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www.fisica.unimi.it/ecm/home/ricerca/marix
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The	Start-up	of	MariX/BriXS	ini4a4ve	

•  INFN-Milan	(C.	Meroni,	L.	Serafini)	submits	a	proposal	to	INFN	management	to	
launch	a	design	study	for	a	twin	analy4cal	machine	(ICS+FEL)	called	MariX:	in	
July	2017	INFN	President	sends	a	LeRer	of	Intent	to	Univ.	of	Milan	Rector,	
saying:	

Basic/applied	
research	on	
science	of	ma3er	
needs	analy-cal	
machines	
Major	Labs	and	
Universi-es	are	
-ghtly	linked	to	
light	sources	/		
neutron	sources	
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The	Start-up	of	MariX/BriXS	ini4a4ve	

Back-bone:	
CW	SC-RF	
Linac	
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The	Start-up	of	MariX/BriXS	ini4a4ve	

INFN in collaboration with University of Milan will set up a dedicated working group 
to prepare a Conceptual Design Report for MariX 
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We are almost there... 



Compton	X-ray	photon	beam:		1012	-	1013		hn/s	(@	100	MHz)	in	5%	Dn/n, 	20-180	keV,	
tunable,	polarized, st	=	2	psec,	10	mm	round	source	spot	size,	mrad	divergence	

FEL	fully	coherent	diffrac4on	limited	X-ray	photon	beam:		109-12	hn/pulse	@	1	MHz	

in	0.05%	Dn/n,		0.1-8	keV,	st	<	50	fsec,	1018	hn/s	
FEL	Spectrum	
2.5	GeV,	lw=14	mm	

Compton	spectrum	
FP	@	400	kW,	10	mA	

2.6.1012	photons/s	

2 different kinds of photon beams 

€ 
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LCLS,	1	Angstrom	
15	GeV,	lw=2.5	cm	



•  High	resolu4on	low	dose	Radio-logical	Imaging	(<100	mm)	with	
mono-chroma4c	X-rays	up	to	150	keV:	mammography,	2	color	
angiography,	radio-therapy	with	auger	electrons	on	cis-pla4ne,	
CAT	3D	imaging	of	Cult.Herit./Archeological/Paleontological	
samples	

•  Time	resolved	spectroscopy	with	fs	coherent	X-rays	up	to	8	keV		
@	1	MHz	rep	rate:	catalisys	and	chemistry	in	solvents,	structure	
of	nano-objects	from	coherent	diffrac4on,	bio-chemistry	@	
atomic	and	fs	scale,	pump&probe	spectroscopy	of	strongly	
correlated	materials,	magne4sm,	superconduc4vity,	topological	
materials,	materials	under	strong	spin-orbit	interac4on.	Protein	
Crystallography	with	single-shot	imaging	(flash-and-destroy)	

Scien4fic/Clinical	Case:	2	Research	Fields	enabled	by	
MariX	originality	(Compton+FEL	in	CW)	



BriXS & MariX FEL based on bubble arc compressor: 
we use twice the same 1.5 GeV SC CW Linac 	

1.5-1.8  GeV 3.-3.6  GeV 3.2-3.8  GeV 

Compton	

Compton	

BriXS:	20-150	keV	mono-chroma6c	X-rays	
up	to	5.1012	photons/sec	in	5%	bdw	
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A relativistic-doppler antenna 

A boosted e-g 
Collider 
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             MariX with bubble arc compressor	

1.5-1.8  GeV 3.-3.6  GeV 3.2-3.8  GeV 

Dump& 
post 
FEL 
users 

Intra-bunch	6me	separa6on	:	1	micro-second,	300	m	
Beam	6me	structure:	1	MHz	repe66on	rate,	single	bunch	CW	
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Synchrotron	
Radia-on	sources	

500	MHz	repe--on	
nJ	pulse	energy;	≈50ps	
105-6	photons	x	
(5)x108pulses	
	

Linear	response	regime:	

Imaging	and	spectroscopy	
(perturba-on	theory)		
	
