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LHC-ATLAS実験における
H→ττ→lepton-leptonを用いたHiggs粒子の探索

• Strip unit 
• MPPC 
• EBU

• Strip unit 
• EBU

• MPPC 
• Simulation

• Hybrid
University of Tsukuba
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• Strip
• Simulation
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•Based on scintillator strips readout by SiPM (MPPC) 
•Virtual segmentation (~5×5mm2) with strips in x-y 

configuration  
•Reduced number of readout channels :108 →107 

•Reconstruction with Strip Splitting Algorithm (SSA) 

•Performance comparable to pure 5×5mm2 pixel 
•Timing resolution < 1ns 
•Low cost
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ScECAL R&D: Brief History
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Table 3: Uncertainty estimated from the deviations of the expected values of measured energy deposit
among runs.

Beam momentum (GeV/c) Deviation (%)
2 0.31
4 0.23
8 0.27
12 0.81
15 0.45
20 0.66
30 0.10
32 0.10

Table 4: Total systematic and statistical uncertainties of measured deposited energy.

Uncertainty (%)
Beam momentum (GeV/c) statistical systematic

2 0.030 0.49
4 0.022 0.38
8 0.013 0.38
12 0.014 0.84
15 0.012 0.48
20 0.012 0.80
30 0.014 0.27
32 0.018 0.29

Figure 6: Response linearity (left) and the intrinsic energy resolution (right) of the ScECAL with the
statistical and systematic uncertainties. The contribution from beam momentum spread has been subtracted
from the energy resolution, as described in Section 3.1.

terms, respectively. The systematic uncertainties are estimated assuming that the beam mo-172

mentum spread is correlated between all beam momenta. The systemic uncertainties associated173
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•Physics Prototype 
•Scintillator strip (45×10×3mm) readout by 

WLS fibre+MPPC 
•Demonstrated good performance (energy 

resolution and linearity) using 2-32GeV 
electron at Fermilab
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•Technological Prototype 
•Scintillator strip (45×5×2mm) readout by 

MPPC 
•Strips are assembled on PCB with 

integrated readout electronics (“EBU”)

MPPC array  
on EBU

2-32GeV electron @ Fermilab

Non-linearity < ±2%

Strip assembly (144 
strips) for EBU

EBU

Interface boards
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Test Beam at DESY in 2012/2013
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3GeV e-

Pseudo-shower generated 
in W-absorber

ECAL HCAL

•Technological prototype tested at DESY test 
beam  

•Two EBU layers in x-y configuration 
•144 strips/EBU readout by 4 ASICs (SPIROC2b) 
•Bias control for individual channels 
•TDC 
•Power-pulsing capability (not yet demonstrated)

Combined measurement with ECAL and AHCAL
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Photosensor 
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•Requirements for ScECAL photosensor 
•Compact  
•High gain/PDE 
•Low dark count rate 
•Wide dynamic range to cover up to BhaBha event (≲~30k p.e.) 
•Low cost 

•Current best candidate: Hamamatsu MPPC (active area: 1×1mm2) 
•Recent progress for Hamamatsu MPPC 

•Lower dark count rate <100kHz/mm2 

•Lower after-pulse rate 
• Improved active area coverage by using metal quench resistor 
•Lower cross-talk rate (not yet applied to 10k-pix MPPC) 

•10k-pix MPPC is now being tested. 
•Showed much wider dynamic range 
•Drawback: lower gain/PDE 
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10000 pixel MPPCの応答特性

!11

10000 pixelはかなりダイナミックレンジが広い！

10000 pixelも1600 pixelと同様に!
シンチレータをつけた事による出力の上昇を確認！

10000 pixelのRC時定数~1.6 ns

10000 pixel＋シンチレータ

10000 pixel単体

1600 pixel＋シンチレータ

10000 pixel＋シンチレータ

T. Honda
1600 pix

2500 pix

T. Honda

(Scintillation)

(Scintillation)

Fast laser

Scintillation
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•Further optimisation of design of scintillator strip-MPPC unit  
•Bottom-side readout at wedge-shaped strip end 
•Yet another design  
!
!

Strip-MPPC Unit Design
“Scintillator ECAL  R&D Status”, W. Ootani,  ILD meeting 2014, Sep. 8, 2014, Oshu City, Iwate

45 mm

1 mm

MPPC

sensor

4 mm
0.5mm

MC

0.25 mm

1x1mm2 0.25x4mm2

MPPC

Baseline design
Scintillator strip
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Bottom-side MPPC Readout
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Baseline design

Bottom side readout design

MPPCScintillator
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•Bottom-side readout with wedge-shaped strip end 
•No dead area due to MPPC package 
•Reasonably high light yield 
•Good uniformity 
•Readout by surface-mount MPPC embedded in PCB 
!
!

