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CEPC D-erview

Baseline: ILD-like

« TPC tracking + Imaging
calorimetry (ECAL+HCAL)

* PFA-oriented |
Alternatives | Yoke/Muon

* Low-field concept 4400mm
th Coil
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CEPC Dete- Overview

Calorimeter Requirements

 Precise measurements of
electrons and photons:

e 0;/E =~ 16%/VE ®1%

- Jet energy resolution
(ECAL combined with
HCAL and tracker):

e 0y /E = (3% — 4%)
* Imaging detector with high
granularity

 Detailed information of
showers

« Compact showers (smali
X,, and small Ry,)

* Minimum dead materials
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CEPC Ca- Options

Micro
MAPS RPC /) il

ECAL Option Covered HCAL Option Covered
« Scintillator * Analog: Scintillator
- Digital: RPC, GEM/THGEM
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CEPC Calorimeter R&D

China MOST CEPC R&D Phase-l project

 Proposed and approved in 2016

« Studies on physics and key technologies of a high-energy
circular electron-positron collider

* Phase-ll project also just approved (2018)

HCAL R&D efforts
 Digital
« RPC: SJTU & IPNL, Tsinghua ...
« GEM/THGEM: USTC, IHEP, UCAS ...
* Analog
« Scintillator: IHEP, USTC, BNU, SJTU ...

ECAL R&D efforts

* Analog
 Scintillator: IHEP, USTC, BNU ...

11t France China Particle Physics Laboratory workshop May 22nd ;2018 5



SDHCAL Option: RPC

RPC-SDHCAL R&D Details @

 IRPC-SDHCAL prototype (IPNL): first technological
prototype of high-granularity calorimeters

« SJTU in close collaboration with IPNL, Tsinghua and
several other groups within CALICE collaboration to work

on RPC-SDHCAL R&D: s
* Particle ID ;802 Teszcobgaprl;)lndata
 Energy reconstruction 705 ;e

605

| - Structure & geometry optimization 50‘4!““3211‘5 L
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=Total Size:1.0x1.0x1.3 m3
=Total Layers: 48
»# of Channels(pads): 440000
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https://indico.in2p3.fr/event/17303/contributions/62300/attachments/48276/60917/SDHCAL-FCPPL-2018.pptx

SDHCAL Option: RPC

Details @
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SDHCAL Option: RPC
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SDHCAL Option: RPC

A, 0.3
Lom, soncaL | wimem | » RPC-SDHCAL has 48
S - satayes layers, initially aims for ILC
g_z}f __________________ ‘} ______________________________________________________________________________________________________________________________________ experiment
: ¥ t
045 v L I ; ................... : ................... i ........................................ § ........................... - 0ptimizing number of HCAL
- Poso : layers for CEPC at 240GeV
P . S I S
- H = 40 layers already yields
0,08 decent energy resolution in
E Multi-thr. mode CEPC regime
ofigpntpnyihh g
Ebaam[GeV]

RPC-SDHCAL structure and geometry optimization
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SDHCAL Option: GEM

* More compact GEM detector
* triple-GEM - double-GEM

« Exploring double-GEM with self-stretching technique
A purely mechanical method to assemble GEM detectors

 Self-stretching technique very suitable for large-size GEM fabrication
* No gluing, easy and fast assembly and labor saving
* No inner spacers, no dead areas, smooth gas flow
« Complete re-opening possible, highly replaceable and repairable
« R&D ongoing

Readout PCB Inner frame

AN \

I ! \E I
GEM foils screw
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DHCAL-)ption

 Built a 30cm*30cm double-GEM prototype
» Tested the prototype with radiation source and cosmic-rays

Double-GEM prototype Gain uniformity: ~19% . Cross-talk between
- o s—_ neighboring
channels: 1.5%

« MIP efficiency with
Ar+CO2 too low:
85% with HV on
GEM foil @ 400V
already

e « High Ar percentage
I e with a powerful
quenching
ingredient required:
Ar/iC4H10(95/5)
gives 99% efficiency
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DHCAL: T-VI Option

