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CEPC	Damping	Ring	RF	System

Ø For small emittance of position bunches and the update potential, the damping ring for

positron linac is necessary for CEPC.

Ø The Damping Ring RF parameters are chosen to match the machine parameters and

compensate the energy loss of bunches.

Ø Two 650 MHz 5-cell NC RF cavities are chosen.

Ø CEPC Damping Ring 650 MHz NC cavity is based on PETRA 5-cell 500 MHz cavity.

Ø The SR loss per turn is 36.3 keV. Because of low bunch charge and low beam current,

the parasitic loss can be neglected compared with the SR loss.



CEPC	Damping	Ring	main	RF	parameters
Circumference [m] 75.4

Beam energy [GeV] 1.1

SR loss/ turn [keV] 36.3

Revolution frequency [MHz] 3.98

SR power / beam [W] 433

Momentum compactor 7.82E-02

Beam current [mA] 11.9

Max Bunch charge [nC] 1.5

Number of bunches stored at a time 2

RF voltage [MV] 2.0

RF frequency [MHz] 650

Harmonic number 164

RF energy acceptance [%] 0.95

Acc. Phase [deg] 88.96

Syn. Tune 0.012

Synchrotron oscillation period [us] 21.7

Longitudinal damping time [ms] 7.6

Longitudinal quantum lifetime [s] 177

Beam storage time [ms] 20.0

Cavity Type NCRF

Number of cell/ cavity 5

Cavity effective length [m] 1.15

Cavity number 2

Input coupler/ cavity 1

Total klystron number 2

Cavity voltage [MV] 1.0

Cavity Acc. Gradient [MV/m] 0.87

Q0 33600

R/Q [Ohm] 1100

Beam power/ cavity [W] 216

Wall loss/ cavity [kW] 27.0

Input power/ cavity [kW] 27.2

Coupling Coefficient 1.01

Optimal QL 3.34E+04

Cavity bandwidth at optimal QL [kHz] 19

Detuning angle [deg] -12.4

Cavity filling time [us] 16.3

Optimal detuning at optimal QL [kHz] -2.14

Cavity stored energy [J] 0.22



DATA SHEET 500MHz, 5-Cell Cavity, DESY-MHFe, January 2010.

Ø 5-cell	500	MHz	PETRA	cavity



CEPC	Damping	Ring	NC	cavity

Electric	Field：

Magnetic	Field：

Ø Fundamental	mode:	TM010



Ø Cavity	HOMs

Mode Frequency	[MHz] Qe Rsh

TM011 934.478 28455 1971	[kΩ]

TM110 1059.605 41672 3458	[kΩ/m]

TM111 1272.243 33413 1002	[kΩ/m]

TM021 1671.819 47737 3932	[kΩ]



Ø HOM	power	loss

Mode Frequency	[MHz] Qe Rsh 𝑷𝑯𝑶𝑴 [kW]	

TM011 934.478 28455 1971	[kΩ] 0.28

TM110 1059.605 41672 3458	[kΩ/m] \

TM111 1272.243 33413 1002	[kΩ/m] \

TM021 1671.819 47737 3932	[kΩ] 0.56



Time	structure	for	CEPC	DR

The	injection	beam	structure:

Higgs W Z-pole

Pulse	 length 𝑇& [s] 12.9 19.8 137.6

Gap	length 𝑇' [s] 34.1 111.2 300.4

Injection	period 𝑇()* [s] 47 131 438

Injection	repetition	𝑇+,& [ms] 10 10 10

Full	injection	 time	[min] 10 15 132
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Beam	loading	analysis

𝛿 = 𝑇/(𝜔234 − 𝜔26) 𝜏 =
𝑇/
𝑇6

Ø Beam-induced	voltage	in	cavity:

The	cavity	voltage	contains	two	parts:	 𝑉𝒄 = 𝑉𝒈 + 𝑉/
Ø Vector	diagram	in	a	beam	loaded	cavity:

𝐼/> :	direction	of	actual	beam	current
𝑉/?:	single	pass	beam-induced	voltage
𝑉/:	beam-induced	voltage	for	all	passing	bunches
𝜓C :	cavity	detuning	angle.	For	electron	collider,		
this	value	must	be	negative.

𝜙4 :	synchronous	phase
𝜙E: loading	angle
𝐼F: total	current	in	cavity
𝑉F: cavity	voltage
𝑉G: generator	voltage



Ø Transient	beam	loading	 for	CEPC	DR

Time	Variation	of	Cavity	Voltage: Time	Variation	of	Cavity	Phase:

The	beam	can	‘feel’	half	of	the	change,	so	both	the	amplitude	and	the	phase	of	the	effective	acc.	
voltage	are	still	the	design	values.

Transient	behavior	of	cavity	voltage:

When	the	bunch	pass	the	RF	cavity,	it	extract	the	
energy	from	the	cavity,	changing	the	amplitude	
and		phase	of	cavity	voltage.	



