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Horizon	2020	

European	Plasma	Research	Accelerator	
with	eXellence	In	Applica<ons	

•  EuPRAXIA	is	a	conceptual	design	study	for	a	5	
GeV	electron	plasma	accelerator	as	an	European	
research	infrastructure	

•  125	scien<sts	work	in	38	internaEonal	partners	
•  16	EU	laboratories	are	beneficiaries	
•  22	associated	partners	contribute	in-kind	
•  DESY	is	coordinator	laboratory	(R.W.	Assmann)	

•  EuPRAXIA	is	an	EU	Horizon	2020	project	
•  Is	an	accelerator	related	design	study,	as	

EuroCirCol	(FCC)	from	CERN	
•  Final	CDR	will	be	published	in	October	2019	

•  Develop	plasma	technology	for	user	readiness:	
•  Incorporate	established	accelerator	technology	

for	op<mal	quality	
•  Combine	exper<se	from	accelerator	and	laser	

labs,	industry,	and	interna<onal	partners	

R.	Aßmann	(DESY)	-	EAAC	2017		 1	
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A	European	Strategy	for	
Accelerator	Innova<on	

R.	Aßmann	(DESY)	-	EAAC	2017		 3	

PRESENT	EXPERIMENTS	

Demonstra<ng		
100	GV/m	rou<nely	
Demonstra<ng	GeV	
electron	beams	
Demonstra<ng	basic	
quality	

EuPRAXIA	INFRASTRUCTURE	

Engineering	a	high	
quality,	compact	
plasma	accelerator	
5	GeV	electron	beam	
for	the	2020’s	
DemonstraEng	user	
readiness	
Pilot	users	from	FEL,	
HEP,	medicine,	...	

PRODUCTION	FACILITIES	

Plasma-based	linear	
collider	in	2040’s	
Plasma-based	FEL	in	
2030’s	
Medical,	industrial		
applica<ons	soon	
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European	XFEL	in	Hamburg	is	in	full	
swing	–	enthusias<c	interest	in	FEL’s	

R.	Aßmann	(DESY)	-	EAAC	2017		 4	

Free-electron	lasers	conquering	Hamburg	and	European	
Photon	Science...	

Hamburg,	Germany,	September	2017	
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European	XFEL	in	Hamburg	is	in	full	
swing	–	enthusias<c	interest	in	FEL’s	

R.	Aßmann	(DESY)	-	EAAC	2017		 5	

June	23rd	
lasing	at	1.5	Å		



Horizon	2020	

DESY/Eu-XFEL	is	just	a	recent	news	example	

EuPRAXIA	Exper<se	

•  Accelerator	scienEsts	(LHC,	SLC,	LEP,	PEP-2,	MedAustron,	
FLASH,	Soleil,	SPARC,	...)	

•  Laser	scienEsts	

•  Plasma	scienEsts	

•  UniversiEes	with	great	ideas	and	enthusias<c	students	

•  NaEonal	labs	with	expert	technical	groups	(EU-XFEL)	

•  Access	to	engineers	from	all	special<es	(building,	mechanical,	
electrical,	...)	

•  Access	to	highly	trained	technicians	

R.	Aßmann	(DESY)	-	EAAC	2017		 6	
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Adapted from P. Schmüser 

The	Power	of	Collabora<on	
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Adapted from P. Schmüser 

The	Power	of	Collabora<on	



Horizon	2020	
Why	use	plasma	accelerators?	

Plasma	accelerator	techniques	offer	an	innova<ve	path	to	new	parameters	
and	to	reduced	size	and	cost	with	novel	applicaEons	such	as:	

1)  FEL’s	with	new	properEes	for	research	centers	(complimentary	to	high	
power	FEL’s):	ultra-short	pulses,	pump-probe,	excellent	synchronizaKon	
with	low	power	(at	least	iniKally)	

2)  Ultra-compact	FEL’s	at	universiEes	(fit	available	space)	

3)  Laser-driven	electron	beams	as	medical	imaging	sources	in	hospitals	

4)  Compact	electron	irradiaEon		

5)  Portable	industrial	applica<ons	for	X-ray	inspecEons	

6)  New	HEP	table-top	test	beams	

7)  Compact	plasma	HEP	collider	

E	=	100	GV/m	

R.	Aßmann	(DESY)	-	EAAC	2017		 3	
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Size	versus	Energy	
electron	linear	accelerators	

