Current Status Report about
the CEPC Calorimeters

Tao Hu, Jianbei Liu, Haijun Yang
(for the CEPC-Calo Group)

May 23, 2016




BRI REDRII

n iGN EESEeMEN T RERSE |_PFA Calorimeter |
@M)M&%ﬁLﬁi%ﬁmh¥hM
7y, RASNUENH, SREBSWFEA —.f -

mE, RAT—RKEENTFEEamNERE
AZREFE,

PFRABE £ HEZSRNIZIEFRENZE
*ﬁ%ﬁ@ﬁg [==1RN Ej]%\ 'f:l:ﬂ'figﬁ'{n:u\ijm
BRF, LT RBHEET TN ERXS,
BERSHRFHEES Y. PRAERERE L 1 1 £ it M,}m,‘

.
nalog|  digital
il Noh L

[=1=] —_ NS . SN2 Az Silico ‘Scintillat MAPS Scintillator RPC || GEM
B AAER A BT AR A, B ) . e
7SR LR — 1B AR
“60% “30%
T[+
- | . ) ,‘;j ....... S



FELRG B RE AR T 9T H A

Endcap1

Endcap2

w5 B r:

(1) MR T-S1PMEE Y FE L B RE 28 B B AR I8 7Y o) i

(2) S AL B e A 13 HE B e DRy i 02k 15 X bmm?;

(3) Wit iiil) /N Y F g e e o SR EEAE AL 5

(4) £ X CEPCHISF st W —& 2 T W AH — & Ak i %
HIFEBEFNR G, 7£-200CF, S#&E KT 30mW/ cm?;

MPPC 1x1mm’

aEhs
EEEE
LE-R-X-
aags

Resolution (%)
%

2mm

40mm

Baseline design of



S IAR

Smm*45mm YA [N 2% 10mm*90mm %8 A 5%

2 35C
-— 30 i -
o A
20

= 10mm*90mm 2‘2[@% %ﬁtﬂj(ﬁ[%Smm*%mm EIXJ
&H—¥, Eﬂiﬁ AR (SiPMEBRWEE) .

> N EMARMERRITE (ESR. Tyvek) . RHTE

(éﬂi?léfiﬁl‘@ IR BT T X ER, R

ESRIT. #]¥&REGH

iR T BB oS B AT TAE

CEPC Calo Detector - H. Yang @ SJTU

2016/01/19



B ERFIT AR I

ITEARRSTH
EHFSHN
15

v (EEmE. BHFE) , RIREEEmEAK)
FFCcepcxd

REE DR LUINALT ZIR A R0, B AR
TEREERIPFARR G ERERI R TS

2. S SLE EINASIPMIIA R G TA RS, SCHSIPMImE R
NHEBEME, H—DRESMINEE.

3. B ITEMMN: TR BT BAXARR T TRy L
LAR S SIPEEA TN ; SHEBIA SR R R/ N B ImmBY AT AT 11T
W5t WARIBRRAGNHITRESE; I ZMABESIPMEZE T
iﬁ N 3‘5'_'?;.94::!'_'IJ o

4. % BSEHNERIT: HICEPCRRMBRERIITRIC RASH
8, ARBEFRNSRGEERE.

1 ERMBR ST $TXICEPCER A= BegS
E




AN

1. 8%, SEeRr, xR, SFAE
=)

2. 3

M,

3/—

= i F)

4. @i, F%

5. Bl K

2016/01/19

%

%%,%ﬁﬁi,%W%Iﬁ

ﬁﬁ -I-ﬁ_ oy ILZEIJ/V ?z%

I

XIZ1k, sk=x + ﬁ%ﬁi T

TR A, IR

CEPC Calo Detector - H. Yang @ SJTU



T EBEART 5T H AR

s B R
1L BEHTETERRORARE;
2 EEEENTFemmI SARNEEHELE;

3 HIEEARIAEI1m X 0. 5mEOFLRRNEE S TSR FRINSS AOBEIRIEES
B MFT20%, HEERIARIMHz/s, HRMERTFTF95%;

4. HMEEIEIM X ImBY AR BRI T B TR, HROMNRERIF T95%;

ﬁﬂ@ﬁ%ﬁ/ﬁﬁ§§*ij7
RPCTAR LRI 2 i

Readout pads
(1cmn x 1cm)