	

Free	Electron	
Laser	sources	

10Hz-27kHz	repe--on		
mJ	pulse	energy;	≈50fs	
1012-13	photons	x	
101-3-(6)pulses	
	
Ultrafast	Non-linear	
response	regime		
Imaging,	flash+destroy	

Laser-HHG			UV-Soi	
X	

MARIX+FEL		(10	keV)	
1	MHz	repe--on	

100nJ	pulse	energy;	≈50fs	
109-12	photons	x	106pulses	
	
Ultrafast	Linear	response	
	

Courtesy  Giorgio Rossi – Chair ESFRI
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150	m	
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MAX-Lab	
ESS	Neutron	

PETRA-III	
X-FEL,	FLASH	

SOLEIL	
LLB	

DIAMOND	
ISIS	-	CLF	

ESRF	
ILL,	LETI	

ALBA	

									SLS,	SwissFEL	

									
EleAra	
FERMI	

MYRRHA	

									ANKA	

									SPARC	DAFNE	

									
SOLARIS	

Infrastru3ure	di	Ricerca	Anali-che	aperte	all’utenza	internazionale	
che	operano	in	Europa	e	sedi	LERU		

Da	PSE	Landscape	Analysis	ESFRI	Roadmap	2016	

LERU	members	

Courtesy  Giorgio Rossi – Chair ESFRI
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Analy-cal	Machines	as	User	Facili-es	in	Europe	and	League	of	European	Research	Universi-es:	
a	void	around	Univ.	of	Milan	



La	 scala	 sub-nanometrica	 (piccole	 molecole),	 la	 scala	 1-10	 nm	 (proteine	 e	 complessi),	 la	 scala	 10-100	 nm	
(organelle,	 virus),	 la	 scala	micrometrica	 (cellule)	 sono	 susceibili	 di	 imaging	 con	 la	 diffrazione	 coerente	 con	
l=0.2	nm)		
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   MariX Free Electron Laser Scientific Case	
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Coherent	Diffrac-on	Imaging	di	nanoscristalli	e	macromolecole	

   MariX Free Electron Laser Scientific Case	
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FEL example 2:  single shot imaging (lrad =1.2 Å),  
Undulator lw=1 cm, aw=0.6, length =60 m  

Growth 

Spectrum @ 60 m 

Power @60 m 

FEL MariX LCLS  
Electron  energy (GeV) 3.8 3 
Und (cm,m) 1, 60 3, 100  
Photon energy  (keV) 10.2 12.5-25 
Rep rate 1 MHz 120 Hz 
Energy 27.5 mJ 1-5 mJ 
Photons per shot 1.7 1010 1012 

Bandwidth (%) 0.12 0.1 
Photons / sec 1.7 1016 1.2 1014 

Spectral density (N/s/
1%bw) 

1.4 1017 1.2 1015 

Coherence SASE SASE 

Q=50 pC, I=2 kA, en = 0.4 mm , DE/E=2.10-4, aw=0.6, dt=10 fs 
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FEL MariX FERMI 

Electron energy  (GeV) 2.5 1.5 
Und lw ,  L (cm,m) 3,  25  5, 40 
Photon energy (keV) 0.45 (2.8 nm) 0.38 (4 nm) 

Rep rate 1 MHz 10-50 Hz 
Energy 8-16 mJ 5-10 mJ 
Photons per shot 3-7 1011 1011 

Bandwidth (%) 0.1 0.02-0.07 

Photons / sec 2-7 1017 5 1012 

Spectral density (N/s/
%bw) 

2-7 1018 2.5 1014 

Coherence Single Spike Full 

FEL example 1:  water window (lrad=3 nm),  
Undulator lw=3 cm, aw=2.5, length =25 m  