* Three detector structures with THGEM Thickness of WELL-THGEM < 6mm

 Double THGEM Cathode mem mmm mmm e == — —

 Single THGEM Drift amm

 WELL-THGEM THGEM Transfer 0.3mm
.+ Ideal option for HCAL Anode F-I-T-t---q 1.6mm

* Thinner, high gain, lower discharge rate
 R&D ongoing

40cm X40cm THGEM

Gain measured of WELL-THGEM
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Digital readout system schematic :

Detector]
GEM

DHCAL: GEM Option —
Readout System R&D

Microroc

Test Board

ASIC
1

ASIC
2

ASIC
n

delIdju]

SDHCAL DAQ
0SC DDR3 GBE
- |z SFP
- |3 FPGA
_ |8 AT USB2.0
ADC T power | | UART

« GEM detector readout composed of 900 1cm? pads

« MICROROC Test Board: 4 MICROROC ASICs Mounted, controlled by

daisy chain

 DIF Board: Microroc control, test and data acquisition

11t France China Particle Physics Laboratory workshop
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DRCAL: GEM Option - PCB

Board R&D

_Microroc Test Board

rrrrrrrrrrrr

il e i an s

TOTDTT SEECEUDDEREES CELLLELYELRLEELT
DTEY | roeppposrooprsor  SEEY

DAQ Board

MICROROC Parameters

v Thickness: 1.4mm

v' 64 Channels

v' 3 threshold per channel

v 128 hit storage depth

v" Minimum distinguishable
charge: 2fC
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DHCAL: GEM Option — lest of
Readout System

RMS of Nolse
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AHCAL: Scilllator Option

 Analog HCAL based on scintillator

 The absorber: 2cm stainless steel
 Base readout cell size: 3cm*3cm
Readout chip: ASIC SPIROC2E
« Sensitive detector : scintillator
« Total number of readout channels
of HCAL with 40 layers:
« ~5M (3cm*3cm)
« ~3 M (4cm*4cm)

0 20
Katja’s talk @CHEF2

Reflective foil SiPM

~ S~ ]

PCB
Detector unit: a scintillator tile (30=30=3 mm®) with a SiPM

— 45 GeV jets

——100 GeV jets
—— 180 GeV jets
—— 250 Ge\V jets

- 14— 10%10 cm? 1*1 cm2 1
i 3*3 cm? \‘\ i
R |

40 60

01 7 Neneness [Millions]
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AHCAL: Scintillat-m — Detector Cell

« A dome-shaped cavity is made at the center of plastic
scintillator tile via mechanical drilling and polishing

« Surface-mounted SiPM for light readout
« Scintillator(BC408) tile wrapped by ESR foil

« Tile sizes variation: 30X30X3mm?3, 30X30X2mm?3,
40X 40X 3mm?3, 50 X50X3 mm?3

Scintillator | H=15mm

3 mm
- -

Scintillator tile wrapped by
_ osomn | ESR foil was glued on the PCB

MPPC

SMD-MPPC__
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AHCAL: Scintillato-ion - Readout Test

« Hamamatsu C12332-01 readout board
* Built-in temperature compensation keeps SiPM response stable

A\ _;jﬁamamatsgreadqut board

C12332-01 S$12571-025P

-

> N

$13360-1325PE  S12571-025C

Low voltage |~

- Digitizer N
MPPC [ |Readout board || ., o 28 L [PC|

S12571-025P specs S$13360-1325PE specs:
Sensitive area :1 X 1mm? Sensitive area :1.3 X1.3mm?
Pixel size :25X25um? Pixel size :25X25um?

Pixel number:1600 Pixel number:2668

Gain: 5.15E+05 Gain: 1.1E+06
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AHCAL: Scintillator Option —
Cell Response Uniformity

Sr-90
Step motor controlled 1

.LNM ’_,,-* ;M._h
Nx\ . i . - -
~a | i‘“\\ scintillator
‘ \
PCB#i
Bx5x3mm?

