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What	was	expected	from	me

Monday

Tuesday

Wednesday

Agenda:  
https://indico.ph.ed.ac.uk/event/259/timetable/#20230703 

https://indico.ph.ed.ac.uk/event/259/timetable/#20230703
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make  a careful summary... 
38 talks 
~12:30 hours  of presentations (of very 
good quality) 

Impossible to make justice to all this 
amount of material in only 20' !!
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What	was	expected	from	me

Monday

Tuesday

Wednesday

To attend all these sessions and then 
make  a careful summary... 
38 talks 
~12:30 hours  of presentations (of very 
good quality) 

Impossible to make justice to all this 
amount of material in only 20' !!

I f o l l o w e d ( a l m o s t ) a l l t h e 
presentations, but decided not to 
make a normal summary. 

Caveat 
Any omission or mistake is only mine

Agenda:  
https://indico.ph.ed.ac.uk/event/259/timetable/#20230703 

https://indico.ph.ed.ac.uk/event/259/timetable/#20230703
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Where	I	would	have	liked	to	be	instead

Copyright of this idea: Guy Wilkinson

Many of the most interesting discussions happen outside the sessions.


There you often hear the real questions and issues that concern people. Here I  

highlight the most frequent topics of conversations, and give some responses.
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Silicon	detectors	-	the	pub	perspective
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Silicon	detectors	-	the	pub	perspective

Can we really build super precise 
vertex trackers for CEPC? How  
precise  can the  timing layers be? 
How light can we build them?
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Silicon	detectors		-	the	pub	perspective
Silicon Tracker Session

• 10	presentations,	covering	the	vertex	
detector,	tracker	and	wrapper


• Focused	on	monolithic	pixel	sensors

• R&D	for	CEPC	detectors	and	other	
experiments


• Many	processes	in	the	market,	
CMOS	and	SOI


• Interesting	progresses	on	advanced	
technological	options	


• stitching	for	wafer-size	detectors

• 3D	integration

• Mechanics


• TOF	detector	to	complement	central	
tracker	dE/dx

S.	G
rins

tein

But	also:

• TSI	180	nm	(ATLASPix,	MightyPix)

• HLMC	55	nm,	SMIC	55	nm

• Iapis	Semiconductor	200	nm	FD-SOI Y.	Li

Y.	Zhou



Detectors	summary	-	Paolo	Giacomelli 7

Silicon	detectors		-	the	pub	perspective
Silicon Tracker: DMAPS

• New	interesting	testbeam	results:

• learning	details	of	detector	features

• efficiency	and	resolution	within	target	for	vertex	and	
tracker

Taichupix3	position	resolution

ATLASPIX3	efficiency	
vs	Vde

ATLASPIX3	
resolution

ATLASPIX3	
efficiency	vs	
threshold	and	

NIEL

ATLASPIX3	
timewalk

E.	Vilella

R.	ZanzotteraZ.	Liang
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Silicon	detectors		-	the	pub	perspective

Silicon Tracker: advanced technologies

• Full-wafer	size	detector	are	possible	using	stitching

• prototypes	built	to	 
get	experience	 
with	the	process


• aspect	ratio	differs 
depending	on 
applications	(vertex 
or	large	area	 
tracker) 

• 3D	integration	now	available	at	 
commercial	vendors


• very	interesting	opportunity

• encouraging	results	on	the	CPV-4	chip

• still	at	the	beginning	of	the	learning	curve

Y.	Zhou

M.	Mager
L.	Zhang
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Silicon	detectors		-	the	pub	perspective
Silicon Tracker mechanics

• Prototypes	of	mechanical	
structures	are	being	developed,	
following	the	baseline	CEPC	
detector	design


• important	steps	towards	
demonstrating	the	detector	
feasibility


• but	also	keep	in	mind	innovative	
solutions	which	may	become	
mature	in	the	CEPC	timescale

Z.	Liang

Curved	detector	for	HL-LHC	upgrades

F.	Bosi

M.	Mager

1300	mm	long	stave

for	CDR	SIT

Vertex	detector	structure

with	6	functional	ladders


equipped	with	10	Taichupix3
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Silicon	detectors		-	the	pub	perspective

• Timing	layer	at	SET	radius	(1.8	m)	
complements	dE/dx	for	particle	
identification


• AC-LGAD:


• excellent	time	resolution	of	LGADs

• tracking	precision	by	charge	
interpolation,	even	with	a	large	pitch	
size


• promising	results	from	the	IHEP-IME	
prototypes

Silicon tracker: TOF layer
dE/dx TOF dE/dx TOF

K/p	separation
K/π	separation

Y.	Fan
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Gas	detectors	-	the	pub	perspective
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Gas	detectors	-	the	pub	perspective

Which are the best gas trackers 
for CEPC? How do we obtain 
great PID? What about measuring 
muons?
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Large	drift	chambers
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IDEA's	drift	chamber
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μRWELL	detectors
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TPC
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RPCs
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Calorimeters	-	the	pub	perspective
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Calorimeters	-	the	pub	perspective

How do we build 5D calorimeters? 
How many channels will they 
have? Can we afford them?
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Calorimeters	-	the	pub	perspective
Calorimetry - W and Sci based ECAL /HCAL

•Lots of amazing progress all over the board, with many hardware 
and software developments (and lots of data from test beams!)