R.	Aßmann	(DESY)	-	EAAC	2017		 10	

Some	remarks:	 	Various	electron	linear	accelerators	are	included	
	 	Size	includes	size	of	injector	(except	beam-driven	plasma	E-163)	
	 	Not	included	are	beam	delivery	or	undulators	
	 	Energy	gain	is	NOT	peak	RF	field	but	average	energy	gain	
	 	Not	complete	list	of	experiments	or	facili<es	–	many	more	exist	
	 	Example	WP’s:	HZDR,	LUX,	...	can	also	produce	GeV	beams	
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R.	Aßmann	(DESY)	-	EAAC	2017		 11	
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Addressing	Quality	

EuPRAXIA	aims	to	address	the	quality	problem.	How	(easy	said	–	
everybody	wants	to	do	this)?	
	

1.  Improve	technical	components	and	approaches	in	plasma	
accelerator	concepts	producing	already	GeV	class	beams:	
–  Improved	laser	technology	
–  Feedbacks	
–  New	and	old	concepts	for	solu<ons	in	one	stage	all	plasma	facility	
		

2.  Start	with	a	high	quality	beam	from	a	small	RF	injector	and	
boost	it	to	high	energy:	
–  Star<ng	point	quality	is	assured	(start	with	FEL	quality	beam)	
–  Solve	new	issues,	e.g.	<ming:	new	solu<ons	needed	
–  Fully	stageable	à	path	to	high	energy	

R.	Aßmann	(DESY)	-	EAAC	2017		 16	

More	resources	will	
allow	focused	R&D	

Complementary	approach	
will	bring	in	RF	excellence	
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FEL	Class	Beam	from	RF	acc.	
with	required	short	bunch	length	

R.	Aßmann	(DESY)	-	EAAC	2017		 17	

J.	Zhu	et	al	
PRELIMINARY	
Not	fully	op<mized	
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FEL	Class	Beam	from	RF	acc.	
with	required	short	bunch	length	

R.	Aßmann	(DESY)	-	EAAC	2017		 18	

J.	Zhu	et	al	
PRELIMINARY	
Not	fully	op<mized	

3.4	kA	
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FEL	Class	Beam	from	RF	acc.	
with	required	short	bunch	length	

R.	Aßmann	(DESY)	-	EAAC	2017		 19	

J.	Zhu	et	al	
PRELIMINARY	
Not	fully	op<mized	

3.4	kA	

250	MeV	
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Short	Bunch	Length	
bunch	must	fit	into	plasma	wavelength	

R.	Aßmann	(DESY)	-	EAAC	2017		 20	

J.	Zhu	et	al	
PRELIMINARY	
Not	fully	op<mized	
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INFN	PWFA	Ansatz:	536	MeV	à	1	GeV	
See	talk	Massimo	Ferrario	and	A.	Mosnier	

R.	Aßmann	(DESY)	-	EAAC	2017		 21	
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Electron	Gun	

R.	Aßmann	(DESY)	-	EAAC	2017		 22	

0.1               1                10             100            1000        10000 

Frequency of accelerating field (GHz) 

APEX 

ELSA 

LANL/AES 
BOEING 

PITZ 

SRF GUN II 

TOP GUN 

BNL GUN 

PHIN 

C-BAND GUN (SPARX) 
C-BAND GUN (SWISSFEL OPTION) 

X-BAND GUN (MARK) 

X-BAND GUN  
(ASU/CXLS) 

PLASMA 
INJECTOR 

SPARC 

REGAE, ARES 

       C-BAND GUN  
(CHINESE PROJECT) 

Routinely working 

Under 
development 

Under 
design 

Analysis and graph: T. Vinatier, R. Assmann et al (July 2017) 

Trend for solid RF 
photo injectors 

(a) Where is the best 6D brightness to 
fit electron beams into high frequency 
accelerators = small volumes? 
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(b) Most compact 
electron generation 
with high alpha? 

