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Ø 	HISTORY:	The	High	Intensity	heavy-ion	Accelerator	Facility	(HIAF)	at	IMP	Lanzhou	

Ø 	MOTIVATION:	Electron	Cooling	System	for	HIAF	

Ø 	STATUS:	Cooling	Effects	SimulaCon	Results	

Ø 	CHALLENGES:	InstabiliCes	of	High	Intensity	Heavy-ion	Beams	with	Electron	Cooling	

Ø 	FUTURE:	QuesCons	and	Outlook 

OUTL INE 
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n 		HISTORY	of	HIAF 
High	Intensity	heavy-ion	Accelerator	Facility,	HIAF 

---12th	five-year	plan	of	science	and	technology	in	China	(2011-2015) 
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n 		TODAY	of	HIAF 
High	Intensity	heavy-ion	Accelerator	Facility,	HIAF 

---12th	five-year	plan	of	science	and	technology	in	China	(2011-2015) 
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n 		Mo>va>on	of	E-Cooling	System 

Ions	provided	by	iLinac:	28puA	(U34+	at	the	injec>on	energy	17	MeV/u) 

Expected	par>cle	number	in	the	BRing:	1011	(U34+	at	the	injec>on	energy	17	MeV/u) 

Gain	of	accumula>on:	～70 

Ø 	Beam	accumula>on	by	the	combina>on	of	E-cooling	&	two	phase	pain>ng	injec>on	

Ø Make	short	bunch	at	the	extrac>on	energy 
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n 		COOLING	at	INJECTION	ENERGY 

Ion	Charge	State=34	

Mass	Number=238	

Kine>c	Energy	(Ini>al)=17	MeV/u	

Kine>c	Energy	(Final)=800	MeV/u	

Electron	energy=9.326	keV	(@injec>on	energy),	438.871	keV	(@	extrac>on	energy)	

Electron	density=2.0*107	cm-3	

dp/p	(Ini>al	momentum	spread,	uniform	distribu>on,	RMS	value)=±2*10-3	

Ini>al	emigance	(uniform	distribu>on,	RMS	value)=	60	pi.mm.mrad	

Beta-func>on	@	the	cooling	sec>on=15m	

Magne>c	field	@	the	cooling	sec>on	=	0.2	T	

Par>cle	number=5*1010	

Ring	circumference=500m	

Cooler	length=10	m	(2%	of	ring	circumference) 9 



n 		COOLING	at	INJECTION	ENERGY 
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n 		COOLING	at	EXTRACTION	ENERGY 
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n 		COOLING	at	EXTRACTION	ENERGY 

---Dr.	T.Katayama 
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n 		COOLING	at	EXTRACTION	ENERGY 

200	MeV/u	C6+	ions	@	CSRe	
RF	voltage	=	1.0	kV,		
RF	frequency	=	1.319	MHz	
Ie=300	mA	with	a	expansion	factor	=	3.0	
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n 	 	 	 INSTAB IL IT IES 	o f 	 COOLED 	BEAM 

2007/09/10 

7.0	MeV/u	C6+	ions	was	injected	with	e-cooling	conCnually,		parCcle	loss	directly	
around	2.5	mA	and	the	intensity	of	the	beam	is	limited	1010 
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2007/09/10 

7.0	MeV/u	C6+	ions	was	injected	with	e-cooling	conCnually,		parCcle	loss	directly	
around	2.5	mA	and	the	intensity	of	the	beam	is	limited	1010 
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n 	 	 	 INSTAB IL IT IES 	o f 	 COOLED 	BEAM 
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Ring Ion Energy	(MeV/u) I_ion	(mA) Nunber 

SIS Kr34+ 11 5 5E09 

CELSIUS H+ 45 1 6E09 

TSR C6+ 73.3 18 3.0E10 

TSR H+ 21 2.4 1.4E10 

TSR Au50+ 695 0.003 1.0E06 

CSRm C6+ 7 6.5 3.0E10 

CSRm Xe27+ 2.9 0.5 1.0E08 

CSRe C6+ 660 15 1.0E10 

COSY H+ 45 9.2 1.2E11 

n 	 	 	 INSTAB IL IT IES 	o f 	 COOLED 	BEAM 

Overview	of	intensiCes	of	cooled	ion	beams	around	the	world 
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n 	 	 	 SPACE 	CHARGE 	EFFECT 	o f 	 E -BEAM 

charge	density	&	space	charge	field	vs.	radius 
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n 	 	 	 SPACE 	CHARGE 	EFFECT 	o f 	 E -BEAM 
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n 	 	 	 SPACE 	CHARGE 	EFFECT 	o f 	 E -BEAM 
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n 	 	 	 SPACE 	CHARGE 	EFFECT 	o f 	 E -BEAM 

Single	par>cle	tracking 
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n 	 	 	 SPACE 	CHARGE 	EFFECT 	o f 	 E -BEAM 
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n 	 	 	 SPACE 	CHARGE 	EFFECT 	o f 	 E -BEAM 
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n 	 	 	 SPACE 	CHARGE 	EFFECT 	o f 	 E -BEAM 
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n 	 	 	 SPACE 	CHARGE 	EFFECT 	o f 	 ION-BEAM 
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n 	 	 	 SPACE 	CHARGE 	EFFECT 	o f 	 ION-BEAM 

Single	par>cle	tracking 
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n 	 	 	 COOL ING 	FORCE 	 L IMITAT ION 
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From	Parkhomchuk’s	idea,	the	cooling	force	limita>on	by	intensity	beams	is: 

( )343 1/cm1010 −≈in

mlcool 10= mRing 500= 10≈Lc

U34+	at	the	injec>on	energy	of	17	MeV/u,	stored	par>cle	number: 

10103×≈in For	ion	beam	emigance	(total)	is	about	10	pi.mm.mrad 
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n 	 	 	 CONCLUS ION 	and 	OUTLOOK 

p 	An	e-cooling	system	is	considered	to	install	in	the	booster	ring	of	the	HIAF	project,	in	
order	to	increase	the	accumula>on	gain	factor	at	the	injec>on	energy,	and	make	a	
short	bunch	at	the	extrac>on	energy.	
p 		A	classical	magne>zed	electron	cooler	can	provide	a	fast	beam	cooling	effect	at	the	
injec>on	energy.	
p 	A	short	bunch	length	is	achieved	by	using	the	RF	and	E-cooling	system.	The	final	
bunch	length	is	determined	by	RF	voltage	and	space	charge	effect.	
p 	The	space	charge	field	of	the	e-beam	can	make	a	linear	tune	shim,	a	non-linear	tune	
spread	and	resonance	islands	for	the	beam	with	large	size.	
p 	The	space	charge	effect	of	ion	beam	is	to	limit	the	final	emigance	of	cooled	intense	
beams.		
p 	According	to	Parkhomchuk’s	formula,	the	cooling	force	is	limited	by	the	ion	beam	
density.		
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Thanks	for	your	agen>on! 
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