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HadronPhysics2 Project	


 Overview of the JRA on SiPM	


Herbert Orth, GSI Darmstadt, Germany	


Title	
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Call for proposals 4 July 07 

Editorial Session for SiPM 
Frascati 10/11 Aug. 07 

Submission: 15 Sep.  07 

Presentations: 28/29 Sept 
13 Networking (8) 
11 TARI (5) 
21 JRA (13) 

Steering com. sessions 

Revision of Proposals 
15 Dec. 07 

Writing of Proposal 

Subm. to EC 28. Feb. 08 
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External reviewing May 08 

Rescaling of the work and 
budgets 

Selections 

Final Proposal: 22 Aug. 08  

Negotiations with EC  

Start of Project: 
1 Jan. 2009 

Budget:  
10 M€ requested EC 
15 M€ complementing 

Midterm Report: Sept. 09 
2nd Periodic Report: 15 Nov.11 
Final report:  
Presentation: 2-3 Dec. 2011  
Written:  31. Jan. 2012 
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Coordinator: Carlo Guaraldo, LNF Italy	
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Seventh Framework Programme I3 - HadronPhysics2	


Midterm Report	


 on	


Matrix Geiger-Mode Avalanche Micro-Pixel 
Photo Diodes for Frontier Detector Systems	


„Silicon Multiplier“	


Spokesperson: Herbert Orth, GSI Darmstadt, Germany	
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 is a traditional photo sensor of nuclear/hadron 
physics for more than half a century	


– legacy device / reliable	

– new PMTs still actively being developed	


 is a newly developed matrix of avalanche photo 
diodes (APD) operated in Geiger-mode	


– characteristics of a photon sensor	

– many advantages over PMT	

– potential to replace PMT in many applications	


What are Silicon Multipliers?	




I3HP-FP7  Silicon Multiplier Workshop, GSI  6-7 Oct. 2011                     H.O. Av
al

an
ch

e 
M

ic
ro

-P
ix

el
 P

ho
to

-D
io

de
 fo

r F
ro

nt
ie

r D
et

ec
to

r S
ys

te
m

s 
Silicon PhotoMultiplier = SiPM ���

Working principle	


p+ substrate 

π epilayer 

p high-electric field 
multiplication region 

n+ cathode hν    +VGM oxide 

4 
µm

 

e- 

hole 

• The photon is absorbed and generates 
an electron/hole pair 
• The electron/hole diffuses or drifts to 
the high-electric field multiplication 
region 
• The drifted charge undergoes impact 
ionization and causes an avalanche 
breakdown. 
• Resistor in series to quench the 
avalanche (limited Geiger mode). 

SiPM: Multicell Avalanche Photodiode 
working in limited Geiger mode 

• 2D array of microcells: structures 
in a common  bulk. 
• Vbias > Vbreakdown: high field in mult. 
region 
• Microcells work in Geiger mode: 
the signal is independent of the 
particle energy 
• The SiPM output is the sum of the 
signals produced in all microcells 
fired.  

SOLID STATE PHOTODETECTOR 
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Characteristics	


Typical values: 
•  Gain 105-106 

•  Time resolution < 50 ps 
•  Operating voltage < 100 V  

(at 2-4 V overvoltage ΔV = Vbias- VBD ) 
•  Matrix size 1-3 mm2 
•  Microcell size 10-100 µm 

Dynamic range:  
•  Determined by the number of microcells and the 

Photon detection efficiency (PDE).  
 Linear while N photons detected <<N of microcells. 