Mean:32.2/|$\.e. Mea{_ﬁl\i,@;_57p-e-

s BT Jﬂﬁ " Uniformity ~ 10%

2T : >
B _‘|_'-'-‘-w 20"
30x30x3mm3 3429pe

7

" Mean
fea 50x50x3mm?3
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AHCAL.: Scintillator Option —
Cosmic-ray Test

MPPC

g 1p.e. Entries 19900
N Mean  7.437
/| 2p.e AMS 491

| 1 1
0 5 10 15 20 25 30 35 40 45 50

SiPM dark count spectrum

¢ 30x30x3mm?3, 30x30x2mm?3,

40x40x3mm?3,50x50x3mm?3

. SiPM type: S12571-025p,

Counts

S13360-1325PE

:|III|IIII|IIII|\III|II\I|IIII‘IIII|I\II|III\|IIII

Entries 503
Mean 43.61
RMS 20.11
x2 / ndf 39.35/40
Width 3.755 + 0.590
MP 31.39 £ 0.65
Area 1144 £ 54.2
Gsigma 6.919+1.012

Landau convoluted
with Gaussian

II|_|I|III|I|I

1
200
p.e.

Cosmic-ray energy spectrum

1 1 1 1 1
100 120 140 160 180
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AHCAL: Scintillator Option - Test Results

Table 1 Cosmic-ray measurement results of detector cells with different sizes

No+ Detector Celle  MPPC Types  Reflective Foil Typee Mean Ny + Polishing Methods«

1+  30x30x3mm’ S12571-025P« ESR«~ 31.39£0.65 Ultra Precise Polishing+
2o 30x30x3mm’e  S12571-025P« ESR«~ 225507+ Precise Polishings
3o 30%30«3mm’e S12571-025P« ESR+~ 18.92+0.39¢ Rough Polishing+
4o 30x30=3mmie  S12571-025P< TYVEEK~ 13632033+ Precise Polishing+
3¢ 40=40=3mmis  S12571-025P< ESE~ 14 89073+ Precise Polishing+
6+  50x30x3mmis  S12571-025P< ESE~ 9 87043« Precise Polishing+
7o 30x30=2mm» $13360-1325PE«~ ESE~ 33.89+0.49¢ Precise Polishing+

 MIP responses in most of the above cell configurations
are rather efficient
« Optimized detector cell size: 30*30*2mm?3
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ECAL: Scintillator Option

ECAL with scintillator option

« A sampling calorimeter with
scintillator-tungsten sandwich
structure (ScW)

 Sandwich structure: absorber +
scintillator readout module + PCB

o Scintillator readout module:
Scintillator + SiPM

« Absorber: Tungsten
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ECAL: Scintillator Option —
Design Optimization

e Structure and geometry optimization Thickness of the absorber
done using simulation samples : 712
« Thickness of the absorber, layer i 71
number, cell size and thickness of the g 002~ o — o8 £
" " = nergy Ratio =
scintillator 2 o &
E.'n : —— Integral Energy Ratio . . Eﬁ
* Thickness: 80~90mm 200l S04 &
« Layer number: 30 i LR
00 50 1004 - IISIOI - .ZlI)OI 0
Total Thickness of Absorber [mml]
S e 30Layers %@037% _ 10 = D
X 16.1%&) E - ] ell Size=5x5mm
10-1 - ] ZSLayerS ‘[E i E :' 4 zc: :iszﬂjmmm
E 20Layers ISJIE% G é _‘ v v Cell :‘;izc=20x20mm
= i = ¢ Y
[ i g 1- ‘ .
I g ¢
= i ¢ | v,
L é i ¢ ' ;;
=]
Layer number a Cell size of the scintillator
10-2\ | S T S | Lol 101 . e e S .
1 10 10* 1 10 10
Energy[GeV] Energy [GeV]
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ECAL.: Scintillator Option —
Module Simulation