Time	Variation	of	Cavity	Stored	Energy: Time	Variation	of	Reflected	Power:

During	one	bunch	spacing,	the	change	of	cavity	stored	energy	is	very	little,	that’s	because	the	cavity	
voltage	change	is	only	0.06	%.	
The	reflected	power	also	has	a	slight	change.
In	CEPC	DR,	the	beam	power	is	only	0.7	%	of	the	cavity	wall	loss,	so	the	transient	beam	loading	effect	
of		CEPC	DR	is	very	weak.



Ø Cavity	voltage	during	 the	presence	of	beam:

For	optimum	detuning:

For	CEPC	DR,	𝜓H = −12.4° ,𝑃G/ = 𝑃/+ 𝑃F = 27.2	𝑘𝑊

During	the	operation,	the	cavity	voltage	should	be	keep	constant,	both	the	amplitude	and	the	phase.
𝑉G compensate	the	time	variation	of	the	vector	sum	of	𝑉F and	𝑉/,	the	total	voltage	in	the	cavity	
remains	constant.

𝜙4



Ø Detuning	angle	and	operation	current

For optimum	detuning,	the	maximum	operation	beam	current	can	be	got	as	the	given	input	power.

Either	Pg is	increased	or	Vc is	reduced,	the	RF	system	can	operate	outside	the	red	curve.

𝑉F = 1	𝑀𝑉,𝑃G = 27.2	𝑘𝑊

𝜙E=0



Ø Cavity	voltage	during	 the	absence	of	beam:

1.	Phase	jump
The	phase	jump	for	klystron	is	Δ𝜙G = −𝜓H = 12.4°.

𝜙4

Δ𝜙G 2.	Input	power
When	beam	current	is	turn	off,	the	power	needed	to	
compensate	the	cavity	voltage	decay:	

𝑃GG =
𝑉FU(𝛽 + 1)
8𝑅Y𝛽𝑐𝑜𝑠U𝜓

= 28.4	𝑘𝑊

3.	Reflected	power
The	cavity	is	detuned,	 so	the	reflected	power	is	not	zero:

𝑃236 =
[(𝛽 − 1)U+(𝛽+ 1)U𝑡𝑎𝑛U𝜓]𝑃G

(𝛽 + 1)U𝑐𝑜𝑠U𝜓
= 1.4	𝑘𝑊

The reflected	power	can	also	be	written	as:
𝑃236 = 𝑃GG − 𝑃F

4.	Average	power
The	average	power	for	a	injection	period	(47	s):

𝑃bcG =
𝑃G/𝑇deE + 𝑃GG𝑇Gbd

𝑇fgh

For	CW	operation



Fundamental	mode	CBI	for	CEPC	DR

CBI	growth	rate	:	
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exciting damping

There	are	only	2	coupled-bunch	modes	in	CEPC	DR	(-1	
mode,	-2	mode).
The	cavity	detuning	𝑓C ≪ 𝑓23c,	the	cavity	fundamental	
mode	impedance	is	nearly	symmetric	to	𝑓26,	so	the	
CBI	growth	rate	is	much	slower	than	Rad.	Damping	
rate	(131	Hz).



Filling	power	of	CEPC	DR	cavity
The	beam	absence	is	quite	a	long	time	(34.1	s)	for	each	injection	period.	 It’s	better	to	turn	off	the		
generator	power	to	save	the	input	power	and	filling	the	cavity	again	before	the	next	injection.

Fill	the	cavity	to	a	desired	voltage	𝑉? from	0	within	a	period	of	𝑇6fEE:	

𝑃6fEE is	a	function	of	filling	time.	For	a	shorter	time,	more	filling	power	is	needed.	



Ø Optimization	for	cavity	filling	power:

To	perform	resonance	filling,	the	phase	of	the	input	power	during	the	filling	time	should	be	
precisely	controlled:

For	CEPC	DR,	cavity	3dB	bandwidth	𝑓k
l
= 9.7	𝑘𝐻𝑧,	𝑓pdq = 2.1	𝑘𝐻𝑧,	so	𝑓k

l

U ≫ 𝑓pdq
U,	The	cavity	

detuning’s	contribution	 to	filling	power	is	much	smaller	than	the	cavity	bandwidth.

Filling	time	for	different	detuning:



Conclusion

• The	RF	parameters	for	CEPC	damping	 ring	(DR)	are	given	to	match	the	machine	
parameters.	Some	key	problems	of	the	RF	system	are	analyzed;

• NC	cavity	based	on	PETRA	type	is	chosen	for	CEPC	DR;

• Cavity HOM	power	is	not	a	problem;

• During	 the	gap	time	the	RF	source	should	 be	turned	off	and	the	filling	power	is	about	
15	kW.

• Both	transient	beam	loading	effect	and	coupled-bunch	 instability	is	very	weak	in	CEPC	
DR.

• The	study	on	 the	control	loop	of	CEPC	DR	needs	 to	be	done.
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