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CEPC	Physics	Program	

• Not	extremely	ambitious	goal	for	CEPC	
(Yes	CEPC+SppC !	)

- 5	ab-1 for	Higgs	studies					 @240-250	GeV
- 1010-12	Z’s @~		91	GeV
- 106-8 W’s @~160	GeV
- …

• But	rather	ambitious	timeline!
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J.	Gao,	ICHEP2014



Baseline	design	in	PreCDR

• Tasks for a baselinedesign
- a detector concept couldwork for CEPC
- at the same time explore the physics potentials

• ILC	detectors,	especially	ILD	as	a	reference
- state	of	the	art	detector,	maximize	the	potential	of
the	(rather	expensive)	machine
- (hopefully)	less	technology	challenges	than	ILD
- take	advantages	from	world-wide	studies
- sharing	future	critical	R&D	with	ILC	community
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Performance	requirements	of	ILC	detectors

Yuanning	Gao,	Overview	of	CEPC	Detector

• Vertexing
– ~1/5	rbeampipe,~1/30	pixel	size	(wrt LHC)	

• Tracking
– ~1/6	material,	~1/10	resolution	(wrt LHC)	

• Jet	energy	(Higgs	self-coupling,	W/Z	separation)
– ~1/2	resolution	(wrt LHC)

3/ 25 10 / sinip m m pσ µ µ θ= ⊕

5(1/ ) 5 10 /GeVpσ −= ×

/ 0.3/ ( )GeVE E Eσ =

€ 

(h → bb ,cc ,τ +τ−)

  

€ 

(e+e− → Zh→ +−X; incl. h→ nothing)

or better

✔ CEPC

✔ CEPC

less	demanding
at	CEPC
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The	baseline	detector	in	PreCDR
• ILD-like,	with	modifications/considerations
- No push-and-pullà Less	Yoke
- Shorter L*=1.5mà Challenges forMDI
- Power pulsing not possibleà less	power consumption

+	active	cooling
(http://cepc.ihep.ac.cn/preCDR/volume.html)
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Interaction	region	layout	

• Short	focal	length	of	L*	=	1.5	m		(cf.	~3.5m	at	ILC)	
• Final	focusing	magnets	inside	the	detector	→→	constraints	

on	the	detector	design	+	QD0/QF1	design
- No.	of	FTD’s	reduced	to	5	(	cf.	7	for	ILD	)	
- redesign	of	offline/online	luminosity	instrumentation	
- design	of	QD0/QF1
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Vertex	Detector	and	Silicon	Trackers
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• Vertexing
– ~1/5	rbeampipe,~1/30	pixel	size	(wrt LHC)	

• Tracking
– ~1/6	material,	~1/10	resolution	(wrt LHC)	

• Jet	energy	(Higgs	self-coupling,	W/Z	separation)
– ~1/2	resolution	(wrt LHC)
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Vertex	Detector	and	Silicon	Trackers

CEPC	Detector,	Y.	Gao

Vertex	detector：
• 3 cylindrical	and	concentric	

double-layers	of	pixels

Silicon	Internal	Tracker	(SIT)	
• 2 inner	layers	Si	strip	detectors
Forward	Tracking	Detector (FTD)	
• 5	disks	(2	with	pixels	and	3	with	

Si	strip	sensor)	on	each	side
Silicon	External	Tracker	(SET)
• 1 outer	layer	Si	strip	detector
End-cap	Tracking	Detector	(ETD)
• 1 end-cap	Si	strip	detector	on	

each	side
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Vertex	Detector	and	Silicon	Trackers
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Vertex	detector	specifications:
• σSP near	the	IP: ≤3	µm

→	small	pixels	16×16μm2or	below,	digital	readout
•material	budget: ≤	0.15%X	0/layer	

→	low	power	circuits,	air	cooling
• pixel	occupancy:	≤	1	%
• radiation	tolerance:		
Total	 Ionising	Does ≤100	krad/	year
Non-Ionising	Energy	Loss	 ≤3×1011neq/	(cm2	year)
• first	layer	located	at	a	radius: ~1.6	cm

Silicon	tracker	specifications:
• σSP :	≤	7	μm→	small	pitch	(50	μm)
•material	budget: ≤	0.65%X	0/layer
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Forward	region	with	L*=1.5m

CEPC	Detector,	Y.	Gao

Performance	loss	in	the	low	polar	
angle	region	(<	10˚)	with	reduced	
number	of	FTD	disks	