  PDE = QE x Pt x GF.  
  Increases with overvoltage, but also the noise 
Noise: 
•  105 – 106 per mm2 sensor at T=25 °C 
•  104 – 105 per mm2 sensor at T= 0 °C 

1 mm 

1 
m

m
 

Optimization depends on the application 



I3HP-FP7  Silicon Multiplier Workshop, GSI  6-7 Oct. 2011                     H.O. Av
al

an
ch

e 
M

ic
ro

-P
ix

el
 P

ho
to

-D
io

de
 fo

r F
ro

nt
ie

r D
et

ec
to

r S
ys

te
m

s 

	
Exploiting and further developing the properties of 
SiPM in a collaborative effort from designer over 
producer to physics user	


The R&D projects: 	


•  Low level light detection and single photon read-out 
with SiPM	


•  Detection of medium to high light levels using SiPM-
coupled to fiber material	


•  Ultra-fast timing with plastic scintillators using SiPMs 	


Objectives of WP28	
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The focus in more detail	


•  Development and test of new SiMPs, integrated in arrays which are 
compatible with the demands of position sensitive detectors (e.g. single 
photon detectors, scintillating fibre detectors, gamma ray detectors using 
state-of-the-art crystals like LSO).	


•  Optimization of the timing performance in the picosecond time 
resolution range,	


•  Development and test of the performance as single photon counters.	

•  Studies of damage effects from ionizing radiation	

•  Investigation and characterization of the intrinsic and induced noise 

behavior.	

•  Development of associated electronics for the supply/readout as well as 

data acquisition	

•  Assembly and installation in detector systems working in magnetic 

fields: characterization of the overall performances and check of the 
short and long time stabilities on various test beams 	
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Participating Institutions 
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Deliverables 

Task	
 Deliverable	
 Month of 
Delivery	


Single-photon readout with 
SiPMs	


Design and construction of a 64-pixel 
prototype matrix 	


36	


SiPM-coupled advanced 
fiber detectors	


Feasibility studies for new detectors with 
SiPM readout using:	

a)  Crystalline fibers	

b)  Scintillating fibers	

c)  Wavelength shifting fibers	


36	


Ultra-fast timing for TOF 
applications	


Prototype, radiation hardness and tests in 
beam	


36	
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Kick-off Workshop 
9-10 Feb. 2009 
GSI, Darmsadt 

https://indico.gsi.de/conferenceDisplay.py?confId=493 
https://indico.gsi.de/conferenceDisplay.py?confId=969 

Second SiPM Workshop 
21-22 Feb. 2010 

Villa Lanna, Prague 
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T1: Low level light detection and single photon 

read-out with SiPM	


R&D: Large SiPM sensor matrix for coincident photons 
(e.g. Cherenkov radiation) 

Important parameters of SiMP for very low light level detection: 

• Large PDE (50 %) and large area coverage 

• small pixel granularity and large pixel size  

• Fast single photon response for time resolution 

• Working in high magnetic field 

• Low sensor noise performance 
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Large area sensor with light catcher	


4 x 4 matrix 
Sensors:  
Hamamatsu 33-050C 
or 
Zecotek MAPD-3N 

35 mm 

8.5 mm 

8 x 8 funnelplate Cr-plated brass 

G.M. Ahmed et al.; Application of 
Geiger-mode photo sensors in 
Cherenkov detectors; to be published 
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 Work at SMI	


•  Position sensitive charged particle detection with 
scintillating fibers and SiPM readout	


•  Studies of properties of SiPMs (commercial and 
prototype devices)	


•  Timing performance systematic studies as function of 
overvoltage , temperature and of photon flux	


•  Cherenkov detectors with SiPM readout: towards 
timing and position sensitive devices	
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Test equipment at SMI	


Test bench with insulation vacuum vessel, vacuum pump,  
Peltier cooling 
Bias voltage supply (Keithley), preamp supply voltages 
Picosecond laser system @ 408 nm (32ps) for timing tests 
Optical bench for laser beam (coupling to optical fiber) 
Fast digital oscilloscope 
CAMAC/VME DAQ  system for TDC, QADC data acquisition 

SiPM 

17 
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1 
k 

O
hm

  

SiPM time resolution measurements 

Photonique preamplifier (AMP-0611) 

1 
k 

O
hm

  

1 k Ohm  

10 n F  

10 n F  

1 
k 

O
hm

  

10 n F  

1 k Ohm  

1 
k 

O
hm

  

10 n F  

"   Time resolution was studied by illuminating SiPM with blue laser 
light pulse width 32 ps at wave length 408nm. 

