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Outline

* Introduction

 MDI: 10 talks
« Silicon: 13 talks
« (Gaseous detector: 14 talks
e Pid & Others: 14 talks
e Calorimeter: 14 talks
« Software & TDAQ: 17 talks
e Summary

» Disclaimer: apologize for my limited acceptance & mis-interpretations

28/10/2022 CEPC Workshop 2022



CEPC Physics

Table 3.1: Main design indicators for the CEPC 30 MW beam power operation scheme

Operation mode VA W Higgs
Center-of-mass energy (GeV) 91 160 240
Operation time (year) 2 1 10
Instantaneous luminosity/IP (1034em=2571) 115 16.0 5.0
Integrated luminosity (ab=!, 2 IPs) 60 3.6 12
Event yield (30 MW) 25x1012% 1.0x10® 2.5x 108
Event yield (50 MW) 40x 102 1.6 x 105 4.0 x 10

 Huge data: i.e., LEP-I data in o(1) minute

Luminosity [ 10%* cm3s]

10°
10%:

10

- FCC

—o— CEPC

=== CEPC-Upgrade
ILC
ILC-Upgrade

=4— CLIC

=4-- CLIC-Upgrade

10° 10°
Vs [GeV]

« Extremely high precision/sensitivity: to control uncertainties from

- Experimental:
« Stable & high-lumi collider
« Stable & adequate detector

28/10/2022 CEPC Workshop 2022

Theoretical: new tools/development of theory, high-precision pheno. calculation...




Requirements & technologies

Be suited to the collision environment: High radiation, Radiation robust detector
High rate, Beam background Fast & low power electronics

High hermiticity
Compact forward region, MDI/detector protection

Lower energy/momentum threshold (especially for Z)

Good intrinsic Energy/Momentum resolution Tracker & Calorimetry: Low noise, High precision
Low threshold calorimeter, adequate B-Field,

A clear separation of the final state particles High efficiency tracker

- Physics object identification Particle Flow Oriented detector, or Dual Readout
(or alternatives)

- Resolution for composited objects, i.e., jets

BMR (Boson Mass Resolution) Abundant high quality detector information +
suited algorithm
- < 4% for Higgs physics, much demanding for
New Physics & Flavor Physics Measurements dEdx or dNdx with resolution ~ 3%, ~ 50 ps ToF
(or alternatives)

Low material, high precision vertex placed close
to the IP

Mechanic & Integration

Pid: Pion & Kaon separation > 30

Jet: Flavor Tagging & Charge Reconstruction

Extremely Stable

28/10/2022 CEPC Workshop 2022 4
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Beam background: CEPC, Belle Il, BES Il

All the backgrounds studied, and the steps/tools used

A. Natochii

: T~ & Natachi ) The Loss Rates of BG in the IR
) o o 7 Injected
S —5 o o :
R Beam-Thermal photon - [1 10*BGB_Higgs_TDR
Baam Lost Paricles 204 & 10*BTH_Higgs TDR
e Erergyloss > 188 [ RBB_Higgs_TDR
Pair Production w e
T o -
i - - Machine
T, B abathe aperture N 151
=
Photon BG Beam Loss BG Injection BG &
o
v 10 4
Background Generation Detector Simu. I
-
Synchrotron Radiation BDSim BDSim/Geant4
Beamstrahlung/Pair Production Guinea-Pig++ 5]
Beam-Thermal Photon PyBTH[Ref]
Mokka/CEPCSW
Beam-Gas Bremsstrahlung PyBGB|[Ref] SAD
Beam-Gas Coulomb BGCin SAD 0 T e T T T T T
— -6 -4 -2 0 2 4 6
Radiative Bhabha BBBREM Position in Interaction Region/meter
With Collimators, the BG in IR has been mitigated significantly
Thick tungsten layers of BELLEII H. Nakayama
BG Experiment at BESIII/BIl in 2021, to check our simulation model. It seems fine.
]
— — 1 E —— Touschek &
— o o —— Touschek e’
e = L —— Beamgase’
% Beam-gas e
T — S -
I - - o 10
H. Shi LI B RLSIDG aLLayer

The experience at SuperKEKB reminds us to reserve enough

space for the BG shields between detectors and beam pipes BGs at BII/BESIIl dominanted by Touschek and Beam-gas:

*  Touschek: MCis 1~2 order of magnitude higher than experiment
*  Beam-gas: fluctuation is caused by small rate and indirect measurement

28/10/2022 CEPC Workshop 2022 6



MDI/beam pipe design

Deformation Analysis of the Cryostat Chamber
IR Length: 14m
Focal Length: 1.9m
Crossing Angle: 3.3mrad

CEPC Interaction Region
300 T T T T o
\ !

/
Detector

M. Li

Total Power: 910.834w Be pipe transition Extending AL pipe

X{mm)
[=]

=100}

45mm

—200F

‘ ‘ Be pipe J. Feng
R A At of two ends of outer Be: 7.4°C<10°C
J. Feng meet the requirements of the vertex detector
Max.t of inner Be: 39.4°C Max.t of ends AL: 22.5°C

—Emomss laﬁ

Max.t of outer Be: 29.5°C

Y Temperature (C)
20.000 23.880 27.760 31.640 35.520 39.400

X
- | B -l

-
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Luminosity monitoring & Impact

dz0
@20

Updated LumiCal

nr

Be 2mm pipe

X578

EVENT _NR

Al 2mm pipe

Si-LYSOL

=

Flange - Bellow
The Multiple scattering due to small angle must be taken special care of

Cu 2mm pipe

318

With the CEPC post-CDR design, Beam Energy Spread can be determined
with the total relative accuracy of 25% corresponding to 9 MeV beam
energy uncertainty in only 3 minutes of data-taking at the Z—pole

28/10/2022
Am_<100 keV

SI-LYSO
Si-LYSO
S. Hou

PR

i

10\ — ~

1

10 .

