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Injector	Defini8on
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• An	electron	injector	is	the	first	part	of	the	accelera8ng	chain	
- The	electron	beam	generated	at	rest	energy	is	accelerated	and	guided	up	to	

energies	where	space	charge	force	effects	are	negligible	and	under	control	
• beam	evolu8on	is	not	space	charge	dominated	anymore	

• Space	charge	forces	scale	inversely	with	the	square	of	the	beam	energy		
• Space	charge	forces	influence	the	beam	dynamics	and	are	one	the	

main	performance	limita8ons	in	high	brightness	electron	injectors
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RF	Photo-injector	“users”
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• External	injec7on	schemes	
- Laser	driven	(500	MeV)	

• witness	genera8on	
- Par8cle	driven	(450	-	500	MeV)	

• both	driver	and	witness	genera8on

Two options can be studied

One	advantage	of	PWFA	with	respect	to	LWFA	is	the	availability	of	high	average	
power	beams,	~100	W	

• superconduc7ng	linac	(FLASH-like	to	take	profit	of	the	high	rep	rate)		
• WP9	(DESY	people	take	care	of	simula8ons),	WP5	can	coordinate	the	

work	
• high	gradient	normal	conduc7ng	linac	(e.g.	X-band	to	take	advantage	of	

compactness)	
• WP9	(INFN	people	take	care	of	simula8ons),	WP5	coordinates	the	work
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The	NRF	Injector
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• The	RF	injector	is	composed	of	
- S-band	photo-injector	to	generate	mul8-kA	beam	current	(TSTEP)	
- X-band	linac	to	boost	the	beam	up	to	~500	MeV	(Mad8	and	Elegant)	
- Focusing	region	to	match	the	beam	transversally	at	the	plasma	

entrance	(Elegant,TSTEP)	

Beam	dynamics	simula7ons	have	been	performed	by	means	of	TSTEP	to	take	
into	account	space	charge	degrada8on	effects	in	the	photo-injector	and	of	Elegant	code	
for	the	high-energy	linac.		

The	beam	dynamics	in	the	final	focusing	system	has	been	simulated	with	both	Elegant	
and	TSTEP	 to	 include	 the	 space	charge	degrada8on	effects	due	 to	high	density	phase	
space	in	the	strong	focusing	region.
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Preliminary	Layout
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S-band TW linac, 12 m

Diagnostics 
section

X-band TW linac, ~19 m

Plasma 
structure

Plasma 
structure

Laser injection

Proposal for a suitable layout for both RF-based external injection schemes
• Hybrid compression schemes (VB and dogleg)  to reduce the time of arrival jitter  

• High, ~ 500 MeV, injection energy also for LWFA (A. R. Rossi, INFN-Mi)
• VB to fully compress the beam in one stage and 

injection into X-band structures to boost the 
beam energy up to 500 MeV to serve PWFA

~5 mS1 and S2 operating 
in VB
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Beam	Parameters
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Full VB and 
X-band 
linac

1

~0.1

0.518

0.06
~3 at the final focusFWHM
30

~3 (10)FWHM
~0.46

~60

The slice length is 
0.75 um  

~4 slices with ~3 kA 
=> more than half 
of the charge 
contributes to lasing

Full VB and 
X-band 
linac

0.1

0.518

0.25
~3 at the final focus
200

~20 (67)
~4

~60

These parameters have 
been obtained as there 
were two injectors!!
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Witness	beam	for	LWFA
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• Working point for the witness at the plasma entrance for both external injection 
schemes

S-band	
photoinjector	

GUN	 3	TW	cavi8es	

X-band	linac	(L1)	
	

Focusing	
region	

ElegantTSTEP Elegant and TSTEP

Velocity bunching in S1 and S2

S1 S2 S3

Transverse Phase Space

by Anna Giribono (INFN-RM1) and C. Vaccarezza (INFN-LNF)

tFWHM~11 fs

head

Beam	parameters	on	the	
cathode	

Witness	 Driver	

E	[MeV]	 548.3	 548	-	549	

ΔE/E	[%]	 0.07	 0.25	

Ipeak	–	FWHM	[kA]	 ~	2.7	 ~		3	

Q	[pC]	 30	 200	

σz-rms	[µm]	 6.6	 11	-	34	

σz-FWHM	[µm]	 ~	3.3	 20	-	70	

εx,y	[mm	mrad]	 0.6	–	1.0	 4	-	8	

Ipeak	–	Slice	[kA]	 	3.5	 3.1	–	1.2	

518
0.06

3

6

0.46
3
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Witness	beam	for	LWFA
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by Anna Giribono (INFN-RM1)
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Comb-like	beam	for	PWFA
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by Anna Giribono (INFN-RM1)

Witness beam (30 pC) at the end of S-band linac: S1 and S2 in VB

Two bunches generated at the cathode, separated by 4 ps 
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Slice	Parameters
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In	FELs,	the	resonance	condi8on		

implies	that	the	radia8on	slips	forward,	with	respect	to	electrons,	
of								each	undulator	period				

• the	amplifica8on	happens	at	the	scale	of	the	slippage	length:			