α ≥1
Required!?	E.g.	
Rosenzweig	et	al,	
Flöomann	et	al,	...	
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Old	Solu<ons	

R.	Aßmann	(DESY)	-	EAAC	2017		 26	

1985	van	der	Meer	

Beam	
loading,	
energy	
spread	
and	
efficiency	
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New	Solu<ons	

R.	Aßmann	(DESY)	-	EAAC	2017		 27	

External	
injecEon:	
Eming	
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New	Solu<ons	

R.	Aßmann	(DESY)	-	EAAC	2017		 28	

Energy	spread,	focusing	
and	defocusing	
stabilizaEon	
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New	Solu<ons	

R.	Aßmann	(DESY)	-	EAAC	2017		 29	

Energy	spread,	focusing	
and	defocusing	
stabilizaEon	

...	and	many	more	good	ideas	and	

concepts	in-	and	outside	
of	EuPRAXIA	

See	talk	A.	Mosnier	and	talks	from	EAAC	

par<cipants:		

kHz	beams,	long	guiding,	plasma	lenses,	

high	charge,	improved	quality,	hybrid	

nano-emiFance	guns,	applicaEon
	

development,	undulator	radiaEon,
	

novel	undulators,		theory
	advances,	

beFer	and	faster	simulaEons,	...	
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Parameter Tables 
Study Version 2016 

1	GeV	

3	GeV	

5	GeV	
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Configura<on	B:	
Plasma	&	Beam	Movie	

Á.	Ferran	Pousa,	A.	Aschikhin,	R.	Assmann	,A.	MarKnez	de	la	Ossa.	IPAC17	paper	TUPIK007.	

A.	Ferran	Pousa	et	al:	“Visualpic	Data	Visualizer	and	Post-Processor	for	PIC	Codes”	
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Configura<on	B:	
Simula<on	I	

Laser	pulse:		
a0	=	3.1,	λ	=	800	nm,	100	fs	(FWHM	in	
intensity),	w0	=	54	µm,	100	J	energy,	1	
PW	peak	power,	laser	and	plasma	
parameters	adjusted	for		self	guiding.	

Electron	pulse:		
Gaussian	beam,	1	pC,	100	MeV,	
rela<ve	energy	spread	=	0.1%,	3.3	fs	
length	(rms),	1.26	micron	transv.	size	
(rms),norm.	emioance	0.99	mm	mrad	

Vacuum	
From		
A.	Ferran-Pousa	
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Configura<on	B:	
Simula<on	II	

Plasma:		
Density	=	1.2	x	1017	cm-3	

Length	=	2.5	cm	

The	acceleraEon	regime:		
close	to	blowout.	2D	simula<on:	the	
3D	anima<on	was	made	assuming	
cylindrical	symmetry	and	
reconstruc<ng	a	3D	field.	

From		
A.	Ferran-Pousa	
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Configura<on	B:	
Simula<on	III	

Electron	beam:		
Energy	=	1	GeV	
Rela<ve	energy	spread	=	1.5%	
Normalized	emioance	=	0.995	mm	mrad	

Just	aker	exiEng	plasma:		
Back	in	vacuum.	

From		
A.	Ferran-Pousa	
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Overall	layout	status	(ongoing)	

Accelerator	research,		
undulators	and	user	
areas	are	located	on	
the	first	level	

undulator	hall	
(assumed	conven<onal)	

X-ray	transport		
and	user	areas	

accelerator	tunnel	

R.	Aßmann	(DESY)	-	EAAC	2017		 14	

laser	path	

Design	by	A.	Walker	(DESY)	and		
Dariusz	Kocoń	(ELI-Beams)	
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…	with	1st	floor	for	laser	
infrastructure	

May	18,	2016	at	SOLEIL	-	
France	The	“100	cube	laser	challenge”:	

•  “100	cube”	=	100	J,	100	fs,	100	Hz		
							=>	1PW	@	100Hz		
•  Not	a	complete	Ti:Sa	laser	system	
•  Diode-pumped	solid-state	laser	scheme		
•  2nd	laser	system	(Ti:Sa)	operates	at	

lower	energy	and	shorter	pulse	length	

	

RF	and	TW	
laser	system	

PW	laser	
system	

RF	and	laser	
infrastructure	on	
second	level	

R.	Aßmann	(DESY)	-	EAAC	2017		 14	
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Ongoing	experiments	
and	site	study	

R.	Aßmann	(DESY)	-	EAAC	2017		 15	

Demo-FEL	projects	ongoing:	
•  X-ray	produced	a{er	undulator	in	August	2017	

at	DESY	by	LUX	group	(A.R.Maier	et	al.)	
•  Beam<me	in	Paris	planned	for	November	2017	

by	COXINELLE	(M.E.	Couprie	&	V.	Malka	et	al.)	