""wr  wa os a1 IR
15 (GaV)
240 GeV
BES + ISR + tracker resolution 0.1 mrad
25,
= Linear fit: y=a+bx
24500 3=29.6(3)*10°
r~ b=-4.7(2) % 10°
% 24,000
)
7w 23,500
=
£ 23,000
>
=3
= 22,500
£
+ 22,000
5
1,

o

on 01z 043 0.14 015 016 017

BES (%)

Events

60000 ;T\
1

50000 Bhabha smeared by
1. Muiltiple scattering
2. Detector resolution

40000 1

30000 OFFSET on the mean
20000 Causing systematic errol
10000 1

F

002 004 006 008 0.1
6 Rad (50 R bin)

|. Bozovic

r .
5t e
8 BES 195+
17
1
907 08 @09 @1 011 912

|8 (GaV)

Z pole
BES + ISR + tracker resolution 0.1 mrad

S 18 i Linear fit: y=a+bx
] ~{ a=224(5)10°
* 182,000 ™~ b =-54(g)-10*
o
N h
% 181,000
£

180,000
g
c
B9
]
=
= 176,000

0.076 0.077 0.078 0.07% 0.08 0081 D.082 0.083 0.084
BES (%)

And to the systematic uncertainty of the EW observables at the Z%-pole: 6(c,)~2.6:103, A[,~30 MeV, 8




BPM @ MDI and Solenoid design

Progress of LTS detector magnet

Conceptual mechanical design of the ultra-thin & transparent cryostat — 150mm

15 Vacuum Dewar
9 v

6 Thermal shield
MLI B .
26 {
E Aluminum alloy S
= y Support
o
a
| NN NN BN BN BN BN BN BE BN FHE BN BN BN |
32
| NN BN BN BN BN BN BF BN | # N | NN | | .
3 v
6 MLI ]
6 Thermal shield V7
9 MLI
5
M. W Vacuum Dewar HTS cable  Pure Al strips Winding platform of Dummy coil
. Wang

»  Dummy cable: 6061 Aluminum alloy, cross section

56mm*22mm
»  Dummy coil: 4 layers, 10 turns per layer.

@ , (b)

h \\\3\/«:’.)_ ; -‘:-\\:Eiuirudui\ 4[ il ¥ . . .
N \ { T CEPC BPM design: stripline-type

A %

. 0 ] \" R—l‘ll"-' [in
\R : % / Lstrip ,
Electrode NI Flactrode D —l__i ! — J . H E

Try to Deliver an IP BPM Design
[ ] [ | r'y A
| I ] I S
1 0) ? lr\{.‘\
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Silicon
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H . . . C’;’/D/y
Overview of pixel sensors in China for CEPC VTX . ' -7
Development of pixel sensors for CEPC VTX supported by

» Ministry of Science and Technology of China (MOST)
» National Natural Science Foundation of China (NSFC)

This talk
» IHEP fund for innovation o
7’ N

2017 L2019 - 2000 < 0001 -

L]

JadePix-2/MIC4

JadePlx 1

180nm CIS process

200nm SOI proce

hﬂ'_l_u.dnl

CRNE2 CPV-3

In Yang Zhou’s talk
Ref: “Status report on MAPS in China”, 2021 CEPC workshop, Yunpeng Lu

28/10/2022 CEPC Workshop 2022 11



CEPC VTX Chips

» 1%t engineering run o————— Residual y

» Full-scale Chlp TaichuPix-3, received in July 2022 15.9 mm ormu=-0.02um A
= _— i 70 Sigma = 4.6 ym| /| '\

N
7

1 | / \Laser test |

25.7mm w0 \\

of \

e : TaichuPix-3 0
TaichuPix-1 TaichuPix-2 Pixel size: 25 pym X 25 pm

Col. number
With a 1064 nm laser source

Comblned test beam at DESY: Dec 2022



3D-sensor: ~ o(10)ps!

C. Kenney et al., IEEE TNS, vol. 46, n. 4 (1999) 1224 NEN 7S NEN
g G.-E Dalla Betta 4 CEPC 2022 2 G.-FE. Dalla Betta s CEPC 2022
™ Tech 1: Full-3D with active edges |, s polyallicon Tech 2: Double-sided 3D sensors
FBK (Trento, ItaIy) CNM (Barcelona, Spain)
“«— Bump @»+— Bump
detector wafer
OXid—eb_ p/' .\
support wafer * col. * col. . :
1) wafer bonding 2) n+ hole definition & etching 3) n+hole doping & filling - - ol. : -

p-spray
p+ polysilicon

e ~
resist s —
|| oxide Bl metal B passivation oxide [l metal [ passivation
T pSi [l p'Si M nSi p'Si [l p'poly-Si Ml n'poly-Si [] p'Si
A. Zoboli et. al., IEEE TNS 55(5) (2008), 2775 G. Pellegrini et. al. NIMA 592(2008), 38

4) p+ hole definition & etching 5) p+ hole doping & filling 6) Metal deposition & definiton C- Giacomini, et al., IEEE TNS 60(3) (2013) 2357 G. Pellearini et. al. NIMA 699(2013). 27

niversita degli Studi | miversita deghi Studi
g88Y G _r Dalla Betta . cepc 2022 (INFN 289 G _E Dalla Betta . cepc 2022 INFN
i i = Fisica Nucleare
di Trento . . g di Trento ( )
Fabrication details @ FBK Beam test @ CERN SPS (10/2021
Single Pixel V= -150V - 2. 5é°neqg/cm?®
= as” 1 Entries 5378 @ 40F
et 1582 100 5% F —o— UNIRRADIATED Spine Method
140 Prob 0.9849 E 35:_ —8— UNIRRADIATED Reference
Norm 3711+ 0058 S [ —©— 25016 SPLINE Method
120 " 01£0.00 § 30:_ —8— 25616 Relerence Metnod
r O, 0.009233 + 0.000332 s T
100 WM 0.007403 + 0.001176 E E
r oo, 1.982 + 0.094 25—
: 80 f, 0.6768 + 0.0452 F
P \ r const 135+014 20F M
| — ® g
‘ L . O =11 ps 196
| o
- . | r 150V >
Almost completely - | @ 10F-
- - 20 r
illed with poly-Si sEL .
SEM HV: 30.0 kV wo: 19.47mm ||| (] VEGA3 TESCAN SEM HV: 30.0 kv WD: 19.08 mm T 0 L Al o Lesseelopd bt —160 140 120 100 80 —60 —40 —20 v
View fleld: 139 pm Det: SE 20 um View fleld: 205 um Det: SE 50 um 3 46 8.48 8. 5 852 854 856 858 8.6 862 8.64 s [ ]
SEM MAG: 1.99 kx  Date(midly): 02/18/18 Performance in nanospace SEM MAG: 1.3 kx _ Date(m/dly): 02/18/18 Performance in nanospace gl 5" e [08]
AR n* beam, 180 GeV/c A. Lampis et al., IWORID 2022