• the	beam	quality	has	to	be	cer7fied	at	scale	of	Ls	

- Beam	parameters	required	at	a	given	temporal	range	

• Slice	parameters:	slice	emiTance	and	slice	energy	spread	=>	more	relaxed	
request,	but	projected	emiTance	plays	a	role	in	matching	to	the	undulator!!
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LWFA	external	injec8on
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by Andrea R. Rossi (INFN-Mi)

plasma density = 1017  cm-3

Slice energy 
spread



Horizon	2020	

E.	Chiadroni	(INFN-LNF)	-	1st	Collabora8on	Week,	19-23	June	2017

Laminar	Velocity	Bunching
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by Alberto Bacci (INFN-Mi)

2.0	m	DRIFT	
Quads	&	diagnos1c	

8.7	m	
Injector	exit	

From	cathode	16.0	m	
Energy	:	150	÷	400	MeV	
Parameters	ad-hoc	for:	
-	Plasma	external	injec0on	
-	Comb	test	(PWFA)	

C-	band	booster,		
or	X-band	(**)	
RF-focusing	

High	Harm.		
Cavity	

Dri$	@	
20	
MeV	

ΔE	=100	
keV	

Different	Bunch	Charges	
(very	good	scaling) 
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High	Gradient	RF	Gun
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• TO DO: Booster up to 500 MeV and final focus matching transfer line

by Michele Croia (INFN-LNF)

Peak field on the cathode: 240 MV/m



Horizon	2020	

E.	Chiadroni	(INFN-LNF)	-	1st	Collabora8on	Week,	19-23	June	2017

Longitudinal	Pulse	Shaping
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• Charge	density	sufficiently	low			

• the	resul8ng	distribu8on	will	be	rela8vis8cally	
preserved	through	a	drim	

• larger	charge	densi8es,		

• the	original	longitudinal	distribu8on	will	morph	
according	to	the	integrated	space	charge	forces	

inside	the	bunch		

• A	large	(∼140	MV/m)	accelera7on	gradient	in	
the	gun	helps	preserving	larger	charge	densi7es	
compared	with,	e.g.,	L-band	guns	(~40	MV/m)

1.6 cell S-band It is worth to investigate high gradient RF guns
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Open	Issues
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• Superconducting linac
• FLASH like

• Normal conducting linac
• Compact design => x-band technology

• What beam injection energy
• As high as needed to get out from space charge effects: ~ 500 MeV

• What beam quality
• Consider the 6D brightness                                         ~ 1019 Am-2

• N~108, en ~ 0.5 mm mad, sg ~ 0.1%, st ~ 10 fs
• What peak current and which shapes

• We need also the possibility to generate multi-bunch at the cathode
• the choice is driven by most demanding user applications, e.g. FELs
• Investigation of the effect of a higher harmonic cavity to linearize the longitudinal phase space

• Is it really needed thinking to PWFA?
• What average current

• the choice is driven by applications?
• Different plasma sources for different acceleration schemes

• Different matching conditions
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Agenda	for	WP5	mee8ngs
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• 14:00	-15:30	=>	RF	injector	working	points	
- Layout	introduc8on	and	Parameters	table	(including	Twiss	func8ons	at	peculiar	posi8ons)	

(E.	Chiadroni,	INFN)	
- RF	compression	for	driver	and	witness	up	to	the	plasma	(A.	Giribono,	INFN)	
- RF	and	magne8c	compression	(J.	Zhu,	DESY)	
- Electron	diagnos8cs		

- Diagnos8cs	conceptual	design	of	EuPRAXIA-like	machine	(A.	Cianchi,	Roma2)	
- Discussion	

- Bunch	shapes,	synchroniza7on,	…	

• 16:00	-18:00	=>	Diagnos7cs:		Joint	mee7ng	WP3-WP5		
- 6D	characteriza8on	of	witness	beam	before	injec8on	(B.	Marchep,	DESY)	
- Beam	Diagnos8cs	for	Plasma	Accelerators		(J.	Wolfenden	,	CI)	
- Discussion	on	plasma-based	devices	for	e-beam	diagnos8cs		
- WP14:	Challenges	in	diagnos8cs	of	ultrahigh	6d-brightness	and	laser	inser8on/removal	

(B.	Hidding,	U.	Strathclyde)	
- Compa8bility	with	plasma	implementa8on	
- Plasma	sources	(for	both	LWFA	and	PWFA)		

- Plasma	diagnos8cs	
- Radia8on	diagnos8cs

Wednesday, 21st of June 2017 
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Agenda	for	WP5	mee8ngs
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• 09:00	-10:30	=>	Transfer	lines	
- Op8miza8on	of	the	capture	sec8on	(K.	Wang,	CNRS/LAL)	
- Matching	and	transfer	lines	in	plasma	injector	(WP3)	
- Plasma	lenses	as	novel	transfer	line	devices	(A.	Marocchino,	INFN)	
- Matching	condi8ons	to	the	undulator	(WP6)	

- Discussion	on	witness	beam	longitudinal	distribu8on		
- Matching	condi8ons	to	HEP	experiments	(WP7)	
- Discussion	

- Driver	and	laser	beams	aeer	the	plasma:	how	to	remove	them?	

• 11:00	-12:30	=>	Joint	mee7ng	WP2-WP5-WP9	
- Code	benchmarking	discussion	
- Op8miza8on	of	a	comb-like	beam	down	to	the	plasma	for	PWFA	experiments	(A.	

Giribono)	
- Discussion	on	driver	and	witness	separa8on	
- Plasma	source	

Thursday, 22nd of June 2017 


