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Discussion	on	RF	Injector	choices
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Beam	Parameters	Request

2

Target	Values	for	the	1	GeV	
beam	to	drive	a	FEL	SASE	

0.2 - 1-5 GeV 
>100

1
any
fs

Target	Values	
for	OPA	
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From	where	we	started
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• These	numbers,	in	par@cular	kA	current	and	0.5	mm	mrad	emiEance,	are	not	consistent	with	the	
150	MeV	energy		
- Detailed	study	based	on	simula@ons	to	iden@fy	a	consistent	set	of	beam	parameters	for	the	photo-injector
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Laminarity	parameter
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• The	beam	parameters	at	the	plasma	accelera@ng	module	must	be	
those	requested	by	the	FEL	

- This	requirement	sets	the	minimum	injec@on	energy	

• In	principle,	we	could	inject	into	the	plasma	even	low	energy	beam,	10	
MeV	beam	for	instance,	but	not	with	kA	current	(and	good	quality)	

• The	minimum	injec@on	energy	depends	on	the	laminarity	parameter	
rho

The	laminarity	parameter	represents	the	ra@o	between	the	space	
charge	term	and	the	emiEance	term	in	equa@on	
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Transi@on	energy
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• For	a	typical	electron	linac	driven	by	a	photo-injector,	the	
energy	at	which	the	transi@on	occurs	can	be	nevertheless	
quite	high	

• Space	charge	forces	influence	the	beam	dynamics	and	are	
one	the	main	performance	limita@ons	in	high	brightness	
electron	injectors
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ARES	Case
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Minimum	injec@on	energy	studies
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Jun	Zhu’s	study	

• Star@ng	point:	100	MeV,	50	pC,	180	fs	(rms)	

- ARES	working	point	simulated	by	ASTRA	using	1e6	par@cles:	velocity	bunching	in	the	1st	S-band	
sec@on	for	first	compression	stage	down	to	180	fs,	then	magne@c	chicane	with	a	slit	collimator	to	
reduce	the	charge	from	50	pC	to	30	pC	and	finally	compress	the	beam	down	to		the	final	bunch	
length

RF compression in the 1st S-band 
structure and magnetic 

compression in the dogleg  

~	13	m,	Simulated	by	IMPACT-T	

Quadrupole	
magnet	

Dipole	magnet	 PMQ	triplet	Collimator	 plasma	

Gun	and	
solenoids	

4.2-m-long	traveling-wave	structure	
with	surrounding	solenoids	

More	traveling-wave	
structures…	

End	of	linac	~	250	MeV	

~	29	m,	Simulated	by	ASTRA	

3	cm,	600	T/m	

Open-full-width	0.6	mm	
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LWFA	external	injec@on
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• Two-stage	hybrid	compression:	Velocity	Bunching	in	the	first	S-band	sec@on	and	
magne@c	compression	in	the	chicane	

Linac exit

Chicane exit
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LWFA	external	injec@on
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• Two-stage	hybrid	compression:	Velocity	Bunching	in	the	first	S-band	sec@on	and	
magne@c	compression	in	the	chicane	
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S/X	band	Injector
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EuPRAXIA@SPARC_LAB case
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LWFA	external	injec@on
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• Full	RF	compression	based	on	Velocity	Bunching	in	the	first	2	S-band	sec@ons
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PWFA	scheme
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• Laser	Comb	Technique	and	full	RF	compression	based	on	Velocity	Bunching	in	the	first	2	
S-band	sec@ons

Driver	beam	evoluGonWitness	beam	evoluGon
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No	plasma	scheme	(!!)
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• Only	RF	linac	to	boost	a	high	charge	beam	up	to	1	GeV	energy
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Considera@ons
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If	the	request	are		
- 150	MeV		
- 30	pC	
- normalized	emiEance		~	1	mm	mrad,		
- alpha	(Twiss)=1,		
- beta	(Twiss)=0.03	m,		
- sigmaz=	2µm	(15	fs)	
- energy	spread	5%	and	slice	energy	spread	3%	(actually	I	do	not	

understand	which	experiment	needs	these	values)	
- Peak	current	~	800	A	
then	the	RF	injector	is	not	the	solu@on	

If	the	150	MeV	wants	to	be	considered,	then	the	charge	must	be	
decreased	down	to	5	pC,	but	in	any	case	the	achievable	peak	
current	is	only	1	kA!!!
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S-band TW linac, 12 m

Diagnostics 
section and 

low energy experiments 
without plasma 

X-band TW linac 
and magnetic chicane, 

~35 m~5 m

Velocity bunching (VB)
RF compression in the 
1st and 2nd S-band 

structures

X-band structures to 
boost the beam energy 

up to 500 MeV

Laser injection

3D	design	by	Fabio	Villa	(SPARC_LAB)

Plasma 
structure

Undulator 
modules

Diagnostics 
section and 
high energy 
experiments 

with/without plasma 

Hybrid compression
RF compression in the 
1st S-band structure 

and magnetic chicane
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RF	injector	team
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• INFN:	E.	Chiadroni,	M.	Ferrario,	A.	Giribono,	C.	Vaccarezza	

• DESY:	B.	Marchem,	J.	Zhu
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