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Sc-ECAL

o 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 mm3 scintillator strip
< Virtual segmentation : 5 x 5 mm2 with strips in x-y configuration

o # readout channels significantly reduced (108 — 107)
—Low cost

© Retaining performance comparable to real 5 x 5 mm?2
segmentation

<~ Timing resolution < 1 ns

45mm
scintillator strip 1 ;

S
SiPM /a
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Technological prototype

o Technological prototype for Sc-ECAL has been constructed as a joint effort
by R&D groups for ILC-ILD and CEPC-ECAL

o Use the same technology as foreseen in the full scale detector
o Evaluate the performance using full layers (32 layers)
- Two detection layers with double SiPM readout have been installed in the prototype

- Two additional layers developed with new type of SiPM are also tested

- Test beam in DESY

< Originally scheduled in Aug. 2020, but
postponed to Mar. 2021, which was again
canceled due to COVID-19

~ Hoping to have it later this year

Mechanical
structure

Detector
L (32 layers)

Cooling fan
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SIPM Coupling optimization

~ Three coupling models investigated
o side-end, bottom-end and bottom-center
< Uniformity of light yield along the strip is important to the ECAL energy resolution
o Bottom-center coupling gives the best uniformity with additional advantages:
o Avoiding the dead area between scintillators introducing by SiPMs
o Simplifying sensitive layer assembly
o Allowing for large-size SiPM

< Adopt bottom-center coupling as default design of detection layer . Commercial PVT scintillator

- MPPC S12571-010P

. Side-end coupling .. Bottom-end coupling ,. | Bottom-center coupling
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Double SIPM readout  (see 15asE-8)

- Readout by 2 SiPMs at strip ends - . s
scintillator strip \'h 1
< Twice longer strip (L=90mm) to keep the number of SiPMs '
: SiPM/i
~ Possible advantages
O u]
o Eliminating noise by taking coincidence ‘ T '

o Higher light yield by summing 2 SiPM readouts
o Even lower light yield for each SiPMs (—less saturation)

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

< Two detection layers with double readout tested
o SiIPMs in the middle of the strips instead of the strip ends
o To be compatible with standard EBU PCB design

o Not possible to test position reconstruction

45mm
anll= ===
" 90mm . : | N |
Option 1 ‘ 3 i ! SiPM position in
y double readout strip
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ECAL Base Unit (EBU)

~ Fully integrated electronics for high granularity

o 210 channels readout with 6 x ASIC (SPIROCZ2E)
chips divided into 5 rows and 42 columns

o Electronics calibration and SiPM operation voltage
adjustment realized

o LED calibration and temperature monitoring circuits #

o Total layer: 6 mm / layer

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

Active area Pixel pitch #pixel
S12571-010P Ix1 mm2 10 um 10000 24
S12571-015P 1xT mm?2 15 um 4489 6

~ Scintillator strips were wrapped with ESR film and
assembled on EBU boards by Shanghai Institute of
Ceramic
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“‘Development of Sc-ECAL technological prototype”

Assembly & mounting

Two absorber layers IR Some screws [y s h

R ¥
=N B

- 16 super-modules (32 EBUs) completed

- One super-module consists of two sets of EBU
and absorber layer

o 2 EBUs in x-y configuration
o Absorber layer: 3.2 mm, 15%-85% Cu-W

AT 3110 LT

#module (EBU) SiPM Strip length  Strip material (process)

Super-module

Single-readout 1 12 (24) S12571-010P 45 mm PVT (casting)

Single-readout 2 3 (6) S12571-015P 45 mm PVT (casting)
Double-readout 1 (2) S12571-015P 90 mm PS (injection moulding)
Shinshu 1 (2) S14160-1315PS 45 mm PVT (casting)

Double-side readout
layer




of Sc-ECAL technological prototype” Naoki Tsuji, The University of Tokyo

Mechanical structure

~ The mechanical structure with 17 slots for super-
modules

o Assembly of full Sc-ECAL prototype finished
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Cosmic-ray test

- Purpose
o Perfomance evaluation

o Track finding
o Efficiency & position resolution

o Cell-to-cell MIP calibration

O TOONER) TRRRE

- Longterm test in 1.5 month
-~ Coincidence trigger of top and bottom layers

o Event rate: ~16 events per minute

o Collect ~2000 events at each channel

o
L ]

Trigger 2

9 /18
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Track finding and fitting