10 n 
F  

1 k Ohm  

1 
k 

O
h

m
  10 n 

F  

Signal 

La
se

r t
rig

ge
r s

ig
na

l 

QDC 

TDC 

S
pl

itt
er

 Discriminat
or 

G
at

e 
ge

ne
ra

to
r 

Al Case 

SiPM 

La
se

r 

Variable light attenuator 

(700 ps) 

SiPM signal Start signal 

50
 m

v/
di

v 

Stop signal 50 ns/div 
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Publications: 
G.S.M. Ahmed, P. Bühler, J. Marton and K. Suzuki, “Studies of GM-APD (SiPM) Properties,” Journal of 
Instrumentation 4, 2009, P09004 . 

G.S.M. Ahmed, P. Bühler, J. Marton and K. Suzuki,  “Study of timing performance of Silicon Photomultiplier and 
application for a Cherenkov detector”, Proc. Int. Conference on Instrumentation, Nuclear Instruments and Methods 
in print.  

G.S.M. Ahmed, P. Bühler, J. Marton and K. Suzuki, “Characterization and application of Geiger-mode silicon 
Photosensors in radiation detection,” presentation at 2010 Symposium on Radiation Measurements and 
Applications, May 24-28, 2010, Univ. Michigan, Ann Arbor, to be published in Nucl. Instr. Meth. A. 

G.M. Ahmed, P. Bühler, M. Cargnelli, R. Hohler, J. Marton, H. Orth and K. Suzuki, “Application of Geiger-mode photo 
sensors in Cherenkov detectors”, Proceedings RICH 2010 
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2
0 

Summary of time resolution measurements 	


"     SiPM time resolution improves as a function of the bias voltage 	

   and /or the light level at constant temperature. 	


"     SiPM time resolution improves with decreasing operating  temperature 
(>-10 C).	


"     In this study the best achieved  time resolution for MPPC  
   is 33 ± 5 ps, around ~130 p.e. (SiPM limit ?). 

"    The best achieved  time resolution for MAPD-3N is 70 ± 10 ps. 

"     Time resolution of electronics (Discr., Logics, TDC, DAQ, 
excluding  preamplifier ) ~ 20 ps.	


"     At low light condition, strong dependence on the bias voltage 	

   and/or temperature .	
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Timing Cherenkov detector	


Quarz radiator 10 mm thick, 
50 mm lng 
Coupled on both sides to 
MPPC 3x3 mm 

Test at BTF in Frascati with 500 MeV e- beam 

Mat 16 vacuum 
no optical prop. 
defined => „BLACK“ 

Mat 16 vacuum 
no optical prop. 
defined => „BLACK“ 

Mat 15 air 
optical properties 
defined as n = 1.0 

Mat 39 quartz 
optical properties 
defined by CKOV.DAT 
n = 1.46 

e- GEANT MC calc. 
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Light catcher matrix 
for position-sensitive 

light detection	


The matrix is designed to fit with SiPMs.  
Present version for 3x3 mm MPPC 

High PDE (high fill factor) 
Good timing at high photon level– but at 
few photon level? 
Cooling easy due to metal frame 
Noise to be reduced with cooling 
Experience with this device 

First preliminary results:  Photon enhancement by a factor 2 
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23 

PDE measurements at GSI 
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24 

Device	
 Active Area	

(mm2)	


Pixel Size	

(µm)	


Pixel Density	

(1/mm2)	


MPPC-11-25	
 (1×1)	
 25	
 1600	

MAPD3N	
 (3×3)	
 7	
 15000	

MAPD3N	
 (1×1)	
 7	
 15000	


SiPM Sensors   

SiPM sensors tested: MPPC from Hamamatsu, MAPD3N from Zecotek  

MAPD3N from  Zecotek MPPC from Hamamatsu 



I3HP-FP7  Silicon Multiplier Workshop, GSI  6-7 Oct. 2011                     H.O. Av
al

an
ch

e 
M

ic
ro

-P
ix

el
 P

ho
to

-D
io

de
 fo

r F
ro

nt
ie

r D
et

ec
to

r S
ys

te
m

s 

25 

Hamamatsu Sensor MPPC-11-25 

VBias=70V 

Photon Detection Efficiency 

Scaled PDE at λ=460 nm *   

* D. Renker, PSI (Private Communication) 
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26 

