMT 4

SiPM 3

SiPM 4

sDt =>   schannel

From the measured Dt distribution
to the intrinsic time resolution 
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SiPM signals

duration = 80-100 ns

withoutamplification
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PMT signals

duration 20 ns
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SiPM 3
channels a and b

SiPM 4
channels a and b
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offset ~ 120 ps < Dt > ~ 300 ps

sDt ~ 340 ps  =>  schannel ~ 200 ps
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PMT 3/4
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sDt = 303 ps  =>  sPMT ~ 170 ps

<Dt > = 222 ps



0 100 200 300 400 500 600 700 800
 - signal height (mV)b+achannels 

2-

1-

0

1

2t (
ns

)
D Entries  3937Entries  3937

hh1
Entries  948

Constant  2.58± 56.27 

Mean      0.015± 0.132 

Sigma     0.0140± 0.4078 

3- 2- 1- 0 1 2 3
t (ns)D

0

10

20

30

40

50

60

ev
en

ts hh1
Entries  948

Constant  2.58± 56.27 

Mean      0.015± 0.132 

Sigma     0.0140± 0.4078 

hh2
Entries  1642

Constant  3.9± 123.4 

Mean      0.0091± 0.1412 

Sigma     0.007± 0.339 

3- 2- 1- 0 1 2 3
t (ns)D

0

20

40

60

80

100

120

140

ev
en

ts hh2
Entries  1642

Constant  3.9± 123.4 

Mean      0.0091± 0.1412 

Sigma     0.007± 0.339 

hh3
Entries  348

Constant  2.3±  32.2 

Mean      0.0154± 0.1233 

Sigma     0.0122± 0.2712 

3- 2- 1- 0 1 2 3
t (ns)D

0

5

10

15

20

25

30

35ev
en

ts hh3
Entries  348

Constant  2.3±  32.2 

Mean      0.0154± 0.1233 

Sigma     0.0122± 0.2712 

hh4
Entries  130

Constant  2.80± 23.42 

Mean      0.0197± 0.1296 

Sigma     0.0171± 0.2053 

1- 0.8- 0.6- 0.4- 0.2- 0 0.2 0.4 0.6 0.8 1
t (ns)D

0

2

4

6

8

10

12

14

16

18

20

22

24

ev
en

ts hh4
Entries  130

Constant  2.80± 23.42 

Mean      0.0197± 0.1296 

Sigma     0.0171± 0.2053 

hh5
Entries  54

Constant  1.93± 10.23 

Mean      0.045± 0.128 

Sigma     0.0468± 0.2272 

1- 0.8- 0.6- 0.4- 0.2- 0 0.2 0.4 0.6 0.8 1
t (ns)D

0

2

4

6

8

10

12

ev
en

ts hh5
Entries  54

Constant  1.93± 10.23 

Mean      0.045± 0.128 

Sigma     0.0468± 0.2272 

hh6
Entries  46

Constant  1.749± 8.449 

Mean      0.0348± 0.1382 

Sigma     0.0339± 0.2128 

1- 0.8- 0.6- 0.4- 0.2- 0 0.2 0.4 0.6 0.8 1
t (ns)D

0

2

4

6

8

10

ev
en

ts hh6
Entries  46

Constant  1.749± 8.449 

Mean      0.0348± 0.1382 

Sigma     0.0339± 0.2128 

hh7
Entries  21

Constant  1.904± 5.407 

Mean      0.04613± 0.08017 

Sigma     0.0616± 0.1595 

1- 0.8- 0.6- 0.4- 0.2- 0 0.2 0.4 0.6 0.8 1
t (ns)D

0

1

2

3

4

5

6

7

ev
en

ts hh7
Entries  21

Constant  1.904± 5.407 

Mean      0.04613± 0.08017 

Sigma     0.0616± 0.1595 

0 100 200 300 400 500 600 700 800
 amplitude (mV)b + aSiPM 

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

 (n
s)

t
D

s

 0s  0.04404± 0.1114 

 Es  0.318± 3.702 

 0s  0.04404± 0.1114 

 Es  0.318± 3.702 

s0 = 111 ps   from the fit

s0 ~ 70 ps  for single SiPM

Large sample:
SiPM 3 (a vs b) + SiPM 4 (a vs b)

KLOE formula
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Summary

schannel ~ 210 ps same SiPM

schannel ~ 200 ps different SiPMs

sPMT ~ 170 ps different PMTs



Conclusions

• mechanical setup DONE
• assembling of experimental setup DONE
• understanding of SiPM work conditions DONE
• efficiency measurement DONE
• time resolution measurement DONE

TO DO more statistics in order to publish these results

Remarks

- the SiPM performances are not so far from the PMT ones

- the difficulties to couple SiPM with ECAL, the lack of improvement
and the cost advise against the substitution of PMTs with SiPMs

- Lecce lab is available for other test on ECAL / SiPM / PMT 
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BUFFER



KLOE fibers

l ~ 460 nm
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lMAX = 450 nm
PDEMAX = 50 %

lMAX = 420 nm
PDEMAX = 43 %

27
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SiPM signals

duration = 80-100 ns



s0 = 156 ps   from the fit

s0 ~ 90 ps  for single PMT

PMT 3 & 4
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SiPM                                                                  PMT

Average Dt vs signal difference
< t4 – t3 >   vs   signal4 – signal3
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