EuPRAXIA	site	studies:	
•  Design	study	is	site	independent		
•  Five	possible	sites	have	been	discussed	so	far	
•  We	invite	the	sugges<ons	of	addi<onal	sites	

DESY	news	(10th	August	2017)	
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Possible	footprint	for	5	GeV	FEL	

R.	Aßmann	(DESY)	-	EAAC	2017		

Rigshospitalet	
Copenhagen	

16	

Design	by	A.	Walker	and	Dariusz	Kocoń	(ELI-Beams).	Photo	credit:	google.	
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Possible	footprint	for	EuPRAXIA	

R.	Aßmann	(DESY)	-	EAAC	2017		

Rigshospitalet	
Copenhagen	

16	

Design	by	A.	Walker	and	Dariusz	Kocoń	(ELI-Beams).	Photo	credit:	google.	
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Political Landscape: Helmholtz 
Association in Germany 

New	genera)ons	
of	compact	

accelerators.	

energy	systems	

informa)on	and	data	science	

research	earth	system	

new	materials	and	agents	

new	mobility	concepts	 psych.	disease	
indiv.	medicine	

In	the	next	years	we	will	support	these	and	other	themes	in	mul)ple	ways.	

From	today’s	perspecKve	the	following	challenges	are	idenKfied	
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ATHENA:  

Development of ultra-
compact* accelerators and 

radiation facilities for 
science and medicine 

*and highly cost-efficient 

ATHENA shall allow the Helmholtz centers to keep and 
expand their world-wide leading competence in designing 
and building cutting-edge accelerators with a multitude of 
applications in science, technology, medicine and industry. 

ATHENA = Acc. Technology HElmholtz iNfrAstructure 



Details on included facilities see presentations on the Helmholtz ARD web site or contact PI’s! 

ANKA Synchrotron Light Source at KITFLUTE, a Linac-Based THz Source at KIT   

FLUTE: ARD-Forschung am KIT 

Ultrakurze Elektronenpulse (1 fs bis 300 fs)
Grosser Bereich an Ladungen (1 pC bis 3 nC)
Kohärente Strahlung für Materialwissenschaften und biologische 
Anwendungen 
Entwicklung/Tests von Kurzpuls-Strahldiagnose und Instrumentierung
Kooperation KIT, PSI, DESY 

Ferninfrarot Linac- Und Test Experiment 

Institute for Synchrotron RadiationTU Darmstadt, 13.12.2010
A.-S. Müller  -  Coherent  Synchrotron Radiation in 

Storage Rings
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Coordinating PI 
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BERLinPRO FLUTE SINBAD 
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Political Landscape: INFN 
Frascati in Italy 

First	start-to-end	simula<ons	plasma	FEL	
		
INFN	strongly	advancing	scien<fic	and	
poli<cal	efforts	towards	an	RF/plasma	
facility	at	Frasca<	that	can	host	EuPRAXIA	
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Political Landscape: European 
Initiatives 

hop://www.epsnews.eu/2017/05/leaps-
devising-a-new-era-of-accelerator-based-
photon-science-in-europe/	

LEAPS:	devising	a	new	era	
of	accelerator-based	
photon	science	in	Europe	
The	Directors	of	the	European	Synchrotron	and	
FEL	user	facili<es	have	decided	to	establish	a	
strategic	partnership	–	the	League	of	
European	Accelerator	based-
Photon	Sources	(LEAPS)–	which	aims	for	
an	unprecedented	level	of	coopera<on	and	
development	and	outreach	to	academic	and	
industrial	users	as	well	as	to	the	general	public.	
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Political Landscape: European 
Initiatives 

The accelerator WG2 is coordinated 
by Hans Braun (PSI).  

Three topics have been defined with 
topic leaders:  

1.  FEL developments 
Thomas Tschentscher and Simone Di Mitri  

2.  Storage rings 
Andreas Jankowiak 

3.  Future compact sources 
Ralph Assmann  

We hope for significant funding for 
accelerator R&D from the EU for 
LEAPS as the representative body of 
photon science in Europe. 

Brussels	event:	Nov	13,	2017	
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Conclusion 

•  EuPRAXIA is a EU design study for a novel European accelerator-
based research facility with applications in science, industry & medicine. 

•  Strongly linked major research centers and to leading European industry. 

•  Goal is to provide by Oct 2019 a design report for a 5 GeV electron beam 
facility based on laser and/or beam driven plasma acceleration, which 
shall be compact and cost efficient. 

