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Disclaimer	&	acknowlegdments	

20/01/2020	

ü  The	main	focus	is	on	the	Circular	electron-positron	Collider	project	
under	development	in	China:	its	current	status	and	objectives.	

	
ü  The	aim	is	indeed	to	inform	on	this	important	project.	
	
ü Many	thanks	to	a	number	of	people	for	provided	information	and	

explanations:	
																	Especially	to:	
																Angeles	Faus-Golfe,	Philip	Bambade,	from	LAL,	and		
															Profs	J.	Barreiro	Guimaraes	da	Costa,	Jie	Gao,	from	IHEP,	CAS	
						I	am	also	indebted	to	a	lot	of	people’s	presentations	or	documents	
						to	which	I	give	credit	(refs)	in	these	slides.	
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Outline	
	
•  Introductory	Remarks:	why,	since	when	China/IHEP	is	

interested	in	the	CepC?	
•  The	accelerator	towards	TDR:	current	status,	new	

developments	and	R&D	objectives	
•  The	detectors	design	and	R&Ds	
•  A	glimpse	to	the	Physics	case	and	Physics	reach.	
•  The	SppC	as	a	foreseen	second	stage.	
•  The	CepC	organization,	timeline,	funding	
scenarii	and	location	

•  The	Industrial	involvement	in	China	
•  Concluding	remarks	including	“internationalization”	
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Introductory	remarks	
The	history	of	the	CepC	project	in	a	nutshell	

	
	HEP	in	China	starts	of	IHEP		
	
		
	
Oct:	First	e+e-	collisins	at	BEPC		

	
BEPCII:	1 × 1033 cm-2s-1,	i.e.	x100	higher	Lum(BEPC)		
	
July,	New	BESIII	detector	starts	running	at	BEPCII	
	

Higgs	Discovery:	1st	presentation	of	CepC	@	HF2012	(FNAL)	
CepC	@	HF2014	(Beijing)	see	Y.Wang		with	Pre-CDR	(03/2015)	White	Report.	
CepC	Progress	Report	(Yellow	report)	
CDR	(Sept	2018)	&	Wkshps:	
+	confs	on	Accelerators	technology	…	
Accelerator	TDR		
See	specific	timeline	for	the		
CepC/SppC	programme	(see	later)	

1973	

1998	

1988	

2017	

2008	

2012	
2014	

2018-	
	2020	

CepC	Wkshp	Nov	2017,	IHEP	
EU-CepC	Wkshp	May	2018,	Rome	
CepC	Wkshp	Nov	2018,	IHEP	
EU-CepC	Wkshp	April	2019,	Oxford	
EU	Strategy,	May	2019,	Granada	
US-CepC	Wkshp	Oct	2019,	Chicago	
CepC	Wkshp	Nov	2019,	IHEP	
US-CepC	Wkshp,	Apri22-23Washington	DC	
EU-CepC.	4-6	May	2020,	Marseille…	
	

1988	

2020	

More	
than		
30	years	
of	e+e-	
Physics	
@IHEP	
	

2021	
2023	

20/01/2020	 Towards	
			CepC	
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BEPC	and	BEPCII:	30	Years	of	e+e-	
light	hadrons,	Charm	and	Tau	Physics	
Large	Chinese	collab	+	large	Nb	of	
USA	Universities	(CLEO/BEPC	Collab)	
A	few	EU	teams.	
Collab	also	for	the	machine	with	KEK		
	

BEPCII=2	ring	e+e-	collider	running	in	the	
Tau-charm	Ecm:	2	to	4.6	GeV	
Increase	in	luminosity	by	x100	from	
BEPC	to	BEPCII	(1 × 1033 cm-2s-1)and	
new	BESIII	detector	design	(trigger).	
First	collisions	in	BESIII	(July	2008)	
	

10/1988:	1st	collision	at	BEPC	
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HiggsFab-circular	prehistory	(2012):	
a	new	particle	was	discovered	today…	

Patrick	Janot:	TLEP+VHE-LHC	 Q.	Qin	IHEP,	CAS:	CHF+SppC	
	
Beam	energy	(GeV)			120								120	
Circumference	(km)		49,78					69,88	
Number	of	Ips												2															1	
SR	loss/turn	(GeV)				3															2,35	
Ne/bunch	(1012)								0,7												0,6	
Bunch	number											26												52	
Beam	current	(mA)			17,5							21,3	
L0/IP	(1034cm-2s-1)				2,5									3.85	
	
 
Beam	energy	(TeV)			25											65	
Circumference	(km)		49,78					59,88	
Number	of	IPs												2														2	
SR	loss/turn	(keV)					440									4090	
Np/bunch	(1011)									1,3											0,98	
Lum/IP	(1035cm-2s-1)		2,15								2,85	
					B=20T 
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From:	Patrick	Janot’s	talk	at	HF2012FNAL,	Nov	2012.	
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From:	Patrick	Janot’s	talk	at	HF2012FNAL,	Nov	2012.	
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HEP: Current and Future Projects 

