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Talk Layout
Evaluate the MPPC behavior after 3 years of run:

1) New neutron test at FNG; 

2) Innovative annealing procedure
     à still under investigation

3) Response / Resolution and Leakage current vs 
temperature;

4) CsI+MPPC test with CR vs Vbias to study the 
dependence of the PDE from Vbias;
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SPL and Thin Film MPPC
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§  We have tested the TSV MPPC (12x12 mm2)  from Hamamatsu with SP 
and Thin Film protection layer.  Both are ok coupled with pure CsI:

      à ~ 30 (20)p.e/MeV with (without) optical grease and crystals wrapped with Tyvek
      à Time resolution < 150 ps @ 100 MeV with 45 degrees e- impact angle
      à E.N.E ~ 100 keV
see docDB 5701-v6 and others

q  Irradiation done @ FNG 
      à Measurement of response and leakage current .. 
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Experimental setup

MPPC
cell

Digital 
SCOPE

PICO 
AMMETTER

MPPC 
cell

Led  @ 360 nm

2 m far from the source

FNG provides Neutron with 14 MeV 
of energy. The scaled damage with 
respect the 1 MeV neutron is a 
factor 1.8 greater:
n_flux 1.7x1011 @ 14 MeV ~ n_flux 3x1011 @ 1 MeV
safety margin of the experiment 

Reference 
PMT

Neutro
n	  sour

ce	  
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SiPMs tested

18 Jan 2016I. Sarra @ Muse Meeting7

 V op (V) Total flux  (n/
cm2)

Total flux  
(n_1MeV/cm2)

SPL 4 SiPM 53.9 2.2 x 1011 4 x 1011

Micro Film SiPM 53.95 2.2 x 1011 4 x 1011

FBK SiPM 32.5 2.2 x 1011 4 x 1011

16 MPPC of 3x3 mm2 1 SiPM of 6x6 mm2

FBK SPL – Micro Film
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Irradiation plan

Grafico flusso vs time
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Day 1 – SPL 4 response (1)
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The signal peak decreases from 
250 mV to ~ 30 mV
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Day 1 – SPL 4 response (2)
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Day 2 – Micro Film Response
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The signal peak decreases from 
~ 400 mV to 50 mV
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Day 2 – Micro Film and FBK responses
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Micro Film SiPM
FBK SiPM

The current increased from 
•  16 uA up to 2.1 mA (Micro Film)
•  86/4 uA up to 19/4 ~5 mA (FBK)

Reported current for 
FBK SiPM has been 
corrected by a factor 
of 4, due to the 
different active area.
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Overview
Operating at Vop, not cooling the sensor after 2.2x1.8 ~ 4 n/cm2 [1 MeV eq.]
(equivalent at more than 6 years of run à more than the safety value)
•  ~ 2 mA *16 = 32 mA
•  a factor 2 given by the natural annealing 
•  ~15 mA per device at 25 degrees

a factor smaller than 3 on the leakage current value for the rest of calorimeter

Goal is to keep the I dark below 2 mA in order not to dissipate
more than 100 mW on SiPM and keep the Bias Supply with
a limit at 4 mA.
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Annealing Induced
We have kept the 2 MPPCs and the FBK at 10 Volt over the Operational 
Voltage for ~ 30 seconds

 à A huge current has been allowed to flow on the devices;
 à A huge increase of the temperature has been measured on the devices: 
power dissipated on the quenching resistors   
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Leakage	  Current	  Varia2ons	  
(meausure	  done	  in	  cleaning	  room):	  

Before 
Annealing

After 
Annealing

I (mA) I (uA)
Micro film 1,72 134,2

SPL 4 2,07 220
FBK 15,6 450

Microfilm 
(irradiated 

in July)
0,8 210
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Annealing Induced – FBK measures
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15.6 mA

