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sandwich cal.
• measured energy in scintillator ~ 
dE/dX 

• follow shower development
• need separation layer by layer 
• PFA requires fine segmentation
• to reduce # of channels
• strip structure 
• X&Y strip combination fine gran.

SCECAL-scintMPPC @ TILC09   T.T.



scintillator strip
• Extrusion method
• suitable for long strip
• hole & TiO2 shielded 

Scintill

Extru

Misung chemical Co. in Korea

SCECAL-scintMPPC @ TILC09   T.T.

10x3mm2



strip shielding

• improvement of uniformity 
• by removing TiO2 and putting 
reflector film

Extruded scint.

MPPC TiO2cover reflector shield

PET (25µm)
Anchor layer
Evaporated Ag layer 
Top coat layer
Adhesive layer
Evaporated Al layer 
PET(25µm)

Total 57μm thickness Kimoto
reflector
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scintillator

fiber reflector
TiO2 cover makes 
uniformity worse
need reflector shield 
for each strip



felt cloth(1,2,3,4,5,6,7)

radiant film(5,6,7)

radiant film(3,4,7)

radiant film(1,2,7)

radiant film(1,2,3,4,7)

radiant film(1,2,3,4)

radiant film(1,2,3,4,5,6,7)

PET-TiO2(3,4) red {1,2,5,6,7)
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WLSFiber to MPPC
•MPPC : 1mm x 1mm square
•WLSF : 1mm diam.
• add shading collar 

Fiber

~25% of MPPC

shading collar

reflector shading collar 

MPPC
Position dep. of light
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SCECAL-scintMPPC @ TILC09   T.T.



WLSF and strip
• relative position precision
• 0.1mm required 

Distance from center of fiber(   m)
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MPPC statistics 

MPPC No
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Graph

• comparison between our own and HPK 
• for 3000 MPPCs

Vop(HPK)

Vbreakdown

serial number
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monitoring system
light injection through clear fiber with 

notches
Optical fiber0.2mm deep notch 0.4mm deep notchLED

scintillator strips

0.4mm deep

VCALIB:150

p.e. 
0.2mm deep

VCALIB:255

p.e. 

strip #

holes

holes
Optical fiber SCECAL-scintMPPC @ TILC09   T.T.
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monitoring system
light injection through clear fiber with 

notches
Optical fiber0.2mm deep notch 0.4mm deep notchLED

scintillator strips

0.4mm deep

VCALIB:150

p.e. 
0.2mm deep

VCALIB:255

p.e. 

strip #

holes

holes
Optical fiber SCECAL-scintMPPC @ TILC09   T.T.
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gain monitoring at FNAL
• LED light distribution with fibers 

ADC 

1 p.e.

30% fit-failed time in 10 days

monitored gain in adc ch

10%



at FNAL
• construction
• test
• assembly

SCECAL-scintMPPC @ TILC09   T.T.



scintillator ECAL 
• strip ECAL  2000 ch 
• tested at Fermilab CALICE

e-shower

r-shower SCECAL-scintMPPC @ TILC09   T.T.



strip uniformity 
•measure at FNAL with X-Y config.
• by MIPs
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x - position

1 2 3 4 5
x - position

relative output

SCECAL-scintMPPC @ TILC09   T.T.

relative output at 4.5cm



strip uniformity 
•measure at FNAL with X-Y config.
• by MIPs
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relative output

Ratio of response at  0 mm/45 mm
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Entries  2160

Mean   0.8828

RMS    0.04274

Underflow       0

Overflow        0

Integral    2160

uniformity

mean: 0.883

RMS: 0.042

All 2160 channels

SCECAL-scintMPPC @ TILC09   T.T.

relative output at 4.5cm



• 5mm wide scintillator
• without WLS Fiber
• looks  uniform enough

finer segmentation
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summary & outlook
• scintillator ECAL looks promising for ILC 
ECAL

• improvement & understanding for much 
uniform response in progress

• shielding with reflector film
• shading collar
• finer segmentation can be fulfilled 
• MPPC has to have more pixels

SCECAL-scintMPPC @ TILC09   T.T.