Current  Future  

Accelerator-
based 

Precision  
frontier 

BESIII 

International: ILC 

CEPC è SppC 

International projects: 
Belle II、PANDA、COMET 

Energy frontier CMS、ATLAS                 

Non-
accelerator-

based 
 

underground 
Daya Bay 

JUNO 
EXO 

surface ASγ LHASSO 

Space  
AMS HERD 

XTP HXMT 

Yifang	Wang,	Institute	of	High	Energy	Physics,	Oct.	9,		2014,	Beijing,	HF2014	
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A high lumi. e+e- collider at the τ-c energy region  
BEPCII/BESIII: Operational since 2009 

ADONE	

BEPCII	

CESRc	
BEPC	

SPEAR	

DORIS	I	

Yifang	Wang,	Institute	of	High	Energy	Physics,	Oct.	9,		2014,	Beijing,	HF2014	20/01/2020	 IRFU-CEA,	CepC,	ASN	 10	



Future:	CEPC+SppC 
•  Thanks	to	the	discovery	of	the	low	mass	Higgs	boson,	and	
stimulated	by	ideas	of	Circular	Higgs	Factories	in	the	world,	
CEPC+SppC	configuration	was	proposed	in	Sep.	2012		

LTB : Linac to Booster  
 
BTC : Booster to Collider Ring  
 

BTC 

IP1 

IP2 

e+ e- 

e+ e- Linac 
  (240m) 

LTB 

CEPC Collider Ring(50Km) 

Booster(50Km) 

BTC 
Medium Energy  Booster(4.5Km) 

Low Energy Booster(0.4Km) 
IP4 IP3 

SppC Collider Ring(50Km) 

Proton Linac 
(100m) 

High Energy Booster(7.2Km) 

A	50-70	km	tunnel	is		relatively	
easier	NOW	in	China 

Yifang	Wang,	Institute	of	High	Energy	Physics,	Oct.	9,		2014,	Beijing,	HF2014	
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Large Projects at IHEP	

BESIII 

Daya Bay 
JUNO 

LHAASO 

ASγ/ARGO 

2020 2050 2040 2030 

CEPC  

CSNS 

ADS 

HEPS 

SppC  

CEPC 

SppC 

JUNO 

LHAASO 

HXMT HXMT 

HERD HERD 

XTP XTP 

construction 

operation 

Yifang	Wang,	Institute	of	High	Energy	Physics,	Oct.	9,		2014,	Beijing,	HF2014	
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n For the past 30 years, particle physics in 
China experienced an enormous growth, 
thanks to the economical growth of China. 

n A lot more projects in the future. 
n CEPC is the most important one and we will 

organize it as an international project. 
n A new mode of international collaboration is 

needed. Welcome suggestions. 

Summary 
Yifang	Wang,	Institute	of	High	Energy	Physics,	Oct.	9,		2014,	Beijing,	HF2014	
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CepC:	3	Key-	people	

Yifang	WANG:	Director	of	IHEP,	CAS	
	member;	CepC/SppC	project	leader,	
Steering	Com.	Head:	awarded:	
Panofsky	Prize	in	2013,	
20th	Nikkei	Asia	Prize	in	2015,	
Breakthrough	Prize	in	Fund.		
Physics	in	2016		
Bruno	Pontecorvo	Prize	in	2016.	
BsC	in	Nanjing	U.	(1984);	
PhD	in	Firenze	(1991)	
Then:	MIT	&	Stanford	U.	
Back	in	China	in	2001.	
L3,	AMS,	Palo	Verde,	KamLAND	&	BES	expts.	
Design	&	construction	of	BESIII	det.	(BEPC)	
Daya	Bay	Reactor	ν-expt	(θ13	mixing	angle).	
Juno,	CepC/SppC.	
	

Jie	GAO:	Prof.			CepC/SppC:	
Institution	Board	Deputy	
Steering	Com.	Member,	Head		
Accelerator	WG.		
1978-1983	Tsinghua,	CN,	BsC	
1983-1986	Tsinghua,	Master	
1986-1989	IHEP,CAS,	Ph.	D	work	
1992.4	Ph.	D	@Paris	XI	(J.	Le	Duff,	
Committee	Chair:	Davier)	
1996.6	HDR-Paris	XI	(Davier)	
Working	experience:	
1989-1992	Visitor	LAL	
1993-2004	permanent	CNRS	as		
Accelerator	Physicist	at	LAL	
2005-now	IHEP,	CAS,	Professor,		
ILC-IHEP	group	leader,	CepC/SppC	

Xinchou	LOU:	Prof,	CAS,	Head	of		
IHEP	Experimental	Physics	Dept,	
CepC	Project	Director.	
BsC:	U.	of	Science	and	Techno,	CAS,	Hefei	
1984-89:	PhD	at		SUNY-Albany	(CLEO)	
Postdoc	at	Indiana	U.(OPAL)	and	scientific	
Associate	at	CERN.	
Since	1994-	U.	Texas	at	Dallas	(UTD)	
2004:	Head	of	Physics	Dept	of	UTD.	
Back	in	China	in	2012	(Thousand	talents)	
Prof.	CAS,	Head	of	the	Exptal	Physics	Dept.,		
At	IHEP	
B-Physics:	CLEO,	OPAL,	Babar,	currently	in	
	BESIII.	Team	leader	ATLAS	Higgs	&		
Upgrade,	CepC		20/01/2020	 IRFU-CEA,	CepC,	ASN	 15	



