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•Scintillator-Tungsten ECAL

•Scintillator strip (45mm×5mm×t2mm) read out by SiPM


•Virtual segmentation of 5×5mm2 by strips aligned alternately in horizontal and vertical orientations


•Significant reduction of readout channels(108→107) retaining performance


•Cost reduction


•Power consumption reduction→ advantageous especially for CEPC

Sc-ECAL in a Nutshell

(GeV)duEnergy of One Jet 
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Jet energy resolution (MC)

MC

Particle Flow Calorimetry Felix Sefkow     Tokyo, March 11, 2016 

Particle flow technologies

35
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Assembling procedure 

6mm(active area) + 5mm(steel) =  
11 mm thickness 

Gas 
outlet 

     HV  
connection 

Gas 
inlet 

PCB support (polycarbonate) 
PCB (1.2mm)+ASICs(1.7 mm) 

Mylar layer (50µ) 

Readout ASIC 
(Hardroc2, 1.6mm) 

PCB interconnect 
Readout pads 
(1cm x 1cm) 

Mylar (175µ) 

Glass fiber frame (≈1.2mm) 

Cathode glass (1.1mm) 
+ resistive coating 

Anode glass (0.7mm) 
+ resistive coating 

Ceramic ball spacer (1.2mm) 

Gas gap 

Structure of an active layer of the SDHCAL 

Large GRPC R&D 

#   Negligible dead zone 
    (tiny ceramic spacers) 
#  Efficient gas distribution system 
    (channeling gas inlet and outlet) 
#  Homogenous resistive coating 
   (special paint mixture, silk screen print)   
 

• Silicon (ECAL) 
– most compact solution, stable 

calibration 
– 0.5 - 1 cm2 cell size 
– MAPS pixels also studied 

• Scintillator SiPM (ECAL, HCAL) 
– robust and reliable, SiPMs.. 
– ECAL strips: 0.5 - 1 cm eff. 
– HCAL tiles: 3x3 cm2 

• Gaseous technologies 
– fine segmentation: 1 cm2 
– Glass RPCs: well known, safe 
– MPGDs: proportional, rate-

capable 
• GEMs, Micromegas

12µm 

Ghost

3
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•Physics prototype

•Scintillator ( ) readout by 

WLS fibre+SiPM


•Demonstrated good performance (energy 

resolution and linearity) using 2-32GeV 

electron at Fermilab

45 × 10 × 3 mm3

Brief History
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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Non-linearity < ±2%

•Technological prototype: single layer

•Scintillator strip ( ) directly 

coupled to SiPM


•Strips are assembled on PCB with integrated 

readout electronics (“EBU”)


•144 strips/EBU readout by 4 ASICs (SPIROC2b)

45 × 5 × 2 mm3

•Technological prototype: full layer

•Joint R&D with CEPC-ECAL group


•Scintillator strip ( ) with SiPM


•32 layers, 


•210ch /EBU

45 × 5 × 2 mm3

∼ 23.4 X0

MPPC array  
on EBU

Strip assembly (144 
strips) for EBU

EBU

Interface boards

4

We are here
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•Large technological prototype of Sc-ECAL

•Jointly developed by R&D groups for CEPC and ILD


•Full layers (32 layers)


•Detection layer of 210×225mm2 with 210 scintillator-strips


•30 layers with single SiPM readout


•2 layers with double SiPM readout


•Absorber plate (3.2mm-thick 15%-85% Cu-W alloy)


•Total material thickness 23.4 X0

Large Prototype

Large prototypeDetection layer on EBU

2

Scintillator
PCB

SiPM

LED

…

LayerID 0 1 2 3 4 27 28 29

S12571-015PSiPM type S12571-010P S12571-015P

Detection layer
Absorber layer

30 31

Double-side  
readout layer

Strip-SiPM coupling

2

Scintillator
PCB

SiPM

LED

…

LayerID 0 1 2 3 4 27 28 29

S12571-015PSiPM type S12571-010P S12571-015P

Detection layer
Absorber layer

30 31

Double-side  
readout layer

Layout of detection layers
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•Super-layer

•Composed of two sets of EBU and absorber plate


•Strips are aligned alternately in horizontal and vertical orientations


•16 super-layers in total

Large Prototype

Super-layer mounting

11

• One super-layer is an independent unit
• One super-layer consists of two EBU and inserted by two absorber layers

Top view Bottom view

Two absorber layers

Support structure

Two EBU&DIF layers

Some screws

•Mechanical structure


•Mechanical structure with slots for super-layer modules


•Whole setup can be rotated by  for cosmic ray test


•Air-cooling fans at both sides

17 ×

90∘
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7Large Prototype

DAQ

Data analysis flow

7

Raw Data to 
Root Files

Data Collection of Sc-ECAL

Analysis 
Process

Binary 
Data

Pedestal subtracted
ADC calibration
TDC calibration
Event selection

...

