
Experimental	Perspec0ves	for		Ele4ra	2.0	

Tevfik	OnurMenteş	



Ele0ra	1.0	

•  480	proposals	allocated	
•  1322	users	hosted	



Summary	

What	does	the	upgrade	signify	
for	an	exis0ng	beamline?	

Coherent	X-ray	Diffrac0on	

Time-Resolved	Spectroscopies	
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LEEM	

XPEEM	

SoM	X-rays	
30	eV	–	1000	eV	

	
Ellip0cal	Undulators	

	
Microspot	focusing	
25	µm	(H)	⨯	2	µm	(V)	
(with	KB	mirrors)	

	
High	flux	

1013	photons/sec	



Improvement	in	numbers	

‘natural’undulator	
emission	

σr (µm) 12	

Σr’	(µrad) 20	

Present	 Upgrade	4-BA	 Upgrade	6-BA	

Σx (µm)
 253	 82	(3.1)	 57	(4.4)	

Σy	(µm)	 22	 13 (1.7)
 13	(1.7)	

Σx’	(µrad)	 35	 23 (1.6)
 21	(1.7)	

Σy’	(µrad)	 21	 21 (1)
 21	(1)	

In	horizontal	plane:	
•  Reduced	source	size	(3.1;	4.4)	
•  Reduced	divergence	(1.6;	1.7)	

In	ver0cal	plane:	
•  Reduced	source	size	(1.7;	1.7)	
•  Almost	unchanged	divergence	

reducXon	factors	shown	

CalculaXons	by:	Anna	Bianco	&	Luca	Rebuffi,	Ele0ra	OpXcs	Group	

About	a	factor	20	increase	in	brilliance	



!! !

Improvement	in	numbers	

•  Increase	of	the	spectral	photon	flux	through	the	beam	defining	aperture		
•  From	1.9·1014	to	4.7·1014	ph	s-1	mm-2	mrad-2	0.1%BW	(gain	2.5)	

(with	present	segngs	of	the	aperture:	56	µrad	x	63	µrad,	400	eV)	

•  decrease	of	beam-spot	size	

Spot at the sample posi8on


5.6	µm	*	1.7	µm	FWHM		 2.1	µm	*	1.6	µm	FWHM		 1.7	µm	*	1.6	µm	FWHM		

CalculaXons	by:	Anna	Bianco	&	Luca	Rebuffi,	Ele0ra	OpXcs	Group	



Round	beam	would	reduce	space-charge	

Degrada0on	of	resolu0on	due	to	space-charge	

A.	Locatelli	et	al.,	Ultramicroscopy	111,	1447	(2011)	

Field	of	view	

Photon	Beam	

Unwanted	photons	which	contribute	to	
space	charge	but	not	the	image	staXsXcs	



Coherence!!	
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CalculaXons	by:	Anna	Bianco,	Ele0ra	OpXcs	Group	

HORIZONTAL	 VERTICAL	



Coherent	X-Ray	Diffrac0on	Imaging	

1980	



Coherent	X-Ray	Diffrac0on	Imaging	

1980	



CDI:	SoM	ma4er,	single	cells,	molecules	

ESRF,	15	keV,	resoluXon	40	nm,	acquisiXon	Xme	9	hours	
ALS,	750	eV,	resoluXon	30	nm,	acquisiXon	Xme	4	hours	



‘Lensless’	Imaging	

J.	Miao	et	al.,	Science	348,	530	(2015)	

In	the	diffracXon-limited	SR:	
•  Truly	‘lensless’	
•  Suppress	unwanted	incoherent	porXon	(higher	S/N,	lower	radiaXon	damage)	
•  Faster	acquisiXon	



CDI	at		Ele4ra	



Ptychography	@	TWINMIC	Beamline	

Balb/3T3 mouse fibroblast cells exposed to 
cobalt ferrite (CoFe2O4) nanoparticles 

Ptychography reconstruction  
using the ePIE algorithm  
(Uni of Sheffiled) 
Photon energy = 708.8 eV 

A. M. Maiden, G. R. Morrison, B. Kaulich, A. Gianoncelli, J. M. Rodenburg, 
Soft X-ray spectromicroscopy using ptychography with randomly phased illumination  
Nature Communications 4, 1669, (2013) 

5	µm	

5	µm	STXM	@	707	eV	

modulus	 phase	
•  Illuminated area defined by a 5 µm pinhole 
•  Sample was scanned with raster steps ~1 µm 

To spread the illumination  
and the phases across  
the detector 



Ptychography	@	TWINMIC	Beamline	

Kourousias G, Bozzini B, Gianoncelli A, Jones MWM, Junker M, van Riessen G, Kiskinova M  
Shedding light on electrodeposition dynamics tracked in situ via soft X-ray coherent diffraction imaging  
Nano Research, Vol. 9 - 7, pp. 2046-2056 (2016) 

Electrochemical 
cell biased in situ 

The cell was monitored 
in its pristine state and 
after biasing, across Mn 
and Co edge, elements 
present in the electrolyte 
solution 

Chemical imaging: 
Ptychography at the Mn L edge 



XPEEM	

X-rays	
Area	
Detector	

Central	beam	
a4enuator	

Sample	

CDI	

Implement	CDI	@	Nanospectroscopy	

ReflecXon	geometry	@	16°	grazing	

DiPRoi	@	Nanospectroscopy	(now@FERMI!)		

