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Outline	

•  Simplification	of	3D	RF	cavity	modeling	
•  Diffraction	model	of	impedance	for	a	pillbox	
cavity	

•  Longitudinal	broadband	impedance	for	a	
pillbox	cavity	

•  Comparison	of	theory	with	simulations		



Key	Points	
•  For	the	broadband	impedance,	3D	RF	geometry	can	be	

modeled	by	cylindrically	symmetric	pillbox	model	
	
•  Diffraction	theory	for	impedance	can	be	applied	to	pillbox	

model		
	
•  Diffraction	results	depicts	the	average	behavior	of	the	actual		

broadband	impedance		
	
•  CST	or	TBCI	simulation	shows	good	agreement	with	the	

diffraction	results	



Simplifications	of	3D	RF	Cavity	Modeling	

The	couplers	has	no	contribution	to	the	
broadband	impedance	because	the	reflected	
fields	cannot	catch	up	the	bunch	
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Simplifications	of	3D	RF	Cavity	Modeling	

The	PEP-II	rf	cavity,	showing	10-deg		
slice	in	the	azimuthal	direction	

(Bane	etc,	SLAC-PUB-13999)	
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Diffraction	Model	of	Impedance		for	a	Pillbox	Cavity	

(Chao’s	book)	

(Bane	and	Sands,	SLAC-PUB-4441)	
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Numerical	Modeling	vs.	Diffraction	Theory		
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(diffracted	part)	

g/a=2.51	

(Bane	and	Sands,	SLAC-PUB-4441)	

Dimond:	TCBI	results	
Solid:	Asymptotic	form	
Dotted:	diffracted	part	
	

Good	agreement	between		
TBCI	and	diffraction		
asymptote	

(asymptote)	

		

σ a=0.0086,	 g a=2.51
												0.043,	
													0.167



More	Exact	Solution	from	Mode	Expansion	

•  Express	field	in	r>a	region		
						in	terms	of	discrete	modes	
	
•  Express	fields	in	r<a	region	
						in	terms	of	source	field	and	
						homogeneous	field	
	
•  Match	boundary	condition	
					at	r=a	and	solve	the	fields	

Re(Z)		vs.	ka	

(Heifets	and	Kheifets,	CEBAF-PR-87-030)	



ALS-U	Cavity	Impedance	Modeling	

(Wang,	LBL)	



ALS-U	Cavity	Impedance	Modeling	

(Wang,	LBL)	



ALS-U	Cavity	Impedance	Modeling	

CST	computation	time:	10	hrs	for	1mm	bunch	length		

(Wang,	LBL)	



Summary	
•  For	the	broadband	impedance,	3D	RF	geometry	can	be	

modeled	by	cylindrically	symmetric	pillbox	model	
	
•  Diffraction	theory	for	impedance	can	be	applied	to	pillbox	

model		
	
•  Diffraction	results	depicts	the	average	behavior	of	the	actual		

broadband	impedance		
	
•  CST	or	TBCI	simulation	shows	good	agreement	with	the	

diffraction	results	