28/10/2022 CEPC Workshop 2022 13



Silicon electron multiplier sensor

Marius Halvorsen

metal
electrode

metallisation
pixél n --- pixell

. = 1V2
n+ implant
dielectric ' .
= buried metal 6 z ‘s E Advantage.s'
@ §- electrodes ? 4 Hg 251 —@=— Oye gistortion = - Small pItCh
. . ; i | L N 1% ‘ - Good time resolution
oéi&‘ @ * 1°° = - No gain layer deactivation due to acceptor |
C’:éot ? 0 : ; g 150 H070" removal
Q}e’ e o &&& 12,5 0.6 '
1 - 4 f(\o\'a 10.0 05
: metallisagm p* _im;ant \\;l:ias 5:0 :‘ :Iz 1|o 1l2 1|4 8 0:3
silicon bulk p [um]
Our approach UNIVIEZ)RSITETET
. . . ¥ J T OSL
Future inner tracker detectors will require
- Time resolutions below 50 ps - Gain, doping independent
- Pixel pitch down to 25 pm - Small pitch
L 17 . .o
- Radiation hardness up to 10°"n, - Small thickness, radiation hardness

Structure realized via Chemical Etching, enabling lots of future tests: IV, TCT, Beta-source...
28/10/2022 CEPC Workshop 2022 14



ALICE ITS3 E

N/ S
ITS2 — ITS3

0.
Other
0.7 - Water
Il Carbon
Alumi
- 0.6 uminum
v mmm Kapton
= E Glue
£ 054 Silicon
5]
< — mean =0.35%
Loa
=
L
<03
S
X
X< 0.2

o
-

0 10 20 30 40 50 60
Azimuthal angle [°]

Residuals

N
n

T

~N
o
>
-
[e¢]
3
3

Inefficiency

o
(=}
T

Residuals X (um)

99.99% efficient

o
n

(number of associated tracks / total tracks)

o 1S

w N

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

] 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

] 1

1 1

1 1

1

i |
-, px :
N
SE D 1
1

R Nel}
21 N
\5 E X1
Y 2
al al
ol =1
! \ Y
1 1

o
w

%\

NB: telescope ]
resolution O(3 um)
not subtracted, yet

200 300 400 500 0 100 200 300 400 500
Threshold [e~] Threshold (e™)

« Bending doesn't show effects in main performance figures.

* Next step to prove stitching and power/signal distribution.
28/10/2022 15
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CERN

Small pitch pixel detector Wy
hybridsation and integration

Peter SVIHRA reverse bias = Small pitch bump bonding
= Single die process developed for 25 um pitch CLICpix2 hybrid assemblies

----metallization
<-- ®  Very good efficiency results for 50 um thick sensors
<- -
%‘.@a o =---n-type implant ® Laboratory and beam-test results show excellent yield of above 99.7 %
thickness > :
100 um GBQ"?Q ! - - - - - -~ n-type sensor
;"'Q @ée@é --------------------- p-type implant . . . .
- g Co cmmamn | = ACF interconnect Anisotropic Conductive Film
20 pm v ( ) ( )T ------ ®  |n-house UBM plating and in-house ASIC-sensor connection
: ----solder bump . . ; .
| = Extensive ENIG studies to achieve uniform metal growth
--------------------- metal pad
o e readout ASIC = Good yield achievable for 55 um pitch, better control of ENIG required
lg(i)tithm { particle track

_ - _ - = Ongoing improvements of the bonding parameters and ACF materials
Generic hybrid pixel detector with planar p-on-n silicon sensor

®  ACF can be also used for module integration

SOluer DUIMPps On we 1 1mepixay pIxel mawrix DUllIp wlUdd=dTLLIuvll

Timepix3 ASIC bump-bonded to a 50 pm active edge silicon sensor

500 X
Signal A = SE2

Under Bump Metallisation

28/10/2022 CEPC Workshop 2022 16



/-}‘_/}f_/.", ST 7»}’33 Pixelsize [’ y
- ‘Eb/_?’lﬁ ~ 25 x 25 pm? ;§7/}'?}}'}’

g

= 4—"| Resistive implant |

Standard Silicon Detector Resistive Silicon Detector
The innovative design of a tracker based on RSD
> It delivers ~ 30 -40 ps temporal resolution M. Ferrero
> For the same spatial resolution, the number of pixel is reduced by 50-100 INFN Torino

» The electronic circuitry can be easily accomodated
» The power consumption is much lower, it might even be air cooled (~ 0.1-0.2 W/cm?)

» The sensors can be really thin -

28/10/2022 CEPC Workshop 2022 17



Belle Il VTX & upgrade

H o5 —— 35 . —
Setting the Scene =g
w-, Z T a=13.08%0.11 d T a=978£008
Belle Il Vertex Detector (VXD) 0 L s s o |0 b it Arth B I
ore i st T a=1421+001 . | = ::‘mnh:/;m u r O Z
o Silicon Vertex Detector (SVD) £, bo178s 2014 E =t b=20a12006
. e . = =val +bx? = =Val+bx
o 4 layers of 2-sided silicon strips = — tilese=00m = — e =q00
Wl BF b=1855%0.02 Tl 0 b=23.08 £0.02
o r£140 mm il +  cosmic (expl2 praci2) ki +  cosmic (expl2 proc12)
LU +  dimu (exp12 procl2) 1 + dimu (exp12 proc12)
é? + | Bhabha (exp12 proc12) 65 15 + Bhabha (expl2 procl2)
o Pixel Vertex Detector (PXD) 15
o 2 layers at radii 14 mm and 22 mm 10} ! =
© 8inner + 12 outer module-pairs (“ladders”) 5 . - o) ) 1 + o

=> only 8 (inner) + 2 (outer) ladders installed
o ~7.7 x 10° pixels
o ~0.21% XU/ layer material budget

® acceptance
0 17°< @< 150°
O p,; 240 MeV

DO2V1 Bottom Side i L &

iyer one occu—pz;my before/after beam loss in May 21

DESY.