S. Ieki
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Scintillation Photon Simulation
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各デザインの特徴

# of p.e.(PDE:0.3) 一様性

wedge 24(MPPC position:1.0mm) good

tapered!
wedge

27(MPPC position:1.5mm) good

single_side!
tapered

25(MPPC position:1.5mm) not good

single_side!
tapered2

33(MPPC position:0.5mm) very good

新デザインの検証

13

•A Geant4-based simulation tool for scintillation photon tracking in strip 
unit is under development for optimisation study. 

•Parameters to be tuned 
•Light yield 
•Attenuation length 
•Reflection model at surface 
•… 

•Optimal parameters roughly reproduces the measurement. 

6

Geant4 optical simulation!
!
主な条件!
シンチレーター!
　材質：ポリスチレン!
　減衰長：100[cm]!

　light yield：10.0[/keV]!
反射材!
　空気層：あり!
　反射率：98%(一定)!

MPPC!
　受光面：1.0mm×1.0mm

新デザインの検証

keeping direction：90%!

diffuse：10%

σα=0.1[rad]incident photon

keeping direction

diffuse

空気 , 反射材側

scintillator側

Uniformity

Reflection model

Simulation result

T. Tsuzuki
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CERN Test Beam 2014
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•Joint test beam experiment of AHCAL and ScECAL at CERN PS 
•1st period: 8-22 Oct. 2014 

•EUDET steel stack 
•2nd period: 26 Nov. - 8 Dec. 2014 

•Tungsten stack 
•Purpose from ScECAL viewpoint 

•Shower start finder for AHCAL layers 
•Test three EBU layers incl. two new ones. 

•2× standard strip-MPPC unit + 1× bottom-side readout 
•Test 10k pix MPPC

Katja Krüger  |  Testbeam preparation  |  14 July 2014  |  Page  10/11

Setup at CERN

> Beam area in T9: need to remove everything between beam times

> Staging area: 
 available before to assemble and test the detector, and to do LED calibration

 Detector on platform will be moved by crane to beam area

CERN PS T9

EUDET(steel stack) Tungsten stack

• Test some mass-production conscious 
assembly procedures
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•Configuration of EBU/HBU layers

CERN Test Beam 2014
“Scintillator ECAL  R&D Status”, W. Ootani,  ILD meeting 2014, Sep. 8, 2014, Oshu City, Iwate

Mathias Reinecke  |  Testbeam preparation  |  July 14th, 2014  |  Page 3 

CERN Testbeam Setup 

> 10 layers with single HBU/EBU as shower-start-finder 

> Up to 3 layers with 2x2 HBUs for shower measurement 

> 1 spare 2x2 layer. 

Layers 
1. EBU vertical(bottom-side readout) 
2. EBU horizontal (baseline readout) 
3. EBU vertical (baseline readout) 
4. SM HBU(NIU) or HBU2 Ⅸ 
5. HBU2 Ⅷ 
6. HBU2 Ⅶ 
7. HBU2 Ⅵ

8. HBU2 Ⅹ 
9. HBU2 13 
10. HBU2 14 
11. 4 x HBU2 Ketek 
12. 4 x HBU3 Ketek 
13. 4 x HBU3 SensL 
14. 4 x HBU3 (spare)

Beam
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•EBU with baseline readout method 
•MPPC 

•2nd EBU: 1.6k-pix + 10k-pix 
•3rd EBU: 1.6k-pix 

•1.6k-pix: S10362-11-025p 
•10k-pix: S12571-010p 

•Scintillator: Kuraray SCSN38 (2mm 
thick) 

•Reflector: Kimoto Ref-white 
•Light yield: ~15 p.e. (Sr-90)

2nd/3rd EBU
“Scintillator ECAL  R&D Status”, W. Ootani,  ILD meeting 2014, Sep. 8, 2014, Oshu City, Iwate

AssemblyBottomBaseline

Bottom side readout design
Setup
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Longitudinal EBU, 2nd layer EBU + MPPC + Scintillator

MPPCs
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1st EBU
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Scintillators

Setup

Intermediate board  
small board with MPPC

EBU

MPPC

wire from MPPC

Baseline design

Bottom side readout design

Scintillator
EBU

Scintillator
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EBU is designed for baseline design, so we have to change the wiring. 
We made intermediate boards to change wiring and it also works as spacer.

← We align scintillators like this.