Pinhole	separaXon	3	µm	 Pinhole	separaXon	0.5	µm	

E.	Pedersoli	et	al.	Rev.	Sci.	Inst.	82,	043711	(2011)	



Time	resolved	studies	



X-Ray	Photon	Correla0on	Spectroscopy	

O.	G.	Shpyrko	

APS,	7.35	keV,	Cr(111)	

NSLS,	8	keV,	X25	Wiggler	Beamline	

•  Current	Xme	scale	≈	msec	

•  For	given	S/N,	τ	∝	(Icoh)-2	



X-Ray	Photon	Correla0on	Spectroscopy	

O.	G.	Shpyrko	

•  Current	Xme	scale	≈	msec	

•  For	given	S/N,	τ	∝	(Icoh)-2	

The	enXre	Xme	scale	
spanning	ps	to	ms.	



Temporal	resolu0on	

	 Min	pulse	
duraXon	

(FWHM)	[ps] 

Intensity	
relaXve	to	

SUM 

Rep.	
Rate	
[MHz] 

Layout	

invasive 

CompaXble	
with	SUM 

CompaXble	
with	DLO 

Low-alpha ~2 ~10-2 <	500 No No No 

V o l t a g e	
bea0ng 

~1 ~10-2–10-1 <	500 Yes Yes Maybe* 

D e fl e c 0 n g	
cavity 

~1 ~10-5–10-1 <	500 Yes Yes Unlikely 

Femto-slicing ~0.1 ~10-8–10-6 ~0.1 Yes Yes Unlikely 

Schemes for the generation of stable short x-ray pulses in 3rd generation SRLS. 

*	for	SRLS	at	beam	energies	lower	than	~3	GeV.	



Time	resolved	studies	

nanosecond	 picosecond	 femtosecond	

Lapce	dynamics	 Electron	dynamics	Magne0za0on	dynamics	

ALS,	XMCD-PEEM	Co	L	edge,	electrical	pump	pulse	300	ps,	photon	pulse	70	ps,	CoFe	on	Cu	waveguide	



Time	resolved	studies	

nanosecond	 picosecond	 femtosecond	

Lagce	dynamics	 Electron	dynamics	Magne0za0on	dynamics	

Laser	pump	(Circular	Pol),	laser	probe	(Linear	Pol),	pulse	width	200	fs	



Time	resolved	studies	

nanosecond	 picosecond	 femtosecond	

Lapce	dynamics	 Electron	dynamics	

Xme	delay	(ps)	

1T	–	TaS2	

MagneXzaXon	dynamics	

Laser	pump	with	pulse	width	140	fs,	electron	probe	at	50	keV	pulse	width	250	fs	



Thanks	for	your	a0enXon	

Summary	

•  Coherence	is	a	keyword	for	the	next	generaXon	synchrotrons	including	Ele0ra	2.0.	

•  Time	structure	of	the	new	synchrotron	may	introduce	new	science	at	Ele0ra.	

•  Dedicated	endsta0on	development	along	with	the	upgrade	to	be	considered.	

Ele4ra	Op0cs	group		
Anna	Bianco	
Luca	Rebuffi	

Edoardo	Buse0o	

Nanospectroscopy	
Andrea	Locatelli	



Coherent	Diffrac0on	Imaging	@	Nanospectroscopy	

Pinhole	separaXon	3	µm	 Pinhole	separaXon	0.5	µm	

E.	Pedersoli	et	al.	Rev.	Sci.	Inst.	82,	043711	(2011)	

XMCD	in	CDI:	Cobalt	islands	

DiPRoi	@	FERMI,	before	FERMI	



XPEEM	

X-rays	
Area	
Detector	

Central	beam	
a4enuator	

Sample	

CDI	

Implement	CDI	@	Nanospectroscopy	

ReflecXon	geometry	@	16°	grazing	

Experience	from	DiPRoi	@	FERMI	

C.	Gu0	et	al.,	to	be	published.	

FePd	magneXc	domains,	@	22°	

Chesnel	et	al.,	PRB	66,	172404	(2002)	



Improvement	in	numbers	

•  Reduced	size	of	the	e-beam	in	the	ring	
•  σx		from	253	µm	to	55	µm 	 	(gain	4.6)	
•  σy		from	18	µm	to	3	µm 	 	(gain	6)	
•  σx’		from	29	µrad	to	5	µrad	 	(gain	6)	
•  σy‘	from	5	µrad	to	1	µrad	 	 	(gain	5)	

•  Contrac0on	of	the	volume	occupied	by	the	radia0on	cone	
•  Σx	from	253	µm	to	56.8	µm 	(gain	4.5)		
•  Σy	from	22.3	µm	to	12.8	µm	 	(gain	1.7)	
•  Σx’	from	35.5	µrad	to	21	µrad	 	(gain	1.7)	
•  Σy’	from	21.5	µrad	to	20.6	µrad 	(gain	1.0)	

•  Increased	brilliance	
•  From	2.1·1018	to	3.7·1019	ph	s-1	mm-2	mrad-2	0.1%BW	(gain	18)	

EU10,	Horiz.	Pol,	400	eV	on	axis	

CalculaXons	by:	Anna	Bianco,	Ele0ra	OpXcs	Group	

Long	straight	secXon	

Now	 Ele4ra	2.0	



Improvement	in	numbers	

•  Increase	of	the	spectral	photon	flux	through	the	beam	defining	aperture		
•  From	1.9·1014	to	4.7·1014	ph	s-1	mm-2	mrad-2	0.1%BW	(gain	2.5)	

(with	present	segngs	of	the	aperture:	56	µrad	x	63	µrad,	400	eV)	

•  decrease	of	beam-spot	size	
•  Calculated	beam	spot	size	from		6.2	µm	x	2.0	µm	to	1.6	µm	x	2.0	µm		

CalculaXons	by:	Anna	Bianco,	Ele0ra	OpXcs	Group	



Time	resolved	studies	

nanosecond	 picosecond	 femtosecond	

Spin	dynamics	 Lagce	dynamics	 Electron	dynamics	


