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Motivation
• Pixel size of Digital HCAL is 10mm x10mm so far. 
• Digital HCAL has good capability for position 
measurement. 

• Analog HCAL has good performance on energy 
resolution. 

• and Semi-digital HCAL is being developed. 
• We think another way to make 10mm x 10mm segmented 
“full analog” HCAL by using scintillator strip technology. 

• potentially good performance is expected. 
• Challenge is to apply the strip splitting algorithm to the 
MIP like tracks close in hadron and EM cluster.
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Strip AHCAL
• We choose 90mm x 10mm scintillator because it 
covers the same area 9cm2 as 30mm x 30mm tile 
AHCAL. 

• Strip directions are orthogonal to those in the 
neighboring layers. 

• Effective segmentation is 10mm x 10mm.  
• Further improvement is expected with tile layers 
between strip layers. (alternative)
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Particle separation
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less than 200mm distance, 10mm x 10mm segmentation 
makes better separation than 30mm x 30mm.
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uds jet simulation and other
• uds Jet simulation on going 
• need Optimize Parameter 
• detector parameter 
• calibration 
• time window 
• etc. 

• Sc size 
• 10x10mm2, 15x15mm2 tile 
• 90x10mm2, 180x10mm2 strip 
• altanative option 
 (90x10mm2 with 30x30mm2) 

• PFA parameter
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Test Beam

• CERN PS TB at Oct. 2014 

• 4 Layers 

• DAQ system 
 EASIROC-NIM MODULE 

• Run stand alone
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MPPC and scintillator
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1600pixel MPPC 
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width 10mm 
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length 90mm



Scintillator Layer
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90mm strip layer x2180mm strip layer x2

36ch18ch

4layer 108ch 
no absorber use in this test beam



Trigger and DAQ
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LED calibration at Lab
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separation 1p.e. , 2p.e.
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breakdown Voltage 
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channel status Map
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channel status Map
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MIP event display
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Analysis status
• took 33M events at beam time. 

• half of 90mm strips can separate MIP peak. 

• all 180mm strips and other 90mm strips cannot 
separate MIP peak. 

• dead channels are 6ch. 

• now try temperature correction. 

• try MIP analysis of all data, apply SSA,  
extract det.eff. and response uniformity
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Next Test Beam Plan
• SPS test beam (next year) 

• Use HBU (strip Ver.) 

• 2mm Sc -> 3mm Sc (TDR thickness) 

• New MPPC 

• with absorber 

• take muon and 
 pion data
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HBU

10×90 mm2 × 144 channel 10×180 mm2 × 72 channel

4 Chips / HBU 2 Chips / HBUtile HBU strip HBU



Summery
• We are developing strip AHCAL. 

• Strip AHCAL has potential to have good position 
resolution. 

• need to study the simulation more. 

• took a lot of data at CERN Test Beam Oct. 2014. 

• analysis of test beam data on going. 

• plan next test beam at SPS next year
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Back Up
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Strip Splitting Algorithm(SSA)

• SSA recovers better position resolution to 
strip direction.
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Alternative option
• Further improvement is expected with tile 
layers between strip layers. 

• We install it to ILD detector model. 
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Jet Energy Resolution
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10mm x10mm segmentation 
 results are similar  

to 30mm x 30mm tiles.

With default  
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30x30mm2 
10x10mm2 
15x15mm2



setup
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Trigger and DAQ
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90Sr test
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events
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date event
1010 5,852,760
1011 4,491,974
1012 4,491,974
1013 3,694,628
1014 3,072,119
1015 3,466,431
1016 1,908,871
1017 blackout
1018 1,656,375
1019 2,838,432
1020 1,807,382
1021 5,010,846
sum 33,799,818
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EASIROC-NIM MODULE
• for MPPC 

• developed by KEK and OSAKA University 

• EASIROC Chip x2 

• 64 ch / module 

• + ADC, HV power supply 

• settable Individual bias voltage,gain,shaping time 

• controlled by PC via Ethernet 

• power needs 6V (NIM or AC adapter)
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EASIROC chip
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peak hold
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2.3 実際の測定の流れ
1. Ethernetケーブルを繋いだ状態で電源を投入。（10秒程で赤ランプ点灯）