Growth 

Power @  20 m 

Q=8-16 pC, I=2 kA, en= 0.5 mm DE/E=2.10-4, aw=2.5, dt=2-3.5 fs 

Spectrum @ 20 m 

Channeling Workshop 2018, Ischia (Italy), Sept. 28th, 2018 





BriXS: MariX Compton Source	

1.5-1.8  GeV 3.-3.6  GeV 3.2-3.8  GeV 

Compton	

Compton	

BriXS:	20-150	keV	mono-chroma6c	X-rays	
up	to	5.1012	photons/sec	in	5%	bdw	
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A boosted Collider 
e-g  as I.C.S. 
(in regime Thomson) 
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   BriXS Compton Source 
Clinical/Scientific Case	 enrolling	

Ercolano’s	
papyri	



Inverse	Compton	Sources	rivaling	in	Average	Brightness	with	Synchrotron	Light	Sources	at	
photon	energies	above	80-100	keV	

I.C.S.	

STAR	
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The arc-compressor 

Ele3ra	DBA	
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σs	=	3.96μm		
(Cf	≈	64.9)	

The compressor perfor.ances (out3ut emi5ance= 0.5 um) 

Peak	current	evalua4on	
(Cf	≈	64.9)	x	(Ip=25A)	=	1650	A	
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Apex MARIX & BriXS working points 
TExit		
[KeV]	

Qb	
[pC]	

Tlaser	[ps]	
(plateau)	

σx_laser	
[mm]	

εn,t	/σx	[µm/1mm]	 σz		
[um]	

εn	
[µm]	

Δγ	[KeV]	 T	
[MeV]	

BriXS	 Inj.	exit	

830	 200	 48	 420	 0.5	 1000	 0.85	 5	 6.7	

MARIX	 Inj.	exit	

830	 50	 40	 200	 0.5	 460	 0.36	 7.0	 6.4	

GUN	Parameters	 @	injector	exit	

APEX	
lCLS-II		

buncher	
1.3	GHz	

booster-I	&	compressor	1.3	GHz	 booster-II	1.3	GHz	

High	harmonic		
cavity	3.9	GHz	

total	length	4.0	m	
L.	Faillace	map	scheme	



We	are	planning	to	build	a	small	scale	BriXS	demonstrator	at	LASA:	BriXsino	
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Thank you for your attention, and 
stay tuned... 

MariX-CDR will come out very soon 
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A quite complex machine Iom BD point of view 
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The common beamline or BriXs linac layout 
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One Wing of BriXS WP – NO remarkable open questions 

Energy	Recovery	Linac	re-injec-on:	
decelera-on	or	recovery	mode	

Energy	Recovery	Linac	exit:	
accelera-on	

15	m	

30	m	
22.5	m	

Compton	Interac-on	Point	

Channeling Workshop 2018, Ischia (Italy), Sept. 28th, 2018 



Apex MARIX & BriXS working points 
TExit		
[KeV]	

Qb	
[pC]	

Tlaser	[ps]	
(plateau)	

σx_laser	
[mm]	

εn,t	/σx	[µm/1mm]	 σz		
[um]	

εn	
[µm]	

Δγ	[KeV]	 T	
[MeV]	

BriXS	 Inj.	exit	

830	 200	 48	 420	 0.5	 1000	 0.85	 5	 6.7	

MARIX	 Inj.	exit	

830	 50	 40	 200	 0.5	 460	 0.36	 7.0	 6.4	

GUN	Parameters	 @	injector	exit	

APEX	
lCLS-II		

buncher	
1.3	GHz	

booster-I	&	compressor	1.3	GHz	 booster-II	1.3	GHz	

High	harmonic		
cavity	3.9	GHz	

total	length	4.0	m	
L.	Faillace	map	scheme	



Apex MARIX & BriXS injector dyUamics 



Dogleg & ERL WP @ 200 pC. GIOTTO optimization 

Fully	restored	in	cylindrical	
symmetry	
GIOTTO	Gene-c	Algorithm	
op-miza-on	

ü  Emi3ance	oscilla-on	tuning	

ü  Bunch	Longitudinal	compression	

ü  Full	energy	spread	compensa-on	

ü  100MeV	target	energy	
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A quite complex machine Iom BD point of view – open questions 

Common	part,	BriXs/MARIX	injector	
for	200/50	pC.	
	