VTX simulated tracking performances

Context = full Belle Il simulation framework, including background

= Realistic pixel sensor model
« Digitizer assuming
—fully depleted thin layer 30 um
- Pixel 33x33 um2 with 7bits Time over Threshold
* Tuned with Monopix-1 beam data

aglem)

- . Jerome Baudot

g 0.035— E L
[ ] Geomefnl © £ asos - E — —+— VTX5 Layer
03— + E +- VTX 7 Layer
* Taken from fast simulation 003§ e 1 S y
« 50r 7 barrel layers with/without 2 forward disks 0‘025? M‘mff b . J
* Crude layer description but with targeted material budget ~ *® | & . i 4 .
— per layer: 0.1 % X, for radii <4 cm then 0.3 % X, oots - £ Prefiminary TeCh M O n O p IX
N | R N e )
= Fyll trQCking chain 0,(105i T Obel IX
* VIX standalone ) S D T .. | £ L 4
« CDC standalone then combined 0 05 1 15 2 25 3 38 ot
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Power supply, HV CMOS

Mighty Tracker

@ SciFi Tracker
u Scintillating fibres with SiPM readout
@ Inner Tracker and Middle Tracker

u Silicon sensors meet requirements of
radiation hardness and granularity

u Baseline technology:
HV-CMOS pixel chip MightyPix

| |n total over 46000 silicon sensors to
cover area of 18 m2 (minus beam-pipe
hole)

bPOLA48V (buck) Vs.
production grade

lvan Peric

T

stitute of Technology

rPOLA48V (tesonant)

Required Value ___[Notes _____

Chip size ~2cm X 2 cm

Pixel size ~50 um X 150 um

Time resolution <3ns Hit assigned to right BX
Power consumption < 0.15 W/cm?

NIEL3 6 x 10* 1 MeV ngq/cm?  Includes safety factor of 2
Cooling < 0°C Test beam studies

First prototype MightyPix-1 submitted this May

Efficiency rPOL48V vs bPOL48V

97.5

95.0 /\‘\\\\\

92.5

Efficiency [\%]
8
o

85.0
825 —e— rPOL48V. Vin = 48.0V, Eff@50A = 92.96%
—— DbPOL48V. Vin = 48.0V, Eff@13A = 92.02%
80.0
0 10 20 30 40 50
lout [A]

Giacomo Ripamonti 19



Hybrid vs Monolithic Walter. Snoeys CEEW

sensor chip (e.g. silicon) \

NWELL NMOS
DIODE TRANSISTOR NS

J
PWELL NWELL

high resistivity n-type silicon

p-lype

-~ aluminium layer
silicon layer

flipchip U SN0 T Y
bonding with
solder bumps

R DEEP PWELL j

Epitaxial Layer P- b oy

electronics chip single pixel

read-out cell

Hybrid Monolithic

 Large majority of presently installed systems * Easier integration, lower cost

* 100 % fill factor easily obtained * Potentially better power-performance ratio and

* Sensor and ASIC can be optimized separately strong impact on material budget

* Spin-off from HEP developments: Motivation for intense R&D since more than 30 years

for example spectral photon counting chipsin  « Trend towards more standard technologies
this workshop

New technologies (TSV’s, microbumps, wafer stacking...) make the distinction more vague.

walter.snoeys@cern.ch

MAPS are one of the few areas where production volume even within HEP would not be negligible, but where our community
can have an impact not only on the quality of its own measurements, but also on society in general, and which we should try to
exploit to enable access to the most advanced technologies.
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Gas detectors: Time Projection Chambers for CEPC Paul Colas

* New ILD strategy and consequences on ILD tracking
« TPC = “ultimate” drift chamber, with 3D precision tracking with low material budget and PID through dE/dx or cluster counting

* Main recent progress on

+ Use of multiple layers of MPGDs (GEM or Micromegas) to significantly reduce ion back-flow (IBF) even without gating
(crucial for circular colliders)

» Use of MPGDs with pad/pixelated readout to reduce occupancy (crucial for high-lumi runs @2).

+ The possibility to use a TPC at the future Higgs factory is appealing
(particle ID for free, low material), but requires a large amount of difficult
studies to meet physics requirements of Z peak at the highest luminosity

. . . . . LD . . . . =
of circular colliders. lon backflow suppression without loss of resolution d |n-S|tU Callbratlon Of d IStOI"tIOn?
+ Possibility to correct for distortions (on average? or event by event?)

. e . . . * Tracks corresponding to positive/negative charge, will be biased
+ Especially difficult at the Z peak at the highest luminosity towards different direction:

- Increase of Pt for one charge and decrease for another.

» What is our requirement for resolution at the Z peak? . ;
Larger biases at higher Pt.

» Update all beam background estimates at the HZ energy.

* Z->mumu events happens at a rate of 2k Hz (1/20 of Hadronic Z),
while the momentum shall be measured to a relative precision of
0.1% at each track.

« | guess the full energy lepton tracks, especially muon ones, can
provide a solid reference for the correction...

» But certainly needs more quantification!

H 4
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TPC R&D - pad TPC technology Huirong Qi Zhi Deng

« Pad TPC with multiple GEMs or GEMs/Micromegas:

« IBFxGain ~1 at Gain=2000 in recent testbeams with GEM/MM readout 22 Ed = 200V/cm at T2K gas
. . 0.2 20 IBF*Gain VS Vaey, V=420V
« Hit resolution of 0,100 pm = P<p T T T ] 18-
at ILD conditions also = [ Extrapolation to 4 v e
. = - <5 51 s 14
achieved S5 ILD COﬂdItl0n§_,,f’_ & f g
of-Rreliminary g 1oE- e
) : 77_777_..: — —— . o B} § 8
— , ] 0= P
0.05 ._ s==== fitwith e loss _- 4% g
B=3.5T "™ I B I S e
% 500 1000 1500 2000 = = vy o= b

drift distance [mm)]
» TPC prototype recently developed by CEPC with integrated 266nm UV laser to generate pseudo-tracks
» dE/dx about 3.4% for (pseudo-)tracks with 220 hits (as expected for CEPC baseline detector concept)

< N s WASA V1 ZYNQ Core Board
Eﬁ; 25— ata

30 — O "

o zol‘

15—
E UdE/dx = 3.36 £ 0.26 %
10—
S
: ol v L b v b L .
. = 0 50 100 150 200 250 '
https://doi.org/10,1016/j.nima.2022,167241