Mylar layer (504) PCB interconnect
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HCAL-THGEM
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HCAL-THGEM (current work)
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HCAL-RPC
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HCAL-GEM

GEM assembly using a novel self-stretching technique  Apyv25 GEM readout INFN APV25 chip

=

g

* Large-area GEM (0.5x1m?) is one of main i
detector R&D focuses at USTC recently. S S — ;
o E:I:%Aﬁ: ?I‘Iﬁjh, Zi§ﬂ)? + %é 3700 3800 3900 4000 4100 4200 43mv0lla4;e(()3)
c PR ANE: EIE50cm x 100cm KHFR =» Resolution uniformity ~11%
SEGEMHIFINET 2, FFRPLARBFS 3 Gain uniformity -16%

=» Can reach gain of 10* at 4000V
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Backup slides
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PFA and Imaging Calorimeter

Particle Flow Algorithms and Imaging Calorimeter

The idea...

Charged particles Tracker
measured with the

Neutral particles Calorimeter

Particles in jets Fraction of energy Measured with Resolution [07]
Charged 65 % Tracker Negligible
Photons 25 % ECAL with 15%/NE 0.072 Ej 18%/NE
Neutral Hadrons 10 % ECAL + HCAL with 50%/\VE | 0.162 Ejet
Confusion | Required for 30%/\E > =0.242E,
L—

Requirements for detector system

— Need excellent tracker and high B — field
— Large R, of calorimeter

— Calorimeter inside coll

— Calorimeter as dense as possible (short X,
— Calorimeter with extremely fine segmentation

} thin active medium
A)
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Active Cooling System

> CEPC is designed 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

PCB /VFE ASIC ‘Coollng pipe
=> Transverse view of the slab with g A '
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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CEPC ECAL: ScW Simulation

Standalone Simulation of ScW ECAL with Geant4 package.
o Plastic scintillator (2mm)
o Tungsten plate as absorber (3mm)
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» The energy resolution of 25GeV electron is about 3.3% (cf. CALICE TB results)
» To achieve required energy resolution, the number of layers should be ~ 25.
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Tests of SiPM at IHEP

The SiPM dynamic range is determined by the SiPM Linearity

number of pixels. s e
The manufactures have developed the SiPM with ; ' / Ly " /"
10um pixel which extends the SiPM dynamic range. 3°°; . /
But, the photon detection efficiency of 10um = -/ : /_,,-

SiPM is only 1/3 of 25um SiPM. 1005 ///-"' s e

Scintillator strip irradiated with
collimated (1mm) from Sr-90

| | Scintillator

MPPC

2016/01/19

/@] Strip counter

: ) MPPC
1x1mm’

Trigger counter
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Tests of SiPM at IHEP
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Scintillator Strip Structure Optimization

___Baseline

~

Number of p.e.

5mm

2016/01/19
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ign

MPPC 1x1mm”

40mm

Normal

0 ul

With normal design, the signal is not uniform with peak
response for hits near SiPM. What’s more, the dead
gap between strips is large due to SiPM installation.

Wedge

Tapered wedge

3

Need MC simulation and experimental tests
to optimize the strip structure design.
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Calibration for Scintillator and SiPM

The ScW ECAL consists of ~8 million channels of scintillator strip units. The stability of
the light output has to be monitored. A light distribution system is under study to
monitor possible gain drifts of the SiPMs by monitoring photoelectron peaks.

Scintillator
LED
Side view Chip
LED FPC board Trigger
—
ﬁ & power

Scintillator strips z’:i':e' ll

Y Y - - - . 'w Chip
0.8 mm ¢ notched fiber =ILED

LED - Fiber calibration system:
- A pulse generator, a chip LED connect to notched fibers
- Notched Fiber distribute lights to ~ 80 scintillator strips
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Hadron Calorimeter

> The HCAL consists of - Active sensor
lindrical b | ' . > @Glass RPC
> ?chy mdrllca arrel system: . Thick GEM or GEM
modauies o Readout ( 1x1 cm?)

