The R&D progress of CEPC PFA HCAL
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Outline

—CEPC Detector Concept(s)
—The options of CEPC-PFA-HCAL;
—The progress of two option of PFA-HCAL
 DHCAL based on RPC and MPGD(THGEM/GEM);

 AHCAL based on scintillator;

—Summary



CEPC Detector Concept(s)
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The options of CEPC-PFA-HCAL;

Two options:
1. Digital HCAL (DHCAL): Gas detector, RPC & MPGD
2. Analog HCAI (AHCAL): Plastic scintillator

* Jet energy resolution (HCAL combined with

ECAL and tracker): oz/E =~ (3% — 4%) I PFA Calorimeter I

Absorber:

Readout:

Active :




PFA HCAL R&D for CEPC

e PFA HCAL R&D topics that started initially from 2016
—RPC technology
—MPGD (GEM/THGEM) technology

e Analog option of scintillator was started from 2018;

e Now R&D ongoing for the two options

e |[HEP, USTC and SJTU join the CALICE collaboration



SDHCAL Based on RPC (IPNL+SJTU within CALICE)
SDHCAL Prototype

«  SITU is working with IPNL, Tsinghua ° Total Size:1.0x1.0x1.4m?
and several other groups within © Total Layers: 48
CALICE on RPC-SDHCAL as part of . 7otal Channel(pads):440000
CEPC detector R&D effort

*  Power consumption:10uW /channel

(Power pulsing)

Test beam data
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Developed by the CALICE collaboration



(0.121;,1.14X,)

Stainless steel Absorber(15mm)

Stainless steel wall(2.5mm)

Stainless steel wall(2.5mm)

Anode  PCB(1.2mm)  peadout  Supporting
Resistive plate pads structure
(glass)(0.7mm) (2.5mm)

@ Goowiiwm, @

Mylar layer
Cathode (total 0.2mm)

Resistive plate  Ceramic ball spacer TFE(93%),C0,(5%),
(glass)(1.1mm) SF, (2%)

ASIC HARDROC(64 channel)
three-threshold (Semi-digital)
110fC,5pC,15pC



SDHCAL TestBeam Data Analysis: PID using BDT

T I LU | T T I T
ALICE SDHCAL Preliminary

¢ TMVA of root, Methods: BDT évar " oA soncaL aFnlE
n.uz— MC [e —z
€ Training and Test o125 g
# Signal: 160000 pion events with energy E::: :
10,20,30,40,50,60,70 and 806eV o e pi ]
¢ Background:160000 electron events with b5 05 040z 0 02 04 g-llngreosl-glonsé
energy 10,20,30,40,50,60,70 and 80GeV e O«
MC Cw

¢ Background: ~120000 muon events with 0.2

energy 10,20,30,40,50,60,70 and 80GeV
Mixed Background

uon

® Niraining : Ntest=1 : 1 D T X g

BOT resnonse

D b b b b b g

Strong separation power in
pi/e and pi/muon

"Hadron selection using Boosted Decision Trees in the semi—digitial
hadronic calorimeter", CALICE-CAN-2019-001



https://inspirehep.net/record/1718039/

Energy Reconstruction using MLP and BDT

MLP Structure

Energy reconstruction

Analysis Note

is under preparation
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resolution

0.3

Optimization of SDHCAL Layers
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E Simulation

® 36Layers
o 40Layers
e 44| ayers
o 48Layers

%
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Energy(GeV)

(0.127,,1.14X,)

Stainless steel Absorber(15mm)

Stainless steel wall(2.5mm)

GRPC(6mm= 0 1/, X,)

Stainless steel wall(2.5mm)

=» SDHCAL has 48 layers which
aims for ILC Detector
- 6mm RPC+20mm absorber

=>» Optimization no. of layers for
CEPC at 240GeV

=»40-layer SDHCAL yields decent
energy resolution.



Simulations of Active Cooling

ANSYS Simulation of RPC+PCB
With copper plate & water tubes

10mm 23.374 Max
absorber 23.215
23.055
4mm 22.896
plate 22417
o
PCE 21:938 Min
smmroe’ (0.122,1.14X,) :

Stainless steel Absorber(15mm)

0.000 0.350 0.700 (m)
Stainless steel wall(2.5mm) Bl {222
GRPC(6mm=~ 0 1, X,)
Stainless steel wall(2.5mm)
Temp. test of RPC+PCB

$FLIR

S;lilt ]__8' 1 ¢ oC




Simulation of RPC Gas Flow

FRME: REAN (m/s) FRMm: REA/N (m/s) E_LE:L: EEH RE: EEAN (mfs) FTE: EEHX) (m/s) L&k EES "
A 127
0.1
1:2
0.08
1
0.06
0.8
0.04
0.6
0.02
0.4
0.2 e
-0.02
¥ 5.62x10°°
-0.04
.
FE: REX (mfs) FRE: EEXN (m/s) B EEL: &EH a
0.1
0.1
0.08
0.08
0.06
0.06
0.04
0.04
0.02
0.02
0
0
-0.02
y -0.02