~ 400 uA

16
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Annealing Induced -> Response Recovery
Also a huge recovery on the response at a blue laser has been 
observed
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Measurements of MPPC vs Temperature
•  We have measured the MPPC in a cryostat in a ~10-5 torr vacuum
•  We could change the temperature using a Micro Peltier controlled system
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1)  The response to a blue led has been measured 
2)  The leakage current has been measured using a 

Keithley Pico ammeter 
3)  We have tested two MPPC from MEG: one 

standard and one irradiated (1.5x1011 n/cm2 @ 
1MeV eq.~  3 years of run in the hottest regions) 
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Operational Voltage vs Temperature
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The operational voltage changes with  temperature:

•  We have re-equalized the operational Voltage keeping constant the led 
peak value;

•  The data are related to a single cell (6x6 mm2). 
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Leakage Current / Response vs Temperature 
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•  We have measured the leakage current of the MPPCs changing the 
temperature;

•  We have measured the response of the MPPCs to the blue led changing 
the temperature;

•  The data are related to a single cell (6x6 mm2). 
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Leakage Current vs Temperature vs Vbias
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•  We have measured the leakage current of the MPPCs changing the 
temperature and three different set of Vbias: Vop, Vop-0.5, Vop-1 Volt 

•  The data are related to a single cell (6x6 mm2). 

Vop	  

Vop-‐0.5	  V	  

Vop-‐1	  V	  
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Summarizing
Irradiated MPPC
ü  The leakage current decreases of a factor 5 
    from 20 to 0 °C
ü  The leakage current decreases of a factor ~ 5 (~ 2) 
    from Vop to Vop-1 V (Vop -0.5V)

Considering the MPPC current of ~15 mA per device in the 
hottest region, operating at 0 °C and Vop-0.5 V, we expect:
a leakage current of ~1.5 mA after more than 6 years of run 
(without Induced Annealing)
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Test of CsI + MPPC with CR
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 Radiation Damage   

 Introduction 

 LY and LRU  

 Timing Resolution 

 Transmittance  
  Longitudinal transmittance @ 350 nm 

•  SICCAS: 60%  
•  Opto Materials, ISMA: 80% 

!  Peak due to the 511 keV photon 
clearly visible   

!  Peak (µQ) extracted with a gaussian 
function to evaluate the Light Yield 
(LY)  

Contact 
Raffaella Donghia 
Email: raffaella.donghia@lnf.infn.it 
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All crystals show a good LY � (100 ÷ 130) p.e./MeV, increased by a factor ~1.7 when coupled with grease to PMT. The LRU has an average of � -0.6%/cm.  
The time resolution obtained with CRs is ~409 ps (~330 ps), without (with) grease @ ~22 MeV (energy deposited by a MIP in a   CsI crystal). 
The results of first irradiation tests showed that the LY of SICCAS crystals decreases by a factor ~1.8 after 90 krad. 
A small matrix of pure CsI crystals is under construction for testing performances using a low energy electron beam. 

Best performances 
with Teflon or Tyvek 

wrapping: 
 90-130 Np.e./MeV 

  
Grease adds an 
improvement of 

~70% 

Exploiting Cosmic Rays (CRs) 

!  Crystals between two scintillation counters 
!  MPPC readout  
!  Different wrapping materials 
!  Coupling both with and without optical 

grease 

Longitudinal scan with 22Na source and PMT readout 
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Optomaterial 02
Tyvek
Teflon

Al

Due to Teflon fragility we chose to continue our measurements using Tyvek  
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Longitudinal response 
uniformity (LRU) test:  

•  LY normalized to the center 
of the crystal 

•  fit with a linear function  

LRU better than 0.5%/cm  
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 Conclusions  

Constant fraction method used 
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Tyvek x2 

Optical grease 
coupling 
~333 ps 

Characterization and performances of pure  
CsI crystals for the Mu2e experiment 

! Good time resolution using grease 
! Improvement by a factor ~0.8 w.r.t. air 

coupling 

!  SICCAS crystals tested at CALLIOPE (ENEA γ irradiation facility) 
•  60Co source (1.25 MeV)  
•  Total dose: 90 krad 
•  No wrapping and PMT coupling in air 

