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CEPC overview
� The	Chinese	Electron	Positron	Collider	is	a	Higgs,	Z,	W,	ttbar	collider,		“twin”	of	FCCee
� To	probe	new	physics	beyond	SM:	

� Higgs-factory	at	𝑠~	240	GeV,	above	the	ZH	production	threshold	for	≥1	M	Higgs;	
� Z	pole	at	𝑠~	91	GeV	for	~Tera	Z;	
� WW	pair	at	𝑠~	160	GeV	and	then	ttbar	pair	production	thresholds	at	𝑠~	360	GeV	

� High	luminosity	30	MW	(SR	power)	with	upgrade	to	50	MW
� First	proposed	in	2012,	an	accelerator	CDR	was	published	in	2018,	accelerator	TDR	in	

December	2023,	detector	TDR	is	planned	for	June	2025.	An	EDR	phase	is	on-going
� Several	sites	considered,	one	almost	certainly	chosen	but	not	to	be	disclosed	(in	progress)
� Operation	start	planned	mid	of	2030’s	(if	approved	beginning	of	15th 5-years	plan)
� The	project	has	been	recently	selected	from	the	Chinese	Academy	of	Science	(CAS)	as	the	2nd

most	important	in	China,	to	be	submitted	to	the	Central	Government	for	approval	in	2025-26
� Option	to	build	a	hadron	collider	SPPC	in	the	same	tunnel,	after	the	e+e- data	taking,	is	

foreseen



CEPC review committees
� CEPC	progress	has	been	monitored	since	the	beginning,	both	from	an	
International	Accelerator	Review	Committee	(IARC,	meeting	twice	per	year,	chair	
M.E.B.)	and	an	International	Advisory	Committee	(IAC,	meeting	once	per	year,	
usually	end	of	October,	chair	B.	Foster)

� The	TDR	has	been	reviewed	by	a	TDR-RC (June	2023,	chair	F.	Zimmermann)
� The	cost	has	been	reviewed	by	a	Cost	Review	Committee	(September	2023,	chair	
L.	Rivkin)

� The	EDR	phase	is	being	reviewed	by	and	extended	IARC-EDR (first	meeting	last	
September,	chair	M.E.B.)

� The	detector	is	being	reviewed	by	an	International	Detector	Review	Committee	
IDRC (first	meeting	last	October,	chair	D.	Bortoletto)



Super Higgs (Z,W,ttbar) Factories
~100	Km,	3	rings,	underground	
tunnel,	ramping	booster,	high	
synchrotron	losses
Alignment	is	nightmare…

Need	for	some	“green”	solution	to	be	able	
to	sustain	a	very	costly	operation	
Efforts	are	going	on	in	both	projects,	more	
to	be	done
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Design challenges of such a complex accelerator 
system (applies to FCCee too) 

� Beam	parameter	at	IP
� Crab-waist	collision
� IR	design
� Solenoid	compensation	and	ey
growth

� Machine	Detector	Interface	(MDI)
� IP	orbit	feedback	and	L	tuning
� Low	emittances
� Chromaticity	and	Non-Linearities
� DA	&	MA

� Errors	handling	à Optics/coupling	
� High	beam	currents
� Lifetime	
� Backgrounds	in	the	IR
� Backgrounds	in	the	rings
� Impedance	à instabilities
� Ion-trapping/e- cloud	mitigation	
� Fast	injection	(off/on/swap)	&	ramping	
� Polarization	(T	and	possibly	L)

All	are	interconnected!
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Technical challenges
� IR	SC	quadrupoles
� IR	engineering	(MDI)
� HOMs	in	IR
� Combined	Function	dipoles	(B+S)
� SC	RF
� High	efficiency	RF	sources
� Reliable	injector	
� Plasma	injector	(option)

� Diagnostics	&	Controls
� Vacuum
� Collimators	(NL?)
� Synchrotron	losses	(saw-tooth)
� Radiation	hardness	
� Alignment
� Installation
� Civil	engineering
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Other challenges…
� Money	(construction	&	operation)
� Manpower	(design,	construction	&	operation)
� Time
� Availability	of	electronics/equipment	in	a	few	years,	when	required	for	
mass	production	

� Accessibility	à repairs	in	tunnel	in	case	of	failures
� Sustainability	à green	accelerator?
� …
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CEPC parameters and layout 



