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As	an	Introduc-on		
•  Wake	field	and	HOMs	calcula-ons	and	measurement	for	the	

PEP-II	rings	including	interac-on	region.	
–  A.	Novokhatski,	J.	Seeman,	M.	Sullivan,	“Analysis	of	the	wake	field	effects	in	the	PEP-II	

storage	rings	with	extremely	high	currents”,	NIM	A	735	(2014)	

1/3	of	the	power	is	due	to	the	the	absorbing	ceramic	
-les	being	open	to	the	beam		(Cherenkov	radia-on)	
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HOMs	absorbers	in	IR	
A.	Novokhatski,	S.	DeBarger,	S.	Ecklund,	N.	Kurita,	J.	Seeman,	M.	Sullivan,	S.	Weathersby,	U.	
Wienands,	,	“	A	NEW	Q2-BELLOWS	ABSORBER	FOR	THE	PEP-II	SLAC	B-FACTOR”	,	Proc.	of	
PAC’07	(2007)	

Open	to	the	beam	
ceramic	-les	were	
shielded	
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The	Italian	Super-B	Interac-on	Region	
–  M.	Sullivan,	M.	Donald,	S.	Ecklund,	A.	Novokhatski	,	J.	Seeman,	U.	Wienands,	“A	

preliminary	interac-on	region	design	for	a		Super-B	factory”,	Proc.	Of	PAC’05	(2005)	
–  S.	Weathersby	and	A.	Novokhatski,	“Wake	fields	in	the	Super-B	interac-on	region”,	Proc.	

of	IPAC’10	(2010)	
–  A.	Novokhatski	and	M.	Sullivan,	“Beam	fields	and	energy	dissipa-on	inside	the	BE	pipe	

of	the	Super-B	detector”,	Proc.	Of	IPAC’10	(2010)	
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ILC	Interac-on	Region	
–  A.	Novokhatski,	“Wake	poten-als	in	the	ILC	Interac-on	Region”,		Proc.	Of	PAC’11	(2011)	

Bunch	charge	=	3.2	nC	
Bunch	length	=	0.2-0.3	mm	
Bunch	spacing	=	369.2	ns	
Beam	current	in	a	pulse		9	mA	
Duty	ra-o=200	

Power	loss	in	a	pulse	(two	beams)	

Power	loss	due	to	resis-ve	wall.		
Not	so	much.	
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FCC-ee	baseline	parameters	
  Z Z W H tt 
Circumference [km] 100 

Bending radius [km] 11 

Beam energy [GeV] 45.6 80 120 175 
Beam current [mA] 1450 152 30 6.6 
Bunches / beam 30180 91500 5260 780 81 
Bunch spacing [ns] 7.5 2.5 50 400 4000 
Bunch population [1011] 1.0 0.33 0.6 0.8 1.7 
Horizontal emittance ε [nm] 
Vertical emittance ε [pm] 

0.2 
1 

0.09 
1 

0.26 
1 

0.61 
1.2 

1.3 
2.5 

Momentum comp. [10-5] 0.7 0.7 0.7 0.7 0.7 
Betatron function at IP β* 
-  Horizontal [m] 
-  Vertical [mm] 

  
0.5 
1 

  
1 
2 

  
1 
2 

  
1 
2 

  
1 
2 

Horizontal beam size at IP σ* [µm] 
Vertical beam size at IP σ* [pm] 

10 
32 

9.5 
45 

16 
45 

25 
49 

36 
70 

Crossing angle at IP [mrad] 30 

Energy spread [%] 
-  Synchrotron radiation 
-  Total (including BS) 

  
0.04 
0.22 

  
0.04 
0.09 

  
0.07 
0.10 

  
0.10 
0.12 

  
0.14 
0.17 

Bunch length [mm] 
-  Synchrotron radiation 
-  Total 

  
0.9 
6.7 

  
1.6 
3.8 

  
2.0 
3.1 

  
2.0 
2.4 

  
2.1 
2.5 

Energy loss / turn [GeV] 0.03 0.33 1.67 7.55 
SR power / beam [MW] 50 

Total RF voltage [GV] 0.4 0.2 0.8 3 10 
RF frequency [MHz] 400 

Longitudinal damping time τE [turns] 1320 243 72 23 
Energy acceptance RF [%] 7.2 4.7 5.5 7.0 6.7 
Synchrotron tune Qs 0.036 0.025 0.037 0.056 0.075 
Polarization time τp [min] 11200 672 89 13 
Interaction region length Li [mm] 0.66 0.62 1.02 1.35 1.74 
Hourglass factor H (Li) 0.92 0.98 0.95 0.92 0.88 
Luminosity/IP for 2IPs [1034 cm-2s-1] 207 89.4 19.1 5.1 1.3 
Beam-beam parameter 
-  Horizontal 
-  Vertical 

  
0.025 
0.16 

  
0.05 
0.13 

  
0.07 
0.16 

  
0.08 
0.14 

  
0.08 
0.12 

Luminosity lifetime [min] 94 185 90 67 57 
Beamstrahlung critical No/Yes No No No Yes 
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FCC	ee	IR.	Thanks	to	Mike.	
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Regions	where	HOMs	can	be	trapped		
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Simplified	model	of	IR	
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Addi-onal		boundaries		

8 



Cut-off	frequency	
•  Cut-off	frequency	is	the	maximum	frequency	of	
captured	modes	in	a	cavity.		

•  It	is	determined	by	the	size	of	the	beam	pipe.	
•  For	E01	mode		

	 	 						a=10mm=0.01m	
	 							 	 	f=11.47	GHz	

01
[ ]

[ ]

0.11474
2

cut off
GHz

m

cf
a a

ν
π

− = × =

9 



Spectrum	

Cut-off	
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Beam spectrum 
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Coherent and incoherent excitation of  trapped modes 
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Abenua-on	-me	of	the	Higher	Order	Modes		
measured	in	the		PEP-II	IR	using	the	ion	gap	



Resis-ve-wall	wake	fields	
(Losses	of	image	currents)	

conduc-vity 	/Ohm/mm	
	Al 	35000	
	Cu 	58000	
	SS 		1400	
	Au 	48800	
	Ag 	62900		
	Be 	25000	
	Ni 	14600	
	NEG 	55-1000
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IR	power	loss	(two	beams)	

trapped
modes
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A	good	HOMs	absorber	in	IP	will	solve	the	problem		with	resonant	modes.		

Excita-on	of	a	cavity	by	electron	and	
positron	currents	depends	upon	the	
difference	in	the	arrival	-me	and	
frequency	of	the	cavity.			
The	power	may	vary	from	0	to	4.		
In	average	we	assume	to	be	2.	

B-side	BPM	

Positrons															Electrons	



Summary	

•  The	amount	of	beam	energy	loss	in	IR	may	reach	
26	kW	in	the	worst	case.	This	is	a	first	es-mate.	

•  To	make	a	more	precise	es-mate	it	is	necessary	to	
make	a	mechanical	model	of	the	IR	in	the	form	of	
a	CAD	(STL)	file.	

•  Then	we	can	use	this	file	for	Eigen	mode	
calcula-ons	with	available	codes.	

•  Aeer	we	understand	the	structure	of	the	trapped	
modes	we	can	design	HOMs	absorbers.	
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