2. プログラム (easiroc→ udpの順)を動作させてMPPCにHVを掛ける。

3. IN-HOLD端子にTRIG信号 or外部トリガー信号を入力。

4. peak位置が早過ぎると低い値で holdされてしまうので、peakが holdされる様
に IN-HOLDへ入力する信号のタイミングを調整する。または、アンプの時定
数（TimeCHGSSh○.txt）を調整する。（図 2.1、2.2）

図 2.1: 調整が不十分な場合、左や右のようになる。時定数や IN-HOLDの入力信号
のタイミングを調整して中央のようにする。

図 2.2: 青が IN-HOLDへの信号、黄が HG-OUT 。左図はHoldするタイミングが遅
いため peakをHoldできていない。delayを調整した結果が右図。peakをHoldでき
ていることが分かる。

5. DAQを start。(easirocプログラム 6番コマンド)
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DAQ
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Trigger and DAQ
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cell size vs Jet Energy Resolution
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3.3. The Hadronic calorimeter system

along the z axis towards the barrel/ end-cap gap. Alternatively, the 2nd version is segmented into 5
rings in z and 8 modules in azimuth. The signals are guided towards the outer perimeter in a similar
way as in the ECAL. The main advantage of the first is the accessibility of the module level electronics
and connections for maintenance and repair. On the other hand, the second provides superior rigidity
and less deformation in the transverse plane. In principle, both geometries can be combined with all
proposed technologies. However, the detailed engineering is presently being worked out for scintillator
in the first, and for gaseous readout in the second approach.

3.3.1 Detector optimisation
3.3.1.1 AHCAL design optimisation

Figure III-3.12
Optimization of the
hadron calorimeter
cell sizes. Left: Par-
ticle flow jet energy
resolution as a func-
tion of the AHCAL cell
size. Right: Single K

0

energy resolution for
particles showering in
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di�erent cell sizes.
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The parameters of the AHCAL have been optimised using full detector simulations with particle
flow reconstruction, comparing the performance for di�erent design parameters. Of particular relevance
are the thickness of the calorimeter and the cell size. The former strongly influences the energy
resolution at higher jet energies due to potential leakage out of the back of the detector, while also
driving the size of the solenoid, and the latter is crucial for the two-particle separation but also a�ects
the overall system cost and complexity due to the impact on the channel count.

Figure III-3.12 left shows the particle flow performance as a function of the lateral segmentation
of the AHCAL readout layers. It is apparent that going below a size of 3 ◊ 3 cm2 does not provide
substantial advantages, while larger cells lead to reduced performance, resulting in the choice of 3 ◊ 3
cm2 for the size of the AHCAL scintillator tiles. With the same studies, the depth of the calorimeter
was optimized. In order to not reduce the performance at 1 TeV, where typical jet energies are up to
250 GeV, a depth of 48 layers, corresponding to 6 ⁄I was chosen.

3.3.1.2 SDHCAL design optimisation

The fine granularity of the hadronic calorimeter is an important asset to provide an excellent tracking
capability needed for PFA but this is not the only element in favor of high granularity in the case
of the SDHCAL. The energy measurement performance of the SDHCAL depends essentially on its
capability to account for the particles produced within the hadronic shower. It is then necessary to
find the best cell size which allows one to account for the many tracks produced in the hadronic
shower. The first optimization studies indicated that a few mm cell size is the one which leads to
the best energy resolution using a simple binary readout. However, this leads to a huge number
of electronics channels (more than 200 million) making the technical realization of such a detector
extremely complicated. In order to reduce this number without deteriorating the physics performance
a compromise was found. It consists of choosing larger cell size while going from a simple binary to a
three-threshold electronics (2 bit) readout. The role of the di�erent thresholds is to help separating
among one, few and many particles crossing the same cell. A detailed study using a full ILD detector

Detectors: ILD Detailed Baseline Design ILC Technical Design Report: Volume 4, Part III 231

from TDR



Uniformity of response
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90Sr test
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