-0.04 |

>

-0.04



DHCAL based on MPGD(GEM)

Typical parameters
Cu: t=5um
Kapton: T=50um
Diameter: d = 60um
D =80um
pitch: 140pum

» Advantages:
1. assembling process is easyan as
2. no dead area inside the active area
3. uniform gas flow

4. detachable

Self-stretching technique (from CERN)

Readout PCB Inner frame

AN \

)\
GEM foils screw




M-THGEM detector

200mm X 200mm M-THGEM foil 500mm X500mm M-THGEM detector

* Structure

Imm >5Fe Energy spectrum , Gain VS voltage _
1400 Constant_1 2525
Mean value_1 248.1
M Sigma_1 42,97 P N //
Constant_2 1038 Galn 100U

I \ Mean value_2 491.3 /
Sigma_2 75.88 % /

J 5]

| 0

1000f-
2800
f
sl po 5112 1
* Performance S \ oo
400[—
znu:—- E )-/
R

e,
395
e (V)

thOO 800 1000 ‘ ISBOI — I385 390 Vol
50cm*50cm detector result

0
MCA(C

THGEM detector is also a option of MPGD-DHCAL,
50cm*50cm detector is under develop.

14



Readout ASIC

Readout ASIC Channels Dynamic Range Threshold Consumption

GASTONE 64 200fC Single 2.4mW/ch

VFAT?2 128 18.5fC Single 1.5mW/ch

DIRAC 64 200fC for MPGD Multiple 1mW/ch, 10uW/ch(ILC)
DCAL 64 20fC~200fC Single —

HARDROC2 64 10fC~10pC Multiple 1.42mW/ch,10uW/ch(ILC)
MICROROC 64 1fC~500fC Multiple 335uW/ch, 10uW/ch (ILC)

Considered the multi—thresholds readout, dynamic range and power
consumption, MICROROC is an appropriate readout ASIC

MICROROC Parameters

Microroc Test Board

=
° m

o omen | . - O Thickness: 1.4mm
BHCRORSICE: 55550 64 Channels

3

e R A
- 3 threshold per channel

128 hit storage depth

PEDEDE IR cunen PRRTEEEE D BEE R Y

O OO0

Minimum distinguishable

charge:2fC
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Detection efficiency for MIPs of GEM detector

Electronic system Spectra of X ray and cosmic ray
BkeV X ray Cosmic ray fest
- /m] |/W\ r Constant 1 186.3 Constant 1018
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Detection efficiency In ditferent area ot GEM detector
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The R&D progress of CEPC AHCAL

— Analog hadron calorimeter for CEPC:
* The absorber: 2cm Stainless steel (0.12A,, 1.14X,);
* Detector cell size: 3cm X 3cm or 4cm X 4cm;
* ASIC Readout chip: KLauS (KIP, Uni-Heidelberg) SPIROC2E, etc.
* The sensitive detector : Scintillator(organic scintillator );

* About 40 sensitive layers, total readout channel: =6 Million
(3cm X 3cm)

AHCAL barrel AHCAL super module AHCAL endcap

1

7



Software compensation for Energy reconstruction at AHCAL

Local

* Cell-by-cell correction of energy with

energy-density dependent weights 0.25
. Single Weight

107"
" JVE . Local

Local Compensation

0.2

a=43.740. 9.540
a=35.6%0.5% b=6.610.07% *  Global
a=37.5+0 6.0+0

Fitby w; = po + p,eP2*e)
Using least square method

crecofgreco
—
o
[T T T T [ T T T T [ T 1T 1T [T T 11

107°
0.1
20 40 60 80 100 120 140 160 180 200
energy density[mip/cell]
8005 GiObai C:Om—r'i pensation | 0.05 | \ | | | | 1 | | 1 | | 1 1 | |
™E ’L § 0 20 40 60 80 100
so0E- o Eiitial GeV]
fo "ob Local Compensation improves by ~18%

N wk Global Compensation improves by ~15%
100; 1cr0; I TR Ws‘omnﬂmmﬂu‘ 250 300

05 energy density[mip/cell]

’ “ 602&!\’ Rec'(ilonstructisgn e 0 GIObaI

* Event-by-event correction of energy sum
with a shower-dependent global factor

Erec = Z(EHCAL,L' X Cglobal) 18

i

Cglobal = ne<elim/Ne<emean



SiPM saturation effect on AHCAL dynamic range

Scintillator: 30 X 30 X 3mm?3
SiPM: 1mmZ2 with 1600 Pixels

% 2400
3 2200
Q. 2000
O, 1800
1600
1400
1200
1000
800
600
400
200

* noSaturation fit

= 25um 1600pixel(corrected) fit

25um 1600pixel(uncorrected) fit

(=)