The	CepC	accelerator	towards	TDR:	
Current	status	

New	ongoing	developments	and	R&D	objectives	

ü  Baseline	Layout	
ü Main	parameters	
ü Main	components:	injector,	booster,	SR	cavities,	MDI..	
ü  Upgrades	for	the	TDR	and	R&D’s	for	future	improvements	
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The	parameters	of	the	CepC	at	the	start	
of	the	project	(pre-CDR),	in	2012	

Comparison	with	the	FCC-ee	at	same	time	
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CEPC	Accelerator	Chain	and	Systems	

Three rings in the same channel：
➢  CEPC & booster 
➢  SppC 

Energy Ramp  10 -
>45/120GeV 

1) Injector 2) Booster 

Electron 

Positron 

10 GeV 

Booster Cycle (0.1 Hz) 

3) Main Ring 
C=100km  2IP 

The key systems of  
CEPC: 
1) Linac Injector 
2) Booster 
3) Collider ring 
4) MDI 
5) Civil Eng. 

4) Detector Machine  
Interface (MDI) 

C=100km L=1.2km 

5) Civil Eng. 

SppC 

45/120 
GeV 

CEPC Booster  
CEPC Collider 

20/01/2020	

(CepC-CDR)	
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CepC	CDR	Baseline	Layout	

CEPC collider ring (100km) CEPC booster ring (100km)

CEPC Linac injector (1.2km, 10GeV)

H

W and Z

20/01/2020	

(CepC-CDR)	
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Max	beam	beam	tune	shift:	
J.	Gao,	NIM	2004				



CepC	basic	design	choices	
Double	ring	e+e-	collider	~100km	
Follows	footprint	of	SppC	
except	around	IPs.	
Asymmetric	IR	layout	&	optics	
to	limit	synchroton	radiation	(SR)	
towards	the	detector.	
2	IPs,	large	horizontal	crossing		
angle	~	30	mrad,	crab-waist	optics	
Synchroton	radiation	power	30-38		
MW/beam	at	all	beam	energies;		
tapering	of	arc	magnet	strenghts	
to	match	local	energy	
Top-up	injection	scheme;	requires		
booster	synchroton	in	collider	tunnel	
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20/01/2020	

(Courtesy	of	Frank	Zimmerman)	
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CepC	&	FCC-ee	basic	design	choices:	

20/01/2020	

Similar	yes	but	note	some	relevant	differences	in	next	slides	on	the	CepC	accelerator	
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CEPC	towards	TDR:	new	parameters	for	Higgs	after	CDR	
Jie	Gao,	CERN	FCC,	13/1/2020	
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CEPC	vs	FCC-ee	@	Z	(2T)	CEPC vs FCC-ee: Z (2T)
  CEPC-CDR CEPC-30MW CEPC-38MW FCC-ee
Number of IPs 2 2 2 2
Energy (GeV) 45.5 45.5 45.5 45.6
Circumference (km) 100 100 100 100
SR loss/turn (GeV) 0.036 0.036 0.036 0.036
Half crossing angle (mrad) 16.5 16.5 16.5 15
Piwinski angle 23.8 27.9 33.0 28.5
Ne/bunch (1010) 8.0 12.0 15.0 17
Bunch number 12000 14564 (20.6ns+10%gap) 15000 16640
Beam current (mA) 461 839.9 1081.4 1390
SR power /beam (MW) 16.5 30 38.6 50
Bending radius (km) 10.7 10.7 10.7 10.76
Momentum compaction (10-5) 1.11 1.11 1.11 1.48

IP x/y (m) 0.2/0.001 0.2/0.001 0.2/0.001 0.15/0.0008
Emittance  x/y (nm) 0.18/0.0016 0.18/0.0016  0.18/0.0016  0.27/0.001
Transverse  sIP (um) 6.0/0.04 6.0/0.04 6.0/0.04 6.4/0.028

x/ y/IP 0.004/0.079 0.004/0.093 0.004/0.098 0.004/0.133
VRF (GV) 0.1 0.10 0.10 0.1
f RF (MHz)  (harmonic) 650 650 650 400
Nature bunch length sz (mm) 2.42 2.42 2.42 3.5
Bunch length sz (mm) 8.5 10.0 11.8 12.1
HOM power/cavity (kw) 1.94 (2cell) 2.29 (1cell) 3.15 (1cell) ?
Energy spread (%) 0.08 0.1 0.115 0.132
Energy acceptance (DA) (%) 1.5 0.6 0.7 1.3
Energy acceptance by RF (%) 1.7 1.7 1.7 1.9
Lifetime by rad. Bhabha scattering (hour) 2.9 1.13
Lifetime (hour) 2.5 2.0 1.8 1.0
Lmax/IP (1034cm-2s-1) 32.1 74.5 101.6 230

Z:1*10^36/cm^2/s  now with single cell 650Mhz  large grain cavity

Jie	Gao	
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CepC	as	FCC-ee	exploits	proven	concepts	&	techniques	
from	past/present	colliders	&	light	sources	