The	performance	 loss	can	be	recovered	
with	extended	coverage	of	the	pixel	
detector	layers,	either	by	prolonging	
first	two	VTX	barrel	layers	or	extending	
the	first	FTD	disk	down	to	r=22mm	
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• Impact	parameter	 resolution	studied	with	LDT	- fast	simulation	using					
Kalman filter	



Technology	options

CEPC	Detector,	Y.	Gao

Pixel	sensor: power	consumption	<	50mW/cm2 ,	if	only	air	cooling	used	(CLIC	study)
readout time	≤ 20μs

• HR-CMOS sensor	with	a	novel	readout	structure	─ALPIDE	for	ALICE	ITS	Upgrade
– relatively	mature	technology
– <50mW/cm2 expected
– Capable	of	readout	every	~4µs

• SOI	sensor	with	similar	readout	structure
– Fully	depleted	HR	substrate,	potential	of	15µm	pixel	size	design
– Full	CMOS	circuit

• DEPFET:	possible	application	for	inner	most	vertex	layer
– small	material	budget,	low	power	consumption	 in	sensitive	 area

Silicon	microstrip sensor:	p+-on-n	technology
pixelated strip	sensors	based	on	CMOS	technologies	
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TPC
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• Vertexing
– ~1/5	rbeampipe,~1/30	pixel	size	(wrt LHC)	

• Tracking
– ~1/6	material,	~1/10	resolution	(wrt LHC)	

• Jet	energy	(Higgs	self-coupling,	W/Z	separation)
– ~1/2	resolution	(wrt LHC)

3/ 25 10 / sinip m m pσ µ µ θ= ⊕

5(1/ ) 5 10 /GeVpσ −= ×

/ 0.3/ ( )GeVE E Eσ =

€ 

(h → bb ,cc ,τ +τ−)

  

€ 

(e+e− → Zh→ +−X; incl. h→ nothing)

or better

✔ CEPC

✔ CEPC

less	demanding
at	CEPC



Performance/Design	goals
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• ILD	TPC	Design	adopted	for	the	baseline	detector	at	CEPC



Design	of	the	TPC	Geometry
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• Performance	vs.	the	size	of	TPC	studied	with	fast	simulations

Half	length	(mm)

Outer	radius	(mm)

Studies	of	background	needed



Calorimetry system

CEPC	Detector,	Y.	Gao

• Vertexing
– ~1/5	rbeampipe,~1/30	pixel	size	(wrt LHC)	

• Tracking
– ~1/6	material,	~1/10	resolution	(wrt LHC)	

• Jet	energy	(Higgs	self-coupling,	W/Z	separation)
– ~1/2	resolution	(wrt LHC)
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Global	R&D	of	Imaging	Calorimeters

CEPC	Detector,	Y.	Gao

Absorber	:

Readout:

Active:

• Concept	of	Particle	Flow	Algorithm
->	calorimeters	with	very	fine	granularity		

• The	calorimetry system	at	CEPC	should	be	allowed	to	consider:
- easier	(less	challenging)	options
- cost	effective
- active	cooling
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ECAL	option:	Silicon-W		

CEPC	Detector,	Y.	Gao

• One	of	the	ILD/SiD options
• The	ECAL	consists	of	a	cylindrical	barrel	system	and	two	large	end	caps.

o One	Barrel:					5	octagonal	wheels
o Two	Endcaps:	4	quarters	each

• 2	active	sensors	 interleaved	with	tungsten	absorber
o silicon	pixel	5	x	5	mm2	with	725µm	in	thickness
o PCB	with	Very	Front-End	ASIC
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ECAL	option:	Scintillator-W

CEPC	Detector,	Y.	Gao

• A super-layer (7mm) is made of
Ø tungsten plate (3 mm thick)
Ø 5 x 45 mm2 plastic scintillator strips

(2 mm thick)
Ø a readout/service layer (2 mm thick)

PS and SiPM

o The	energy	resolution	of	
25	GeV electron	is	about	
3.3%		(cf.	CALICE	TB	results)

o To	achieve	required	energy	
resolution,	 the	number	of	
layers	should	be	∼ 25.	
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Hadron	calorimeter

CEPC	Detector,	Y.	Gao2016-1-20 21

• The	HCAL	consists	of	
Ø a	cylindrical	barrel	system:	
self-support	 &	negligible	dead	zones

Ø two	endcaps:	4	quarters

• Absorber:	Stainless	steel

• Active sensor
Ø Glass	RPC
Ø Thick	GEM

• Readout	(	1×1cm2 )
Ø Digital	(	1	threshold)
Ø Semi-digital	(3	thresholds)



CALICE	test	beam	studies
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80	GeV Pion

Prototypes	of	DHCAL	based	on	RPC	
o IPNL	(I.	Laktineh,	R.	Han	et.al.)