•  Design will include pilot user areas for FEL radiation, “table-top” test 
beam for HEP detectors tests, compact X-ray source for medical 
imaging, and other applications. 

•  New ideas and innovations make us more and more confident that 
problems can be solved on the technical side.  

•  Investment required to implement solutions. Very hopeful progress in 
political landscape: ATHENA, EuPRAXIA@SPARC, LEAPS, ... 

•  This is a Horizon 2020 project and we acknowledge the support from the EU under grant 
agreement No. 653782. 
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Thank you for your attention 

The	EuPRAXIA	team	
P.	D.	Alesini,	A.	S.	Alexandrova,	M.	P.	Anania,	N.	E.	Andreev,	R.	W.	Assmann,	T.	Audet,	A.	Bacci,	I.	F.	Barna,	A.	Beaton,	A.	Beck,	A.	Beluze,	A.	

Bernhard,	S.	Bielawski,	F.	G.	Bisesto,	J.	Boedewadt,	F.	Brandi,	O.	Bringer,	R.	Brinkmann,	E.	Bründermann,	M.	Büscher,	G.	C.	Bussolino,	A.	Chance,	M.	
Chen,	E.	Chiadroni,	A.	Cianchi,	J.	Clarke,	M.	Croia,	M.	E.	Couprie,	B.	Cros,	J.	Dale,	G.	Daooli,	N.	Delerue,	O.	Delferriere,	P.	Delinikolas,	J.	Dias,	

U.	Dorda,	K.	Ertel,	Á.	Ferran	Pousa,	M.	Ferrario,	F.	Filippi,	J.	Fils,	R.	Fiorito,	R.	A.	Fonseca,	M.	Galimber<,	A.	Gallo,	D.	Garzella,	P.	Gas<nel,	D.	Giove,	
A.	Giribono,	L.	A.	Gizzi,	F.	J.	Grüner,	A.	F.	Habib,	L.	C.	Haefner,	T.	Heinemann,	B.	Hidding,	B.	J.	Holzer,	S.	M.	Hooker,	T.	Hosokai,	B.	Imre,	D.	A.	
Jaroszynski,	C.	Joshi,	M.	Kaluza,	O.	S.	Karger,	S.	Karsch,	E.	Khazanov,	D.	Khikhlukha,	A.	Knetsch,	D.	Kocon,	P.	Koester,	O.	Kononenko,	G.	Korn,	

I.	Kostyukov,	L.	Labate,	C.	Lechner,	W.	P.	Leemans,	A.	Lehrach,	F.	Y.	Li,	X.	Li,	A.	Lifschitz,	V.	Litvinenko,	W.	Lu,	A.	R.	Maier,	V.	Malka,	G.	G.	Manahan,	
S.	P.	D.	Mangles,	B.	Marche�,	A.	Marocchino,	A.	Mar<nez	de	la	Ossa,	J.	L.	Mar<ns,	K.	Masaki,	F.	Massimo,	F.	Mathieu,	G.	Maynard,	T.	J.	Mehrling,	
A.	Y.	Molodozhentsev,	A.	Mosnier,	A.	Mostacci,	A.	S.	Müller,	Z.	Najmudin,	P.	A.	P.	Nghiem,	F.	Nguyen,	P.	Niknejadi,		J.	Osterhoff,	D.	Papadopoulos,	
B.	Patrizi,	R.	Paoathil,	V.	Petrillo,	M.	A.	Pocsai,	K.	Poder,	R.	Pompili,	L.	Pribyl,	D.	Pugacheva,	S.	Romeo,	A.	R.	Rossi,	A.	A.	Sahai,	Y.	Sano,	P.	Scherkl,	

U.	Schramm,	C.	B.	Schroeder,	J.	Schwindling,	J.	Scifo,	L.	Serafini,	Z.	M.	Sheng,	L.	O.	Silva,	C.	Simon,	U.	Sinha,	A.	Specka,	M.	J.	V.	Streeter,	
E.	N.	Svystun,	D.	Symes,	C.	Szwaj,	G.	Tauscher,	A.	G.	R.	Thomas,	N.	Thompson,	G.	Toci,	P.	Tomassini,	C.	Vaccarezza,		M.	Vannini,	J.	M.	Vieira,	F.	Villa,	