Event 
Display

Header part

ASIC part

Temperature part
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•No beam test performed yet due to pandemic

•Sc-ECAL/CEPC-AHCAL combined test beam at CERN SPS in October 2022 


•Long LED run (~1 month)

•SiPM calibration (gain, cross-talk, after-pulsing)


•Electronics calibration


•Stability test


•Long cosmic ray run (~3 month)

•MIP calibration


•Stability test


•Performance study


•Detection efficiency, position resolution


•Study with cosmic-ray induced shower

Large Prototype

Commissioning

Prototype rotated by 90° for cosmic-ray test
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•Performance measurement with cosmic ray track


•Detection efficiency

•~85% 


•Inefficiency due to threshold and gap between strips


•Position resolution

•1.5-2.3mm

Large Prototype

Performance
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•Long-term stability

•SiPM gain


•Very stable over one month


•MIP gain


•Constant decrease of 5-10%/3months


↔ 1-2%/year @T2K ND280/INGRID


•Under investigation. Electronics or scintillator?

Large Prototype

Performance
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•Study with cosmic-ray induced shower

•Good agreement between data and MC


•Small deviation for higher energy event


•Likely due to problem of CR energy distribution in MC

Large Prototype
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• Timing capability recognised as additional value by Sc-ECAL group  
•Particle ID for charged hadron to cover inaccessible momentum region by dE/dx


•Rejection of pileup/off-timing BG


•Rejection of slow neutron events


•Improve PFA performance


•Hit position reconstruction in double SiPM readout


•…

Effect of TOF (res. 50ps) on particle ID performance

U. Einhaus, arXiv:2110.15115 

2F. An, S. Prell, C. Chen, J. Cochran, X. Lou, and M. Ruan, Monte Carlo Study of Particle Identification at the CEPC Using TPC dE / 
Dx Information, Eur. Phys. J. C 78, 6 (2018).

Motivation

• An effective  identification: 
dE/dx information has not enough 
separation for charged particles 
( ) in specific momentum 
region. TOF information could be a 
valuable compensation for it. 

• Better PFO clustering (cluster 
fragments identification) can be 
achieved with the cluster TOF 
information.

K±/π±/p±

K±/π±/p±

Separation power of cluster TOF with resolution of 50 ps.[1]

Truth cluster TOF distribution of real photon and fake 
photon clusters.

Truth cluster TOF distribution of real photon and fake photon clusters (CEPC)

Po
si
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]

Hit position resolution with double SiPM readout

(Measured)
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• What we could do with scintillator+SiPM system? 

• Our experience on similar detector in MEG II experiment 
•Scintillator plate read out by multiple SiPMs connected in series


•Time pickup by waveform analysis (constant fraction)


•Excellent timing resolution down to  with the best configuration


•Fast scintillator (BC-422): 


•6x SiPM ( , pixel pitch: )


•Expected  with ~100 photoelectrons

40 ps

60 × 30 × 5 mm3

3 × 3 mm2 50 μm

70 − 80 ps

CHAPTER 4. TIMING COUNTER 54
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Figure 4.13: Time resolution dependence on manufactures. Scintillator is 60×30×5 mm3

of BC422. Three SiPMs are attached at both ends of scintillator.
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Figure 4.14: Time resolution dependence on number of SiPMs. BC422 scintillator of size
of 90×40×5 mm3 attached 3, 5, and 6 AdvanSiD SiPMs (NUV3S-P-50) in series.

CHAPTER 4. TIMING COUNTER 51

Components Optimal Manufacture

Plastic Scintillator BC-422 Saint-Gobain
Size of Scintillator 120×40/50×5 mm3 –
Reflector enhanced specular reflector (ESR) 3M
SiPM ASD-NUV3S-P-High-Gain AdvanSiD
Number of SiPMs 12 (6 on each end) –
Connection of SiPMs series –

Table 4.1: Summary of single counter components optimized by comparison test.
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Figure 4.9: Resolution dependence on the energy deposit. Scintillator is BC418 (Saint-
Gobain) with 90×40×5 mm3. Two type of SiPMs, S10943-2547(X) from HAMAMATSU
(Red), and NUV Type from AdvanSiD (Blue), are used. [29]

Table 4.2: Properties of ultra-fast plastic scintillators from Saint-Gobain. The properties of
BC-404, which was used in the previous timing counter bar, is also shown for comparison.
Properties BC-418 BC-420 BC-422 BC-422Q BC-404