1m3,	3	thresholds,	Test	Beam	at	CERN

1	threshold	may	be	ok	for	CEPC?	



WELL-THGEM	test	beam	at	IHEP
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Well-THGEM,	Ar/3%iC4H10;		

p500MeV
500MeV



MUON	System
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• Outside	of	the	HCAL
- a	cylindrical	barrel	+	two	endcaps
- Solid	angle	coverage	0.98	x	4π

• Options	
- RPC	(bakelite RPC			/	glass	RPC)
- Scintillator	strip	(WLS+SiPM)



Magnet
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• A	new	design	for	baseline	detector	at	CEPC

Cryostat	inner	radius(mm) 3400 Barrel	yoke	outer	radius(mm) 7240

Cryostat	outer	radius(mm) 4250 Yoke	overall	length(mm) 13966
Cryostat	length(mm) 8050 Barrel	weight(t) 5775
Cold	mass	weight(t) 165 End	cap	weight(t) 6425

Barrel	yoke	inner	radius(mm) 4400 Total	yoke	weight(t) 12200



Field	Map
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• Simulated	field	distributions

The solenoid central field(T) 3.5 Nominal current(KA) 18.575

Maximum	field	on	conductor(T) 3.85 Total ampere-turns of solenoid(MAt) 23.925

Coil inner radius(mm) 3600 Inductance(H) 10.4
Coil outer radius(mm) 3900 Stored energy(GJ) 1.8

Coil length(mm) 7600 Stored energy per unit of coldmass(KJ/kg) 10.91

correction/fine	tuning	possible



From	PreCDR to	CDR

• Accelerator	CDR	to	be	completed	in	2016,	options	
may	be	fixed	(hopefully)

à 𝑡̅𝑡	threshold	(˜350 GeV)	?
à single/double/partial	double	ring	?
à configuration/luminosity/background	at	Z	pole?
…

• Plan	for	Detector	CDR	not	yet	decided	
à by	international	collaboration	!
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Tasks	for	CDR	studies

• Optimization	based	on	the	CEPC	design	(Acc.	CDR)

• Study	items	not	covered	in	PreCDR

• Explore	new	ideas/technologies

à 2+	detector	concepts	for	CEPC	CDR

• Critical	R&D’s	
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Task	0:	Physics	at	Z-pole

• Not	been	considered	seriously	in	PreCDR
- Can	TPC	stand	for	(extremely)	high	event	rate?	
- Particle	Identification	(𝜋/𝐾/𝑝)	for	flavor	physics?
- Special	designs	to	reduce	systematic	uncertainties	

of	EW	observables	?		
- New	observables?

à new	benchmark	at	Z	pole?
à new/modified	sub-detectors

or	a	new	detector	concept?
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Task	1:	MDI
• Related	to	the	accelerator	design

- single/	(partial)	double	ring	– crossing	angle?
- L*=1.5m	is	good	enough?
- beam	&	background
- QD0	&	QD1

• Detector	design
- Luminosity	monitor
- VTX	and	FTD’s
- inner	radius	of	TPC
- uniformity	of	B-field	in	tracking	area
- ….					
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Hongbo Zhu’s	talk
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Task	2:	VTX

• Critical	R&D’s	for	the	baseline	design
”fit	1	GigaPixel in	a	Diet	Coke	can	&	keep	it	cool!”

-- Massimo	Caccia

• New	ideas

à detailed	R&D	plan
milestones?
joint	efforts	with	other	projects,	ATLAS	upgrade?
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Xiangming Sun’s	talk
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Task	3:	Main	Tracker
• Challenges	for		TPC

- ion	feedback	– can	TPC	stands	for	Z	pole	
- detector	alignment	
- …

• With	TPC	(ILD)	
or	full	silicon	tracker	(SiD)

or	hybrid

• Large	area	silicon	detector	(even	with	the	TPC	option)

• Other	ideas?
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Huirong Qi’s	talk
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Critical	R&D	with	LCTPC

CEPC	Detector,	Y.	Gao2016-1-20 43

• LCTPC	Collaboration	has	identified	some	critical	R&D’s	

• Field distortion near boundaries
– Insulator surface facing drift volume should be removed; Avoid charge up effects in 