Corrected by N

fire =1 pix

-eN
(1-e "

100
Energy(GeV)

|

in’ﬁ\ pix)

Resolution(sigma/mean)

0.3

0.25

0.2

0.1

0.05

SiPM Saturation will influence the AHCAL energy reconstruction.
The digitization method has combined the simulation hits (deposit energy) and test
results to calculate the fired pixel number for each SiPM by Monte Calo.

|IIII|IIII|IIII|IIII|-IIIﬂ|I

* noSaturation Resolution
= 25um 1600pixel(corrected) Resolution

25um 1600pixel(uncorrected) Resolution

Cr

20 40 60 80 100
Energy(GeV)

After correction, the dynamic range of 1600 pixels SiPM is enough!
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AHCAL prototype Plan

RN )

Motivation:
— A AHCAL prototype fit the CEPC requirement.

Specification:

e Active layers: under optimization (=35);

* Detector cell: under optimization (30X30X3mm?3);
 Absorber: stainless steel;

* Readout: SiPM+ASIC

Ability of cell mass production




Chinese NDL-SiPM Test-1 (1Immx1mm 10umSiPM)

Six NDL-SiPMs was tested (electron-Sr90): 30mmx30mmx3mm with PL Scintillator

SiPM1_|SiPM2__|SiPM3__|SiPM4__|SIPM5__|SiPM6

25.43p.e. 25.77p.e. 25.12p.e. 24.06p.e. 23.44p.e. 24.61p.e.

Depletion
High Field region Anti-reflection Coating }-' 1 Electrode Region
.................... : :
| N-enrich ’ | .
| T— e I Structure of EQR SiPM
P! [Gap PR el T
DR ey
\ ‘l \‘ 'j \' 'f .\. f L] LY oL 3
N Substrate : NDL-SiPM 11-1010C specification
5’;‘::;_“1:015:’: Parameter Value Parameter Value
RMS 3.9
Effective Active Area 1% 1mm?2 Peak PDE@420nm’ 300
Effective Pitch 10 pm Dark Count Rate” ~500 kHz
Micro-cell Number ~10000 1 p.e. Pulse Width Sns
Operating Temperature -196°C - +40°C Temperature Coefficient For Vy, 25mV/C
M A Breakdown Voltage (V) 255+02V Gain =2x10°
T 1 T
& 70w s 100 Max. Overvoltage (AV ) LAY Single Photon Time Resolution <70 ps

Crosstalk spectrum

NDL SiPM website => http://www.ndl-sipm.net/
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NDL-SiPM + ASIC Test-2

| Calibration by their NDL preamplifier Read-out and Calibration by Spiroc2b

I R
Enies 7

uuuuuuuuuuuuu

f [ Mean 14.65
Hf; RMS. 3.986
" \f 10um

1
‘mm e Wﬂﬁwg g, e
Self-trigger Funts
. 12.5um
., \
P BO*:\:TI;—JH‘?E TR 200

6284888571

KLauS ASIC (KIP, Uni-HB)

Peak PDE 31% 32% 35% ) L
@420nm *Low noise, low power dissipation
*Continuous readout without dead
i *1 N5 *1 N5 *1 05
Gain 2*10 3.5*10 5*%10 fime
Srelfkdo(\\//v)n 27.5 21.5 25 uW / channel @ duty cycle 0.5%
oltage
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Scintillator Detector Cells study

— The four sizes of 30 X30X3mm3,40X40 X 3mm3and
50 X 50 X 3mm?3 were studied.

— SiPM or MPPC(surface-mounted )

— PS were wrapped by ESR foil

I

3 mm
RMSg,( Ej)fMeangD(EJ) [%]
v _
.

«@ o
w 3~ i

(2]

3 i
: ]

BM

H=1.5mm

| D=6.0mm ‘
I

£
tn
[
I

—— 45 GeV jets

—=—100 GeV jets
—=—180 GeV jets
—— 250 GeV jets

Katja's talk
@CHEF2017

’-__-_—___—_‘-__ —
___—___-_____‘——-!

| 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1
0 20 40 60

Neprere [Millions]
Detector cell size VS jet

energy resolution
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Cosmic-rays Mips measurement results

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

No.+< Detector Celle  MPPC Types  Reflective Foi1l Types Mean Npe.+ Polishing Methods«