# hits in track

Sumrhary

R&D on Macro-Pixel TPC Readout e e

The power consumption is 4.94 mW/ch @ 40 MHz = y =
¢ Pyp=1.38 mW/ch .Q
. * Pupe=0.83 mW/ch
Long term Goal : power consumption ~ 0.1 w/cm? D= 273 mWich -y

* ENC =569 et+14.8 e/pF @ gain=10 mV/fC with on-chip digital trapezoidal filter
¢ Next step: BGA package 16 x 11 (11.05 mm x 7.8 mm)

28/10/2022 CEPC Workshop 2022 23




TPC R&D - pixelated technology Peter Kluit

+ Initial Timepix3-based GridPix detector module tests already indicate excellent tracking and
dE/dx performance (4.1% resolution for 1m track length) hitps://arxiv.org/abs/1902.01987

* Prototype with 160 GridPixes covering an active area of 320 cm2 (10M pixel detector) also built and tested in beam at B=1T in DESY in
June 2021, to prove large-scale production, integration, and readout => 1e6 events successfully collected

DESY LCTPC-Pixel Testbeam Run Event 2 Bfield 1.0 T beam momentum 6 GeV/c

400
Sl 300
,.J? 5 -~ 200

™, £ % 100

1000

800

x in pixels
\
3
arrival time (ns)

600

% * o -200
! -300

400

III|III|III|III|I1I|
"
& "-.4'&
- r
[
TN
=
-
-
-
o

y in pixels

DESY testbeam in June 2021

» Development of new ASIC (Timepix4) ongoing (lower power consumption, easier assembly, better coverage)

» dN/dx cluster counting: should be feasible with high granularity readout, challenging for
low power consumption, to be addressed by dedicated R&D.

* Preliminary full simulation studies (Geant4) foresee, compared to pad TPC w/ 6mm pads:
» Momentum resolution improvement: 15%

» dE/dx improvement: 30% (with cluster counting)

B The current power consumption is 1W/cm2. So good cooling is important but in my
opinion no show stopper; but needs extensive R&D.
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Gas detectors: the IDEA drift chamber for CEPC Nicola De Filippis

« Transparent drift chamber to minimise multiple scattering contribution DEA: Material v, cost) T -
to pr resolution at low pt T E— 0005 eI —
>§ |:|Ve_rtex silicon 0.0045" Egg::::mmper
* 112 coaxial layers, L = 4m, 0.35m < R < 2m => 343.968 wires o e B e 0.004 o
0.0035 : _—
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Muon chambers / MPRC TOF / Eco-friendly gas

» y-RWELL: cheap, can sustain high rates => good choice for muon detectors of future collider detectors at large R (=>large area)
+ straight-forward for ee factories, requiring an R&D for the harsher conditions of SppC & FCC-hh
» Sealed MRPC was developed in THU (>7kHz/cm?)

RD-FCC p-RWELL, Residuals

ArCO,CF, 45:15:40

Mixtures from ECOGAS@GIF
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» RWELL detector was produced. Gain uniformity of ~ 14%@~5200
gain, and rate capability >100 kHz/cm2, are achieved.

» Search for Eco-friendly gases for gaseous detectors

* Long-term studies with HFO gas mixtures

Gas type GWP
CO2 1
HFC-134a 1430
SF¢ 23900
HFO-1234ze 4
28/10/2022 He <1 CEPC Workshop 2022 26




Pid &
other
technology

el
- | .-

u

28/10/2022 CEPC Workshop 2022 27



Pid requirement

Yongfeng Zhu
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fitted mass : 1864.259 £ 0.025 MeV/c?

« Geant4: TPC @ baseline gives a resolution of 2.5% at MCTruth, together with 50 ps ToF, an overall
eff/purity of 98%/97% is anticipated for Kaon@Z->qq, with significant dependence on polar angle.

» Physics object (D, ®) reconstruction strongly suggest dE/dx resolution < 3%
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TPC: Pad or Pixel

g
=}

simulation result with
method, drift length:

cluster counting, 200 mm

Ulrich Einhaus

o
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- cluster counting, 1000 mm
-~ charge summation, 200 mm
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 charge summation, 1000 mm
test beam, pad-based:
AsianGEM

B GridGEM

B Micromegas

w
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test beam, pixel based:

®  GridPix at full coverage

ILD TPC dE/dx resolution equivalent / %

1.0 = - ®  GridPix at G0% coverage
empirical expectation:
: — Loy 013
'2 | Page 9 0.0 ; i i i i i | x (granularity)
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pad size / pim

1 Timepix3
2 cm?

HV board
LV regulator

Uli Einhaus | PID Potential with a TPC | 26.10.2022 | Page 8

e 46-5%/3.3 - 3.6% dEdx resolution measured from TB, with Pad/Pixel readout

* Hopefully to be further improved with pad size optimization, noise control, etc
28/10/2022 CEPC Workshop 2022 29



Drift Chamber: Cluster counting in time

s:;?:a Particle Separation (dE/dx vs dN/dx) “_ 30cm Nov 2021
::) pbeam lem| o l | 1 © | ° ® 10 pm (Mo+Au)
M’ 15 pm (Mo+Au)
9 b . . m (W+Au)
A = S
7 '||‘|‘ .2cm . . ® 40 pm (Al+Au)
e i
G N o RS I . T Jul 2022
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Simulation Digitization Reconstruction
« Essential to have a high efficiency and accurate counting of Clusters
* Multiple peak finding algorithm are developed & tested
[ ]

_ Brunella D'Anzi
Test beam result seems matched the expectation Federica Cuna,

Yue Chang,
28/10/2022 CEPC Workshop 2022 Shuiting Xin
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Time resolution (ps)
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®  $13370-6050

Ref: Lishuang MA et al., R & D of a novel single anode fast timing MCP-PMT, 2022, Pre-proof, NIMA.