!  Transmittance and LY measured before and after irradiation 

 
•  Worse uniformity w.r.t. ISMA and 

Opto Materials crystals, even before 
irradiation  
 

After irradiation: 
•  Stable LRU 
•  LY decrease of a factor about 1.8  

Opto Materials 02 Opto Materials 01

Opto Materials 01,

The Mu2e calorimeter is designed to achieve a large acceptance for 104.7 MeV monoenergetic electrons, an energy resolution of O(5%) and a time resolution of O(500 ps). In 
baseline design the calorimeter is composed by two disks of BaF2 scintillating crystals readout by a new generation APDs. Since the APDs are still in the development phase, as 
alternative we have tested single crystals of pure CsI.  
We have measured the LY, LRU and the time performances of 30 × 30 × 180 mm3 crystals from Opto Materials and ISMA. 
Radiation hardness of SICCAS crystals has also been tested up to 90 krad.  
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 Transmittance  
  Longitudinal transmittance @ 350 nm 

•  SICCAS: 60%  
•  Opto Materials, ISMA: 80% 

!  Peak due to the 511 keV photon 
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!  Peak (µQ) extracted with a gaussian 
function to evaluate the Light Yield 
(LY)  
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Due to Teflon fragility we chose to continue our measurements using Tyvek  

 Distance from PMT [cm]
2 4 6 8 10 12 14 16

/M
eV

 
p.

e.
 N

120

140

160

180

200

220

240

260

280

300
Optomaterial, Tyvek x2

Grease
No Grease

 Distance from PMT [cm]
2 4 6 8 10 12 14 16

/M
eV

 
p.

e.
 N

100

120

140

160

180

200

220

240

 Distance from PMT [cm]
2 4 6 8 10 12 14 16

/M
eV

 
p.

e.
 N

0.9

0.95

1

1.05

1.1

1.15

   b  0.0002754± 0.002308 
q         0.002782± 0.9874 

   b  0.0002754± 0.002308 
q         0.002782± 0.9874 

Optomaterial, Tyvek x2
Grease

No Grease

   b  0.0001663± 0.002513 
q         0.001661± 0.971 

   b  0.0001663± 0.002513 
q         0.001661± 0.971 

 Distance from PMT [cm]
2 4 6 8 10 12 14 16

/M
eV

 
p.

e.
 N

0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2
   b  0.0004002± -0.003624 

q         0.004174± 1.052 

   b  0.0004002± -0.003624 
q         0.004174± 1.052 

Entries  11574
Constant    698
Mean      41.32
Sigma      6.63

Charge [pC]
0 20 40 60 80 100 120 140

En
tr

ie
s 

/ 2
 p

C

0

100

200

300

400

500

600

700 Entries  11574
Constant    698
Mean      41.32
Sigma      6.63

Longitudinal response 
uniformity (LRU) test:  

•  LY normalized to the center 
of the crystal 

•  fit with a linear function  

LRU better than 0.5%/cm  

 [%/cm]b
-2.5 -2 -1.5 -1 -0.5 0 0.5

En
tr

ie
s

0

0.5

1

1.5

2

2.5

3

3.5

4
Grease

No Grease

Entries  565

Constant  3.62± 65.67 

Mean      0.014436± 0.007749 

Sigma     0.0118± 0.3318 

Time [ns]
2< 1.5< 1< 0.5< 0 0.5 1 1.5 2

N
. E

nt
rie

s 
/ 1

00
 p

s

0

10

20

30

40

50

60

70

80
Entries  565

Constant  3.62± 65.67 

Mean      0.014436± 0.007749 

Sigma     0.0118± 0.3318 

 Conclusions  

Constant fraction method used 
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Optical grease 
coupling 
~330 ps 
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Tyvek x2 