Machine Detector Interface
� MDI	is	a	crucial	part	of	the	collider	
� It	is	important	to	choose	the	right	beam	pipe	material	and	geometry,		
evaluate	correctly	the	beam	losses	and	chamber	heating,	design	supports	
able	to	minimize	vibrations	overall	in	the	IR,	at	the	same	time	satisfying	
the	detector	requirements	for	space

� Design	of	the	SC	quadrupoles	and	their	correction	coils	is	complicated
� In	parallel,	backgrounds	and	particle	losses	need	to	be	carefully	studied
� Luminosity	performances	will	mostly	depend	on	the	IR	design	and	
engineering
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Ø Geometry after TDR with modification updated
Ø Accelerator Beam pipe changed to Tungsten
Ø Coolant of central beampipe changed to Water
Ø Cross-section is improved and more specific.



Detector	design	not	finalized	
à no	final	MDI	possible!

ØCryostat	is	~5.7m	long.	The	cantilever	length	is	5283mm
Ø After	the	optimization	of	the	supports	in	the	cryostat,	the	
total	weight	of	the	cryostat	and	the	devices	inside	is	2.4 tons



SC IP quadrupoles
� Several	options	studied,	for	the	SC	IP	
quadrupoles,	two	preferred:	iron-free	CCT,	
Direct	Winding	CCT	coil

� Q1	is	particularly	difficult:
� High field gradient: 142.3T/m
� Limited radial space in the magnet middle: 

R:	[20mm,	31.36mm],	only	11.36	mm available

� Magnetic field crosstalk between two 
apertures

High order field harmonics ≤ 3×10-4
Local dipole field: ≤300 Gs (Higgs) 

or ≤100 Gs (Z)



Direct winding CCT option (preferred)
� New	design	combining	direct	winding	technology	and	CCT	coils
� Divide	the	CCT	coil	into	many	layers
� Wind	CCT	coil	layer	by	layer	using	Direct	winding	machine	
� Adjacent	layers	of	coils	are	separated	by	epoxy	and	insulation	material
� Winding	machine	directly	winds	the	coil	based	on	theoretical	position	of	each	

conductor

CCT Coil Direct winding 
technology

Advantages	of	Direct	winding	CCT	coil:
ØAccurate wire	position	and	high	magnetic	field	precision	
ØNo	gap	between	adjacent	layers	or	coils
ØCompact	structure	for	superconducting	magnets	with	
multiple	coils
ØCoil	self	correction	technology	is	used	to	solve	magnetic	
field	crosstalk
ØPre-stress	can	be	applied	by	wrapping	fiberglass	on	the	coil	
layers	
ØMagnetic	field	harmonics	can	be	corrected	during	the	multi-
layer	winding	process

Generates	magnetic	field	that	
varies	longitudinally



CEPC SRF cavities & power sources
� More	than	1000	cavities	are	needed,	for	booster	(40%)	and	collider	(60%)
� 1.3	GHz	TESLA-like	for	the	booster,	built	for	DALS	injector,	650	MHz	for	the	
collider,	prototypes	going-on	on	2-cells	cavity

� Significant	results	have	been	achieved	on	prototyping	variable	couplers,	which	are	
a	key	factor	required	for	energy	efficiency	across	the	different	collider	modes

� New	design	of	Cryo-Module	(in	series,	not	in	parallel)	à challenging	but	cost	
saving,	strong	collaboration	between	industry	and	institutions,	test	planned	next	
year	of	a	very	large	cold	box	of	18	kW	@	4.5	K

� High	efficiency	klystron	à impressive	result	à recorded	efficiency	of	78.5%	at	CW	
803	kW	(aims	at	90%!)

� Multi-beam	klystron	(MBK)	and	Energy	Recovery	MBK	Klystrons	tests	by	end	
2024

� C-band	pulsed	klystron	with	80	MW	output	power	at	100	Hz	repetition	rate	was	
designed	and	is	ready	for	production
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650 MHz 2-cell Cavity EDR R&D
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650 MHz 2-cell BCP

20 % margin from vertical test to operation spec.

CEPC 650 MHz CM EDR Specification

650 MHz 2-cell cavity
vertical test

Eacc.max 30 MV/m

Q0 3.6E10 @ 25 MV/m

Module horizontal test 
acceptance

Eacc.max 28 MV/m

Q0 3.3E10 @ 25 MV/m

Module long term
operation

Eacc.max 28 MV/m

Q0 3.0E10 @ 25 MV/m

• BCP dressed 2-cell VT: 2E10 @ 25 MV/m, max ~ 26.5 MV/m

• BCP 2-cell module test: 2E10 @ 8 MV/m (coupler cooling limited?) 