« Beam: 120GeV Proton
* Crystal: LYSO &BGO

N VOV MPPC « PMT: NNVT 8*8 FPMT
& e - DAQ: CAEN V1742~50ps
7ID 8‘0 Pho!ons;zumber ﬂlm 1;0 Xiaolong Wang
CEPC Workshop 2022 Hongyu Zhang 31

Sen Qian



SEASSSSSESEANSNSNANNSEANANSS SN

S A

MRPC

« Technology used at STAR & CBM experiments (60 ps, o(100) m?)
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ToF with MRPC

ADC

Time resolution for different MRPC: Electronics Noise ~20fC
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* New tech: sealed MRPC, eco-friendly gas...
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Maarten van Dijk

6, = 0.45rad

Focusing block
}
Photodetectors —

Timing station _
(upstream)

{8

0, = 0.85rad

At \‘;> Total
internal
reflectior
Quartz radiator—|
‘Wﬂ’lomm re;‘reirnelremepmm_TORCH Telescope re}::::ce Scintillator Cozcgfllreli::sk -

E 120 3 c
 ~70ps/photon reached for the ‘= 110F 3
R=] - ]
LHCDb upgrade = 100F 53
[=) - -
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* Need ~ 25 ps/photon for ee 3 gk 4" 3
Higgs factory c &
« Rely on better reco. Better 3 E
electronics... S ST TEE e T e
MCP column
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RICH @ CLEO

Marina Artuso

| Qua=
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J——
I 1 1 1 I 1 1 1
S0 qem 2@

Fig. 3. The CLEO RICH, shown in CLEO-III eonfiguration.

System Overview %
* Quter ring of 30 T T e + % + . = P/
Y detectors el [ I *’E i ! | H) ] § o2 ‘i
* Inner ring of 2 | ¥ ++ i | ;oA
radiator tiles, 14 z t

rows in length
and 30 sectors

in azimuth
= N, +CH, TEA
gas systems

28/10/2022

0 I 250
21In(L/Ly)

Likelihood variable used to
assign hadron ID

CEPC Workshop 2022

05 1.0

[N SR
20 25 3.0

15
Momentum (GeV/c)

momentum for

angles]

Pion fake rates as a function of the particle
1 different K efficiencies
[g(i)% circles], 85%[squares], and 90%
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RICH @ Be”e” Shohei Nishida
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CERN

RICH @ LHCb Vi

Relatively long period of LS3 central to the RICH evolution.

Giovanni Cavallero

(Schedule as of Jan 2022)
[2017[2018] 20192020 [ 2021 [ 2022 [ 2023] 2024 [ 2025 | 2026 | 2027 | 2028 | 2029 [ 2030 2031 [ 2032 2033 [ 2034 2035 [[[[] 20... |>

| Run2 | LS2 | Run 3 LS3 Run 4 | 1s4 | Run5-6 ]
gCAL HAE M4 MS \L
gy e B | LHC 13 TeV 14 Tev HL-LHC |
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:Efe o o e o o e o o with smaller
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RICH1 rings with 1 PV RICH1 rings with 5 PVs RICH1 rings with 10 PVs

To address the challenges via fast electronics, high granularity & time measurement
(LAPPD, MCP)...
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ARC (Array of RICH Cells

Composite vessel wal|

Insulation + Support

Focusing mirror .
Martin Tat

cm Radiator gas

Aerogel - Photosensor array
O Cooling plate
PR e —
————— T ——

ARC detector (one cell)

Display of a simulated B, — DK event in ARC

B Bachelor K from B, Hit cells Kaon-pion separation significance in ARC barrel Kaon-proton separation significance in ARC barrel
W D, decay tracks

W Other b decay tracks z - N . s b4 L
@ K from other b decay = e GaS

©@ Primary vertex tracks L

.. |—Gas
|~ Aerogel

------- Aerogel
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Lots to be explored(noise, PFA compatibility...) + promising performance up to 50 GeV!
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Calorimeter
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Vincent Boudry

Structure 4.2
(3x1.4mm of W plates)

Structure 2.8
(2x1.4mm of W plates)

Structure 1.4
(1.4mm of W plates)

Detector slab (x30)

Physical (2005-11)

pE= e

Technological (now) i

k |
POLYTECHNIQUE

|
g™

— Embedded electronics

Pilote

Electron

Fig. Simulation e- 10 GeV Fig. Reconstructed e- 10 GeV

. Intenswe technology & optimization studies, and reconstruction algorithm, i.e.,
energy estimation, PFA

28/10/2022
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Imad Laktineh
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» Cubic meter prototype exposed intensively at CERN test beam
» Excellent granularity, excellent particle identification + decent resolution

« Lots of R&D towards usage at linear & circular collider
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AHCAL

Katja Kruger

e With SPIROC2E
v ’ LA B L B L L I L L L BN B
o= |LC Mode s e
1200 Sk aen —
F CALICE AHCAL ]
1000— Work in Progress -
beam B0t Single channel -
600 resolution: =
E 1.12 = 0.78 ns]
400j —
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930 éO ‘—1IUI ' (I) ' g I1I0I ! ‘7I2I0I .
Time difference[ns]

\ —
Teehﬁolqu Rrototype at
\ /ey >

Run: 60225 Event: 2829 Date: 09.05.2018 Time: 14:27:33.000000000 - ; —

« CMS HGCAL will be first detector scale application of this technology
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CEPC Calorimeter at SPS

120 GeV

70 GeV
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£ 3
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WW"W " IWM ur I
| T HAN KS
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Dual readout calorimeter

EM particles

Seungkyu Ha
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Dual readout calorimeter

Andreas Loeschcke, Adelina D'onofrio

o MMl

45

49
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Magnet return yoke ) )
. . . see also study with VGG and Residual NN AI D A
PID using Machine Learning iesourcel puversiTy innova
= Muon detection Scintillation channel image dark spots are more energetic
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Particle Flow for Dual Readout is also being studied

CEPC Workshop 2022
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CMS HGC upgrade & IHEP

« Beam tests in 2016—-2018 using 6-inch silicon + SKIROC-cms modules and CALICE Sci. AHCAL

e —— “ - L v
| ECAL part R K § Ty 4 .
| 28-ayers 300 umsi © B " 2P, Calice AHCAL F - A7 oo, | EovEs
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e Switch to 8-inch silicon + HGCROC module at H2 beamline at CERN (SPS) Sept/Oct 2021