2 025
~ Some preselections are needed s L
. . "oz /
o Get rid of noise - //
K 2
o Find the precise hit track - noise | cosmic ray %
L - g 7
0.1 %
= A preliminary algorithm performed ) /
: 7
of 5 TR T _‘?57/ /30/4
Cut Efficiency Number of Total Hit Layers
TotalHitLayer > 22 92% | Y poston/ | X poston
preSelections — CEoEe 88 A ARRTIISRTE SRR
TotalHitStrips < 64 99.6% : | e I
ADC > 50 99% - : i /
: ~ ]
All hits s & / -
Iteration Fitting ) i Il 2
|Pos,/, — tracking| < (47.5,5,7.5) %3{‘ %8 ] 2
of El 2
Intercept,,,| < 114 e e ’ .
| Pl | 98.2% » —
Track Selections 3 o - I
0%y < 9.6 98.3% # =]
TotalHitLayery, > 6 99.8%
Alignment Pos,y — track fitting
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Hit track

~ Precise hit track obtained

Ideal cosmic-ray track

Fin S i e e v LY AN I W
’00/57?',00 0 50 100 150 200 250 300
n Layer position [mm]
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Performance
o _ Zenith angle of injection particle
< Efficiency achieves 95% for all layers 3 0035F
o Layer 1 & 29 are trigger § 003
w C
o Affected by MIP threshold )
0.02/—
4 - o.o155—
< Position resolution: ~2 mm :
0.01—%
o Difference b/w hit position and fit track for a given o
layer '
0 2 Py yorgey |t gy g ih g gig- g
& Achieve the requirement for Sc-ECAL DB O e angle ldegree]
Efficiency per layer Position difference
> " x_LayerlD : 2
% B ‘qé; - Entries 84784
E’ 3 apo00— Mean 0.02288
w ; % ..,.'_,_- 1 N Std Dev 1.769
' 3000'_ %2/ ndf 1.04e+04 /43
2 . / ¢ f - Prob t ) 0
: / C Sigma 1,625 = 0.003
77 ; 2000

,///
__

-10 8 6 4 -2 0 2 4 6 8 10
LayerID X Residuals [mm]
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Angular correction for ADC

- ADC value should be corrected by the path length in the -
strip

o If the path length is longer than 2 mm, the output ADC Path length of injected cosmic-ray

: 2
value shifts larger Z 1000
800:—
~ Correction of incident angle is implemented ool
400:—
200:—
0_‘1.161 l I1.18I = = lIlil ] 13.12‘ l I3.|4‘
MIP for EBU with 10um MPPC MIP for EBU with 15um MPPC e
g F | I g F |
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Temperature and gain correction

Two period with large temperature difference

- Temperature dependence of SiPM gain &
o -2%/C i3 r
o 2°§_
~ Gain correction according to temperature is implemented ‘; ::_
=
o Setting 18 °C as reference temperature " e
16—
145 !

period 1 period 2
LayerlD_0 LayerlD_0
n -—
‘g B g.omz I
0012 : & [ _
E —  Period 1 B — Period 1
B 0.001}—
0.001|— B
- ——  Period 2 0.0008 — —  Period 2
0.0008 |— E
E 0.0008 |—
0.0006 [— B
0.0004 — G008 —
0.0002|— 0.0002|—
[ l s 4 'l 1 1 1 1 1 1 1 B 4 l s i ] 1
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ADC results ADC results
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MIP calibration

< Preliminary Cell-to-cell MIP calibration succeeded

o After the angle and gain correction
- MIP values widely spread

o MIP value is different channel to channel and chip to chip
- Dead channels ~1%

o 66 /6720(32*210)

MIP for EBU with 10um MPPC MIP for EBU with 15um MPPC
240 h10 S0 hi5
B Entries 5002 | Entries 1239
220 — Mean 114.1 - Mean 568.4
200 Std Dev  28.28 40 C Std Dev 131
180 B
160 B
— 30—
140 B
120 [
100 20—
80 N
60 - B
- 10 |—
40F- -
20 -
0: | I | IIIllll o;llllll"llllIIIlIIIIIIIIIIIIIIIIIIIIIIIII
0 50 100 150 200 250 300 0 100 200 300 400 500 600 700 800 900 1000
MPV value of LandauGaus [ADC] MPV value of LandauGaus [ADC]

16/18



“Development of Sc-ECAL technological prototype” Naoki Tsuji, The University of Tokyo

LED calibration (Inter-calibration)

- LED calibration

o Inter-calibration of low gain and high gain for electronics

o Gain calibration of SiPMs (going to study) Low gain_
1 I_ Preamplifier

- SPIROCZE has high gain and low gain preamplifier
~ Record both data

0.1pF-1.5pF

. . . . . ®
~ Inter-calibration factor obtained by the gradient of the relation
IN / High gain

Preamplifier

o Check ADC counts of high gain and low gain, and these
relation

o Turn on LED at different voltages High gain vs. low gain

400

-

395

Low gain [ADC]

