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•  This	would	impact	the	loss	factor,	power	deposited	to	HOMs,		

and	the	growth	rate	of	coupled-bunch	instabilities.	

•  In	particular,	the	growth	rate	for	coupled	bunch	instability	is	
usually	estimated	for	an	even	bunch	fill,	since	it	is	often	worse	
than	that	for	an	uneven	bunch	fill	

	

1.	Motivation	

•  Bunches	in	the	storage	ring	often		
				have	one	or	more	gaps	for		

§  Injection/ejection	
§  ion	clearing		
§  e-clouds	clearing	

	



Loss	Factor	and	Power	Loss	

(G.	Park,	5/14/19	
	impedance	meeting)	



LCBI	Growth	Rate	
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Bunch	spectra:	



Examples	

•  Time	structure	in	the	JLEIC	e-ring	

C=2366	m	,		f0=c/C=0.127	MHz,				frep=476.3	MHz	
	
	nB=3759,			ngap=267	(7.1%	gap),			nfill=nB-ngap=3492,	

•  Time	structure	in	the	JLEIC	CCR	

14.8%	gap	

(Frank	Marhauser)	

(Gunn	Tae	Park)	

		
α f =

nfill
nB

≈92.9%

		
α f =

nfill
nB

≈85.2%



	
•  How	does	the	bunch	spectra	of	uneven	fill	differ	
from	that	of	even	fill?		Analytic	expression?	

•  What’s	the	impact	of	uneven	fill	on	the	loss	factor,	
deposited	power,	and	the	growth	rate	of	coupled	
bunch	instability?	

•  It	is	a	common	understanding	that	the	even	fill	gives	
the	most	pessimistic	CBI	growth	rate.	Proof?	

	

Questions	



	

•  Status	of	IR	chamber	impedances	analysis	
	by	Frank	Marhauser	

•  Beam	loading	study	of	the	harmonic	kicker	
	by	Gunn	Tae	Park	

	

Examples	from	Last	Meeting	



(F.	Marhauser,	5/14/19	
	impedance	meeting)	

C=2366	m	
f0=c/C=0.127	MHz	
ffrep=476.3	MHz	
	
	nb=3759	
	ngap=267	(7.1%	of	gap)	
	nfill=3492	

(Example	1)	

		
α f =

nfill
nB

≈92.9%



IR	Chamber	Impedances	

(F.	Marhauser,	5/14/19	
	impedance	meeting)	



(F.	Marhauser)	



(F.	Marhauser)	



(F.	Marhauser)	



(Example	2)	
(G.	Park,	5/14/19	
	impedance	meeting)	



(G.	Park)	



(G.	Park)	



(G.	Park)	



2.	Bunch	Distribution	for	Uneven	Fill	

= ×
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Bunch	Distribution	for	Uneven	Fill	

= ×

	
I t( ) =

	
F t( ) 	

H t( )×

		
F t( ) = f (t −nTB )

n=0

nB

∑ , 				f (t): 	single	bunch	distribution,				α f =
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=
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Normalization:			 f (t)dt =Nb
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3.	Current	Spectra	for	Uneven	Fill	
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•  Total	current	spectra	

•  Fourier	spectra	for	a	periodic	delta	function	

		δ
(T ) t( ) =δ(t)		(for	 t ≤T /2);				δ (T ) t( ) =δ (T ) t +T( )
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Equivalent	Dirac	Comb	

Fourier	Expansion:		

Fourier	Transform:		

		
δ t −kT( ) 		→

k=−∞

∞

∑ 			 1
T

δ ω −nω0( )
n=−∞

∞

∑ 						for				ω0 =
2π
T



	Fourier	Spectra	for	an	Even	Fill	
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•  Convolution	with	single	bunch	distribution	and	Dirac	comb	

Gaussian	bunch:			

		
f (t)= Nb

2πστ

e
− t2

2στ
2 , 													f ω( ) = Nb

2π e
−ω2στ

2 2

•  Single	bunch	distribution	

Step	bunch:			
		
f t( ) = 1																( t <στ /2)			

0																			(otherwise)

⎧
⎨
⎪

⎩⎪
, 				h ω( ) = 1

πω
sin ωστ

2
⎛

⎝⎜
⎞

⎠⎟

⊗
		TB =T0 nB

nB	bunches	



	Spectra	for	Bunch	Train	with	Gaps	

		

H t( ) == h(t − ′t )
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•  Fourier	spectra	for	the	periodic	step	function		
					(T1	as	bunch	train	period,	T1=T0/ntr	,	ntr=3	for	3	bunch	trains)	

	
h t( )

	t		−T1 f 2 		T1 f 2
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T1 f : 	filled	portion	in	T1
Filling	factor:	α f =T1 f T1

ntr	bunch		
trains	

			for	ω1 = ntrω0



Beam	Spectra	for	Uneven	Fill	
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•  Total	current	spectra	for	an	uneven	fill	

•  Total	beam	power	spectra	for	an	uneven	fill	

		

	for		ωB = nB ⋅ω0

										ω tr = ntrω0
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Beam	Spectra	for	Even	Fill	
•  Total	beam	power	spectra	for	an	uneven	fill		

•  Total	beam	power	spectra	for	an	even	fill	

		α f =1,		and	only	m=0	term	remains
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Behavior	of	g(m)	in	Beam	Spectrum	

		
Spectrum	for	step	function:	g(m)=

sin mπα f( )
mπα f
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	vs.	m		 for	α f =0.929( )
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Behavior	of	g(m)	in	Beam	Spectrum	

		
Spectrum	for	step	function:	g(m)=

sin mπα f( )
mπα f
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		Spectrum	for	Guassian	function:	f(l)=e
−(lωBστ )2/2 	vs.	l		 for	στ =10	mm/c( )

Behavior	of	f(l)	in	Single	Beam	Spectrum	

		f (l)	

		l 	 		l 	

		f (l)	

Log	plot	



•  Bunch	Power	Spectra:	weighted	sidebands	around	higher	
harmonics	of	bunch	rep	rate	

Final	Results	
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Beam	power		spectra	from	analysis		

Frequency	(GHz)	

F.	Marhauser’s	result	

	 σ =2	mm( )



7.	Conclusion	

•  Preliminary	analysis	of	the	spectrum	for	uneven	bunch	
distribution	are	performed,	it	needs	further	check,	and	more	
plots	are	needed	

•  It	should	be	compared	with	numerical	results	from	Frank	and	
Gunn	Tae	for	complete	understanding	

•  The	study	for	the	impact	of	uneven	bunch	distribution	on	the	
power	loss	and	CBI	growth	rate	will	be	continued		

	