GEM detector
– Electric field distortion near module boundaries should be shaped away

• High B-field performance
– Is Neff  at B=3.5T the same as at B=1T?
– Is electron attachment by CF4 in amplification region negligible?
– Tracking in non-uniform B-field: ExB and deviation from helix

• Positive ions and Gate
– Develop ion gate: transparency, distortion, ion leak
– Is primary positive ion effect really negligible? (effects of  heavy micro-curlers?)
– Establish distortion correction method

• Resolution near endcaps
– Hodoscope effect?
– Angular effect? (primary ionization statistics)

• Neutron BG
– Is gas mixture with a hydrocarbon molecule such as iso-C4H10 OK?

• P/T control of  gas volume
– 2P CO2 cooling of  the whole gas volume?

From	K.	Fujii



Task	4:	Performance	requirements	for	
calorimeters
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• Vertexing
– ~1/5 rbeampipe,~1/30 pixel size (wrt LHC) 

• Tracking
– ~1/6 material, ~1/10 resolution (wrt LHC) 

• Jet energy (Higgs self-coupling, W/Z seperation)
– ~1/2 resolution (wrt LHC)

3/ 25 10 / sinip m m pσ µ µ θ= ⊕
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(h → bb ,cc ,τ +τ−)
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less	demanding
at	CEPC

Haijun Yang’s	talk



Refine	the	requirements	for	calorimeters

• Jet	energy	resolution	is	less	demanding	for	CEPC

• Power	pulsing	is	not	possible	at	CEPC

à new	performance	requirement	to	be	defined	

à large	cell,	less	channels	
new	design,	new	technologies?
active	cooling?					

à plan	&	milestones?		
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Example	of	active	cooling		

CEPC	Detector,	Y.	Gao

• CEPC	is	designed	to	operate	at	continuous	mode	with	beam	
crossing	rate:	2.8×105 Hz.	Power	pulsing	will	not	work	at	CEPC.

• Passive	Cooling:	Too	much	gradient	in	Silicon	…

• Active	Cooling
o Evaporative	CO2 cooling	in	thin	pipes	embedded		in	Copper	exchange	
plate.

o For	CMS-HGCAL:	33	mW/cm2,	down	to	0.6×0.6	cm2 is	OK	(safety	margin	
of	2)

è Transverse	view	of	the	slab	with
one	absorber	and	two	active	layers.

è The	silicon	sensors	are	glued
to	PCB	with	VFE	chips,	cooled	by	the
copper	plates	with	CO2	cooling	pipes.
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More	questions/tasks

• Superconducting	magnet	

• Readout	electronics	for	all	sub-detectors?

• Software,	computing?

• Need	a	muon detector?

• …
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Near	future	plan

• 1st funding	request	to	Ministry	of	Science	and	Technology	of	
China	soon	(in	two	months?	),	to	support	a	few	most	
critical	R&D	activities	– a	list	still	under	discussion:
- design	and	optimization
- LumiCAL
- a	sensor	design	for	the	vertex	detector
- Ion	feedback	effects	of	TPC
- cooling	for	ECAL/HCAL
- …

• Ready	to	welcome	international	collaborations
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International	collaborations
• CEPC	will	be	an	international	project ! International	

collaborations	for	the	detector	R&D	will	be	guided	by	the	
international	advisory	committee	of	CEPC.		Very	preliminary	
ideas:

- working	on	critical	R&D	topics	with	common	interests	(for	ILC,	
FCC,	CLIC,	LHC	upgrade,…)	 in	existing	international	groups,	like	
LCTPC,	CALICE,	RDXX,	…

- (jointly)	organizing	workshops	for	sub-detector/technology
- working	groups	for	CDR
- proto-collaborations	for	R&D	towards	CEPC	detectors
- collaborations

(welcome	YOUR	ideas/advices/inputs…)
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Summary

Yuanning	Gao,	Overview	of	CEPC	Detector

• PreCDR:	feasibility	studies	for	a	detector	at	CEPC
- ILD-like	design
- modifications	due	to	short	L*
- power	consumption/cooling	is	challenging
- some	critical	R&D	identified	

• From	PreCDR to	CDR
- develop/collect	(new)	ideas	for	2+	detector	concepts
- critical	R&D

• CEPC	is	an	international	project,	you	are	all	welcome	
to	join	us	!

2015-3-11 50


