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Temperature Dependence!

2

I-temp curve negative!

2007

due to the strong temperature dependence of HPK sensor.
Photonique sensor had also nice features…
. less sensitive to temperature / bias voltage v
. lower operation voltage
. lower noise
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Temperature Dependence!
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ΔVbias = 56 mV·℃*

Δgain = ~400% ·−10℃

Δ(darkcount) = ~200%·+10℃  (HPK)

Δ(darkcount) = ~110%·+10℃  (Photonique)

* MPPC catalog
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Dark Count
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to compensate T[℃]-dep.
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1: Passive

Measure temperature and 
gain continuously and 

calibrate it by adjusting Vbias.

Simpler setup/Room temp.

More common approach

Experimental area 
preferably with some 

insulation („cave“, UG)

2: Active

Regulate temperature

More complex setup and 
operation/Can be cooled

Less common? (SMI, HPK)

Experimental area 
nevertheless preferably with 

some insulation

Would like to keep in mind the option 2 as well
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TOC
•A few applications
•Timing performance measurement
•8x8 martix detector = position sensitive detector 
with larger sensitive area
•Recovery time/Rate capability measurement
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Applications
Experiment at FOPI/GSI,10MHz MIP (=proton) 0.6T

very limited manpower, money, time for R&D

Proton beam at SIS/Cave-B
σt=100ps for TOF

Lambda trigger
Forward tracker

Beam halo counter
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Beam Profile Monitor
KS, M. Schaffhauser, P. Bühler
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SiPM + Amplifier

Scintillating Fiber Grid

Peltier Element
Cooliing Waterto Pump

D-sub 37pin
bias

D-sub 37pin
peltier, temp. 
sensor, amp 

power

10
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• Fibre (square 16+16)+SiPM

• Blute force readout with conventional 
technique ⇒ integrated electronics

• „custom made“ bias supplier

• Good excercise

• one of the earliest detector with SiPM used in 
a physics run (2008)

11
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FOPI Beam Veto for 
pion beam

KS, G. Ahmed

Donnerstag, 06. Oktober 11



Ken Suzuki 6.10.2011

Halo2 and Target

80

ø4
0

SiPM
3x3mm2

SiPM
3x3mm2

90

GEM-TPC
Inner hole

Vacuum tube

Target 45x45

SiPM
3x3mm2
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Halo2 (photo)
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SIPM directly attached to the scintillator with a grease, wrapped with teflon tape
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Halo2 (photo)
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preamp and cabling in a limited space
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Halo2 (photo)
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Inserted in FOPI (GEM-TPC, CDC, Magnet)
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• Very large signal ~1V. (scint. could be thinner)

• Efficiency ~99.9%

• PMT cannot be an option!

17
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Other applications

• Cherenkov Fibre detector with SiPM readout

• Battery driven portable radiation detector!!

- in Japan

- missed a chance to be rich?

- maybe still not too late??

18

NIMA628(2011)393
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Timing performance 
measurement

K.S, G. Ahmed, J. Marton

NIMA639 (2011) 107

NIMA652 (2011) 528
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Time resolution
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MPPC 3x3 mm2 , 100 um (Hamamatsu)

0.
75

 V

~ 
2

@ +10℃

75 ps

NIMA639 (2011) 107
NIMA652 (2011) 528
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Time resolution
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MPPC 3x3 mm2 , 100 um (Hamamatsu)

0.
75

 V
~ 

2

@ −10℃.

40 ps

NIMA639 (2011) 107

NIMA652 (2011) 528
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Array detector: larger 
area+position sensitivity

L. Gruber, S. Bruner, KS, P. Bühler, J. Marton, 
H. Orth
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How the others do
S. Korpar , talk at RICH-2010

23
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MAGIC
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Our approach
• It consists of 64 regularly arranged pyramid-shaped funnels with round edges and 

has been designed to be used with an array of 3 x 3 mm² SiPMs.

• The funnels were produced by electro-erosion.

• Simple geometry
• Robust
• Easy to fabricate
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„Geometry optimization“

Ɛcol = 82%
(perfectly smooth)

reflectivity  =  1

funnel length

ɛcol,max = 100%

(Angle relative to the aperture normal)

= max for nd = Nphot

It was decided to go to 4.5 mm funnel length

„concentrate“

Ɛcol

1

5.4 100%

19%

7mm

3mm

Donnerstag, 06. Oktober 11



Ken Suzuki 6.10.2011 27

St
ef

an
 M

ey
er

 In
st

itu
te

Funnel test with laser

• the funnel was scanned in two dimensions with a collimated laser (about 1 mm 
diameter, Θ = 0 ± 4°) in steps of 250 µm
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Funnel test with laser

• The light concentrator works!

• the funnel was scanned in two dimensions with a collimated laser (about 1 mm 
diameter, Θ = 0 ± 4°) in steps of 250 µm
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Funnel test with laser

• The light concentrator works!

• the funnel was scanned in two dimensions with a collimated laser (about 1 mm 
diameter, Θ = 0 ± 4°) in steps of 250 µm
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Funnel test with laser

• The light concentrator works!
• “Eff. dip”: fabrication, non-uniform coating quality?
• Inefficient bands at the edge of the funnel
• No real plateau in the center: beam size
• Redo with a finer collimator (15µm pin hole), finite angle

• the funnel was scanned in two dimensions with a collimated laser (about 1 mm 
diameter, Θ = 0 ± 4°) in steps of 250 µm
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Some pictures
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Efficiency simulations

• The factor polish has only a minor influence on the outcome, in contrast 
to the absorption coefficient.