T i T emeeee 2 : : o
o Sos0000e , Noise/MIP response in realistic
1 B eessess e : ac
Sise creoveests N, environment in Si modules
PR ) . ‘wi/@
*$ - S fume L. ROCv2(Sep), ROCv3 (Oct),
© e e < Ceses I :
Y, ¢ O o Aul [ explored a range of working
o 0@ & S i L 1 ) D H
| ee sess s | parameters with e.-beams
1 % Nee esesss
¢ "sescevese °:: I
- edone N | .
S i e Analysis on going Huaqgiao Zhang

l, v
' = ] s

IHEP LD Module with HGCROCv2, 300mm silicon in September 21 beam test
28/10/2022 CEPC Workshop 2022 Lots of synergies... 45



alorimeter upgrade for ALICE, ATLAS

Hua Pei
Upgrade projects

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

- | |

: g )
FoCal ITs3 | ALICE 3
« Preparations for test beams with full * MLR1 sensor characterisation | * LHCC review concluded

prototypes |

* Work towards TDR

+ Engineering models - Additional physics studies

+ Preparation of ER1 | + R&D programme

FoCal Lol: CERN-LHCC-2020-009

ITS3 Lol: CERN-LHCC-2019-018

In addition: |
Studies on Fixed Target programme at IP2|

Eduardo Picatoste

ALIGE 3 Lol: GERN-LHCC-2022-009

and LHCDb

Summary

charm/bottom, jet...

Anaitivn ata

C——— scintillator === mirror
I absorber 1 light guide
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| = e » 2 sub-detectors: ECAL, HCAL were kept
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U S ]
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- ‘”" ESET""  « Detection
1 ECAL Shashlik: scintillator ~ HCAL: Tilecal technology
1 } tiles and lead plates iron+scintillator
<IN n particles
i = = e spacrs
l — ) /y sc\n«;\\a{g\\l\:m
| \\ Y
!
i / 'y,

master plate

25 October 2022
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CEPC - CMS and LHCb Calorimeters Run3 and Phase-Il Upgrades status and plans

—» Beam direction

e

PMT R-7899-20,

>

» SpaCal prototye module with W absorber
and garnet crystal fibers:

— Pure tungsten absorber with 19 g/cm?
— 9 cells of 1.5x1.5 cm2 (RM = 1.45 cm)
— 4+10 cm long (7+18 X,)

— Reflective mirror between sections

& 1CCUB

CEPC Workshop 2022
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 Calorimeters at the ALICE and ATLAS experiments performed well
throughout Run 1 and Run 2
« Detailed operation and performance paper for Run 2 coming out

« Great physics output from all calorimeters: photon, hadron,

« Ready for Run 3: Many maintenance items taken care of over the
long shutdown of last few years

* Exciting upgrades on the way: Run 3, Run 4, and beyond (2035-)

DESY 2020 Test beam result

Energy resolution
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Num. of hits (A.U. normalized to unity)

Pile-up Energy [GeV]

Performance
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TDAQ & Software

ULTIMATE HL-LHC performace
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The CMS Level-1 Muon Phase-2 Upgrade Of Level-1 Trigger
Trigger focusing on the RPC
System Ecs Asilar

Vladimir Rekovic
Ready for Run 3 |

« ATCA boards hosting powerful Xilinx Ultrascale+ FPGAs with high I/0 are designed
Prototypes vailable in different flavors for Phase-2 L1-Trigger (optics Firefly or QSFP)

.
( O I l Cl l l SIO I l —  “X20” for OMTF, EMTF, GMT (moving from Ocean in TDR)

—  BMTL1
Ongoing Slice Test of FW with

- :iire,? }tGyC_:;J Lol il ol Serenity hardware connecting multiple
N : e boards of different flavors.
BMTL1
o 8 \\\“”]

As a result of successful performance at CERN 904 Lab,
GIF++ and at the CMS cavern, currently, demonstrator
IRPCs are getting ready for taking data during Run3 to

further validate the performance for Phase Il operations.

e
aIeeeenee
aeeeneen

ATLAS Data Acquisition Phase 2 Outlook m © pEmamens

lent results of optics tests

Progressing well towards electronics
readiness review in Q1/2 2023.

I ET (e R (o] @ o] - YW Anissioning Sylvain Chapeland

Matias Bonaventura, CERN
On behalf of ATLAS TDAQ Collaboration

Conclusions

Scaling

e HL-LHC upgrade requires a major upgrade of all components of the ATLAS TDAQ Rk lcios

e Impact of technology evolution Orchestration
o Full event building thanks to network improvements
o Persistent storage design on hold due to increased storage cost and endurance u
o RDMA-based readout network
o Scheduling

Management of processing farm with Kubernetes orchestration D?secrg\i/f:ry
Health y " —
e Upcoming challenges Checking 5 July 2022: ALICE first 13.6 TeV collisions of LHC Run 3.
o Close interaction with industry to track technology updates ¢ ALICE started Run 3 with success

o Incorporate experience from run 3 operations

- Actively taking p-p physics data
- Exercising data flow and processing with p-p at high rates

28/10/2022 CEPC WOTkShOp 2022 - Waiting for HI collisions
See also talk of M. Boulais
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LHCb HLT1
Tracking and vertexing aith GPUs

Marianna Fontana

gy U
F77e] -
= Data recorded:

Conclusion

e LHCb is currently undergoing its first major upgrade in order to increase its instantaneous luminosity by x5
e Major changes in the trigger strategy:

e Remove LO hardware trigger, read-out full detector at 30 MHz

e New first level trigger run on GPUs

¢ Partial event reconstruction and trigger selection lines implemented with excellent physics performance
expected

¢ The system can be realised with ~200 GPUs (throughput ~170 kHz)
e GPUs are installed in the EB server and the commissioning is ongoing

e LHCb is almost ready to start collecting physics data with the brand new detector

28/10/2022

3
%,

hnﬂ

g ) B
5T

N\, ALICE Trigger System Run3

R. Lietava for the ALICE Collaboration
The University of Birmingham

‘BH-

Summary

Most of the detectors take data in triggerless
mode: read out data of all interactions (50kHz Pb-

Pb and > 500kHz pp)

— Compress these data by online reconstruction

— One common online-offline system

Central trigger system:

— Distributes clock and HB frame delimiter

— Provides Minimum Bias trigger when needed

— Provides Continuous/Triggered Mode as required
Operation

— Trigger system providing clock, HB and triggers since
October 2021

Highly relevant, & encouraging experience
for CEPC, efc.

