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Challenges	and	status	of	the	rapid		
Cycling	Top-up	Booster	for	FCC-ee	

Abstract 
FCC-ee	is	a	100	km	e+e-	collider,	which	is	being	designed	within	the	Future	Circular	Collider	Study	(FCC)	for	precision	studies	and	rare	decay	observaQons	in	the	range	of	90	
to	350	GeV	centre-of-mass	energy.	The	beam	lifeQme	will	be	limited	to	less	than	one	hour,	because	of	radiaQve	Bhaba	scaVering	and	beamstrahlung.	In	order	to	keep	the	
luminosity	 on	 the	high	 level	 of	 1035	 cm-2s-1	 conQnuous	 top-up	 injecQon	 is	 required.	 Therefore,	 besides	 the	 collider,	 that	will	 operate	 at	 constant	 energy,	 a	 fast	 cycling	
booster	synchrotron	will	be	installed	in	the	same	tunnel.	The	injecQon	energy	to	the	booster	synchrotron	will	be	around	6	to	20	GeV.	Such	small	energies	together	with	the	
large	bending	radius	not	only	create	an	ultra-small	beam	emiVances,	but	also	requires	very	low	magneQc	fields	close	to	the	limit	of	technical	feasibility.	
This	poster	focuses	on	the	challenges	and	requirements	for	the	top-up	booster	design	arising	from	low	magneQc	fields	and	collecQve	instabiliQes	and	present	the	status	of	
the	la]ce	design.	

Layout and lattice 
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Figure 1.2: Expected luminosity of FCC-ee (TLEP) as a function of the
centre-of-mass energy

p
s compared to ILC and CLIC [9].

Figure 1.3: Schematic layout of FCC-hh. Long arcs are in black, short arcs
in gray. The dispersion suppressors are shown in green. Image by A. Langner.
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Conclusions 

A	first	 la]ce	 for	 the	 FCC-ee	Top-Up	Booster	 Synchrotron	was	 set	 up	 following	
the	footprint	of	the	main	collider	including	bypasses	around	the	experiments.	A	
FODO	cell	 layout	 similar	 to	 the	one	 in	 the	 collider	 storage	 rings	was	 chosen	 in	
order	 to	 obtain	 the	 same	 beam	 parameters.	 First	 tracking	 studies	 indicate	
sufficient	 dynamic	 aperture	 for	 short	 beam	 storage.	 Very	 small	 bending	 fields	
and	potenQal	single-bunch	instabiliQes	suggest	to	include	a	pre-booster	synchro-
tron	 to	 increase	 the	 injecQon	energy	 from	6	GeV	 to	20	GeV.	Next	 steps	 in	 the	
design	 process	 will	 focus	 on	 the	 evoluQon	 of	 the	 beam	 emiVance	 during	 the	
acceleraQon	process	and	the	invesQgaQon	of	instabiliQes	at	low	energies.	
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First tracking studies 

•  Layout	must	be	compaQble	with	FCC-hh	
shown	on	the	lel	

•  Circumference:	97.6	km	
•  RF	will	be	installed	in	Points	D	and	J	

	

•  Bypasses	around	the	detector	will	
follow	the	footprint	of	FCC-hh	

Bas@an.Harer@cern.ch	

FCC-ee injector chain 

6	GeV	linac	&		
damping	ring	at	1.5	GeV	

Accelerator	chain	foreseen	for	FCC-ee:	

100	km	top-up	booster	
6/20	GeV	–	175	GeV	

opQonal	pre-booster	
synchrotron	6-20	GeV	

Tunes and chromaticity 

Top-up	injec@on	every	10	(14)	s	for	electrons	(positrons)	

•  50	m	FODO	cell	with	Ψ	=	90°/60°	
phase	advance	

•  Sextupoles	on	each	side	of	the	
quadrupoles	
	

9.4	m	 E(GeV)	 B (Gs)	 εx (nm rad)	 τ (s)	
6.0	 19	 0.001	 368	

20.0	 63	 0.012	 9.94	
45.5	 145	 0.194	 0.84	
175	 556	 0.959	 0.02	

Challenges for the booster design 

First	tracking	studies:	
	

•  175	GeV	beam	energy	
•  512	turns	(20	damping	Qmes)	
•  no	misalignments	
•  no	momentum	offset		

•  Dynamic	aperture	determined	by	
survival	of	parQcles:	

	±10	σ	in	horizontal	plane	
	±200	σ	in	verQcal	plane	

•  In	horizontal	plane	limited	by	verQcal	
tuneshil	with	amplitude	
	

(MOPVA029)	

(TUPAB014)	

•  Tunes	are	adjusted	by	FODO	cell	
phase	advance	in	the	straight	
secQons	D	and	J	

•  Horizontal	tune:	Qx	=	487.28	
•  Ver@cal	tune:	Qy	327.34	

•  ChromaQcity	matched	to	zero	with	
one	sextupole	family	per	plane	

•  Momentum	acceptance:	δ	±	3.8	%	
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•  Stable	beam	dynamics	required	for	a	large	range	of	beam	energies	
•  Small	bending	fields	require	special	low	field	magnets	

	6	GeV:	19	Gs					or				20	GeV:	63	Gs	
•  Small	beam	emi[ances	might	lead	to	strong	intra-beam	scaVering	and	

	single-bunch	instabiliQes	
•  Large	synchrotron	radia@on	power	(50	MW)	and	high	high	cri@cal	energy	

(~1	MeV)	require	sophisQcated	absorber	design	and	radiaQon	protecQon	
•  Low	number	or	RF	staQons	makes	the	adjustment	of	the	magnet	strengths	

to	the	local	beam	energy	to	avoid	sawtooth	orbit	necessary		
•  Different	injecQon	schemes	are	under	invesQgaQon	[1]	

	


