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Brief	introduction	on	IHEP

vIn	operation
• Beijing	Electron	Positron	Collider	(BEPCII)
• China	Spallation	Neutron	Source	(CSNS)
• Yangbajing Cosmic	Ray	Observatory	(ASg &	ARGO)	
• Daya Bay	Neutrino	Experiment
• Hard	X-ray	Modulation	Telescope(HXMT),	launched	on	15/06/2017
• Accelerator-driven	Sub-critical	System	(ADS)	

vUnder	construction
• Jiangmen	Neutrino	Underground	Observatory	(JUNO)
• R&D	of	the	High	Energy	Photon	Source	(HEPS-TF)
• Platform	of	Advanced	Photon	Source	Technology	(PAPS)	
• Large	High	Altitude	Air	Shower	Observatory	(LHAASO)	

vPlanning	
• HEPS,	XTP,	HERD, CEPC	…

IHEP serves as the backbone of China’s large science facilities
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Current	&	future	projects	in	IHEP
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Collaboration	on	accelerator	between	CERN	&	IHEP

n SPS	&	BEPC	(1978	– 1995) n LEP	&	LHC	(1992	– 2002)

From	CERN	81-14,	yellow	book

n LHC	&	HL-LHC	(2012	– Now)



vChina-CERN	collaboration	meeting	in	Sept

vMoU	signed	for	HL-LHC	collaboration

vA	total	amount	of	~2M	Euro	from	IHEP/CAS	
will	be	invested	for	CCT	magnet	manufacture



HL-LHC Collaboration	– Accelerator	technology	

vCCT	magnet	for	HL-LHC
• China	will	provide	12	units	CCT	corrector	magnets	for	HL-LHC	before	2022
• A	0.5m	model	and	2.2m	prototype	to	be	fabricated	and	tested	by	June	2019



Magnet specifications of the	short 0.5-m model

vMechanical	length:	0.5	m
vIntegrated	field:	0.757	Tm
vAperture:	105	mm	(cold)
vBeam	distance:	188.19	mm
vCurrent	:	422	A
vRamps	rates:	100	s	to	target	value
vYoke:	614	mm	in	diameter

2D design from CERN

Bore field / T 2.64

Current / A 422

Layers 5+5

CCT angle /° 30

Gap per turn /mm 5.2(0.6)

Turns per layer 55

Integrated field / Tm 0.757

Peak field / T 3.1

Io/Ic 55%

Slot size in former 2 mm*5 mm,0.6 mm for rib

Coil size & length /mm Φ614/539.4



Magnetic Field Calculation in OPERA-3D

Coil	gap：15
Iron	core：30
Background：120

Int. field = 0.757 Tm

Int. field = 0.757 Tm



The	whole	structure The	coil	structure

Insulated 
size (mm)

Insulation 
meterial

Number of 
filament

Cu/non-Cu 
ratio

Critical 
current@4.22K (A)

RRR(273K/
10K)

Φ0.99±0.01 Kapton+S glass ≥192 1.3±0.13 >767@3T, >700@4T >100
Insulation voltage >2500V

Parameters	of	superconducting	wire



Three-coordinate	measuring	result	of	outer	former	

1#	outer	
former1

2#	outer	
former1

1#	outer	
former2

2#	outer	
former2

Criterion

Groove bottom size
（different grooves）

-0.0239 -0.0437 -0.0983 -0.0442 122.6-123

Groove bottom size
（same groove）

-0.0218 -0.0377 -0.0415 -0.0121 122.6-123

Inner circle size -0.0214 -0.0118 -0.0066 Qualified 118.98-119.035
Outer circle size 0.0029 Qualified Qualified Qualified 132.97-133.028

Groove width Qualified 1.9965 Qualified Qualified 2-2.04
Groove profile Qualified Qualified Qualified Qualified 0.05

Inner circle 
roundness

Qualified Qualified Qualified Qualified 0.03

Outer circle 
roundness

Qualified Qualified Qualified Qualified 0.03

Coaxially Qualified Qualified Qualified 0.0329 0.03

Because od different materials and processes, there will be some deformation in the process.



CCT	magnet	manufacture



CCT	magnet	test	procedure

CCT	magnet	test procedure
data time details comment

2018/7/14 8:40 cooling	by	LN2 check
2018/7/14 9:20 cooling	by	LN2 76K，75k
2018/7/14 10:05 discharge of	 LN2 77K.76k
2018/7/14 11:00 dry under	nitrogen 98K,88K

2018/7/14 dry	with	heating

2018/7/14 12:20 cooling	by	LHe2 102K	,95k
2018/7/14 13:50 cooling	by	LHe2 41cm
2018/7/14 14:05 excitation 1A/s
2018/7/14 excitation 2A/s 483A	quench

2018/7/14 15:10

excitation 3A/s	from	
0 to	460A,	1A/s	from
0	to	470A,	pause，

excitation

471A	quench

2018/7/14 15:18 excitation 4A/s 469.4A
2018/7/14 15;28 excitation 4A/s 529A
2018/7/14 15:44 excitation 4A/s 543A