390

385

380

375

370

365

I900I - I10i00I 7/]8

High gain [ADC]

.
800

| 1 1 1 1 1 1 1
700

600

1 1 I 1 1 1
500
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Summary and Prospects

-~ Sc-ECAL technological prototype

o Strip assembly on EBU and mounting on mechanical structure completed

-~ Cosmic-ray test
o 2 mm position resolution achieved
o Correction of incident angle and temperature effect implemented
o Cell-to-cell MIP calibration implemented
© LED calibration
o Inter-calibration of high gain and low gain is on going
< IHEP test beam

o Under analysis of event building and particle 1D

~ Prospects
o Calibration and data analysis are ongoing

o Beam test at DESY planned in 2021
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Backup
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ILC (International Linear Collider)

Damping Rings IR & detectors compressor

© Future high energy frontier machine

o Electron-positron linear collider - | .9
compressor \ positron m
main linac
o Ecm : 250-500 GeV (extendable to 1 TeV) A
central region
~ Precise measurements in low background secvon o
. main linac
environment W W
Y &.+—— N i
| o e || B s _.._,:5::"}“3"'
< ILD (International Large Detector) . %,_ — e *,-__”
o vertex detector, central tracker, EM calorimeter, m@&% ] LS

hadron caloriemeter, and muon tracker. Ejer = Eecar + Encar Ejer = Evpack +E, + Ey,
o PFA (Particle Flow Algorithm)

o Each particle is detected by the best suited
detectors.

o Improved jet energy resolution

~ In order to realize the _ _
PFA. high granularity C Charged particle — inner tracker
calorimeter is required. C

Gamma — ECAL

C Neutral hadron — HCAL
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Iterative fitting

all hits |x/v — tracking| < 37.5 |x/y — tracking| < 32.5 |x/y — tracking| < 27.5

|x/y — tracking| < 22.5 |x/y — tracking| < 17.5 |x/y — tracking| < 12.5 |x/y — tracking| < 7.5 21/18
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Position resolution [mm]

Position resolution [mm)]

Large angle scattering
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Residual Sum of Squares

25_
i —6000
B .
: e 2 ¢ Residual : §; = Y; — Y]
R T “0 « Residual Sum of Squares : RSS = Y1, &7
> b - . A 1 ’
10 Wl ™ + 0% unbiased estimation : 6% = — 3L | &
g 2000
5 s
1000
% 5 10 is 20 25 0

23/18



“Development of Sc-ECAL technological prototype” Naoki Tsuji, The University of Tokyo

Beam test at IHEP

~ E3 beam line: secondary particle beam
o Mixed with proton/pion: proton dominate
o Energy: 300 MeV - 1.2 GeV
o Event rate: ~100 per minute

~ The beam was not suitable

o Low momentum, low rate, pre-shower

160
(b) Error Bars 10.05%
128 +
S o Eastemn Wall 5
& —— :
e
=
E2 Line o ad |
2
o
S
=]
e g
Dl

E3 Line E.
=
D
=

32

Experiment Hall No. 10
[ POWER SUPPLY
0 .

i 210 330 450 570 690 810 930 1050 1170 1290
AM3. Bl, B2, B3 Bending Magnets,

Q1. Q2. Q3 Gi- 5. Q6. 07 Qb LQ1- 103 Quadrapele IHEP BEPC-LINAC 0 Momentum AeviC
SPT: SLOW POSITRON TARGET: TBT: TEST BEAM TARGET: S1. S2. 2
Scmitar, M1, 2 Mtbwks Pupeessew et 1HE CONFIGURATION OF TEST BEAM Nuclear Techniques, Vol.34, No.4 (2011)
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Setup
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Event building

< Event building with track detectors successfully done
~ Particle track can be seen at the prototype
<~ Not ideal track because of the beam condition

o Under analysis of event building and particle ID

EventID : 160 EventID : 117
50 e s
£ | | -
£ ] E
§ 4. e §
7 >
800 MeV 1 N 1GeV >
particle ; I particle
] ~ )
-100- S ~ ~100 e
T o \\\\\\ \\‘\
100 = N
'\, 50‘0\» T T

- { T Ty v
100 150 200 250 300

She ! [ ‘——V_Tl ¥ 1 T v 17 1 ] [ EE) PR ‘ =07 N ‘ T
Positon %00 § ' 's0 100 150 200 250 300 ;
o Layer position [mm]

Layer position [mm]
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Preliminary results

< Hit distribution is widely spread
- Beam was not suitable
o Large contamination

~ Not well collimated
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Sc-ECAL MC results - proton

-
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