Photon Detection Efficiency 
Zecotek Sensor MAPD3N [3 × 3 mm2] 

VBias=90V 

Scaled PDE at λ=460 nm *   

*  Yu. Musienko,  CERN (Private Communication) 
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Timing and low temperature behavior of 

SiPM  
G.Bisogni1, G.Collazuol1, A.Del Guerra1,2, C.Piemonte3 

1 INFN sezione di Pisa, 2Dipartimento di fisica Universita` di Pisa, 3FKB-IRST Trento 

INFN PISA 
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Vacuum vessel (P~10-3 mbar) 

Alogen Lamp 

Monocromator (200-900nm) 

Quartz filers to  
Calibrated Photodiode (outside)  
and to SiPM (inside vessel)  

Cryocooler 
(50K<T<300K) 

Amplifier UV LED (380nm) 
+ fibers to SiPM 



I3HP-FP7  Silicon Multiplier Workshop, GSI  6-7 Oct. 2011                     H.O. Av
al

an
ch

e 
M

ic
ro

-P
ix

el
 P

ho
to

-D
io

de
 fo

r F
ro

nt
ie

r D
et

ec
to

r S
ys

te
m

s 
Experimental setup	


•  Care against HF noise  
 → feed-throughts !!! 
•  Amplifier Photonique/CPTA 
 (gain~30, BW~300MHz)  

Voltage/Current bias/measurement 

Pulse measurement 

•  Keytley 2148 for Voltage/Current bias/readout  

RL 
CC 

Cb 

-Vb 

GND 

Vout 

Rb 
hν	


SiPM 

Temperature control/measurement 

•  Cryo-cooler + heating with low R resistor 
•  thermal contact (critical) with cryo-cooler head: 
 SIPM within a copper rod    
•  T measurement with 3 pt100 probes 
•  Measurements on SiPM carried after  
   thermalization (all probes at the same T) 
•  check junction T with forward characteristic 

SiPM samples 

•  FBK SiPM runII – 1mm2 

 (Vbr~33V, fill factor~20%) 
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IRST – single photon timing res. (SPTR)	


n+ p p 
depletion region 

p+ 

hn 
e– 

h+ 
e– 

h+ 

high-field  
region 

depletion region depletion region 

neutral 
region 

• l = 800 nm 
• l = 400 nm 
— contribution from  
    noise and method 
    (not subtracted) 

eye guide 

Typical working 
region 

G.Collazuol et al NIMA 581 (2007) 461 

Better resolution for  
short wavelengths: 
carriers generated 
next to the high E 
field region 

electron  
injection  

hole  
injection  
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• l = 800 nm 

• l = 400 nm 

— Contribution from  
    noise and method 
    (not subtracted) 

eye guide 

IRST devices (different types)	


SiPM type with optical trench SiPM type without optical trench 

Results in fair agreement for devices with the same structure 

p-
su

bs
tra

te
 

ho
le

s 

p-
 e

pi
 

p n+
 

el
. 

IRST 
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Hamamatsu – single photon timing res.	


• l = 800 nm 

• l = 400 nm 
eye guide 

HPK-2 HPK-3 

1600 cells (25x25µm2) 400 cells (50x50µm2) 

G.Collazuol et al (unpublished) Suggested Operating range 

n-
su

bs
tra

te
 

n-
 e

pi
 

n p+
 

el
. 

ho
le

s HPK electron  
injection  

hole  
injection  
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Timing studies	


Poisson statistics:      st ∝ 1/√Npe 

• 

contribution from noise subtracted 

— fit to c/√Npe 

l =400nm 
Overvoltage = 4V 

 N of simultaneous photo-electrons 

Dependence of SiPM timing on the 
number of simultaneous photons 
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SiPM behave very well at low T, even better than at room T  

In the range 100K<T<200K SiPM perform optimally; 
→ excellent alternatives to PMTs in cryogenic applications (eg Noble liquids) 