Light Outputa) (% Anthracene) 67 64 55 19 68
Rise Timea) b) (ns) 0.5 0.5 0.35 0.11 0.7
Decay Timea) (ns) 1.4 1.5 1.6 0.7 1.8
Peak Wavelengtha) (nm) 391 391 370 370 408
Attenuation Lengtha) (cm) 100 110 8 8 140
Time Resolutionc) (ps) 48± 2 51± 2 43± 2 66± 3 –
a)From Saint-Gobain catalogue [30].
b)Those values are dominated by the measurement setup. The intrinsic values are much faster. For

example, a BC-422 rise time of <20 ps was reported in [31].
c)Measured value in [32] with 60×30×5 mm3 sized counter read-out with 3 HPK SiPMs (S10362-33-

050C) at each end.

on z as shown in Fig. 4.11. Hence we found that optimal height is 50 mm for |z| <∼ 70 cm
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Fig. 1. Test setup for measurements of the counter time resolution. RC
denotes the reference counter. See the text for details.

dimensions are defined by the length (L), width (W ) and
thickness (T ) of the scintillator plate, and always written as
L⇥W ⇥ T in this paper. Three SiPMs are optically coupled
to each W ⇥ T plane of the scintillator with optical grease
(OKEN6262A). The signals from the three SiPMs are summed
and readout on a channel as described in detail later.

The counter is irradiated by electrons from a 90Sr source
(Ee < 2.28 MeV), and the impact point is selected by means
of a small (5 ⇥ 5 ⇥ 5 mm3) reference counter placed behind
the test counter. The reference counter is made from BC422,
wrapped in Teflon tape and readout by an HPK SiPM S10362-
33-050C. The time measured by this reference counter is used
as a time reference. The mean energy deposited in the test
counter (5 mm thick) is evaluated to be 0.95 MeV by a Monte
Carlo simulation for events selected by requiring more than
0.5 MeV energy to be deposited in the reference counter. These
counters are put in a thermal chamber at a constant temperature
(23�C for the standard measurement).

The signal from the SiPM chain at each end of the counter
is transmitted on a 7.4-m long coaxial cable (standard RG174
type) to an amplifier and then readout by the fast sampling
waveform digitizer DRS4 [12], mounted on the DRS4 evalu-
ation board V4 with an analog bandwidth of 750 MHz [13].
This electronics chain, with SiPMs and amplifiers separated
by a long cable, is convenient for many applications because
of space and other environmental limitations at the counter.
This setup simulates that expected in the MEG II experiment.
The amplifier2, whose circuit schematic is shown in Fig. 2, is
based on a two-stage voltage amplifier with pulse shaping. The
analog pulse shaping is optimized for time measurement and
uses a pole-zero cancellation circuit to select the fast, leading-
edge part of the signal and to restore quickly a stable baseline,
as shown in Fig. 3.

The biasing scheme for the SiPMs is also shown in Fig. 2.
A positive bias voltage from the amplifier board is supplied to
the SiPM chain through the signal line. In this bias and readout
scheme, the polarity of the SiPM signal is negative. To match
the DRS4 dynamic range, the signal is inverted at its input by
a transformer (ORTEC IT100, bandwidth of 440 MHz).

The signal time is measured by analyzing the waveform as
described in Sec. II-F. The electron impact time is computed
by the average of the signal times measured at the two ends
of the test counter, tcounter = (t1 + t2)/2.

2The circuit was designed at the Paul Scherrer Institut by U. Greuter
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Fig. 2. Circuit diagram of the amplifier board with equivalent input
impedance of 40 ⌦, bandwidth of 800 MHz (3 dB limit), and overall
transimpedance gain of 970 ⌦.
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Fig. 3. Comparison of average pulse shapes of scintillation signal (BC422)
with HPK SiPM readout (S10931-050P with 3 in series and 2.0 V over-
voltage) with (solid line) and without (dashed line) the analog shaping. These
pulse shapes are obtained by averaging the signal waveform data over several
thousand events.

B. Setup for SiPM characterization

In a preliminary study, we investigated the single sensor
performance of each type of SiPM, not attached to the scin-
tillator. In this study, the pulse shaper on the amplifier board
was bypassed in order to get a higher signal-to-noise ratio in
the charge measurement of small signals.

Dark signal data were taken by random triggering. A dark
count rate is calculated from the probability of observing zero
fired pixels P (Nfired = 0) in a fixed time window. Assuming
Poisson statistics, we calculate the average number of dark
counts in the time window as �dark = � lnP (Nfired = 0).

A cross-talk probability is calculated from the ratio
P (Nfired � 2)/P (Nfired � 1) after correcting for the acci-
dental coincidence of dark pulses.