We need to better understand the
requirements stemmed from sys. control

CEPC Workshop 2022 50



Offline & Computing (1)

* Recent development of CEPCSW focus on the core software, simulation
and reconstruction to support the 4t concept detector design.

* Highlights

* R&D on advanced computing technologies in framework: heterogeneous
computing with TRACCC from ACTS, integration of ML using ONNX, RDataFrame
based analysis toolkit, Gaussino based simulation framework.

* Extension of EDM4hep for dN/dx and completed chain of dN/dx study.
e Support multi-track fitting with silicon detector and drift chamber.

* New reconstruction algorithms for long crystal bar ECAL: clustering, shower
recognition, energy splitting and energy/time matching.

* Sharing computing resources between CEPC and ILC: adding 640 CPU cores in 2022

10:00
14:.00
1100

15:00

Talks could be found in https://indico.ihep.ac.cn/event/17020/sessions/10728/#20221028
28/10/2022 CEPC Workshop 2022 51




Oftline & Computing

* Four invitation talks on Key4hep, ATLAS fast simulation, ILD ECAL/HCAL
fast simulation, IDEA software

Conclusion

© AF3: next generation of fast simulation in ATLAS
¢ FastCaloSimV2: classical parameterization
< FastCaloGAN: machine learning
© Muon punch-through: fake muon

 Similar CPU consumption as AF2, improved
modeling, especially for jet substructures

< Default simulator for Run3 and HL-LHC
“Run3: >50%, targeting 70%
“HL-LHC: 80%

ATLAS Smulzton
[ 6= 13 Toy, 020 <hf = 025
4G4 J

4+ AF3
+ AF2

e d

Bow o a ww
Laxdng Jei Nurries of Consifmis

Conclusion

Achieved

= Generative models hold promise for fast simulation of cal h with high fidelity
Demonstrated high fidelity simulation of hadronic showers with generative models
Demonstrated high fidelity simulation of photon showers with angular and energy conditioning

after

Initial investigation into generative model p

Next Steps

Hadron Shower Simulation

»  Simulation of hadronic showers combining ECAL and HCAL
Photon Shower Simulation

« Benchmark perf; after

and timing

= Develop strategy for dealing with arbitrary incident positions

UESY, | CEPC Workshop 2022 | Pater Wckisoum | 28402022

Fast simulation based on generative models

Summary

» Aot of developments in the plumbing of Keydhep:
> Preparations for better multi-threaded processing
> Spack build system maintenance, improvements and up-scaling
» Event Data Model refinements and Quality-of-Life improvements

» Integration of new features: reconstruction, event display

» Important investments for future maintainability and synergies!

GRID INFRASTRUCTURE

+ Virtual Organization created for FCC
Admin: G. Ganis

. gqugénuﬁﬂ,uumpudngduncm storage) for FCC Virtual Organization @
« T1
+ T2 ReCaS Bari

+ Disk on the @ CNAF =100 TB
. T'I;;P:and TT“:::.?EN' DCH (@ CERN)
+ TBzoza for DRCale (@ DESY & CERN)

FORECAST FOR 2023

+ Preliminary full simalation & ion of IDEA by Fall 2013
+ Inside Keyshep and with rools provided by it (ACTS, Pandera .}
+ Osganization of hand Sal/school for physi Iyscs & sofiwan

« Group growing as the software becomes more marure and easier 1o use

LL - IDEA SOFTWARL

IDEA software

CEPC WS, 2022/10/24-28

Talks could be found in https://indico.ihep.ac.cn/event/17020/sessions/10728/#20221028




Summary

« Lots of excellent talks/reviews
« Significant progress, with indispensable international collaboration

- Delivered prototypes + promising results
- New ideas + advanced technologies

« CEPC poses stringent requirement, has strong synergies with other projects

- Successful operation & detector upgrade at LHC, SuperKEKD, etc
- Common R&D for other Higgs factories & beyond

« Multiple IPs: multiple detector with optimized design & different technologies

« To pursuing new ideas, better performance, & new technologies via
significant R&D with in-depth international collaboration - to benefit not only
CEPC/HEP research, but also other disciplines & on society

28/10/2022 CEPC Workshop 2022 53



Thank you

to speaks, conveners, and enthusiastic participants

to my colleagues helped prepare the slides: Yiming Li, Tao Lin,
Huirong Qi, Yaquan Fang, Zhijun Liang, Haoyu Shi, etc

Hope to see you in person, and work together soon!

28/10/2022 CEPC Workshop 2022
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IDEA drift chamber: improved PID w/ cluster counting Gianluigi Chiarello

+ Particle identification with ionisation loss measurement: significant improvement
expected in resolution and K/1t separation from cluster counting rather than dE/dx

drift tube

Particle Separation (dE/dx vs dN/dx)

Particle separation from truncated mean dE/dx Particle separation dN/dx
bl | Analitic 20
sigma E- “‘E . Farticle E 20 Particle |
" ) i
galculations 18 o 18 faey ¥ witer's
10 - i S Garfield e 2 * N Garfield =
e o digan = = + pK n «’y a
. U= et 16 & . . :’:‘
e/}lfl ll; 2 14 . .:
: =‘|‘ n t ‘. -
7 “l-‘ K/n 12 12, ',-
LB 10, L Dot il 10 =
g H E dealw - 7-50
! Bi"—_ o 4 8 -
4 == ™ - .50 = ¥ -
H 6i—o . P L]
3 = | - . o~ - -
PR = £ . R . = - 2 g o, g
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. ol | - 2 - bl . 3 . &
0 0 2 o |- . 1 M L B 0 sastlm T | - R o
. p [Gavic) L " Momentum (Gel] J 1 Momentum (Gel]
rach

. 2 cm drift tube Track angle 45°
» Beam test at CERN in 2021 with 165 GeV muon beam to tune algorithms : | gjgj DERIY =

for cluster identification and counting = “ / o . =
« Beam test at CERN in 2022 with muons of i = — - | g

40, 80 and 180 GeV, analysis in progress ™

"~ Plateau

Lignal cablosil ¥
B p i, . vy wrvw | werw wwy
.| KatFnaL | |§ \ 3 I I 1 i
5-70 Gevfc

Relativistic rise

* Next: beam tests foreseen at PS| and

Relative ionization

Fermilab to cover wide range of By
28/10/2022 CEPC Workshop 2022
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