It	combines	successful	ingredients	from	several	recent	colliders		
=>	Highest	Luminosity	and		Energy	

20/01/2020	

Courtesy	of	Marica	Biagini,	at	CepC	Nov	2018	Workshop,	repeated	in	all	CepC	and	FCC	talks.		
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CepC	as	FCC-ee	exploits	proven	concepts	&	techniques	
from	past/present	colliders	&	light	sources	

It	combines	successful	ingredients	from	several	recent	colliders		
=>	Highest	Luminosity	and		Energy	

20/01/2020	
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Main	CepC	items	
•  Z-pole	polarization	under	design	
•  Dynamic	aperture	
•  MDI	
•  Booster	
•  CepC	self	polarization	
•  Linac	injector	
•  CepC	R&D	status	on	High	Q	and	High	gradient		
•  Klystron	
•  CepC	collider	&	Booster	Ring	conventional	magnets	
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CepC	self-polarization	at	Z-pole,		
with	asymmetric	wigglers:	5%	achieved.	

20/01/2020	

Longitudinal	polarized	beam	position	and	full	polarization	injection	scheme	are	under	studies	
with	strong	contribution	by	BINP	(S.	Nikitin	et	al.,	see	contribution	at	CepC	Wkshp,	Nov	2019)	

Numerical	studies	on	
Dynamic	Aperture	DA	
with	J.Gao’s	numerical	
	
	
	
	
Computation/simulation	

Inputs	by	J.	Gao’s	talk	FCC	wkshp,	Jan	13	2020	&	refs	therein	+	S.	Nikitin	at	CepC	Wkshp	Nov	2019	
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New	(/CDR)	Booster	design	

20/01/2020	

ü  Emittance	reduced		
from	3.6	to	1.2	nm	
ü  Inner	aperture	of		
Vacuum	chamber:		
44	instead	of	55	mm	
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CepC	Linac	Injector:	baseline	
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Why	&	How	improving	Linac	injection?	
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•  Why?		
							By	increasing	the	Linac	energy	will:	

–  Reduce	the	difficulty	of	the	Booster	design	
–  Reduce	the	technical	risk	of	low	magnetic	field	magnets	of	the	
Booster	

•  How?	Alternative:	10	GeVà20	GeV	with	S-band+C-band	RF	system	
–  C-band	start	energy:	4GeV 

not	really	considered	now	



“Baseline”	alternative:	PWFA	LINAC	
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IHEP+TSINGHUA	U.	strong	collaboration,	joint	group	on	advanced	Accelerator	Research	since	03/2017,	
High	Priority	R&D	(NSFC);	1st	goal	=	in	5	years,	feasibility	study	of	plasma	injector	for	45	GeV.	If	feasible,	

they	will	present	a	detailed		technological	design	(end	2022)	

Plasma	as	an	accelerator	
Wakefield	acceleration:	a	
boat	travelling	through	
water	produces	a	wave	
behind	it-	a	WAKE.		
We	can	use	a	laser	pulse	
travelling	at	close	to	c	in	a	
plasma	to	drive	a	strong	
wave	behind	it.	

Too	slow!	
To	catch	a	wave	surfer	must	swim	to	get	up	
	the	speed	before	wave	arrives.		
If	too	slow	the	wave	just	pass	over	him		
We	must	find	a	way	to	accelerate	e-’s	up	to	
	the	correct	speed	for	them	to	be	trapped	by	
	the	wave	and	accelerated.	

Slightly	faster	than	the	wave	
⇒  Eventually	stop	to	be		
accelerated	

Dephasing	

Possible	to	“see”	the	plasma	experimentally	by	Fourier	holography	technique			

Introduction	to	plasma	wakefield	acceleration,	Stuart	Mangles,	The	John	Adams	Inst.	for	Accelerator	Science,	Imperial	College	



20/01/2020 

Ø   Conceptual design for Plasma injector up to 45GeV, V1.0->V2.0 & tests workplan 

IRFU-CEA,	CepC,	ASN	 34	20/01/2020	

Workplan	
-	Detailed	simu,	performances	
	and	feasibility	studies.	
-	Prelim	test	at	THU	facility(next)	
-	e-	plasma	acceleration	to	be	
tested	at	Shanghai	Soft	XFEL	
-	e+	plasma	acceleration	might	
be	tested	at	FACET	II	at	SLAC		
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Compressor 

Ø Hollow Channel experiment preparation at THU Lab 

Estimated Start Time: 2019.12 

Wei	Lu	(THU)	CepC	workshop,	Nov.	2019	
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World wide Labs for RF systems  	

1.3GHz	9	cell	cavity	

*SHINE*	
-75	cryomodules	
-~600	cavities	
-	8	GeV	(CW)	

S.	Stapnes,	EPPSU,	Granada,	May	2019	

IRFU-CEA,	CepC,	ASN	 36	20/01/2020	



20/01/2020 

CepC: low-power magnets latest progress	
									JIE	GAO,	cepcws2019	

Beijing,	20	Nov.	2019	
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Single/dual	aperture	magnets:	
Power	reduction	by	a	factor	2	
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Low	field	booster	dipole	magnets:	specs	&	challenges	
									JIE	GAO,	cepcws2019,	Beijing,	20	Nov.	2019	