CALICE ECAL (SiW ~ 21 X0 read out with different 
generations of FEV and COB boards) + AHCAL - Results 
on quality check + PID + MIP energy deposits

Yuichi Okugawa

Scintillator based (Sc-ECAL, W absorber read out with 
SiPM - 23.3 X0) + AHCAL

Tatsuki Morata

18
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Calorimeters	-	the	pub	perspective
Calorimetry - SDHCAL

•SemiDigital hadronic calorimeter (using Glass 
Resistive plate chambers  - originally designed for 
ILC, now adapted to circular colliders (CC). No 
power-pulsing at CC ⇒ Need for cooling.  

Water cooling circulation obtaining 

uniform temperatures on the board

Towards 5-D calorimeter. Timing 
improves cluster separation. Studies 

ongoing with MultiGAP RPC + PETIROC 
promising

Dedicated studies on the use of glass 
doped with nanoparticles to improve 

rate capabilities of detector

Imad Laktineh

19
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Calorimeters	-	the	pub	perspective
Calorimetry - dual readout

•Fiber calorimeter aiming 
at hadronic-size prototype 
(next two years)

•Crystal-based EM section proposed - working on the 
choice of crystals and filters to separate (in frequency) 
Cherenkov from scintillation light. 

A. Pareti

Lab measurements

F. Cetorelli

20
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Calorimeters	-	the	pub	perspective
Noble gas calorimeters for lepton colliders

•Successfully used in ATLAS (and 
other experiments before). 


•Being reoptimised for lepton 
collider. 


•Optimisation of geometry, 
electrodes design, electronics 
(cold or warm?), absorber 
and gas 

•Mechanical challenge to support electrodes while maintaining 
structure light being also investigated. 

N. Nikiforou

21
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Calorimeters	-	the	pub	perspective
HGC-ECAL

•Impressive progress: module 
developed and put on beam 
at CERN.


•S o f t w a r e c h a l l e n g e s 
connected with Ambiguity 
problem being tackled 

Fangyi Guo, Zhang Yang

22
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Calorimeters	-	the	pub	perspective
Glass Scintillator calorimeter

•Inspired to the AHCAL (scintillator/steel), replace 
plastic with glass (higher light yield, more compact)


•Prototype built and tested at CERN in 2022


•Understanding how to scale up from lab 
production is key

23
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The	10	B€/$	question	-	the	pub	perspective
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The	10	B€/$	question	-	the	pub	perspective

Which is the Higgs factory 
we should really build ?

All that follows is my own personal opinion!
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Higgs	factory	-	the	pub	perspective
Options being discussed
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Higgs	factory	-	the	pub	perspective

Japan 

CERN China 

CERN 

√s = 90 − 375 GeV 

Circular LinearOptions being discussed
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Higgs	factory	-	the	pub	perspective

Japan 

CERN China 

CERN 

√s = 90 − 375 GeV 

Circular Linear

(Too) Many options on 
the table. 
To the ones listed here 
you should also  add: 
Muon Collider 
C3 

HEP can afford only 1 
very large  project. 
I t h a s t o b e t r u l y 
worldwide.

Options being discussed
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Higgs	factory	-	the	pub	perspective	
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• ILC
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Higgs	factory	-	the	pub	perspective	
• ILC
•Would have been a great machine if it was already running in parallel to LHC and HL-LHC
• It is not the best Higgs factory to start building now
•Only 1 IP, lower luminosity than a circular collider, no high energy hadron collider to follow

•CLIC
•Not a realistic alternative to start building now
•Has some of the limitations of the ILC
•Cannot study with precision the lower part of the EW scale
•Could go up to 3 TeV, but  at about the same price than the full FCC-ee and FCC-hh complex

•C3

• It might be my fault but I don't see any advantage compared to the other proposed options

•Muon Collider
•Very interesting idea, however one needs to first build a full demonstrator of the technology (15-20 
years?)
•Could be the next-to-next collider
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Higgs	factory	-	the	pub	perspective	
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Higgs	factory	-	the	pub	perspective	
•We are therefore left with two similar and competing circular options: FCC and CEPC
•Why don't we move from competing to collaborating?

Key4Hep is a great example of software collaboration across different projects 
•Could do a similar thing for detector R&D
•Could collaborate using different funding schemes
•European projects like AIDAinnova and EURO-LABS (we have excellent links...)
•ECFA DRDs

•How about collaborating with FCC-hh on HTS  magnets?
•NbSn3 magnets are not appealing to industry, also CERN is slowly getting convinced...
•China could  play a big role here

•Other machine components
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Conclusions
•4 detector concepts proposed so far for CEPC
•A lot of interesting R&D on all sub detectors
•Vertex trackers
•Large gas central trackers
•Time of flight detectors
•Calorimeters
•High granularity, Dual readout, crystal calorimeters

•Muon detectors
•MDI
•Software

•Could increase collaboration with FCC
•Detector R&D
•Machine components
•HTS magnets

Let's make sure we get at least one collider approved between FCC and CEPC!
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CEPC	International	workshop	in	Nanjing

Nanjing, October 23-27/10/2023:  
https://indico.ihep.ac.cn/event/19316/ 
The workshop will be with in-person 
participation

https://indico.ihep.ac.cn/event/19316/


Have a nice flight back home!