For a relative comparison of the SiPM PDEs for NUV
light, an ultraviolet LED (Toyoda Gosei E1S19-0P0A7), with
wavelength (370–410 nm) approximately matching that of fast
plastic scintillators, is installed in the thermal chamber. The
SiPM signal was taken in synchronization with the timing of
the LED pulsing. The LED intensity was adjusted so that the

CHAPTER 4. TIMING COUNTER 51

Components Optimal Manufacture

Plastic Scintillator BC-422 Saint-Gobain
Size of Scintillator 120×40/50×5 mm3 –
Reflector enhanced specular reflector (ESR) 3M
SiPM ASD-NUV3S-P-High-Gain AdvanSiD
Number of SiPMs 12 (6 on each end) –
Connection of SiPMs series –

Table 4.1: Summary of single counter components optimized by comparison test.
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Figure 4.9: Resolution dependence on the energy deposit. Scintillator is BC418 (Saint-
Gobain) with 90×40×5 mm3. Two type of SiPMs, S10943-2547(X) from HAMAMATSU
(Red), and NUV Type from AdvanSiD (Blue), are used. [29]

Table 4.2: Properties of ultra-fast plastic scintillators from Saint-Gobain. The properties of
BC-404, which was used in the previous timing counter bar, is also shown for comparison.
Properties BC-418 BC-420 BC-422 BC-422Q BC-404

Light Outputa) (% Anthracene) 67 64 55 19 68
Rise Timea) b) (ns) 0.5 0.5 0.35 0.11 0.7
Decay Timea) (ns) 1.4 1.5 1.6 0.7 1.8
Peak Wavelengtha) (nm) 391 391 370 370 408
Attenuation Lengtha) (cm) 100 110 8 8 140
Time Resolutionc) (ps) 48± 2 51± 2 43± 2 66± 3 –
a)From Saint-Gobain catalogue [30].
b)Those values are dominated by the measurement setup. The intrinsic values are much faster. For

example, a BC-422 rise time of <20 ps was reported in [31].
c)Measured value in [32] with 60×30×5 mm3 sized counter read-out with 3 HPK SiPMs (S10362-33-

050C) at each end.

on z as shown in Fig. 4.11. Hence we found that optimal height is 50 mm for |z| <∼ 70 cm
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14Timing
• Study on dedicated timing layer 

•Time resolution with standard strip-SiPM configuration: 


•Dedicated timing layer with scintillator tile + larger SiPM under consideration


•Target resolution  (from MEG II experience)


•Tile layer would also help mitigating ghost hit in strip layers


• Test bench measurements 
•Scintillator tile


• 


•standard (EJ200 (=BC408)), fast (EJ232 (=BC422))


•SiPM: MPPC S14160-3050HS ( , pixel pitch: )…


•Resolution down to 


•Still a bit worse than that for MEG II detector even with larger 


•Optimisation in progress (scintillator quality, multiple SiPM connected in series, SiPM coupling, …)

300 − 400 ps

∼ 50 ps

15 × 15 × 3 mm3

3 × 3 mm2 50 μm

∼ 87 ps

Npe

Prelimina Prelimin

Dimple 
readout

Double-
side 
readout

MEGⅡ Central readout 
(BC422)

rise time 1.7ns 1.7ns 1.2ns 2.1 ns
S/N 89 82 103 48
Light yield 200 p. e. 211 p. e. ~100 p. e. 43 p.e.
time 
resolution

112 ps 87 ps ~80 ps 182 ps
(if *!"#$$%"

= 88 ps)
time res
∗ LY

[ns , p. e. ]

1.6 1.3 ~0.8 1.2

BC422 time resolution measurement

Dimple readout
Double-side 
readout
MEGⅡ
Central readout 
(BC422)

Template waveform
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15More Realism in Simulation
SiPM saturation 

(measured with UV laser)

Position dependence of light yield
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• Realistic conditions to implement in simulation 

•SiPM saturation


•Hit position dependence of light yield


•Misalignment between strip and SiPM


•Gap between strips (deal area)


•…
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16Remaining Challenges

• Performance evaluation in beam test 
•Standalone beam test at IHEP BSRF (leakage electron from synchrotron radiation beam line)


•Combined beam test at CERN with Sc-ECAL and CEPC-AHCAL in Oct 2022


• Engineering work for large scale production 
•Scintillator production (injection moulding)


•Automated assembly system


•System for QC/QA


→More reliable cost estimate


• Readout electronics 
•Power pulsing operation


•Long slab


•Electronics dedicated for timing 


• Infrastructure design for ILD 

• Most urgent R&D items from CEPC viewpoint 
•Low-power and high-performance SiPM readout ASIC


•Active cooling


• No significant progress to address the issues 
•No sufficient manpower and funding for both Chinese and Japanese sides


•Newcomers would be welcome in these area

2020/5/29 28

Prototype assembly

Cutting

Grooving

Cleaning

Polishing

Packing

Annealing

Strip wrapping and assembly on EBU was done by hand (Shanghai 
Institute of Ceramic) 