20/01/2020 

Booster high precision low field dipole magnets	
									JIE	GAO,	cepcws2019	

Beijing,	20	Nov.	2019	
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Circular e+e- Colliders: RF systems 
                        	

Ø  All	RF	systems	are	between	400	and	800	MhZ,	and	based	on	various	technologies		
Ø  Preference	for	SC	cavities	
Ø  FCC-ee	RF	system	will	be	optimized	for	each	working	point,	while	
Ø  CepC	features	a	single	RF	system	

Angeles	Faus-Golfe,	LLR	Perspectives	Sept	2019	
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20/01/2020 

CepC: RF R&D activities, High 
Q & High Gradient R&D (650 MHz)	
 	
•  650 MHz 2-cell cavity, buffered chemical polishing 

(BCP) without N doping, reached:  

Q= 5.1x1010 at Eacc (accelerating gradient)= 26 MV/m  

•  Next step: N doping and Electro Polishing (EP) 

on 650 MHz cavity and 

     EP under commissioning, to increase Q & Eacc 

                       to: 5x1010 at 42MV/m (vertical test) 

IRFU-CEA,	CepC,	ASN	 41	20/01/2020	

Record	Highest	Q-factor	in	China	

HOM	(Higher	Order	Mode)	
	couplers	for	CepC	cavities																
	

Bird	view	of	IHEP	New	SC	Lab	
	under	construction:	4500	m2	



20/01/2020 

CepC High Q & High Gradient R&D driven by SHINE-1.3GHz 9-cell cavities	
 	

IHEP has made the 1.3GHz 9-cell cavity 

that reaches the requested SHINE target. 
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IHEP	new	SC	Lab:	experimental	Hall			



CepC	650	MHz	High	Efficiency	Klystron	development	
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Established	High	efficiency	klystron	collaboration	consortium	with	IHEP,	Institute	of	Electronics	of	CAS	and	
	Kunshan	Guoli	Science	and	Technology	(GL	company).	1st	Proto	installed	Oct	26,	bake	out	Nov.	24,	2019	
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									JIE	GAO,	FCC	workshop,	CERN,	Jan	13,	2020	



Major	Technical	Challenges	
		

Ref. E  
(CM)
[TeV]

Lumi
nosit

y
[1034]	

AC- 
Power
[MW]	

Cost-
estimate
Value*

[Billion]	

B  
[T]	

E: 
[MV/
m]

(GHz)

Major Challenges in 
Technology	

C
C
hh

FCC-
hh
	

CDR	 ~  100 	 < 30	 580	
	

24 or 
+17  (aft. 

ee)
[BCHF] 	

~ 16	  	 High-field SC magnet (SCM)
- Nb3Sn: Jc and Mechanical stress 
Energy management	

SppC
	

(to 
be 

filled)	

75 – 
150 	

10	 TBD	
	

TBD	 12 - 
24	

High-field SCM 
- IBS: Jc and  Mechanical stress
Energy management	

C
C
ee 

FCC-
ee	

CDR	 0.18 - 
0.37 	

460 – 
31	

260 – 
350 	
	

10.5 +1.1

[BCHF]	

  10 – 
20

(0.4 - 
0.8) 	

High-Q SRF cavity at < GHz, Nb 
Thin-film Coating
Synchrotron Radiation constraint
Energy efficiency (RF efficiency)

CepC	 CDR	 0.046 - 
0.24 

(0.37)	

32~
5	

150 –
270	

5

[B$]	

20 – 
(40) 

(0.65)	

High-Q SRF cavity at < GHz, LG 
Nb-bulk/Thin-film
Synchrotron Radiation constraint
High-precision Low-field magnet
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H.	Abramovitch,	Report	from	Granada,	Ghent	Meeting	



The	CepC	detectors	design	&	R&D	
	
	

Inputs	from	Joao	Barreiro	Guimaraes	da	Costa	(IHEP,	CAS)	
currently	co-coordinator	of	the	Physics	&	Detector	CepC	WG.	
				Most	of	the	following	slides	on	this	topic	are	from	Joao.	
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Preparing	for	the	TDR	Detector	Phase	
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CepC	Project	Timeline	for	detectors	
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CEPC	CDR:	Particle	Flow	Conceptual	Detector	
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CEPC	CDR:	IDEA	Conceptual	Detector	(CEPC	+	FCC-ee)	
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Some	glimpse	on	the	Physics	case	&	reach	
Comparison	with	HL-LHC	in	terms	of	Physics	reach	

and	timescale	
	

Here	also	emphasis	is	on	the	latest	results/developments	
Comparing	mainly	with	the	HL-LHC	prospects	that	will	may	be	

running	contemporarily	a	part	of	the	time…	

20/01/2020	

=>	Goal:	Collect	over	1M	of	Higgs;	1	TeraZ;	100M	WW	events	
(CepC-CDR)	
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Currently	foreseen	schedule	for	Future	
Machines	in	project	

20/01/2020	
European	strategy,	Granada	
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HIGGS	as	the	1st	
target	

	

20/01/2020	

Kaili	Zhang	(IHEP	CepC	Workshop)		
Results	evolve/CDR.	Only	stat	error	
	&	assumed	Theory	syst.<1%	in	lept.coll.	

