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Sc-ECAL

© Scintillator Electromagnetic CALorimeter (Sc-ECAL)
o Technology option of EM calorimeter for ILC and CEPC

- Based on scintillator strips readout by SiPM
o b x 45 x 2 mm scintillator strip

< Virtual segmentation : bmm x bmm with strips in x-y
configuration

< Timing resolution < 1 ns

- Low cost
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L arge technological prototype

o Large technological prototype for Sc-ECAL has been constructed as a joint
effort with Chinese groups working on CEPC

o Full 30 layers
o 210 channels / layer
o Test beam in DESY at 2021

o~ Two detection layers with double SiPM readout developed by UTokyo group
will be installed the prototype

< Two additional layer developed by Shinshu group will also be tested (see next talk)

Y. Niu, et.al
CALICE Collab. meeting@McGill, Mar. 2020
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Scintillator strip - SIPM Coupling optimization

< Three coupling models investigated: side-end, bottom-end and bottom-center
< Uniformity of light yield along the strip is important to the ECAL energy resolution
~ Bottom-center coupling gives the best uniformity with additional advantages:

<~ Avoiding the dead area between scintillators introducing by SiPMs

o Simplifying sensitive layer assembly

o Allowing for large-size SiPM for a large dynamic range
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ECAL Base Unit (EBU)

-~ 210 channels readout with 6 x SPIROCZE chips divided §
into 5 rows and 42 columns |

- Total thickness is controlled under 6mm

~ Electronics calibration and SiPM operation voltage
adjustment realized

~ LED calibration and temperature monitoring circuits
under test

© 24 layers of EBU with 10 um-pixel SiPMs and 6 layers
EBU with 15 um SiPMs

~ Scintillator strips were wrapped and assembled on EBU
boards by Shanghai Institute of Ceramic

Y. Niu, et.al
CALICE Collab. meeting@McGill, Mar. 2020
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Assembly & Mounting

- Single layer support structure produced and
mounted

- One super layer consists of two EBU and
Inserted by two absorber layers

o Absorber layer : 3.2 mm, 15%-85% Cu-W

Y. Niu, et.al
Calo-CJ meeting 6 /20




Naoki Tsuji, The University of Tokyo
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Assembly & mounting

~ 16 super layers in total

Double-side readout
layer
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MIP test with Sr90

~ Tested two layers of EBUs with 10um SiPM and 15 um SiPM respectively
o Self-trigger (auto-trigger)
o SIPM on recommended voltage
o Spectrum fit : langaus (landau x gaus)

o Distinct MIP signals can be detected both the SiPMs

Sr90 radiation source l
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EBU combined test with DAQ

- b super layers (10 EBUs) are combined with FELIX
o Trigger as the coincidence of 2 EBUs

o Synchronize some EBUs using the same trigger
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Tracking reconstruction

Cosmic-ray test result

o The combined system worked properly and yielded
correct data

<~ All EBUs functioned well
- DAQ took data from each EBUs successfully
o EBUs were properly synchronized

< Distinct MIP signals can be detected at each EBUSs.

Y. Niu, et.al
EBU with T5um SiPM EBU with 10 um SiPM Calo-CJ meeting
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Mechanical structure

- The mechanical structure was manufactured
o hold at most 17 super layers

o Assembly of full Sc-ECAL prototype finished

Y. Niu, et.al
Calo-CJ meeting 11/20
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Double SIPM readout

~ Readout by 2 SiPMs at strip ends s

scintillator strip

~ Twice longer strip (L=90mm) to keep the number of SiPMs \'/"‘i '

_ SiPM
~ Possible advantages

O

o Eliminating noise by taking coincidence
<~ Higher light yield by summing 2 SiPM readouts
<~ Even lower light yield for each SiPMs (—less saturation)

o Position reconstruction by charge and/or timing difference between two
readouts (— reduce ghost hits)

~ Two detection layers with double SiPM readout have been added to Sc-ECAL
prototype

o~ Two possible implementations — option 1 adopted

45mm
anll=====5==
" 90mm . :
Option 1 ! ! ! ! « 2 SiPMs in the middle of strip
No need to modify PCB

E E E 2 SiPMs at strip ends
Option 2 < .
' Need to modify PCB 12 /20
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Production of scintillator strips for double readout layer

~ SiPM cavities in the middle of the strip (option1)

o Implementation with minimal modifications using standard EBU

o Designs of strips and reflectors are the same as the standard EBU configuration
~ 200 x 90mm strips and 100 x 45mm strips were produced

o b rows of 4bmm strips at 1 line for the standard configuration

< 90mm + 90mm + 45mm at 1 line for the double-readout layer
< Scintillator strips produced by injection moulding

< Injection moulding would be the only possibility for the large scale production

o Production of large 2mm-thick plate by injection moulding — machining (strip
shape + cavity)

o Foreseen lower light yield compared to commercial PVT scintillator

o Light yield test done
45mm Standard EBU

Double readout EBU
@ 90mm - .

=Ss==28=
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Reflector wrapping (90mm strip)

-~ Wrapping by hand with a help of jig

14/20
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Light yield test & Cosmic-ray test

45mm strip produced by injection moulding

© LY of strip produced by injection moulding is T “OF
=3 =
lower by ~20% compared to the standard 45mm g .-
strip produced by China £ F
— Still sufficient light yield 25 - . .
E * .oonc ‘ o

20—
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Cosmic-ray hodoscopes

-~ CR hodoscopes were developed and commissioned at
DESY in 2017

o Use CR test for AHCAL larger prototype

o See the proceedings at PD18 for details : https://
doi.org/10.7/566/JPSCP.27.012009

- To be used at CR test of the detection layers for Sc- 7 =
EE(::/Q\l-. F)r'C)TK:Yt)/F)GE ﬁ}*"";; f‘¢,4A,:H ﬁﬁﬁﬁqyﬂ .