2018/7/14 15:49 excitation 4A/s 520A	 last	20	min，
551A quench

Cooling by LHe

Cooling by LN2
Test	preparation



CCT	magnet	test	procedure

Coils test procedure

• The	wire	of	inner	6# and	
outer 5#	quench	first

• The	wire	of	 inner	7#	and	
outer	2# quench	later



CCT	production	schedule
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SC	Magnet	Experiences	of	Chinese	Team	

High	field	twin-aperture	dipole	magnet	R&D:	10.2T	@	4.2K	

Cabling	Machine Rutherford	Cable Coil	Winding

Heat	ReactionVPIMagnet	Assembly VPI	Coil	Package
Impregnated	

Coil

10.2	T	@	4.2	K	dipole	field	
in	two	apertures



Super-FRS dipole
prototype for FAIR

7T magnet for
Penning trap

Extraction 
solenoid(SLext)

Middle 
solenoid(SLmid)

Injection 
solenoid(SLinj)

Sextupole(SP)

Iron yoke

28 GHz ECRIS

COIL-PACK
SUBASSEMBLY

COLLARS
SEXTUPOLE

COILS

AXIAL-LOAD
END PLATE

SUBASSEMBLYS

SOLENOID
STRUCTURE

SUBASSEMBLY

SHELL-YOKE
SUBASSEMBLY

(Shell is strain gauged)

MASTER-KEY PLATES

BLADDER
SUBASSEMBLY

LOAD-KEYS

YOKES

YOKE-SHELL
ALIGNMENT PINS

AXIAL RODS
(Strain Gauged)

COIL END
BLOCKS

FECR Nb3Sn magnet mechanical structure

The magnet mechanical structure was designed by 
collaboration with ATAP magnet group at LBNL 

This Nb3Sn magnet will be built in China

Bladder & Keys assembly

Focusing
solenoids for
ADS SC Linac 45 GHz ECRIS (Nb3Sn)

CCT magnet	R&D



Possible	collaborations	– Superconducting	RF	technology

HOM-damped	low-frequency	β=1	SRF	cavities

[2]	R.	Calaga,	R.	Tomas,	“A	200	MHz	SC-RF	System	for	the	HL-
LHC”,	IPAC2016,	TUPMW034.

[3]	R.	Calaga,	HL-LHC	RF	Road-map:	Technological	Aspect,	
present	at	Chamonix	2014.

200MHz	SC	cavity	(HL-LHC)166.6MHz	SC	cavity	(HEPS)

[1]	P.	Zhang	et	al.,	“The	166.6	MHz	Proof-
of-principle	SRF	Cavity	for	HEPS-TF”,	
SRF2017,	TUPB034.

Similar	RF	requirements

Vertical test



Superconducting	RF	technology

SPS	200MHz	
500kW	CW

Since	2000s

166MHz	50kW
SSPA 650MHz	50kW SSPA

ERL	1.3GHz	
30kW	CW

HEPS	166MHz	
300kW	CW

500MHz	300kW	CW

Since	1990s

Crab	400MHz

LHC	400MHz	
500kW	CW

SPS 200MHz	2MW	SSPA

Mutual	interests



SRF	cavities	developed	at	IHEP



Couplers	developed	at	IHEP



SRF	infrastructure	at	IHEP

100W@2K	cryo system

Largest	2K	cryo in	China

Ultrapure	water

ISO4&ISO5	clean	room Chemical polishing system

High-pressure rinsing



SRF	infrastructure	in	Huairou – new	site	for	light	source	HEPS

vPlatform	of	Advanced	Photon	Source	Technology	R&D	(PAPS)
• Mass	production	(~200	cavities/year),	cleanroom,	cavity	post-process,	couplers
• Cryogenic	system:	300W	@	2K,	cavity	vertical	&	horizontal	test,	cryo-module	test
• Area:	4500m2,	to	be	completed	in	2020,	largest	SRF	infrastructure	in	China

Beijing suburb



Possible	collaboration	– Cryogenic	technology

vSimulation	of	large	scale	cryogenic	system,	developing	the	related	software.
vControl	of	the	cryogenic	system,	improving	the	efficiency	of	system	operation	
and	reduce	the	recovery	time	once	fault	occurs.

vDesign	of	large	scale	2K	cryogenic	system.
vIHEP	has	a	lot	of	experiences	on	the	cryomodule and	cryostat	development.	If	
possible,	IHEP	can	provide	supports	or	contributions	to	CERN	in	this	area.



Conclusion

n Accelerator	physics	&	technology	collaborations	between	CERN	
and	IHEP	are	historical	and	very	much	beneficial	to	both	sides.

n HL-LHC	will	be	a	good	chance	for	China	to	join	the	international	
collaborations	in	accelerator-based	large	science	facility.

n A	Chinese	team	led	by	IHEP	will	contribute	the	CCT	magnet	
production,	and	hope	to	have	more	collaborations	on	SRF,	
cryogenics	tech	as	well.



Thanks	for	your	attention!