(Hao	Zhang,	IHEP,	
	CepCWorkshop,		Nov	2019)	

HL-LHC	YR	
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Sensitivity	reach	in	the	Z	branching	ratio	for	various	
exotic	Z	decay	topologies	at	CepC(CDR)	&	HL-LHC	

20/01/2020	

Assumed	here:	CepC:	1012	Z	and	Luminosity	at	HL-LHC	=	3	ab-1,	adapted	from	Ref:		
ArXiv.1712.07237v2	“Exposing	Dark	Sector	with	Future	Z-Factories”,	Jia	Liu	(Uchicago)	et	al.		
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CepC/Dark	Matter	searches	

20/01/2020	

Example	1:	D.M.	interacting	via	the	Higgs		

CepC	

LHC	
e+	

e-	

Z	
Z	

h	 h	

χ	

χ	
χ	

χ	q	

q	

Dark	Sectors	&	Higgs->exotics	&	cascade	(CepC	CDR,	Z.	Liu	et	al,	1612.09284)	

χ	

χ	

χ	

χ	

IRFU-CEA,	CepC,	ASN	 60	



Dark	Matter	&	Z	

20/01/2020	

		
Indirect	bound	from	improved	Z	width	
measurement;	further	improvements	
likely	possible…	(Zuowei	Liu,	Zhijun	Liang)	

Dark	sector	&	Z:		
Sensitivity	reach	in	
Z-branching	ratio	for		
various	exotic	Z	decays	
topologies	@CepC		
&	the	HL-LHC	(L=3ab-1)	
(CEPC	CDR;	J.Liu	&	al,		
	ArXiv	1712.07237v2).	
Limitation	for	LHC:	QCD	
&QCD	induced	Bkgd,	but	
can	still	be	improved.	

various	exotic	Z	decays	topologies		
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CepC	vs	Flavours	
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CepC	Organization,	Timeline,	Funding	
and	site	locations	
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CepC	Organization	
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Scientific	Policy	and	Funding	Strategy	

20/01/2020	

X.	Lou,	CepC	Workshop,	Nov	2019	
See	next	
Slide=>	
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Scientific	Policy	and	Funding	Strategy	

20/01/2020	

23/1/2018	:	Meeting	of	the	China	Reform	and	Development	Committee	(led	by		
President	J.P.	Xi);	
=>	the	plan	of	“Chinese	Initiated	International	Large	Scientific	Plan	&	Large		
Scientific	Project”		
28/3/2018	:	Chinese	Government	(led	by	Prime	Minister	Keqiang	Li)	made	public		
details	of	the	“Chinese	Initiated	International	Large	Scientific	Plan	&	Large	Scientific		
Project”:….	
Actively	participate	to	the	other	country	or	multi-countries's	initiated		Large	Scientific		
Projects	...	
Actively	participate	to	important	international	scientific	organizations'	scientific		
projects	and	activities...	
																																														(translated	by	J.	Gao)	
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Funding	scenarii	

Scenario	 Cost	sharing	 Funding	sources	 comment	

Option	1	 32	B	CNY≈	
4.57B$(4.12B€)	
4BB	CNY≈	
0.57B$(0.51B€)	
	

Chinese	Central	Gov.	
	
International	
Contribution	

Project	submitted	
Nov.	13	2019,	by	
IHEP,	PI.	Yifang	
Wang;	waiting	for	
results	

Option	2	
	
	
	
	
	
	
	

12	B	CNY≈	
1.71B$(1.55B€)	
10	B	CNY≈	
1.43	B$(1.29	B€)	
10	B	CNY≈	
1.43	B$(1.29	B€)	
4B	CNY≈	
0.57	B$(0.51	B€)	

Chinese	Central	Gov.	
	
From	MOST	International	
Science	project	
	
From	local	government	
	
International	
Contribution	

Work	actively	in	
parallel	on	this	
option=>	Option	1	
is	not	a	show-
stopper.	

Total cost of the CepC project: 36 B CNY ≈ 5 B $ ≈ 4.6 B €, under the assumption that 
the local government will provide the land and  the necessary infrastructures.	

Under	discussion:	the	funding	breakdown	across	various	5	years-periods	

	Xinchou	Lou,	CepC	Workshop,	Nov	18,	2019	
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20/01/2020	

DETAILED	&	RELIABLE	FLOW	CHART	FOR	CepC	CONSTRUCTION	&	CIVIL	ENGINEERING	
															See	Wang	Xialong’s	talk	at	CepC	Workshop	at	IHEP,	Nov	2019,	on	behalf	of	the		
																																																																	Installation	&	Alignment	team	
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The	SppC	as	a	second	stage	of	CepC	
	
	

20/01/2020	

ü Updated	parameters	after	CDR	
ü Geometry	compatibility	study	SppC/CepC	
ü Proton	injector	chain	
ü HIGH	FIELD	MAGNETS	R&D:	integrated	in	National	High	priority	
effort	for	HT	superconducting	technology;	SppC	project	instead:	only	
2	small	scale	NSFC	funds	=>	only	accelerator	physics	studies	
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	SppC	Main	Parameters	

20/01/2020	

Jie	Gao:”	SppC	12	T	OR	OTHER	field,	depending	the	actual	level	at	that	time,	not	means	first	12	
and	then	24.	If	24	could	be	achieved	then,	we	use	24”.		