Optical grease 
coupling 
~333 ps 

Characterization and performances of pure  
CsI crystals for the Mu2e experiment 

! Good time resolution using grease 
! Improvement by a factor ~0.8 w.r.t. air 

coupling 

!  SICCAS crystals tested at CALLIOPE (ENEA γ irradiation facility) 
•  60Co source (1.25 MeV)  
•  Total dose: 90 krad 
•  No wrapping and PMT coupling in air 

!  Transmittance and LY measured before and after irradiation 

 
•  Worse uniformity w.r.t. ISMA and 

Opto Materials crystals, even before 
irradiation  
 

After irradiation: 
•  Stable LRU 
•  LY decrease of a factor about 1.8  

Opto Materials 02 Opto Materials 01

Opto Materials 01,

The Mu2e calorimeter is designed to achieve a large acceptance for 104.7 MeV monoenergetic electrons, an energy resolution of O(5%) and a time resolution of O(500 ps). In 
baseline design the calorimeter is composed by two disks of BaF2 scintillating crystals readout by a new generation APDs. Since the APDs are still in the development phase, as 
alternative we have tested single crystals of pure CsI.  
We have measured the LY, LRU and the time performances of 30 × 30 × 180 mm3 crystals from Opto Materials and ISMA. 
Radiation hardness of SICCAS crystals has also been tested up to 90 krad.  
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In order to evaluate the lost in the PDE decreasing the Vbias, we have 
performed  cosmic rays test with three different operational voltages
Vop, Vop-0.5 and Vop-1 V

Experimental setup Analysis thecnique

•  Fit	  func2on	  -‐>	  pol4	  
•  Fit	  range:	  (0.1	  –	  85)%	  of	  

the	  max	  amplitude	  	  
•  Constant	  frac2on	  method	  
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Vop
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v Finger	  sigma(ΔT_fingers)	  =	  180	  ps	  
v Final	  resolu2on	  for	  1	  MIP	  (~20	  MeV)	  à	  ~	  290	  ps	  
       with Tyvek wrapping and optically coupled with Bluesil  Past-7 silicon grease

Entries  478
Constant  14.9±   192 
MPV       5.6± 459.6 
Sigma     2.92± 40.79 

Charge [pC]
0 200 400 600 800 1000 1200 1400 1600 1800 2000

N
. E

nt
rie

s 
/ 2

0 
pC

0

5

10

15

20

25

30

35

40

45
Entries  478
Constant  14.9±   192 
MPV       5.6± 459.6 
Sigma     2.92± 40.79 

Entries  441
Constant  3.15± 48.97 
Mean      0.017629± 0.001247 
Sigma     0.0146± 0.3396 

Time [ns]
-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

N.
 E

nt
rie

s 
/ 1

00
 p

s

0

10

20

30

40

50

60
Entries  441
Constant  3.15± 48.97 
Mean      0.017629± 0.001247 
Sigma     0.0146± 0.3396 



Mu2e

Vop – 0.5 Volt
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v Finger	  sigma(ΔT_fingers)	  =	  180	  ps	  
v Final	  resolu2on	  for	  1	  MIP	  (~20	  MeV)	  à	  ~	  320	  ps	  
       with Tyvek wrapping and optically coupled with Bluesil  Past-7 silicon grease
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Vop – 1 Volt
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v Finger	  sigma(ΔT_fingers)	  =	  180	  ps	  
v Final	  resolu2on	  for	  1	  MIP	  (~20	  MeV)	  à	  ~	  360	  ps	  
       with Tyvek wrapping and optically coupled with Bluesil  Past-7 silicon grease
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Summarizing
The PDE decreases of:
  -20 % decreasing the operational voltage at Vop - 0.5 V
  -35 % decreasing the operational voltage at Vop - 1 V
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ü Operating at Vop-0.5 V and 0 °C of temperature, we 
expect a total leakage current per MPPC of about 1.5 mA 
and a loss of PDE of a about 20% after more than 6 
years of run (in the inner ring of the first disk);

For the rest of the calorimeter a factor three safety on the 
leakage current and running conditions is expected.


