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Introduction

* Two work groups on Sc-W ECAL
> Japanese group for ILC (ILD)
> Chinese group for CEPC

 Strong collaboration and joint studies
> Monthly meeting scheduled

> Optimization of detector units (scintillator strips & SiPMs)
> A full Sci-W ECAL prototype --- Chinese group

> Two layers of double-sided readout modules --- Japanese group



Outline

* ECAL optimization studies

» Photon sensor: SiPM/MPPC
» Scintillator strip

» Readout Electronics

* CEPC Sci-W ECAL prototype progress

* Double-sided prototype progress
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e CEPC calorimetry symposium @USTC (Hefei), 8-9 August, 2019

> ECAL crucial parameters: optimization in PFA
> ECAL detector unit: studies and optimization
> Electronics and modules: EBU, DIF & DAQ

> ECAL prototype: mechanics and integration

http://cicpi.ustc.edu.cn/indico/conferenceOtherViews.py?confld=2131&view=standard



http://cicpi.ustc.edu.cn/indico/conferenceOtherViews.py?confId=2131&view=standard

ECAL prototype L f

* PFA oriented electromagnetic calorimeter

v' Scintillator-tungsten ECAL

* Sandwiched structure

— Absorber + Sensitive + Electronics
* High granularity

— 5mm X 45mm scintillator strips
e Large dynamic range

— Scintillator + SiPM

— SPIROC Chip
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single photon distribution
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photo-sensor MPPC

e New sensors with trench to reduce
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Reminder: scintillator strip optimization
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> 3 ways of strip-SiPM coupling: side-end, bottom-end and bottom-center

> To minimize non-uniformity of light yield along strip
> Bottom-center coupling shows the minimum non-uniformity
* Avoiding the dead area between scintillators introducing by SiPMs

* Simplifying scintillator assembly process
* Flexibility to enlarge the SiPM sensitive area with more pixels




strip with Center Hole
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Scintillator strips: design optimization
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e “Racecourse”-shaped cavity shows optimal performance (¥*4% non-uniformity)



EBU x30
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EBU-SP2B (144channels) EBU-SP2E (210channels) EBU-SP2E single layer board |



EBUZ2E: single layer module
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> 210 channels readout with 6 SP2E chips divided into 5 rows and 42 columns
> Using 10-um SiPMs (HPK S12571-010P)

> Total thickness is controlled under 6mm (< 1mm deviation) excluding DIF

> LED calibration and temperature monitoring will be done in a later stage
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SiPM operational voltage compensation
— — _ Pedestals after DAC tuning
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* SiPM break voltages significantly vary due to different batches (max. 4V)
e Pedestal RMS strongly depends on SiPM bias voltage
e Configure SiPM operational voltage for each channel

 DAC tuning for SiPM bias voltage can significantly decrease pedestal spread
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Sr90 radiation source .

EBU tested by Sr90 = s
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> 3 chips (108 channels): MIP test finished till now
> 106/108 channels: can distinguish MIP signals from pedestals
> Light yield spread ~15% within 106 channels

14



LED calibration

> Check all channels SiPM response

> SiPM gain calibration by single photon electron spectrum

> Inter-calibration: ratio of high gain versus low gain

> Define linearity range of high gain mode

High Gain Response to LED Scan
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Temperature monitor

Temperature [°C]
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* 16 temperature sensor distributed on a single EBU layer

e Calibration of these sensors: to be done
* 0.1K precision can achieved

 Temperature feedback and DAC compensation: to be implemented
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ECAL prototype

USTC

Electrics board

EBU cosmic ray
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Wrapping and assembly in SIC
(Shanghai Institute of Ceramic)
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Status and schedule

v’ EBU single layer prototype: produced and tested
v' DIF for a single layer: produced
v’ Mechanical design finished, supporting layers fabricated

v' SiPMs and scintillator procurements

2019.9 Target Oct. 2020: DESY testbeam for the full ECAL prototype;
DE:Jp?iiz:?otht Beam time request and coordination: to be discussed in CALICE TB meeting

2019.11 2020.7

Mechanical structural produce

2019.11 2020.8
Scintillator produce Beam test simulation
2019.9  2019.10 2020.8
2 layers .
Anal ft k
EBU test nalysis software package
2019.9 2019.12 2020.2 2020.8 2020.10
34 layers EBU produce ECAaI;st::'rc:]t;teype ECAL prototype CR test and data analysis DESY beam test
2020.10
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Detection Layer with Double-Readout

* Proposing to add a few (maybe four?) detection layers with double SiPM
readout to planned Sc-ECAL prototype

* Possible implementations with minimal modifications
* Option 1
e Standard EBU
¢ Two SiPMs in the middle
e Option 2
e Two SiPMs at both ends
* Need dedicated EBU

- Coincidence can be tested in offline analysis
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W.Ootani, “Double SiPM Readout”, CALO-CJ Work Meeting, Apr. 26th, 2019



Prototype Test

* Prototype test for double readout strip in preparation
e Scintillator strip
e £J-212
¢ | =90mm with double readout (dimples in the middle or at both ends)
e | =45mm with center dimple for comparison
e SiPM: S12571-015P (1x1mm2 15um-pixel)
¢ Dedicated readout PCB

45mm (center dimple)

i 8 '

90mm (dimples at both ends)

9} (6

90mm (dimples in the middle)

i i ] o O i\

W.Ootani, “Double SiPM Readout”, CALO-CJ Work Meeting, Apr. 26th, 2019
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90mm scintillator strip (dimples at both ends)

90mm strip

More or less flat response with sum of
two readouts

s o
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light yield[p.e.]
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Npe ~ 35 (average)

* Larger than 45mm strip
* Even lower for each MPPC (less saturation)

X Strange behavior at right end

* Misalignment?
* Under investigation

T
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Position dependence of Npe for each MPPC
readout

* Possibility of position reconstruction
(charge or timing)
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90mm scintillator strip (dimples in the middle)

More or less flat response with sum of
90mm strip two readouts
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\ * Larger than 45mm strip

* Even lower for each MPPC (less saturation)
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Conclusion and plans

* Technological Sci-W ECAL prototype
> Scintillator and SiPM study both by Chinese and Japanese group
> Single layer EBU 106/108 channels MIP test successfully
> Two layers EBU are producing and will test with DAQ in the next month
> 30 layers EBU will produce by end-December for full prototype
* Double-side readout prototype
> Two configurations for double-side readout have been tested
> Test with standard EBU will be done in the near future

> Two-layer prototype will be produced based on the standard EBU

e Steady progress towards a final Sc-W ECAL prototype



Additional



The thickness of absorber
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Electronics pedestal
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* Pedestal mean various observable for different chips

* Pedestal sigma independent on the chips
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LED pulse
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SPS
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Double-side prototype test setup

Collimator (Imm diameter)

Plastic scintillator : EJ-212
Stnp il
FEB Reflector : ESR2 (laser-cut)
7]
I > MPPC @ S12571-015P

/ \ (I mm 15um-pixel)
MPPC

Movable stage

Trigger counter (5 X5 X5 mm plastic scinti.+SiPM)
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