~ two endcaps: 4 quarters . Digital ( 1 threshold)

> Absorber: Stainless steel - Semi-digital (3 thresholds)
1 Barrel i Endcap
'?OOZ‘ A\ \ Re \\
= ) ,
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Electronics Readout System R&D

4.7 mm Imad Laktineh (IPNL)

ASICs : HARDROC2

64 channels

Trigger less mode

Memory depth : 127 events
3 thresholds

Range: 10 fC-15 pC

Gain correction - uniformity

4.3mm

v

Printed Circuit Boards (PCB) were designed
to reduce the cross-talk with 8-layer structure
and buried vias.

Tiny connectors were used to connect the
PCB two by two so the 24X2 ASICs are daisy-
chained. 1x1m? has 6 PCBs and 9216 pads.

DAQ board (DIF) was developed to transmit
fast commands and data to/from ASICs.
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Prototypes of DHCAL with RPC

Prototypes of DHCAL based on RPC
o ANL (J. Repond, L. Xia et.al.)

1m3, 1 threshold, TB at CERN/Fermilab
o IPNL (I. Laktineh, R. Han et.al.)

1m3, 3 thresholds, TB at CERN in 2014.12
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RPC Construction & Performance Study

Readout pads

Mylar layer (50p) (1cm x/1cm)

PCB interconnect

Readout ASIC
(Hardroc2, 1.6mm)

PCB (1.2mmM-ASICs(1.7 mm)
PCB\support (polycarbonate)

o - O \
z . Gas gap - '\ ‘
/ \ Cathode glass (1.1mm)\
Myl 175 L ]
/y ar (1751) Ceramic ball spacer (1.2mm) + resistive coating
Glass fiber frame (x1.2mm) Anode glass (0.7mm)

Ran Han + resistive coating

Large GRPC R&D

v Negligible dead zone
(tiny ceramic spacers)

v Large size: 1 x 1 m?

v" Cost effective

v’ Efficient gas distribution system . § outlet

v/ Homogenous resistive coating e

connection
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WELL-THGEM Beam Test at IHEP

m Detection efficiency of well-THGEM was measured with BEPC pion / proton beams.
m Efficiency:

o Ar/iso (97/3) ,Gain ~ 2000; Eff (proton) > 93%; Eff(Pion) > 82%

o Ne/CH4 (95/5) ,Gain ~ 9000; Eff (proton) > 99%: Eff(Pion) > 94%

cathode
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Channel Number 200 300 400 500 600 700 800 900 1000
ar nne

Channel Number




WELL-THGEM Beam Test in Oct., 2015

Hongbang Liu, Qian Liu (UCAS)

B 7/ THGEMSs ware installed, and 5 of
them were used, and flushed with
Ar/iso-butane = 97:3.

m 1 threshold, binary readout
® 900 MeV proton beam was used
B 5cm x 5cm sensitive region

Event_ID=152, T=21.68s \ /
i \‘ i
i I
i o

Slef |
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Conceptual Design for DHCAL GEM

m Detector size: Im™*0.5m, limited by GEM foil size

B Double-GEM structure (3mm-1mm-1mm) adopted to minimize
the thickness of detectors to accommodate the compactness
requirement of DHCAL.

B Double-GEM can still produce reasonable gain under safe
operation condition according to our measurements and
experience.

Mechanical design already finished !
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DHCAL Detector Optimization

® DHCAL Simulation and Optimization
n Standardalone = Full simulation
(eg. single particle, ZH->qqgbb events)
o Number of layers
o Thickness of Absorber
o Readout cell size

0.2 B vl 1 threshold-40 layers
D Th re S h O I d S ( 1 3 ) F 2cm-steel-3mm-drift nnenn 1 threshold-50 layers
’ ’ o8 -
0.18 -_ === 3 thresholds-40 layers
1><1cm2'50 Laye rS'looGeV T[+ : —%— 3 thresholds-50 layers
£o0.16f
100 E - - —; :
[0 . . [
&0 _..- . aan -3 _:;__ . "_ §014_
3 et Tt 1 g e o i . ::.'h_;.l;'_"_ 1. -
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