Courtesy	of	Jingyu	Tang	for	the	SppC	WG,	CepC,	workshop,	Nov	2019	
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Geometry	Compatibility	Study	of	CepC	&	SppCY	
Y.	Wang,	Y.	Chen,	D.	Wang,	C.	Yu,	J.	Gao,	J.	Tang	

																																																																																																																					at	CepC	Workshop	Nov.	2019		

20/01/2020	

Tunnel	in	the	ARC CEPC	Layout 

IP1 

IP3 

IP2 IP4 

SPPC	Layout 

IP1 

IP3 

IP2 IP4 

	
–  The	SPPC	will	share	the	tunnel	of	CEPC	as	much	as	possible.	
–  The	SPPC	locates	outside	of	CEPC	
–  In	the	8	arc	regions	and	4	short	straight	sections,	two	machines	share	the	

tunnel	(distance	of	machine	centers=3.5m)		
–  In	the	4	long	straight	sections,	the	SPPC	will	bypass	the	CEPC	(distance	of	

machine	centers	at	IPs=23m	as	the	big	size	of	CEPC	and	SPPC	detectors)		
•  IP1	and	IP3	for	CEPC	interaction	and	SPPC	collimation	
•  	IP2	and	IP4	for	CEPC	RF	and	SPPC	interaction	

Injection:	
zoom	on	
							next	
						slide	
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Zoom	on:	SppC	injector	chain	

20/01/2020	

Courtesy	of	Jingyu	Tang	for	the	SppC	WG,	CepC,	workshop,	Nov	2019	

Now	increased	to	4.2	TeV		
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Just	for	comparison…	
The	FCC-hh	injector	chain,	based	on	the	existing	LHC	injector	chain	

and	a	3.3	TeV	high	energy	booster,	HEB	
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A.	Abada	et	al.,	FCC-hh:	The	Future	Hadron	Collider	



Some	basic	reminder	on	the	need	for	High	Fields	

20/01/2020	

!!!!KEY	ISSUE	APART	FROM	THE	TECHNOLOGICAL	CHALLENGE:	THE	QUANTITY	X	THE	PRICE!!!!!		

Courtesy	of	Bernardo	Bordini,	CERN,	MT26	Conf.	TRIUMF,	Sept	2019			
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Courtesy	Herman	Ten	Kate,	CERN,	Seminar	Twente		



20/01/2020	

At	present,	long	superconducting	wires	are	only	produced	from	six	superconductors:	
NbTi,	Nb3Sn,	MgB2,	Bi2223,	Bi2212	and	REBCO.	Only	wires	of	Nb	compounds	are	used	
industrially,	with	intensive	work	on	Nb3Sn	optimization	still	under	way.	The	other	
materials	are	still	considered	in	the	R&D	phase.	(Jan	Jaroszynski,	National	High	
Magnetic	Field	Lab,	Tallahassee,	FL	in	Supercond.	Sci.	Technol.	32	(2019)	070501	(3pp))	
and.	B.	Bordini	slide	in	backup	and	talk	at	Magnet	Techno	26	Conf,	Sept	2019.	

Courtesy	Herman	Ten	Kate,	CERN,	Seminar	Twente		

R.	Aymar,	H.	Ten	Kate,	CERN,	IEEE	prize	for	contribution	
	to	Applied	Supraconductivity,	MT23,	Boston	(in	backup)		
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High	Fields	for	Accelerator	Magnets	

20/01/2020	

China	contributes	
to	HL-LHC	magnets		

Courtesy	I.	Bottura	
N.B.	For	High	Energy	Frontier	pp	collider,	China	carries	on	actively	the	R&D	on	High	Field	
	magnet	with	IBS	as	main	R&D	stream	and	Nb3Sn	as	an	option	(cf	Jie	Gao)	

IRFU-CEA,	CepC,	ASN	 82	



20/01/2020	

New	different	R&D	line	by	China	for	HTS	magnets	IBS-conductor-	based	
	
Domestic	Collaboration	on	HTS	for	SppC	SC	Dipole	Magnet	(J.	Gao,	CepC	Wksp,	Nov	2019)	
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20/01/2020	

Latest	results:	Fabrication	&	Test	of	IBS	solenoid	coil	at	24	T		

Outer	view	of	Ba122	SPC	
with	30mm	inner	diameter	

Micrograph	view	of	transverse	cross-	
sectionof	heat	treated	7-filamentary		
									Ba122/Ag/AgMn	tape	
	

Initiator	of	the	IBS		technology:	
Kamihara	Y,	Watanabe	T,	Hirano	M	and	Hosono	H,		
2008	Iron	based	layered	superconductor	
La[O1-xFx]FeAs	(x=0.05-0.12)	with	Tc=26K		
J.Am.	Chem.Soc.	130	3296-7	
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Latest	results:	Fabrication	&	Test	of	IBS	solenoid	coil	at	24	T		

“From	a	practical	point	of	view,	IBS	are	ideal	
candidates	for	applications.	Indeed,	some	of	
them	have	a	high	critical	current	density	Jc,	
even	in	strong	magnetic	fields,	and	a	low	
superconducting	anisotropy.	
Moreover,	the	cost	of	IBS	wire	can	be	4	to	5	
times	lower	than	that	of	Nb3Sn,	making	it	
more	expensive	than	NbTi,	but	with	much	
higher	critical	parameters/Nb3Sn”	

Viewpoint	on	the	letter	by	D.	Wang	et	al		
(2019	Supercond.	Sci.Technol.	32	04LT01).	

