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➤	Impedance	theory	of	space	charge	
➤	Models	for	LSC	and	TSC	in	ELEGANT,	GPT	and	SAD	
➤	Summary	and	outlook
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Mode	expansion	method
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Free-space	SC	impedance	with	transverse	bi-Gaussian	distribuDon

3D	LSC	and	TSC	
model

Longitudinal	
damping	term

Transverse	damping	term
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Free-space	SC	impedance	with	transverse	bi-Gaussian	distribuDon

CondiDon	of	neglecDng	high-frequency	SC	impedance
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Free-space	SC	impedance	with	transverse	bi-Gaussian	distribuDon

Simple	model	1

Simple	model	2

Simple	model	3
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1D	LSC	impedance	model	(ELEGANT):	
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3D	TSC	impedance	model	(Derived	from	Eqs.(25),	SAD	and	ELEGANT):
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ψ(z):	Longitudinal	density	is	good	enough,	no	need	to	use	Gaussian	distribuDon.	
For	Gaussian	distribuDon	(Used	in	ELEGANT	and	SAD):
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ApplicaDon	condiDons:	
Assume	σx	and	σy	are	z-
independent	inside	the	bunch,	
and:

A.	Xiao	et	al.,	PAC’07,	also	FERMILAB-CONF-07-702-AD

1. Impedance theory of SC
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Test	impedance	models	using	cERL-FEL	beam	parameters

Beam	parameters	at	POINTD:	
σx=0.445	mm,	σy=0.676	mm,	σz=0.6	mm,	𝜸=19.6075

1. Impedance theory of SC

Longitudinal	impedance	using	Eq.(23a)	on	page.7

x=0,	y=0

x=2σx,	y=0

x=0,	y=2σy

Log-Linear	plot
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Test	impedance	models	using	cERL-FEL	beam	parameters

Beam	parameters	at	POINTD:	
σx=0.445	mm,	σy=0.676	mm,	σz=0.6	mm,	𝜸=19.6075

1. Impedance theory of SC

On-axis	transverse	impedance	using	Eqs.(23b)	and	(23c)	on	page.7

Fx

Fy

Log-Linear	plot
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Test	impedance	models	using	cERL-FEL	beam	parameters

Beam	parameters	at	POINTD:	
σx=0.445	mm,	σy=0.676	mm,	σz=0.6	mm,	𝜸=19.6075

1. Impedance theory of SC

Compare	simple	1D	(on-axis)	LSC	models	normalized	by	Eq.	(23a)

Simple	model	3	(ELEGANT)

Simple	model	2	(Venturini	2008)
Simple	model	2	(D.	Zhou)



2. Models for TSC and LSC  
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Compare	ELEGANT,	GPT	and	SAD

TSC LSC Comment

ELEGANT YES YES

TSC(3D) turned on through SCMULT, assuming Gaussian 
fitted beam sizes in x, y and z directions. Linear TSC is 
available (optics matching?
LSC(1D) uses impedance model, assuming Gaussian 
distributions in x and y directions, arbitrary density in z 
direction.

GPT YES YES 3D self consistent(?)

SAD YES NO(?)
SAD's flag WSPAC turns on TSC. Linear model for optics 
matching. Nonlinear model (Eqs.(25) and p.10) for TSC 
kick with transverse beam sizes calculated from optics 
(given initial emittances and beta functions)

SAD [DZ] YES YES
TSC(3D) similar to ELEGANT’s SCMULT, assuming 
Gaussian distributions in x and y directions, arbitrary 
density in z direction. LSC(1D) same as ELEGANT’s 
LSCDRIFT.



2. Models for TSC and LSC  

15

Compare	ELEGANT,	GPT	and	SAD

From	GPT	User	Manual	Version	3.39:



2. Models for TSC and LSC  
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Compare	ELEGANT,	GPT	and	SAD:	simulaDon	results
The	SC	theories	discussed	in	this	talk	may	help	understand	the	discrepancies?

Ref.	D.	Zhou,	cERL-FEL	meeDng,	Oct.	01,	2020,	KEK
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3. Summary and outlook
*	The	SC	theories	are	revisited	
					**	3D	impedance	formulae	are	found	with	Gaussian	bunches	
					**	CondiDons	of	simplifying	the	3D	formulae	are	found	
					**	Consistent	with	the	exisDng	theories/models	of	SC	
					**	Applicable	condiDons	fo	exisDng	simple	SC	models	are	understood	

*	Comments	on	SC	models	of	ELEGANT,	SAD	and	GPT	
					**	ELEGANT	and	SAD	have	similar	models.	These	models	can	be	improved	from	the	viewpoint	of	the	SC	theories	discussed	in	
this	talk	
					**	SimulaDon	results	using	GPT	are	sDll	remarkably	different	from	SAD.	This	should	be	well	understood	through	careful	
benchmarks.	For	example:	
					***	Use	well	controlled	examples	such	as	very	simple	lakces	
					***	Use	simple	iniDal	beam	distribuDons	
					***	Use	different	opDons	of	SC	models	in	GPT	

*	OpDcs	matching	with	SC	
					**	The	linear	TSC	model	is	available	in	ELEGANT	and	SAD.	It	should	be	useful	for	the	first	and	quick	try	of	opDcs	matching	with	
SC.	
					**	More	accurate	opDcs	matching	may	need	macro-parDcle	tracking.	The	tracking	results	can	be	used	to	extract	dynamic	opDcs	
funcDons	and	then	to	opDcs	matching.