C.-G.	Wahlström,	R.	Walczak,	P.	A.	Walker,	M.	K.	Weikum,	C.	P.	Welsch,	J.	Wolfenden,	G.	Xia,	M.	Yabashi,	L.	Yu,	J.	Zhu,	A.	Zigler		

www.eupraxia-project.eu 
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www.eupraxia-project.eu 
 

                              #EuPRAXIA 
                              #plasma 
                              #accelerator 

Dissemination 

R.	Aßmann	(DESY)	-	EAAC	2017		 49	
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Backup	Slides	

R.	Aßmann	(DESY)	-	EAAC	2017		 50	



Horizon	2020	

EuPRAXIA	Plasma	Accelerator	Scheme	
The	5	EuPRAXIA	configura<ons	

	

1)	RF	electron	injector	+	laser	plasma	accelerator	(LPA)	
						(LWFA	with	external	injec<on	from	an	RF	accelerator)	
	

	

2)	LPA	with	electron	bunch	created	in	plasma	directly	
					(LWFA	with	internal	injec<on)	

	
3)	LPA	electron	injector	+	LPA	
					(LWFA	with	external	injec<on	from	a	LPA)	
	
	
	

	

4)	RF	electron	bunch	as	beam	driver	in	LPA	
					(PWFA	with	an	RF	electron	beam)	
	
	
	
	

5)	RF	electron	bunch	as	driver	in	a	hybrid	stage	
					(PWFA	with	LWFA	produced	electron	beam	or	Trojan	Horse	scheme)	

PLASMA	ACC.	
e-	created	&	accelerated		

ΔE	

depleted	

Laser	beam	 Electron	beam	

PLASMA	ACC.	
Q	preserved	&	accelerated		

ΔE	

depleted	

LPA	

PLASMA	ACC.	
e-	created	&	accelerated		

ΔE	

depleted	

RF	

PLASMA	ACC.	
e-	created	&	accelerated		

ΔE	

depleted	

LPA	

PLASMA	ACC.	
Q	preserved	&	accelerated		

ΔE	

depleted	

RF	

R.	Aßmann	(DESY)	-	EAAC	2017		 51	
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PLASMA	ACC.	
e-	created	&	accelerated		

ΔE	

depleted	

Laser	beam	 Electron	beam	

PLASMA	ACC.	
Q	preserved	&	accelerated		

ΔE	

depleted	

LPA	

PLASMA	ACC.	
e-	created	&	accelerated		

ΔE	

depleted	

RF	

PLASMA	ACC.	
e-	created	&	accelerated		

ΔE	

depleted	

LPA	

PLASMA	ACC.	
Q	preserved	&	accelerated		

ΔE	

depleted	

RF	•  Science	&	prac<cal	considera<ons	
will	determine	final	choice	of	
configura<on(s)	

•  EuPRAXIA	layout	is	being	op<mized	
for	best	synergy	of	lasers	&	RF	
technology	

EuPRAXIA	Plasma	Accelerator	Scheme	
The	5	EuPRAXIA	configura<ons	

R.	Aßmann	(DESY)	-	EAAC	2017		 52	
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EuPRAXIA	beam	driven		
plasma	accelera<on	(PWFA)	

R.	Aßmann	(DESY)	-	EAAC	2017		

	

A.	Marocchino	et	al.,	simula<ons	with	hybrid	code	
Architect,	Nucl.	Instr.	Meth.	Phys.	Res.	vol.	829,	2016.	

Electron	beam	

PLASMA	ACC.	
e-	created	&	accelerated		

ΔE	

depleted	

RF	
RF	electron	bunch	as	beam	driver	in	
laser	plasma	accelerator	

•  S-band	gun	and	linac	accelerate	
electron	beam	to	E	~	150	MeV	

•  X-band	linac	structures	accelerate	
beam	further	to	E	~	500	MeV	

•  Plasma	stage	accelerates	beam	to	E	
>	GeV	

•  Low	energy	spread	and	emioance	
conserved	in	all	stages	
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EuPRAXIA	hybrid	plasma	accelera<on	
(“Trojan	Horse”	and	“L2PWFA”	schemes)	

R.	Aßmann	(DESY)	-	EAAC	2017		

Laser	beam	 Electron	beam	

PLASMA	ACC.	
e-	created	&	accelerated		

ΔE	

depleted	

LPA	

Trojan	Horse	scheme	(pictured	above):	B.	Hidding	
et	al.,	Phys.	Rev.	Leo.108,	035001	(2012)		
	