•  Breakdown V decreases non linearly with T  
 → stability of devices wrt T is even better at low T 

•  Dark rate reduced by orders of magnitude 
 → different (tunneling) mechanism(s) below ~200K 

•  After-pulsing increases swiftly below 100K 
•  Cross-talk and Gain (detector capacity) are independent of T (at fixed Over-V.) 
•  PDE higher than at T room at low T for short λ  

I just carried on additional measurements at low T with short laser pulses for: 
•  accurately measuring of after-pulsing characteristic time constant(s) vs T 
•  cross-checking PDE (pulsed vs current method) 
•  measuring timing resolution vs Temperature (expected to improve at low T) 
•  checking Gain resolution at low T 

Simulations and modeling going on to understand better After-Pulsing and  
PDE features at low T 

We measured also the excellent SiPM intrinsic timing resolution (<100ps for 1p.e.) 
Recent additional measurements to be analyzed (time to avalanche, different devices, ...) 
Simulations and modeling work going on to understand timing data in more detail 
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Milestones: 
1 Report on cooling of SiPM’s 
2 Evaluation of timing properties of cooled SiPM’s performed 
3 Design of a two-dimensional array performed 
4 Design of a light concentrator module performed 

Workplan fo Task 1 
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T2.1: SiPM-coupled advanced scintillating fiber 

detector	


R&D: Prototype for Amadeus central fiber tracker 

Important parameters of SiMP for low light level detection: 

• Large pixel area for high PDE (> 30 %) 

• Medium granularity for good linearity and without saturation  

• Fast single photon response for good time resolution 

• Working in high magnetic field 
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AMADEUS fiber tracker within KLOE 

Scale: The diameter of the beam pipe is 60 mm, the length 
750mm 

SiPM 

Fiber 
tracker	


e+ 

e- 
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Characterizing SiPM : HAMAMATSU S10362-11-050U 

Experimental setup (we did tests on Photonique as well) 

Pre-Amplifiers (X 100)	


SiPM (HAMAMATSU U50) (400 pixels)	

Operating voltage ~70V	


Scintillating fibers	

Bicron BCF-10 (blue)	


5 Channles HV	

power supply	

(stability better than	

10 mV)	


 Sr90 beta source (37 MBq)	


Work at  LNF 
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Characterizing MPPC: Dark Count 

Peltier cell	


Cooling	

system	


Detectors were cooled down in order to study 
their behaviour with temperature variations. 

A scan of the 1 p.e peak rate is reported 

Dark count 1 p.e signal is reduced by a factor 20!  



I3HP-FP7  Silicon Multiplier Workshop, GSI  6-7 Oct. 2011                     H.O. Av
al

an
ch

e 
M

ic
ro

-P
ix

el
 P

ho
to

-D
io

de
 fo

r F
ro

nt
ie

r D
et

ec
to

r S
ys

te
m

s 
Characterizing SiPM:  

reading scintillating fibers 

A scintillating fiber is activated  
by a beta Sr90 source 

Both ends are coupled to detectors;  
one is used as trigger  

Setting the threshold for the SiPM used as trigger, 
most part of dark count is eliminated. 
In this way spectra due only to the source can be 
observed 

Work at  LNF 



I3HP-FP7  Silicon Multiplier Workshop, GSI  6-7 Oct. 2011                     H.O. Av
al

an
ch

e 
M

ic
ro

-P
ix

el
 P

ho
to

-D
io

de
 fo

r F
ro

nt
ie

r D
et

ec
to

r S
ys

te
m

s 

Electronics: New NIM modules providing:	


•  Variable Vbias for 5 channels with a stability for 	

nominal voltages below 10 mV	

• 2 output / channel:	


	
-Amplified (x25-x50-x100) signal 	

	
-Discriminated signal (variable threshold)	


Designed by G. Corradi, D. Tagnani, C. Paglia	


SiPM+Fibers: ELECTRONICS	


Instrumented	  fibers:	  
-‐ Saint	  Gobain	  BCF-‐	  10	  
single	  cladding:	  

-‐ Emission	  peak	  432	  nm	  
-‐ Decay	  3me	  2,7	  ns	  
-‐ 1/e	  2.2	  m	  
-‐ 4000	  ph./MeV	  
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* Studying rates with and without the beta source, it turned out that starting 
from the 4th p.e. Peak, dark count contribute is negligible 
* No cooling is needed in this case!!!! 
* With 4 p.e. threshold,  main peaks of Sr90 are of 4 and 5 photoelectrons. 