• EP + mid-T 1-cell VT: 8E10 @ 25 MV/m, max 31.5 MV/m

• Apply 1-cell recipe to 2-cell 650 MHz 1-cell EP mid-T

J. Zhai, CEPC EDR Review, Sep. 2024





650 MHz 2-cell Cavity EDR R&D
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650 MHz 2-cell BCP

20 % margin from vertical test to operation spec.

CEPC 650 MHz CM EDR Specification

650 MHz 2-cell cavity
vertical test

Eacc.max 30 MV/m

Q0 3.6E10 @ 25 MV/m

Module horizontal test 
acceptance

Eacc.max 28 MV/m

Q0 3.3E10 @ 25 MV/m

Module long term
operation

Eacc.max 28 MV/m

Q0 3.0E10 @ 25 MV/m

• BCP dressed 2-cell VT: 2E10 @ 25 MV/m, max ~ 26.5 MV/m

• BCP 2-cell module test: 2E10 @ 8 MV/m (coupler cooling limited?) 

• EP + mid-T 1-cell VT: 8E10 @ 25 MV/m, max 31.5 MV/m

• Apply 1-cell recipe to 2-cell 650 MHz 1-cell EP mid-T

The CEPC IARC Meeting, Sep. 18-20, 2024 (Main building A415, IHEP)

650MHz/800kW CW klystron test results
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Z. Zhou, CEPC EDR Review, Sep. 2024



FCCee Definition	of	alignment	strategy

20

Alignment of a 
component inside a 

tunnel

General constraints
Access (installation, alignment, maintenance)
Space
Radiation level
Thermal stability
Stability of the tunnel floor, ground motion

Component & support design
Impact of vibrations
Eigen frequencies
Rigidity of component & support
Weight

Beam requirements
Fiducialisation requirements
Component assembly on girder
Girder alignment in the tunnel
Relative / absolute alignment 
requirements

Project constraints
Cost
Manpower available
Operation / maintenance time Alignment methods & 

instrumentation available
• Takes several years!!!
• Different methods and solutions 

needed according to the area

Alignment	is
a	real	concern

H.	Mainaud Durand,	FCCweek,	June	2024	

Alignment	should	comply	the	need	of	keeping	errors	to	a	minimum	for	machine	performances	
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Site choice
� 3	“green-field”	sites,	all	around	China,	close	to	big	cities,	were	selected	and	their	
terrain	and	possible	infrastructures	studied

� The	Province	chosen	should	in	principle	contribute	with	a	30%	of	the	cost	of	the	
machine

� Recently	another	province	has	offered	a	site	and	to	fund	a	preliminary	study.	
This	is	still	in	progress	and	its	location	is	not	to	be	disclosed	now

� This	very	likely	will	be	the	final	site	(a	new	Physics	Institute	is	being	set-up	
nearby,	director	former	IHEP	Y.	Wang)

New	site



Commissioning
time	is	missing





Not strictly related to or a priority for CEPC 



Detector
� Recently	a	review	committee	
(IDRC)	has	been	established	also	
for	the	Detector	

� Involvement	of	international	
partners	is	desired,	but	maybe	
difficult		

� Several	detector	sub-systems	have	
been	studied	in	detail	but	there	is	
no	strawman	design

� A	detector	solenoid	can	take	up	to	
10	years	to	be	built

� 2	detectors	for	2	IPs?



Cost
� An	international	committee	has	evaluated	the	cost	
estimate	in	September	2023

� For	a	Higgs	factory	of	30	MW	SR	power/beam,	
upgradable	to	50	MW,	cost	is	estimated	at	36.4	B	
RMD	(~5.2B	USD), excluded	civil	engineering,	
detectors,	operation	and	maintenance	costs,	
personnel	expenses

� Uncertainty	10%	(probably	too	low),	market	
uncertainties	of	material	costs	being	the	major	
factor

� Procurement	strategy	should	be	refined
� A	detailed	schedule	and	logistics	plan	should	be	
developed









Force  Weakness
� The	accelerator	team	has	made	
impressive	progresses	since	the	
beginning	of	the	project,	acquiring	
knowledge	and	technical	skills

� The	team	is	increasing	in	size,	and	it	
seems	adequate	for	the	task

� Some	of	the	technical	sub-systems	
are	very	well	developed	and	put	
CEPC	as	a	leader	in	the	field	(ex.	SC	
RF	and	high	efficiency	Klystrons,	SC	
dipoles)