• At a reflection coefficient of 0.55 (Chromium at 400 nm) and for a 
reasonable surface roughness (polish = 0.8), we find an average light 
collection efficiency of about 50% for 4.5 mm funnel length and Θ = 0°.
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Prototype Design (side view)
Backplane ampl. board (16ch)

Light 
Concentrator

Sensor board Coldhead

Peltier Element

Water cooling

30
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Prototype Design

Sensors

Kühlplatte

Backplane

Peltier Element

Water cooling

31
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Prototype photos
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CERN beam time

- T9 test beam facility 

- 24h beam

- mixed beam either electron-

or pion-rich

- beam momentum changeable

from 1.5 – 10 GeV/c

- beam focus adjustable

July 9-21, 2011

beam

14 / 19

R. Hohler PANDA Collaboration Meeting Se. 2011
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Prototype layout (i)

 4 / 19

- Bar container (aluminum, 200x300x1500 mm)

- Fused silica bar (35x17x800 mm, Lithotec)

- Fused silica lens (f = 250 mm)

- Expansion volume (aluminum, 800x800x300 mm); filled with 190 liter 

Marcol 82 oil; 2 windows (float glass)

bar container

expansion volume

lens

fused silica

      bar
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Prototype layout (ii)

 5 / 19

- 2 plastic masks for the detector (up to 10 mm movable in X)

- Aluminum mask for a specific incidence angle of the particle (30°)

- 9 different PMTs tested

- 7x Photonis XP85012 (MCP-PMT)

- 1x Hamamatsu H8500 (MA-PMT)

- 1x Hamamatsu SL10 (MCP-PMT)

X

plastic mask with MCP-PMTs

Al-mask
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Simulation (drcprop)

 8 / 19

effect of

pixelization
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Readout (plan A)

x64

lemo direct
x64

TRB2

MMCX

cab
le length

 2 meter 

Counting RoomCave

37
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Readout (plan B=stand alone)

x64

lemo direct x32

Counting RoomCave

VME

MCX

TCP/IP

CAEN V1742
32ch 5GS/s 

Waveform digitizer

Trigger

//

38
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• A full 64 channel prototype built and powered
• and tested in PANDA DIRC test setup
• Data taken with TRB (timing of both rising and 

falling edge) and CAEN V1742 (waveform 
digitizer 5GS/s)

• Dark noise(!) restricted the whole DAQ rate (TRB)
• Analysis preliminary
- Saw (hopefully) a Cherenkov peak on timing spectrum 

with very bad S/N. No ring image
- Waveform analysis

• Need to reduce dark noise!

39
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Recovery time 
measurement

KS, L. Gruber, S. Brunner, J. Marton, A. Scordo, O. 
Vazquez Doce, A. Romero Vidal
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• For a detector development at AMADEUS 
(@DAΦNE) environment, want to investigate

- double hit resolution

- recovery time

• Rate capability (in general)
- Better or worse than PMT (a few MHz with 

booster circuit)?

41
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PIF@PSI 2007
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Nicoleta Dinu - LAL NDIP 2008, Aix-les-Bains 8

�DCR @ �V=2.5V ~ 12%
Ipost-BD = DCR � G � e
�DCR in agreement with the �Ipost-BD

Dark count rate (DCR)
� The main source of the SiPM noise - the dark signals
� Mechanisms generating these signals:

• thermal generation of the carriers– the main source

• afterpulses – carriers trapped during one avalanche and when they released, they trigger a new avalanche

• optical cross-talk – “hot carrier luminescence”: ~ 30 photons are emitted during an avalanche of 106 carriers
(A. Lacaita et al., IEEE TED, Vol. 40, nr.3, 1993)

SiPM dark signals shape 

43
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Measuring after-pulsing
Step 1: pulse finding

5 MPPC dark noise
: Self trigger at ~0.2 PE

5 Use fast amplifier
5 Use 1GHz digitizer

: CAEN V1729
5 Fit waveform with 

superposition of single 
avalanche response 
function
: Measure response 

function directly from 
data

Data
Fit

44
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Setup

Laser

Variable 
Attenuater

Dark Room

SiPM

width 32ps
<1MHz
407nm

Clock

Fiber

Beam Splitter

25%

25%50%

50%

1, 10, 100m

Waveform Digitizer.

Collimator

Fiber Splitter

Splitter

45
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ROI

Delay time range

1GHz 100MHz 10MHz 1MHz 100kHz 10kHz 1kHz

1ns 10ns 100ns 1µs 10µs 100µs 1ms

frequency

delay time

11-25U(20ns)

11-50U(50ns)
11-100U(100ns-200ns)

Clocl+Laser

Mirror

Fiber

2m x 8 reflection

47
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Clock+Laser Test

Recovery times of
Sensor
Ampl.

Light source
are convoluted here

τ=Rquench・Cpixel

48

2010

start to see a rate effect already 
at >100kHz
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Systematic Measurement

• Next trial at LNF in November

• We vary
- Delay time

- Sensors with different pixel sizes
- Hamamatsu 1mm2 25µm=20ns, 50µm=50ns, 

100µm=100-200ns

- !prop pixel size=capacity. R different?

- Temperature? (which R and C is influenced by)/ 
Voltage

49
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Outlook
• SiPM Array

- Evaluation of the light concentrator with laser

- with better collimated beam, finite incident angle

- Digesting the CERN data

- Readout electronics!

- incl. temperature regulation

- Noise

- Improving cooling system?

• Recovery time / Rate capability test

- Next month (November) test at LNF

50
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