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☆ sensors
   scintillator strip 
(shape,material,wrapping)
   MPPC
☆ combined experience at 
DESY
☆ outlook and plan
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scintillator layer design

45x5x2mm3

2.45x1.9x0.85mm3

•current design
•MPPCs are standing 
perpendicular to the FE PCB

•SMD is difficult to be soldered
•non-uniformity
•  in front of MPPC

measured by tsuzuki
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scintillator design
•new design
•MPPCs are soldered on 
the FE PCB as SMDs

•shape effect understudy 

wedge

tapered wedge

sensor location  
measured by Ieki

MPPC

MPPC

1mmx1mm MPPC

photon-yield 
by Sr90

(N
p.
e.
)

MPPC is located 1.5mm from edge

wrapped by rmf 3M
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scintillation light simulation
•2x45x5 mm3 
strip 

•simulation ~ 
experiment

•except light 
yield

•size of MPPC
simulated by Tsuzuki

wedge

tapered-wedge

asymmetry-wedge

asymmetry-wedge2
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wedge shape strip
•more simulation on
•wedge length 3,5,7mm
•good uniformity & yield

0.5mm
sensitive area
of MPPC:0.5mm

wedge length:3,5,7mm

3mm 5mm 7mm

x

y

y

0

x

yield 

xx

yy

yield yield 
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scintillator material
•Kuraray: SCSN-38 
•ELJEN: EJ-204
•others are all the same
•photon yield 
•slight difference but not 
much

PPD=MPPC1600pix/mm2 reflector film KIMOTO

Kuraray

ELJEN
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reflector film
•we need air gap 
between the reflector 

•better homogeneity 
•KIMOTO:Ref-White 
14p.e.

•3M: radiant mirror 
19p.e.

•3M is better 
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photo-sensor 10um

•10um pitch with MR=10kpix /mm2
Noise curves 

　!"##$!%&'&()*+&,-!.!!/0-12/3234/5!.!6)7898:!;,,8<(!"&&=,>?@A@!.!!BC8-<D)!E<+<9<7:

Dark noise Crosstalk After pulse

three types of noise

thermal noise origin of thermal noise origin of thermal noise

��We tested dark noise,crosstalk and after pulse (new 10um pitch MPPC).

dV=2 →41kHz(new)!
→167kHz(old)

New vs. Old 25um MPPC

We tested dark noise with new vs old 25um pitch MPPC,decreased to quarter of dV=2.  

≦100kHz

≦30% ≦3%0.5p.e.

1.5p.e.

Crosstalk=1.5p.e.noise/0.5p.e.noise

•prevent 
after 
pulse 

•a barrier 

Hamasaki

MHz
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10k pix MPPC
Polarimeter Lenz

MPPC

Focus Lenz

scintillator

Clock Generator

Discriminator

Laser Controller

Gate Generator

Oscilloscope!
DAQ!

system

Voltage!
source

PC

Laser

Thermostatic chamber(15℃)

PMTs

Honda

10kp.e.

•response curve at 
high intensity

•with/wo scintillator 
strip
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embedded layer

Power
Controller

LED 
Driver

Detertor 
Interface

(DIF)

EBU 1

CIB

Power

EBU 2

•tested 
at 
DESY 
2012/
2013

•scintillator + FE R/O electronics
•EBU : 4SPIROCs 144 strips/layers

EBU 2

180mm
10
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SPIROC2b

180mm

Slow shaper

Fast shaper

•SPIROC has a TDC
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TDC of spiroc
•two TDC ramps
•resolution 
1.6~1.8ns/ch

•bunch end without 
beam trigger 
counter validation

TDC
Entries  82915
Mean     2927
RMS     827.4

0 500 1000 1500 2000 2500 3000 3500 4000

1

10
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TDC
Entries  82915
Mean     2927
RMS     827.4

TDCData {ChipID==226&&HitBit==1}

bunch ends

TDC

1Bunch 
Cycle

BXID:1       2         3   ...   

TDC
(range:0~3500) 
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TDC resolution stability over shower runs

TDC_Chip225
Entries  222
Mean     1433
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Entries  222
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Entries  222
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TDC_Dif
Entries  222
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TDC_Dif
Entries  222
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TDC_dif

TDC of spiroc
•two TDC ramps
•stable though runs
•beam coincidence Nch

TDC reso.

TDC reso.

chip194

chip222

Δt

TDC 13
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Entries  10000
Mean      365
RMS     49.93
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Prob   0.1162
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Prob   0.3406
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Prob   0.3982
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meanGaus0  0.3! 239.9 
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ADCData {ChipID==129&&ChannelNumber==17&&Trigger==13} h_129_17
Entries  10000
Mean    586.2
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ADCData {ChipID==129&&ChannelNumber==17&&Trigger==13}

chip 129  LED calibration

LED calibration
•LED equipped every strip
•2&4 dead ch. (1.4&2.8%)
•3&8 noisy ch. in F&B-layer
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ChipID==132&&ChannelNumber==18&&Trigger==13 h1
Entries  7000
Mean    304.6
RMS     37.62

 / ndf 2  57.12 / 48
Prob   0.1724
ampliGaus0  3.0±  78.1 
meanGaus0  0.3±   264 
sigmaGaus  0.127± 5.738 
ampliGaus1  3.50± 99.18 
distanceGaus  0.2±  19.2 
ampliGaus2  3.24± 98.84 

ChipID==132&&ChannelNumber==18&&Trigger==13

ADC

Forward layer result Backward layer result

no signal

144ch
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ADC

Forward layer result Backward layer result

MIP deposit energy    (ADC cont)
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144ch

MIP calibration
e

•MIP in the test beam DESY
•2&5 dead ch. (1.4&3.5%)
•9 noisy ch. in B-layer

Ogawa1.4% 9.7%15



•photo-electrons / MIP
•mean: 6.2 & 7.2 p.e./MIP
•~20% of sigma
•no apparent difference in spiroc chips 
144ch

MIP calibration
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•using electron beam at DESY
•simple SSA scheme
•5mmx5mm resolution

strip uniformity 

forwardbackward

e
e
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shower profile 

forwardbackward

e

Ogawa

tungsten 
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SSA on 2 layers Plot

•using electron beam with 
tungsten plates

•simple SSA scheme
•5mmx5mm resolution
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SSA on 2 layers Plot

•using electron beam with 
tungsten plates

•simple SSA scheme
•5mmx5mm resolution
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•using electron beam with 
tungsten plates

•simple SSA scheme
•5mmx5mm resolution

forward backward

forward
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•using electron beam 
•HCAL:30mmx30mm tile
•ECAL: 5mm x 5mm pseud-cell e
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summary & outlook
•scintillator ECAL 
•parts ( scintillator strip shape, 
material , reflector) are under 
optimization 

• integration into a layer with FE ASIC 
(SPIROC) on going

•another beam test in preparation with 
AHCAL
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reflector film
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Kimono+EJ

3M+EJ

Kimono+Kurare

3M+Kurare



mass-fabrication
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Ω Ω

ΩΩ

scintillator strip production

injection molding wrapping/spattering
for light sheeld 

laddering  

robot

Ω

ASIC production
& test 

test

PCB production
& test 

PCB assembley
& test 

Ω Ω

ΩΩ

mounting sensor 
on the PCB & test

slab prod.

alveora inst.

ScECAL factory 2013

MPPC test 


