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Genera+ons	  of	  Synchrotron	  Light	  Sources	  

I.  Bending magnets in HEP rings 

II.  Dedicated Undulators 

III.  Optimized Rings 
 

IV.  Short Wavelength FEL 

V.  Compact Sources 



A Free Electron Laser is a device that converts a fraction of 
the electron kinetic energy into coherent radiation via a 

collective instability in a long undulator 
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Electron source and acceleration 



Long undulators chain 



Beam separation 



Experimental hall (Single Protein Imaging) 

http://lcls.slac.stanford.edu/AnimationViewLCLS.aspx







Transverse electron motion in an Undulator: 
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The	  electron	  trajectory	  is	  
inside	  	  the	  radia+on	  
cone	  if:	  
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K ≤ 1
The	   electron	   trajectory	   is	   determined	  
by	  the	  undulator	  field	  and	  the	  electron	  
energy	  
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Relativistic Mirrors 
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Counter propagating pseudo-radiation Thompson back-scattered radiation in the 
mirror moving frame 
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Tunability & Red Shift 

Doppler effect in the laboratory frame 
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Peak power of one accelerated charge: 
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Coherent Stimulated Radiation Power: 
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   Different electrons radiate indepedently hence the total power depends linearly on the  
number Ne of electrons per bunch: 

Incoherent Spontaneous Radiation Power: 

Bunching on the scale of the wavelength: 



Spontaneous Emission ==> Random phases 

N 





Coherent Light ==> Stimulated Emission 

N2 



Radiation Simulator – T. Shintake, @ http://www-xfel.spring8.or.jp/Index.htm 



Letargy 

Spontaneous Emission 

Low Gain 

Slow Bunching 

Exponential Growth 

Stimulated emission 

High Gain 

Enhanced Bunching 

Saturation 

Absorption  

No Gain 

Debunching 





XFEL first lasing – Hamburg May 2017  



①  High	  gradient	  compact	  accelera+ng	  structures	  
	  
②  Short	  period	  undulators	  
	  

2	  WAYS	  COMPACT	  SOURCE	  ROAD	  MAP	  
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①  Miniaturiza+on	  of	  the	  accelera+ng	  structures	  
(resonant)	  

	  
②  Plasma	  Accelera+on	  (transient)

(LWFA,PWFA,DWFA)	  

Towards	  a	  Compact	  Accelerator	  

•  Power	  sources	  
•  Accelera+ng	  structures	  
•  High	  quality	  beams	  
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Conventional RF accelerating structures 





High field ->Short wavelength->ultra-short bunches-> low charge 



Miniaturization of the accelerating 
structures 







Accelerator on a Chip? 







Dielectric Photonic Structure 

�  Why photonic structures?  
�  Natural in dielectric  

�  Advantages of  burgeoning field  
�  design possibilities 

�  Fabrication 

�  Dynamics concerns 

�  External coupling schemes 

Biharmonic ~2D structure 

e-beam 

Laser pulses 
180 degrees  
out of  phase 

Schematic of  GALAXIE 
monolithic photonic DLA 



Laser-Structure Coupling: TW 
GALAXIE Dual laser drive structure, large reservoir of  power recycles  

e-beam 

Laser pulses 
(180 degrees  
out of  phase) 



5th Gen Light Source: A Table-top X-ray FEL 

All EM system with GV/m fields 

<2 m EM undulator 
 (λ=100 um) 

<2 m 800 MeV Dielectric   
Laser Accelerator (DLA) 

Ultra-high brightness 
electron source 

Long wavelength 
(5 um) laser source 

GALAXIE: GV-per-meter AcceLerator And 
X-ray-source Integrated Experiment  

Many interconnected physics challenges 

40 keV quantum 
SASE FEL 
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Plasma Acceleration 1 
Laser Driven 

LWFA 



Surface charge density Surface electric field

Restoring force

Plasma frequency

Plasma oscillations



 Laser beam 

Electron beam 

1 mm 

 Direct production of e-beam 



High quality beam Plasma Acceleration

Breakdown limit?

























Plasma Acceleration 2 
Beam Driven 

PWFA 
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EUROPEAN 
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Horizon2020	  
Motivations 

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	  
DemonstraOng	  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	  

Courtesy	  R.	  Assmann	  



Horizon2020	  

Participating Institutions 
16 beneficiaries, 16 associated partners 
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Associated	  Partners	  	  
(as	  of	  August	  2016)	  
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Status	  8/2016	  



EuPRAXIA@SPARC_LAB
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•  Candidate LNF to host EuPRAXIA (1-5 GeV)
•  FEL user facility (1 GeV – 3nm)
•  Advanced Accelerator Test facility (LC) + CERN

•  500 MeV by RF Linac + 500 MeV by Plasma (LWFA or PWFA)
•  1 GeV  by X-band RF Linac only
•  Final goal compact  5 GeV accelerator



SPARC_LAB 



HB photo- injector with Velocity Bunching



C-Band accelerating structure and PWFA chamber 



SPARC_LAB Plasma Vacuum Chamber 

 

EOS THz 

e- 

NO  impedenze 
(eliminate venerdì 15 apr.) 

NO  impedenze 
2 impedenze 
(diam. 6 mm) difficili da estrarre 

NO  impedenze 
1 impedenza 
(diam. 8/10 mm) 
facile da estrarre  

2 impedenze 
(diam. 7.2 +10 mm) 

Focusing 
PMQ

PWFA 
module

Capture
PMQ



Capillary Discharge at SPARC_LAB 





73F. Filippi

Plasma source
This scheme can be reproduced for tens-of-centimetre capillaries. This single unit can be 
integrated simply by adding more units obtaining up to tens of centimetre capillaries 
homogenously ionized and controlled independently one to each other, leading to the 
desired length of plasma (almost 30 cm) with the proper density (1017 cm-3) required for 
this project.





External Injection (LWFA or PWFA)



Beam	  ManipulaOon	  







Thank 
you 