- DAQ system for EBUs is based on FELIX, while
hodoscope DAQ is based on EASIROC module

o~ The synchronization between 2 system is needed

- EUDAQ framework can be used to operate 2
system simultaneously

- EUDAQ producers under development

0
-50
-100
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Hodoscope commissioning

-~ Hodoscope setup completed

- EASIROC module cannot work properly
o Something wrong with power supply or FPGA

<~ Now working on this matter

Y. Niu, et.al
Calo-CJ meeting
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Summary and Prospects

~ Large technological prototype for Sc-ECAL to be constructed
o In preparation for test beam at DESY in 2021
o Strip assembly on EBU and mounting on mechanical structure completed

o EBU combined test with DAQ using cosmic ray successfully done

< Two detection layers with double SiPM readout have been installed to Sc-ECAL
prototype

- New readout method with double SiIPM proposed to improve the performance of
scintillator strip for Sc-ECAL

o 2 detection layers using double-readout constructed

o Combined test with the prototype successfully done
-~ Hodoscope commissioning

~ Mechanical setup finished

o Dealing with some problems of EASIROC module

18/20
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Collimator (1mm diameter)
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- Measurement
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comparison
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Naoki Tsuji, The University of Tokyo

Performance test

~ Just to check consistency with previous study

~ Npe ~ 27 (average)

~ Larger than observed by Chinese group

o Higher PDE for 15um than 10 um MPPC used for
Chinese setup

o Lower Vover (~bV) compared to 7V for Chinese
setup

© Larger reduction of light yield around dimple

o Misalignment (shift of sensor from center of
dimple) can be considered

light yield[p.e.]
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SIPM saturation with Longer Strip

~ Previous MC study done by Shinshu University
o Considering Bhabha events at vs=500 GeV & 1 TeV

no MPPC saturation no MPPC saturation

5x5mm

J5=500GeV __ 5, 5mm

~— 45 x5 mm
: 90 x 5 mm
a 104 """ 180 x 5 mm

# of strips
<
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2 e 1SR g I U
e e 1 L 2™
2 0. 2 05 ’
T 9 ; s 9 4 »
0 500 1000 [1500 | 0 1000 2000
deposit energy (MIP) deposit energy (MIP)

< No significant difference at longer strip
o Cluster size is smaller that strip length

© Saturation not worsened with longer strip

K.Kotera

- 45, 90mm no serious difference.

Sm 1 5mm§
90mm
45mm

- core sizes of clusters are smaller
than 45mm
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Naoki Tsuji, The University of Tokyo

Jet energy resolution with longer strip

- Previous MC study done by Shinshu group

<~ JER slightly worsened for longer strip due to ghost hits and pile-up

~ N.B. not taken into account possible improvements with double readout

~ Noise reduction by coincidence

o Position reconstruction

~ Planned simulation study to see the effect of double readout

RMS90/E (%)
0 »
(&) ()

o
o

N

T

N

e .

<+ ScECAL w/o SSA
—e— ScECAL w/ SSA

K. Kotera

20 40 60 80
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-
~ Two SiPMs strip end £
o~ More or less flat response with sum of two readouts 100
o Larger light yield (~35b p.e.) than 4bmm strip (~27 p.e.) " /
e -y “
o Position-dependent Npe for each MPPC readout R I e’ o
o Possibility of position reconstruction using charge and timing
< Two SiPMs in middle of strip
~ More or less flat response with sum of two readouts
o Larger light yield (~35 p.e.) than 45mm strip (~27 p.e.)
o No position dependence outside dimples
o No chance of position reconstruction outside dimples
© @ © @
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Performance test
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Naoki Tsuji, The University of Tokyo

Position reconstruction

< Position reconstruction from weighted mean for charge and
timing difference

o 0~20mm was obtained with combined reconstruction
o The achieved resolution is not too bad

o The effect in calorimeter performance to be studied by
MC simulation

charge + X time
2 2
X = charge time
2 * 2
charge time

Position dependence of charge (left) and timing (right) difference Position dependence of light yield for 90mm strip
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DAQ

<~ Double-readout layer uses the same DAQ system as the standard layer
© Online coincidence between two SiPMs is not possible in the current DAQ system
< Noise reduction by taking coincidence in offline analysis

- Need dedicated low threshold run

Online Offline
No signal Noise _
Reject
Toke data )
Noise No signal
Hit
[ &x & | L@ O o
Large signal Small signal

l l

----- =A-======s==sse-c---------= High threshold : miss small signal

N\ )
Low threshold : catch small signal
\ [\ .
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Scintillator
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Design of the bottom-center coupling

~ The uniformity of the sensitive cell with a racetrack-shaped dimple can reach 4%

Scintillator
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Naoki Tsuji, The University of Tokyo
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© Status of Double-readout layer
o Soldering of SiPMs on EBU was completed
o Double-readout strips wrapped with ESR have shipped to China

~ The commissioning will be done in China in March and April
o Calibration using position-sensitive cosmic-ray hodoscopes

~ Schedule of the Sc-ECAL prototype:

31

Status & Schedule

Naoki Tsuji, The University of Tokyo

o Strip assembly on EBU will be done at a Chinese company in March

Y. Niu, et.al

CALICE Collab. meeting@McGill, Mar. 2020

L prototype CR test at USTC
prototype (R test at USTC

32
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