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Light yield expectation

MPPC readout position 
Shifted : 11.8 
Center : 18.2 * 0.7 (because of PVT) 

Tile size 
60mm : 18.2 
30mm : 43.1 

MPPC size 
2mm : 4mm 
1.3mm : 1.69mm 

Convert the LY result of lab Sr90 test (19.4 p.e.) to the standard 30mm2 tile 
19.4 * (18.2*0.7/11.8) * (43.1/18.2) * (1.69/4) 
= 21.0 p.e.
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Tile study

Settings 
1.3mm MPPC (25μm pitch) : Vop = 57.53 
Radiation source : Sr90 
Reflector : the same one used in standard tile 
5 pieces each 

Standard 30mm2 tile made in Russia 
Mean : 14.6 p.e. 

Special 30mm2 tile cut out from 60mm2 tile used in Tokyo module 
Mean : 14.7 p.e.
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hitEnergy distribution

Maximum number of effective pixels changed to dummy value 
1600 → 9600 (6400 * 1.5) 
The value for standard 1.3mm2 MPPC is 4000 (Actually ~2700) 

Pump up at the high energy region of 350GeV
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hitEnergy distribution per channel

Ganging cell (four pieces of 30mm2 tiles which cover 60mm2 tile)
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350GeV of 1 channel on beam line 350 GeV of 1 channel not on beam line



/17

ADC distribution of 350GeV

Distribution of 1 channel on the beam line 
Tokyo module has strange tail 

Distribution of 1 layer 
Tokyo module has longer tail compared to the other layers
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ADC distribution of 350GeV

Distribution of 1 channel not on the beam line 
Pedestal 

Distribution of 1 channel of No MPPC 
Only pedestal at Tokyo layer, pion event at the other layers
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ADC distribution of 200 GeV

Same behavior as 350GeV
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Summary & Outlook

The tile material used in Tokyo module has almost the same light yield as standard 
tile. 
Standard tile : 14.6 p.e. 
Tokyo module tile : 14.7 p.e. 

There seems to be saturation about 2mm2 MPPC 
Especially at 350GeV 
ADC distribution has strange tail 

Outlook 
MIP check after calibration 
Compere with MC 
Ganging cells (combining four pieces of 30mm2 tiles into one 60mm2 tile)
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energySum distribution
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Linearity

Linearity sounds good at both of PP and No PP. 
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Shower profile

There are some negative offsets between PP and No PP. 
The offsets become slightly larger according to layer number. 

Layer 30 has smaller offset compared to the nearby layers.
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hitEnergy distribution of 1 channel on beam line

10GeV
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hitEnergy distribution of 1 channel on beam line

40GeV
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hitEnergy distribution of 1 channel on beam line

160GeV
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Summary & Outlook

EnergySum w/ PP shifts to smaller energy compared to w/o PP 
The shifts become larger according to beam energy 
Good linearity 

Energy per layer also has offset 
The offsets become larger according to layer number 

Outlook 
Use new database 
Understand the energy offset
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Backup
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Naoki Tsuji, The University of Tokyo“Performance study on larger scintillator tile for granularity optimization at ILD AHCAL” 
ALCW2018, May 28 - June 1, Fukuoka International Congress Center

Light yield at 60mm tile

x position

y position

#p
.e
.

50

0

Light yield comparison b/w 30mm tile and 60mm tile

Excellent uniformity in tile response 
Light yield at 60mm tile (~18p.e.) is 50% smaller 
than that of 30mm tile (~43p.e.). 

Using SiPM with a larger sensitive area, the 
light yields can easily be recovered. 

The 60mm-tile performance is good enough to be 
mounted 
Available in production of HBUs with larger tiles
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Light yield at 30mm tile

hole for putting MPPC

EJ-212 ←It is different from actual tile material on HBU

SiPM S12571-025P(1×1mm2) SiPM
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Mean : 43.1 
RMS : 3.6%

Mean : 18.2 
RMS : 2.0%
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Naoki Tsuji, The University of Tokyo“Performance study on larger scintillator tile for granularity optimization at ILD AHCAL” 
ALCW2018, May 28 - June 1, Fukuoka International Congress Center

Position dependence of light yield
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Prototype test(1.3×1.3mm2 SiPM)

MPPC

Measured light yield (mean) : 11.8  

➡27.9 expected with 2×2mm2 MPPC 
Non-uniformity ~ 9.8% (RMS) 
Light yields and uniformity don’t change significantly compared to center 
readout.
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Naoki Tsuji, The University of Tokyo“Performance study on larger scintillator tile for granularity optimization at ILD AHCAL” 
ALCW2018, May 28 - June 1, Fukuoka International Congress Center

MIP-equivalent Light Yield

MIP value is 83% at the peak value of Sr-90. 
Light yield ranges between 16-23 p.e. 
Mean value is 19.4 p.e. 
Typical 30mm-tile light yield is 14 p.e. 

No ASIC dependence
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Naoki Tsuji, The University of Tokyo“Performance study on larger scintillator tile for granularity optimization at ILD AHCAL” 
ALCW2018, May 28 - June 1, Fukuoka International Congress Center

Setup
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Sr90

DRS 
(Waveform 
digitizer)

Voltage 
source of 
MPPC

Amp.

Amp.

PCB

Collimator(1.5mm)

Scintillator TileMPPC

Trigger 
Counter

β-ray

hole for putting MPPC

EJ-212
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Naoki Tsuji, The University of Tokyo“Performance study on larger scintillator tile for granularity optimization at ILD AHCAL” 
ALCW2018, May 28 - June 1, Fukuoka International Congress Center

Setup
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Sr90

Trigger Counter(fixed)

We can move  
the PCB in the  

horizontal direction.
PCB(fixed)

Colimator(fixed)
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Naoki Tsuji, The University of Tokyo“Performance study on larger scintillator tile for granularity optimization at ILD AHCAL” 
ALCW2018, May 28 - June 1, Fukuoka International Congress Center
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Naoki Tsuji, The University of Tokyo“Performance study on larger scintillator tile for granularity optimization at ILD AHCAL” 
ALCW2018, May 28 - June 1, Fukuoka International Congress Center

Typical waveform
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Naoki Tsuji, The University of Tokyo“Performance study on larger scintillator tile for granularity optimization at ILD AHCAL” 
ALCW2018, May 28 - June 1, Fukuoka International Congress Center

Analysis
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Analysis range for beta-ray events

peak value

Charge distribution for beta-ray events
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[E
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nt
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[Single charge(10^10e)]

We fit the charge distribution by Landau distribution convoluted 
with Gaussian, and calculate the peak value. 

The number of photo-electrons is obtained by dividing peak value 
by single photoelectron charge.
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Naoki Tsuji, The University of Tokyo“Performance study on larger scintillator tile for granularity optimization at ILD AHCAL” 
ALCW2018, May 28 - June 1, Fukuoka International Congress Center
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analysis range of dark signal

Charge distribution of dark signal

Dark signal

1 p.e. charge
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[Single charge(10^10e)]

Single photoelectron signal from dark noise is looked for at off-
time window. 

Off-time window is set before the trigger timing to avoid the effect 
of after-pulsing and the tail of scintillation event.
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