1 30=30x<3mm’s S12571-025P« ESR~ 31.39£0.65¢ Ultra Precise Polishing«
2o 30x30x3mm’e  S12571-025P« ESR~ 22.55+£0.7¢ Precise Polishings
3o 30x30x3mm’s S12571-025P« ESR~ 18.92+0.39¢ Rough Polishing~
4o 30x30x3mm’e  S12571-025P« TYVEK~ 13.63+£0.33# Precise Polishings
3¢ 40x40x3mm’e  S12571-025P« ESR~ 14 .89+0.73¢ Precise Polishings
6 50x30x3mm’e  S12571-025P« ESR~ 9 87+0.43+ Precise Polishinge |
7o 30x30=2mm’~ $13360-1325PE« ESR~ 33.89+£0.49~ Precise Polishings

* The light output result show the 30mm X30mm and
40mm X 40mm is acceptable, light output of 50mm X50mm is not
enough for ASIC readout.
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Injection moulded Scintillator tiles W&y

— 300 tiles polystyrene, BisMSB
* injection moulded at Beijing %,.,;,,.
 incl. dimple, no further surface [EERNTERR

treatment;

— Mechanical tolerances is fine for

assembly, the size error less than 50um;

— Scintillators Light output fluctuation is

WE

Ry “‘&t,u

Fof e
:

&

photoyield of the scintillant

0<7%: g
. . . QOI
Size uniformity
o 30.08x30.01 30.07x30.04 30.04x30.02 30.09x30.09 30.05x30.03
Tiles size(mm) x3.08 x3.09 x3.09 x3.09 x3.09
Light output(p.e.) 23.5 22.78 22.86 25.02 23.54

25



Detector cell Automatic assemble system

— Motivation:
* 7M detector cells;
* Reflective foils packaging
can’t be done by manual;

— Progress:
e Three companies give
they preliminary design;
e Robotic arm design is the
best way;

It can be used for
3cm™*3cm and 4cm*4cm
| detector cell;

Packaged cell 26



motivation:

In order to quickly and effectively
realize the integration of large area
AHCAL detection unit.

Materials:

1.

2.
3.
4

Araldite 2011 epoxy glue

3 X3 PCB board
Detector cell;

A film used to brush glue

Detector cell gluing experiment

Result:

1. This way is working;

2. The detector cell was glued on PCB
board fasten;

3. Maybe reduce to 4 glue hole;

4. Plan to test crosstalk and prototype.

Light output

. Hist_QDC Hist_QDC
< Entries 2308 EF Entries 1745
8 Mean 23.54 8 7o Mean 24.29
1 RzMS 8.653 E RMS 10.67
o2/ ndf 4256/51 | | = %2/ ndf 30.77 /54
Width 0.461%0.066 - Width 0.9295 +0.1825
MP 2201+0.17 = MP 2213 +0.41
Area 2030 +43.4 50— Area 1505 +38.9
Gsigma 6.976 +0.175 C Gsigma 7.534 + 0.366

e v v Loy TEGY L T T N NN VAN ANINE NEN A INANETArS W fimn Ao L
10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 80 70 80 90 100
ADC

Before glued After glued .



Detector cell test system design

 About 100 detector cells one batch;
* Electronics under design;

* Mechanical structure under design;

Mechanical structure of test system

28



Cooling is under study

> CEPC is designed to operate at conftinuous mode with beam crossing
rate: 2.8x10° Hz. Power pulsing wifll not work at CEPC.

> Compare to ILD, the power consumptlon of VFE readout electronics
at CEPC is about two orders of magnltude higher, hence it requires an
active cooling

21.316 Min

0.150 0450

Rectangle pipe, water temperature: 22°C
29



Summary and next

—The construction of CEPC-HCAL prototype based on
scintillator is started, the direction is NDL SiPM+
new ASIC;

—Some critical R&D items identified, which will be
followed up.

—We have joined in the CALICE group last year;

30
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Thanks for your attention!
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Backup



Width 930mm

wwpEOT Yibua

Model

10mm

absorber
4m \

copper

plate /v

ASIC&
PCB

3mm RPC
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Active Cooling

» CEPC is desighed to operate at continuous mode with beam crossing
rate: 2.8x10° Hz. Power pulsing will not work at CEPC.

» Compare to ILD, the power consumption of VFE readout electronics

at CEPC is about two orders of magnitude higher, hence it requires an
active cooling

- Evaporative CO, cooling in thin pipes embedded in Copper exchange plate.

- For CMS-HGCAL design: heat extraction of 33 mW/cm?, allows operation
with 6 x 6 mm? pixels with a safety margin of 2

> To be modelled for Mokka simulation
PCB _/VFE ASIC Cooling pipe

=» Transverse view of the slab with g, |
one absorber and two active layers.
=» The silicon sensors are glued

to PCB with VFE chips, cooled by the
copper plates with CO, cooling pipes.

Copper cooling plate
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