Standalone Geant4 simulation is used to optimize scintillator module

« PhysicsList: QGSP_INCLXX + Standard Geant4 Optical Physics
(Version: Geant 4.10.3)

« Scintillator Strip: BC408, dimension: 45X5X2mm3

« SiPM: 1X1X0.1mm3 , Pitch size 25um, 1600pixel

« Cladding: ESR, Tyvek

» Particle source: Sr-90, Center of the Strip, Vertical incidence

20 20
18 P, 18
16 F *tees 16 . o~ 2% e

=
iy

[
=Y

=
2]
=
N

~15p.e. with non-uniformity ~15p.e. with non-uniformity

SiPM output [p.e.]
o

SiPM output [p.e.]
=
o

i of 33% 2 reduced to 12%
4 4
2 10 pm pitch SiPM 2 10 pm pitch SiPM
0 """"""""""""""""""""""""""""" O ............................................
6 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45
Distance from SiPM [mm] Distance from SiPM Imm!]

2 Z | = Z

The bottom-center coupled mode is chosen for the prototype
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ECAL: Scint
Module

tor Option —
mization

Scintillator SiPM

-

-
»

15mm

 Both strip and square scintillator modules tested and compared
 Total number of the modules the same

« Geant4 simulation results suggest the cell size of square module
could be enlarged to 15mm X15mm

« SiPM embedded into the dome-shaped cavity of the scintillator
* Relative simple reconstruction algorithm
* No dead area

11t France China Particle Physics Laboratory workshop May 2219, 201825



ECAL.: Scintillator Option —
Square Module Test

25
|20

115

w
o

N
o

Scintillator SiPM

\_/

& 313mm | 12mm

4.5mm

N
o

number of pe

o

* Module output: 22 p.e. for MIP, slightly higher than strip module
« Better output uniformity (<10%) than strip module
* Further tests are needed
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ECAL: Scintillator Option —
Readout System R&D

Power w . ASIC board is developed
9 | control signai| g8 with SPIROC2b chip, which
—a performs amplification,
S H ... | E - auto-triggering, digitization
m = E u and zero-suppression
. DIF plays the role of
ASIC BOARD Power DIF_| collecting data and

system running

. USB for data upload &
commands sending

. USB for single DIF, and
serial port for DAQ when

| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| :
|

Readout System Schematic | conﬁgunng chip before i
|
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| :
|
| ] ] |
| |
. using multiple DIF |

"FEB DIF
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ECAL: Scintillator Option —
Cos‘mlc rayest

Test Platform Cosmic ray test
/Cosmlc
o [—Josmnatr| ] 5] a  Three different scintillator
............ | e materials were tested using
;1 Y bag cosmic rays
Sc/+PMT2 — * Plastic scintillator
j . - BC408
: « EJ200
SIPM » Crystal

e S12571-010P
e TMmX1mm
« 10k pixels
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ECAL.: Scintillator Option —
Cosmic-ray Test

EJ200 BC408 H Channel_9.Chargers
200o0hm Test Results htemp
h1 *g Entries 3719
a0 Entries 12947 3 Mean  256.3
3k Mean  270.8 Qe® RMS  56.47
= RMS  56.06

Amp:134 Amp:140

- Peak of MIPs "}
E separated :
? Hlmq}n from pedestal

| %‘J‘WHPH . e 1_ mﬂ%ﬂ L,

200 300 400 500 600 700 800 900 10 0
200 400 600 800 1000 1200 ADC Counts
ADC Counts

BGO H_Channel_7.Chargers

700bg.root
Entries 417460

htemp

N 3 - Electronics
wh ! H\ M working with |
ke S good :
: s performance |
10 . ‘1l‘30| . 200 300 400 Sﬂﬂ\r \H aow 700 ‘ BOO H H
Spectrum of SiPM dark noise B ‘ééd"aao“'aéa"séoﬂ'séaﬂ ‘éc'n[

ADC Counts
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ECAL: Scintillator Option —
Beam Test

T L S T
A,

{Driver circuit: C123§._,2'OJM

12571-025P (Hamamatsu)