SiPM+Scintillating Fibers	
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Initial momentum  
of electrons 

Geant3 simulations were done in  
order to understand how many p.e.  
should be left by Kaons in DAΦNE 

Simulation af a fiber+Sr90 source 

Mean ~ 150 KeV 

Monte Carlo Simulations 

Comparing with experimental data: 

Mean energy loss ~ 150 KeV                                                        600 photons (~4000 ph/MeV) 
Nominal trapping efficiency ~ 4%                                                 24 photons 
Attenuation length ~ 2.2 m (1/e)                                                   22 photons (30 cm) 
Q.D.E. ~ 50 %                          11 photons 
Reading 1 size                          5/6 photons   

Consistent with lab tests 
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Tests installation at DAΦNE	


SIDDHARTA setup	


DAΦNE	  	  
beam	  pipe	  

Our test setup 

Siddharta Kaon Monitor	

2Layers of Scintillators up&down	

The interaction point detecting K+ K- 
emmited in opposite directions	
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Trigger system tests:  installation at DAΦNE	

•  Time difference between MIPs and Kaons is ~ 1 ns 

• Time difference in AMADEUS will be much less (~ 300/400 ps) because trigger will be 
placed just around the beam pipe 

• High timing resolution is needed!!!! 

• TDC spectra are needed to understand behaviour of MIPs and Kaons on fibers 

• SIDDHARTA Kaon Monitor can be used as reference 

Data taking on DAFNE including KM 
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MIPs of high energy tail comes from E.M. Shower which occurs in lead bricks placed 
as shielding just before interaction region 

This particles pass with low angle in KM (losing more energy) but not in fibers  

• KM scintillator at 6 cm from Interaction point 
• Fibers 5 cm below the lower scintillator 
• RF/2 and KM coincidence as gate and stop 
• Pure KM signal also collected 
• High thresholds for MPPC (above d.c.) 
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Kaon Monitor TDC (upper/lower 
coincidence) 
   - TDC working in Common Start (RF/2) 
   - Single peak resolution~ 100 ps 
   - MIP/K separation ~ 1 ns 

MPPC tdc spectra 
   - TDC working in Common Stop (RF/4) 

Missing MIPS  

~ 3 ns 

Achieved best single 
peak resolution around 
500 ps 	


KAONS	
KAONS	
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Time correlation between 
MPPCand KM  

Black: MPPC total ADC spectrum 
Green: MPPC ADC when Kaons in KM 

MIPS + KAONS 

Dark noise 
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T2.2: SiPM for fast calorimetry	


R&D: SiPM for Shashlik modul in COMPASS 

Important parameters of SiMP for high light level: 

• Small sensor area with high PDE (30 %) 

• Large pixel number for good linearity and avoiding saturation  

• Fast response for good time resolution 

• Working in high magnetic field 

• Sensor noise uncritical 
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Construction of prototype “Shashlik” module 

with SiPM	


Parameters of the prototype “Shashlik” module for COMPASS. 
 Transverse size                              100 x 100 mm2 

 Number of the layers                      20 (25) 
 Polystyrene scintillator thickness     4.0 mm 
 Lead absorber thickness                 4.0 mm 
 Number of holes per layer              6 x 6  
 Holes spacing                                16.6 mm 
 Holes diameter in Scintillator/Lead  1.2/1.3 mm 
 WLS fibers per module                   18 x 0.6 m ≈ 11m 
 Diameter of WLS fiber                    1.0 mm, (1.2 mm) 
 Diameter of fiber bundle                 3 mm, (3.5 mm) 
 Effective radiation length X0           11.5 mm 
 Effective Moli`re radius RM             20 mm 
 Active length                                 160mm /14,5.X0   (200mm/18 XO) 
 Number of SiMP per module            9   