	

RF	electron	bunch	as	the	driver	in	a	
hybrid	stage:	

•  1st	stage	uses	laser	driver	to	accelerate	
electron	beam	

•  2nd	stage	uses	electron	beam	as	beam	
driver	to	accelerate	high	quality	electron	
beam	

L2PWFA	scheme	(pictured	above):	A.	Mar<nez	de	la	
Ossa	et	al.,	Phys.	Rev.	Leo.	111,	245003	(2013)	
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EuPRAXIA	simula<ons	
Imperfec<ons	of	laser	and	plasma	

•  Of	par<cular	importance	is	the	
sensi<vity	to	ini<al	fluctua<ons		

•  plasma	density	
•  alignment	
•  par<cle	beams		
•  laser	pulses	

•  Use	of	realis<c	profiles	
•  Simula<on	work	package	is	

iden<fying	the	role	of	non-
standard	laser	profiles	such	as	
non	pure	Gaussean	beams:	

R.	Aßmann	(DESY)	-	EAAC	2017		 55	
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Emioance	conserva<on		
by	tailored	plasma	ramps	

I.	Dornmair	et	al.,	PRSTAB	18,	041302	(2015)	

R.	Aßmann	(DESY)	-	EAAC	2017		 56	
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EuPRAXIA	is	compact	solu<on	for	(ini<ally)	
low	power	accelerator	to	drive	FEL	

R.	Aßmann	(DESY)	-	EAAC	2017		

•  Sufficient	beam	quality	is	central	goal	of	EuPRAXIA		
•  Improve	energy	spread		(“beam	loading”	[1]	or	“modulated	plasma	

density”	[2])	

•  EuPRAXIA	will	ini<ally	be	low	power	and	low	wall-plug	power	efficiency	
•  Baseline	(10	Hz):		10s	of	Wao	with	~	1	mJ/photon	pulse	energy	
•  Dream	scenario	(1	MHz):	kW	-	MW	of	power	with	diode-pumped	solid-

state	laser	(“100cube”)	and/or	concepts	such	as	“kHz	single	cycle	laser	
pulses”	[3]	or	“resonant	excita<on	of	plasma	waves”	by	trains	of	laser	
pulses	[4]	

•  Efforts	with	industry	and	laser	ins<tutes	to	improve	rep.	rate	&	efficiency	of	
currently	used	laser	systems	(also	incorporate	fiber-based	lasers	with	30	%	
efficiency)	

•  EuPRAXIA	report	will	be	technical	design	report	and	project	proposal:		
•  Performance,	required	tolerances,	footprint	and	cost	will	be	assessed		
•  We	hope	for	significant	cost	benefit	from	this	new	technology	
[1]	S.	Van	der	Meer,	CLIC	Note	No.	3,	CERN;	PS,	‘85-65	

			[2]	R.	Brinkmann	et	al.,	PRL	118,	214801	(2017)	
[3]	D.	Guenot	et	al.,	Nat.	Photonics	11(5),	293-296	(2017)	
[4]	J.	Cowley	et	al.,	Phys.	Rev.	Leo.	119,	044802	(2017)	
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Loca<on	of	possible	sites	within	EU	

R.	Aßmann	(DESY)	-	EAAC	2017		

EuPRAXIA	site	studies:	
•  Design	study	is	site	

independent		
•  Five	possible	sites	have	

been	discussed	so	far	
•  We	invite	the	

sugges<ons	of	
addi<onal	sites	
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Project	<meline	

09.2014	 	Proposal	submission 	 		

07.2015	 	Approval	

11.2015	 	Start	of	EuPRAXIA	project	

2016 	 	Organiza<on	(collabora<on	agreements,	…).	Hiring	dedi-	
	 	cated	personnel.	Ten	workshops	on	EuPRAXIA/EuroNNAc	
	 	maoers.	Decision	parameters	for	first	study	versions.	

08.2019	 	Applica<on	to	ESFRI	roadmap	for	2020	update	
10.2019		 	Final	conceptual	design	report	and	end	design	study	
	

2020 	 	ConstrucKon	decision	

2021	–	2025 	ConstrucKon	

2025	–	2035 	OperaKon	

ESFRI	=	
European	
Strategy	for	
Future	Research	
Infrastructures	

R.	Aßmann	(DESY)	-	EAAC	2017		 59	