BC408 with dimension
of 45mm X5mm X 2mm

Readout Schematic

TOF1
digitizer ‘
DT5751 PC
trigger

— |

digitizer ‘
PC
DT575
trigger

0,1,2,3 é
[%;PMU
|discriminator| B logic fan infout

* Mini prototype was constructed and tested by test beam to study layout
and coupling mode of the scintillator and SiPM

« Performed at E3 beam at IHEP, proton and pion mixed irradiation,
momentum of the particles range from 400MeV to 1.1GeV
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ECAL.: Scintillator Option —
Energy deposition and momentum

SiPM1_proton

s 400
3 | Momentum | 400 | 500 | 700 | 1000 | 1100
300 - —=— Proton (MeV/ C)
I By(proton) | 0.43 | 0.53 [ 0.75 | 1.07 | 1.17
200 —
0ol By(pion) \ 287 |3.50 502|717 |7.89
0 L | L L L | L L L | L L L | L
400 600 300 1000
Momentum [GeV]
SiPM1_pion T
$ 100 '.‘;
=7 Bo
~Pion Z
i =
50 - :
| - L l'lllll 1 L lllllll i 1 Liail
100 1000 10000
By = p/Mc
- A FENEN S S UV Y S——— '.L:.uJ e 1 I.l.lllll 1 .l.IJ.KI.JI.l -1 .IJLL.HL
1 | L 1 L | L L 1 | L L L | 1 1 L
e 400 600 800 1000 s I\‘Ilmnlﬁ?mnentu|}10(G9V:’('l e i
Momentum [GeV] W Y T T I
0.1 1.0 10 100 1000

Pion momentum (GeV/c)

« dE/dx (proton and pion) consistent 1 | |

| 11 Al L L L L LLLL 1 L LiLLl 1 Jllllll{ | L Liiil
0.1 1.0 10 100 1000 10000

With eXpeCtation Proton momentum (GeV/c)
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Summary and Outlook

v' CEPC calorimeter R&D well underway
v HCAL & ECAL
v' Aiming for PFA calorimeter with high granularity

v Lots of R&D to be done
v' Build a sizable HCAL/ECAL prototype
v"  Beam test
v' Other critical R&D items

v Welcome worldwide collaboration

v"  Close collaboration with IPNL already fruitful
v Joined efforts within CALICE collaboration

v' Become more integrated into global PFA calorimeter R&D
activities in the future
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Chinese NDL SiPM

Chinese Beijing Normal

University (BNU) has developed silicon

photomultiplier (SiPM) technology with epitaxial quenching resistors

(EQR).

NDL EQR-SiPM is easy to implement owning to its unique structure

featuring intrinsic continuous and uniform cap resistor layer, hence

reducing the cost of the fabrication.

High Field region

Anti-reflection Coating

,,,,,,,,,,,,,,,,, N-enrich
| . :
AR
: ' ' | Epitaxial | | Epitaxial
I ‘ !Gap ‘ - ! N- Epitaxial | a.m '
; / \ / esistor \ / Resistor
| L . Layer \
\ / \ / \ /

‘¢ i/ \ v,
N+ Substrate

Schematic structure of EQR SiPM
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Parameters and perrormance

of NDL SiPM

NDL SiPM
Effective Active Ll 1223-1 lf::'l E-Sz
Area 2 A L.8 mm
3.0<3.0 mm (2x2 Array)
Effective Pitch 10 um 10 um
Micro-cell 90000 19600
Number
Fill Factor 40% 40%
Breakdown
i g0
Voltage (V,) 23.710.,1V 23.7+0.1V
Measurement
Overvoltage (V) S 33
Peak PDE 27%@420nm 35%@420nm
Max. Dark
Count (keps) < 7000 <1500
Gain 2x10° 2x=10°
Temp. E“Ef' For | 17mv/° ¢ 17mV/° C
b

Good performance,
Room for improvement

Higher dynamic range
Higher fill-factor

High Dark count rate

Slightly low gain
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