“The	paper	by	Wang	et	al	[16]	reports	on	the	first	test	of	a	coil	made	of	Ba0.6K0.4Fe2As2	(Ba122)	wire	at	a	very		
high	field	of	24	T.	Ba112	is	very	brittle,	similar	to	the	six	other	useful	superconductors,	besides	NbTi.		
To	overcome	this,	the	powdered	elements	Ba,	K,	As,	and	Fe,	were	chemically	reacted,	powdered,	loaded	into		
a	silver	tube,	and	drawn.	Seven	such	tubes	(a	natural	number	for	the	closest	packing	hexagonal	geometry)		
were	bundled	into	an	AgMn	tube	and	drawn	again	into	a	1.65mm	diameter	wire.	To	increase	Jc,	the	wire	was		
rolled	into	a	0.33mm	thick	and	4.5mm	wide	tape.	This	4.5m	long	tape	was	coiled	and	heat	treated	at	850	°C		
to	sinter	the	powder…..”	
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				Industrial	involvement:	
	

Chinese	Industries	involvement	&	support:	a	prerequisite	for	
a	successful	financial	support	by	Chinese	Government	

and	for	achieving	the	important	Technological	challenges.	
In	order	to	overcome	the	CEPC	Engineering	Complexity;	

In	order	to	meet	the	CEPC	Extremely	High	Technical	Specs;	
What	China	Industry	should	do	NOW	for	CEPC?	

	
Through	the	CEPC	project	

How	to	Stimulate	the	Development	of	Manufacturing,	
Technologies,	and	Engineering	Process	of	China	Industry?	

20/01/2020	

Jinlin	Gao,	Beijing	SinoscienceFullcryoTechnology	Co.,	Ltd,	Chairman	CipC	
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(Jinlin	Gao,	Chairman	CipC,	CepC	Wkshp,	Nov	2019)	
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(Jinlin	Gao,	Chairman	CipC,	CepC	Wkshp,	Nov	2019)	
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(Jinlin	Gao,	Chairman	CipC,	CepC	Wkshp,	Nov	2019)	
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(Jinlin	Gao,	Chairman	CipC,	CepC	Wkshp,	Nov	2019)	
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20/01/2020	

Jinlin	Gao,	Chairman	CipC,	CepC	Wkshp,	Nov	2019	
		

SESSIONS	DIFFICULT	TO	FOLLOW	FOR	NON-CHINESE	SPEAKING	PEOPLE	
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Concluding	remarks	

•  A	green	CepC		
•  Internationalization	
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300MW 

CEPC 

Share	tech. 

1000MW 

Smart	grid 

Power	plant	based	on	ADS 

Nuclear	waste 

A	Green	CEPC	using	the	power	of	
Nuclear	waste society 

Power	source	
SC	technology	
Cryogenics	
RF	system,		
Vacuum	

ADS=accelerator	driven	system	program	
Strategic	priority	R&D	for	CAS.	

Zhenchao	Liu,	Jie	Gao	
HF2014	Proc.P	49-53		
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Jie	Gao,	CepC	Workshop.	Nov.	2019	
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Jie	Gao,	FCC	Workshop,	CERN,	Jan	2020	
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Helene	Felice,	26th	Magnet	Technology	Conference,	TRIUMPH,	Sept.	2019	
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Xinchou	Lou,	CepC	Workshop.	Nov.	2019	

Strenthening	collaboration	with	CERN:	Magnets	for	HL-LHC,		
participation	to	LHC	Experiments	etc…	
Joined:	CALICE	collaboration,	ILD	TPC	collab	RD	collabs..	
	
Organized	CepC	Workshop	in	Europe	and	USA:	
1st	international	Workshop	on	CepC	in	Europe:	Rome	May	2018	
2nd		international	Workshop	on	CepC	in	Europe:	Oxford	April	15-17,	2019	
3rd	international	Workshop	on	CepC	in	Europe:	Marseille,	May	4-6,	2020	
							https://indico.in2p3.fr/event/20053/	
	
1st	US	workshop	at	Uchicago,	September	16-18,	2019	
2nd	US	Workshop	at	Catholic	University	in	Washington	DC,		
																																																																																												April	22-23,	2020	
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Xinchou	Lou,	CepC	Workshop.	Nov.	2019;	should	attend	Bad	Honhef	this	week			
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ACTIVE	CONTRIBUTION	and	PARTICIPATION	to	:	