9 SiPMs 
per 
module 

The outputs of 4 
fibers are joined into 
one channel hence we 
have the grid with 33 
x 33 mm cell. Each 
cell is optically 
isolated from others. 
Such calorimeter 
structure provides 
good resolution for a 
few gamma-events in 
particular the 
possibility to identify 
effectively the 
photons from 0 
decay. 
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Anfimov Nikolay 
anphimov@gmail.com, +7(49621)6-24-83 

DLNP, Joint Institute for Nuclear Research, 
141980, Joliot-Curie 6, Dubna, Russia. 
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Two basic constructions of MAPDs	
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•  High Dynamic Range (pixel densities of up to 40000 mm-2)	

•  Photon Detection Efficiency up to 30 %	

•  Gain up to 105	


•  Better radiation hardness	

•  Insensitivity to magnetic field.	

•  Compact and rigid	

•  Low voltage supply (<100 V)	


•  Drawbacks:	

•  Temperature dependence 	

•  High dark rate (> 0.5 MHz/mm2)	

•  Large Recovery time. 	
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Sensor Matrices from Zecotek/Dubna	
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EM - Calorimetry 	


 Insensitivity to magnetic field; 

 High dynamic range  ~ 105 ph.e. 
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EM - Calorimetry 	


•  General view of the optical head with 9-MAPD mounted on a shashlik 
module	
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EM - Calorimetry 	


•  Winston's cones allow to collect more light from fibers 	


Increase of  MAPD sensitive area  
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EM - Calorimetry 	


•  Parameters of the tested modules:	
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EM - Calorimetry 	


•  Energy resolutions for two different modules  	

•  MAPD readout in comparision with PMT readout	
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EM - Calorimetry 	


•  Time resolution of one channel (bundle) MAPD-3N	


Sampling ADC 100 Mhz 
1.6V/14-bit 
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T2.3: Photon read-out of crystalline 

fibers with SiPM	


R&D: prototype for timing/trigger detector inside 
Crystal Barrel at ELSA 

Important parameters of SiMP coupled to inorganic fibers: 

• Small sensor area high PDE (>30 %) 

• High granularity for good linearity 

• Fast single photon response for good timing 

• Working in high magnetic field 

• Noise performance uncritical 

Closely together with WP21 SciFI 
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Some tests with ���

inorganic scintillating fibers	
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Workplan fo Task 2 
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5 Test of different fiber materials performed 
6 Efficient light coupling in small dimensions obtained 
7 Evaluation of SiPM’s for SciFi’s performed 
8 Readout system, end of development methodology and work plan 
9 Design of a small prototype module performed 

Workplan fo Task 2 (cont.) 

Milestones of task 2 
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Important parameters of SiMP: 

• Large area for high PDE (>30 %) 

• High granularity for good linearity  

• Fast single photon response for extreme time resolution 

• Working in high magnetic field 

• Temperature stabilization 

T3:Ultra-fast timing with plastic scintillators for 
TOF applications using SiPMs	


R&D:  prototype of SiPM-coupled 
scintillator slab for TOF wall 
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TOF measurements at PNPI in beam 

Set-up 

Time resolution 
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Results of TOF measurements with unilateral readout of large Scintllator 
pannels using PMTs  
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Workplan fo Task 3 

Milestones 
10 Study of varying operation conditions for TOF pannel performed 
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Summary	


This JRA investigates the unique capabilities of 
Silicon Multipliers guided by different case studies: 
Detection of very low light levels   Cherenkov Radiation 

Detection of low to medium light levels  Fiber Readout 

Detection of high light levels   Calorimetry 

Ultra fast time resolution    TOF  

•  The proposed tasks of WP28 have been performed and the 
milestones achieved.  

•  The results give us better insight to the SiPM sensor both the 
benefits and the deficiencies.  

•  We expect to learn much more during the second half of the  
project. 

•  The development of prototype detectors using SiPMs progresses. 

The project should be continued within HadronPhysics3 