@CDRnow:	Frozen	posi-ons	but	Full	
Knobs	op-miz-ons:	phase,	grad	ecc.	
=>	Two	diff.	Working	Point	(WP)	
	
@soon:	all	knobs	frozen:	apart,	laser	
pulse	shaping	and	-ming.	
=>	One	WP.	change	only	the	laser	



A quite complex machine Iom BD point of view – open questions 

Ultra	Fast	kickers	to	L1		
some	good	proposal:		
	
Dafne-like	10ns	gaussian	pulse	width	
(10	years	ago)			
@100	MHz	4me	separe4on	=	10ns	
	
Not	yet	simulated:	
we	studied	max.	performances	with	a	
dedicated	beamline	injec-on		
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St]ipline Ult]a fast kicker DafUe t_3e 

electronic	

seen	by	the	beam	
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A quite complex machine Iom BD point of view – open questions 

Delay	Lines	

In	C-beta	project	reach	a	phase	
controll	of	20-30°RF	
	
Considering	the	linearizer	HHL	
@	3.9	GHz:	60-90°RF	



A quite complex machine Iom BD point of view – open questions 

Δ𝛾/𝛾↓𝑟𝑚𝑠  =2⋅(𝜋(1.3𝐸9) 
𝜎↓𝑧 /𝑐 )↑2 	

Second	order	compression	
limita-on	

Second	order	linearizer	

Δ𝛾/𝛾↓𝑟𝑚𝑠  =2⋅(𝜋(3.9𝐸9) 
𝜎↓𝑧 /𝑐 )↑2 	

100MeV	decelera4on	=	full	secondo	order	correc4on	
20m	of	3.9GHz	III-harmonic	cavi-es	

Currently	done	by	an	Elegant	single	element	 (ii)	&	(iii)	cases	without	II-
order	correc-on	
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A quite complex machine Iom BD point of view – open questions 

X,Y	evelopes	by	only	RF	focusing	500	µm		

80	µm		0.0	µm		

4	quads	in	1.5	meters	@	
100MeV,	max	Grad=	15	T/m	

Thanks	to	RF	focusing	the	match	to	the	arc-
compressor	is	easier	(4	quads)	



The arc-compressor 
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σs	=	3.96μm		
(Cf	≈	64.9)	

The compressor perfor.ances (out3ut emi5ance= 0.5 um) 

Peak	current	evalua4on	
(Cf	≈	64.9)	x	(Ip=25A)	=	1650	A	
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From the arc-compressor to the FEL matching line ent]ance 

@1600	MeV,	@	arc-compressor	entrance	

Re-accelerated	beam	@3200	MeV	
@	FEL	matching	line	entrance	

-The	CSR	is	s-ll	under	analysis;	
first	evalua-ons	make	us	
confident	on	the	desired	beam	
quality		
	

-Values	here	shown	have	s-ll	a	
good	improvement	room	
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Conclusion 

The	S2E	are	solid	from	the	two	WPs	performances	point	of	view	&	CDR	the	main	goals	have	been	
reached.	(A	final	effort	on	the	CSR	s-ll	dominated	by	numerical	noise)	
	
Further	details	to	be	explored	(for		a	TDR	?):	
Without	a	dedicated	MARIX	injector:	
-  50	&	200	pC	WPs	op-mized	on	exactly	the	same	parameters	
-  The	Ultra	fast	kickers	and	its	transport	line	

Others	
-  The	matching	line:	«main	linac»	à	«the	arc-compressor»	

(σx,y	=	40	um	&	αx,y=0,	very	close	to	the	actual	main	Linac	exit	values	-	4	quads)	
	

-  III-harmonic	more	realis-c	par-cles	tracking	
(now	done	by	one	point	element	in	Elegant)	
	

-  Linear	chirp:	«main	linac»	injec-on	phases	
(now	done	by	one	point	element	in	Elegant)	
	

-  Transport	Line:	main	linac	à	L2	last	linac	
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