� Mass	production	is	relatively	easy	in	
China

� The	cost	is	relatively	low	(~1/3	FCCee)

� Some	topics	still	need	a	lot	of	R&D,	
particularly	
� engineering	design	of	the	IR,	
� SC	IP	quadrupoles,	
� alignment	and	installation	procedure	
(and	relative	devices),…

� A	“green”	option	looks	unrealistic
� There	is	a	lack	of	international	
involvement,	necessary	for	the	
development	of	1	(or	2)	detector

� The	detector(s)	construction	could	
be	a	bottle	neck

� There	are	other	Chinese	competing	
projects	

(Personal	opinion)



Conclusions
� CEPC	accelerator	R&D	is	proceeding	quickly,	the	design	is	completed	
and	the	approval	from	CAS	(necessary	for	government	approval)	is	
sure	thing

� The	project	will	be	presented	to	the	government	for	approval	in	25-
26,	with	the	aim	to	start	building	the	machine	soon	after	(8	years)

� The	Engineering	Design	Report	phase	(basically	R&D	on	all	systems)	
is	proceeding	at	high	speed	and	probably	will	be	finished	before	
tunnel	construction	starts

� If	approval	comes	by	end	of	2027,	construction	could	be	finished	by	
2035,	data	taking	starting	soon	after



Thank you for your attention!



Backup slides



IAC IARC IARC-EDR



TDR-RC Cost-RC IDRC



T
D
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� Multi-channel	cryogenic	pipes	inside	the	cryomodule
� Modified	cavity	strong-back	support	structure	for	better	performance	(based	on	ADS	

injector	325	MHz	spoke	module,	CEPC	650	MHz	2x2-cell	test	module,	PIP-II	650	MHz	
and	CSNS-II	648	MHz	module)

� Cryomodule	combined	with	multi-channel	cryogenic	lines:
� combines	the	features	of	cryomodule, valve	box	and	cryogenic	lines	(under

investigation)
� shared	vacuum,	make	full	use	of	space,	low	cost	
� two	5	~	8	K	Ø45	pipes	for	coupler, two	40	~	70	K	Ø45	pipes	for	thermal	shield,	

one	2	K	Ø219	GRP,	3	Bara	@	5	K	Ø45	pipe	for	supercritical	supply

CEPC 650 MHz 6 x 2-cell Cryo-Module Design
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J. Zhai, CEPC EDR Review, Sep. 2024



Multi-beam klystron fabrication
� MBK’s	cavity	3,	4,	5	and	6	have	
completed	brazing,	leak	detection	
and	tuning,	while	cavity	7	is	still	
being	processed	and	is	expected	to	
be	completed	this	year

� Aims	at	86%	efficiency
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The CEPC IARC Meeting, Sep. 18-20, 2024 (Main building A415, IHEP)

2. Multi-beam klystron Fabrication

n MBK’s cavity 3, 4, 5 and 6 have completed brazing, leak detection and tuning,
while the parts of cavity 7 are still being processed and are expected to be
completed in this month.
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CAV 3 CAV 4 CAV 5 CAV 6

The CEPC IARC Meeting, Sep. 18-20, 2024 (Main building A415, IHEP)

MBK Fabrication

n The parameters of each cavities:
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CAV. No. 2 3 4 5 6

Design Freq. (MHz) 651.2 1296 1942.5 670 671

Cold test before brazing (MHz) 651.237 1303.99 1936.875 666.9375 670.3125

Cold test after brazing (MHz) 649.375 1290.5 1937.4719 667.21875 669.7356

Cold test after tuning (MHz) 651.1625 1295.75 1942.3249 669.8125 670.7325

Cold test after temperature and 
humidity correction (MHz) 651.108 1295.624 1941.983 669.819 670.844

18℃ RH% 45% 22℃ RH% 56% 21℃ RH% 52% 21.5℃ RH% 47% 20℃ RH% 38%

2023/2/17 2024/5/30 2024/7/23 2024/6/21 2024/5/6

Z. Zhou, CEPC EDR Review, Sep. 2024



Design of a C-band 80 MW Klystron

� Design review in May 2024 à
reasonable and feasible, design
results have achieved the expected
goals
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� Mechanical	and	process	design	
review	in	August	2024	à design	is	
feasible,	meets	technical	specs,	and	
has	the	conditions	for	production	
implementation	à enter	the	
production	stage

Z. Zhou, CEPC EDR Review, Sep. 2024