4 boards for 1 EBU MPPCs

•EBU with bottom-side readout method 
•MPPC: 10k-pix (S12571-010p) 
•Scintillator: Eljen EJ-204 (1.8mm thick) 
•Reflector: 3M ESR 
•Secondary PCB where surface-mount 

MPPC is embedded. 
•Temporary solution just to use existing EBU 
•MPPC will be embedded directly into EBU in 

the real detector. 
•Light yield: ~11p.e. (Sr-90)

MPPC soldered on small PCB

AssemblyBottomBaseline

Bottom side readout design
Setup
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18cm

作業上の注意点
!
1. 作業をするときは手袋を着用する。素手でシンチやリフレクターを触らないこと。 
2. 傷や汚れのあるシンチはなるべく使わない。(予備は56本あり) 
　 汚れのあるシンチを使う場合は、イソプロピルアルコールとキムワイプを使って拭く。 
　 エタノールは使用しないこと。(LEO参照)　 
3. リフレクターの予備は各種14枚ずつ。 
 　 最初はミスが重なる恐れがあるので全員で同じ種類から取りかからないように注意する。 
4. 作業手順は全員で統一する。p.4以降にて説明。 
5. リフレクターをとめるのには新しく購入したカプトンテープを使う。(厚さ統一のため) 
　 カプトンテープはシンチとMPPCが接する面の反対側の面にのみ貼りつける。 
　 カプトンテープは2枚以上重ねて貼らないようにする。 
6. エアダスターはシンチを変質させる可能性があるので使用しない。

3

リフレクターの写真

折り目がはっきり見える面が非反射面。（レーザーを打ち込んでいる面） 
反射面がシンチに接するようにリフレクターを巻く。 
折り目の部分はハーフカットしてある。（レーザーの強さを弱く調節して切っている） 
折り目を非反射面から見て山折にする。(一意にしか巻けないので各自確認)

Scintillator + reflector

Reflector (laser cut) half-cut
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Realistic Simulation
“Scintillator ECAL  R&D Status”, W. Ootani,  ILD meeting 2014, Sep. 8, 2014, Oshu City, Iwate

•Realistic simulation of ScECAL for reliable performance study 
•N.B. only energy deposit in DBD study 

•Response parameters still to be optimised. 
•Effect on the performance is being evaluated.

  

Cells -> strips                  absorption along strip                    finite p-e

Finite #pix                      spread in pixel resp            elec noise, npix uncert

ScECAL

D. Jeans
Response of scintillator strip to muon (LY=7 p.e./MIP)
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Mass Production Model
“Scintillator ECAL  R&D Status”, W. Ootani,  ILD meeting 2014, Sep. 8, 2014, Oshu City, Iwate

•Mass production model is now under study including estimates of 
•Schedule 
•Cost 
•Manpower

Ω Ω

ΩΩ

scintillator strip production

injection molding wrapping/spattering
for light shield 

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 2014 with numbers in barrel

MPPC test 

7x106 pieces 2x05 ladders

2EBU/FTE/days
including test 

>> 2.5x104 FTEday
>>>25 FTEs
(5x104 EBU)

6x103 slb.

40 alv.

5x104 EBU

assumption: 5 years of producton
200days/year working days

1000 days

600MPPC/FTE/days
including test 

>> 1.2x104 FTEday
>>>12 FTEs

(7x106 MPPC)

24ASIC/FTE/days
including test 

>> 1x104 FTEday
>>>8 FTEs

(2x105 ASIC)

24Board/FTE/days
including test 

>> 2x103 FTEday
>>>2 FTEs

(5x104 board)

104strip/FTE/days
>> 7x102 FTEday

>>>1 FTEs
(7x106 strips)

103ladder/FTE/days 
>> 2x102 FTEday

>>>1 FTEs
(7x106 strips)

1slb/FTE/days 
>> 6 x103 slabs

includ. installation
>>>6 FTEs
(6x103 slb)

installation
>>>4 FTEs
(40 alvela)

7x104strip/FTE/days
>> 7x102 FTEday

>>>1 FTEs
(7x106 strips)

Prelim
inary
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Summary and Perspectives
“Scintillator ECAL  R&D Status”, W. Ootani,  ILD meeting 2014, Sep. 8, 2014, Oshu City, Iwate

•R&D on scintillator-based ECAL is in progress. 
•Further optimisation studies are ongoing. 

•New10k-pix MPPC was successfully tested and showed a much wider 
dynamic range. 

•New designs of strip-MPPC unit are under study. 
•Plan to test new EBUs in CERN TB in autumn 2014 (joint exp. with 

AHCAL) 
•Simulation with more realistic detector response 
•Mass production model is under study. 
•We are now shifting to R&D to be ready for construction. 
!
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scint. thick MC stochastic(%)
3 mm 13.4
2 mm 14.6
1 mm 16.7

prototype size
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