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Breakdown limit?




Conventional RF accelerating structures 





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



New EU Design Study Approved

3 years – 3 MEuro 


Coordinator: G. D’Auria (Elettra)




K-band RF Structures 



Future	
  of	
  Accelerators	
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  EAAC	
  2015,	
  9/2015	
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Modern accelerators require high quality beams:   
==>     High Luminosity & High Brightness

==>     High Energy & Low Energy Spread  

– Small spot size => low emittance


– N of particles per pulse => 109


– High rep. rate fr=>  bunch trains


– Little spread in transverse 
momentum and angle => low emittance


– Short pulse (ps to fs)




Plasma Acceleration 



Surface charge density Surface electric field

Restoring force

Plasma frequency

Plasma oscillations







Plasma	
  Source	
  

PH2	
  =	
  10	
  mbar	
  
Total	
  discharge	
  duraOon:	
  800	
  ns	
  	
  
Voltage:	
  20	
  kV	
  
Peak	
  current:	
  200	
  A	
  	
  
Capacitor:	
  6	
  nF	
  

Courtesy	
  of	
  M.	
  P.	
  Anania,	
  A.	
  Biagioni,	
  D.	
  Di	
  Giovenale,	
  F.	
  Filippi,	
  S.	
  Pella	
  



Capillary Discharge 



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






High	
  power	
  laser	
  FLAME	
  







Horizon	
  2020	
  
Quality:	
  Example	
  Energy	
  Spread	
  

R.	
  Aßmann	
  (DESY)	
  -­‐	
  EAAC	
  2017	
  	
   21	
  

FEL	
  Territory	
  

Compact	
  FEL’s?	
   Lower	
  quality	
  

Higher	
  quality	
  

FELs	
  require	
  energy	
  spread	
  <	
  0.1	
  %	
  



X-FEL based on last 1-km of existing SLAC linac 

LCLS at SLAC 
1.5-15 Å 



XFEL first lasing – Hamburg May 2017  



Electron source and acceleration 



Long undulators chain 



Beam separation 



Experimental hall (Single Protein Imaging) 

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











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

(Tunability - Harmonics) 
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EUROPEAN 
PLASMA RESEARCH 
ACCELERATOR WITH 
EXCELLENCE IN 
APPLICATIONS 

This	
  project	
  has	
  received	
  funding	
  from	
  the	
  European	
  Union’s	
  Horizon	
  2020	
  
research	
  and	
  innovaOon	
  programme	
  under	
  grant	
  agreement	
  No	
  653782.	
   h=p://eupraxia-­‐project.eu	
  

EuPRAXIA	
  Design	
  Study	
  started	
  on	
  Novemebr	
  2015	
  
Approved	
  as	
  HORIZON	
  2020	
  INFRADEV,	
  4	
  years,	
  3	
  M€	
  

Coordinator:	
  Ralph	
  Assmann	
  (DESY)	
  



Horizon	
  2020	
  
ConsorOum	
  

16 Participants 

24 Associated Partners 
(as of December 2017) 

37	
  



Horizon2020	
  
Motivations 

PRESENT	
  EXPERIMENTS	
  

DemonstraOng	
  	
  
100	
  GV/m	
  rouOnely	
  
DemonstraOng	
  GeV	
  
electron	
  beams	
  
DemonstraOng	
  basic	
  
quality	
  

EuPRAXIA	
  INFRASTRUCTURE	
  

Engineering	
  a	
  high	
  
quality,	
  compact	
  
plasma	
  accelerator	
  
5	
  GeV	
  electron	
  beam	
  
for	
  the	
  2020’s	
  
DemonstraVng	
  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	
  	
  
applicaOons	
  soon	
  

Courtesy	
  R.	
  Assmann	
  



Horizon	
  2020	
  
FEL	
  Electron	
  Beam	
  Requirements	
  	
  

P.	
  A.	
  Walker	
  (DESY)	
  -­‐	
  IPAC	
  2017	
  -­‐	
  Copenhagen,	
  16th	
  May	
  2017	
   39	
  



Horizon	
  2020	
  
ParOcipaOng	
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Horizon	
  2020	
  
Industrial Participation 

Industry: involved through 
workshops and  
Scientific Advisory Board 
 
Contacts still evolving, several 
cooperations under discussion 
 
 

Thales group (France):  Number of employees:  62,194 (2015) 
   Sales    14.06 B€ (2015) 

 
Amplitude (France):  Number of employees:  80 (2015) 

   Sales    17.4 M€ (2015) 
 
Trumpf group (Germany):  Number of employees:  11,181 (2016) 

   Sales    2.81 B€ (2016) 





EuPRAXIA@SPARC_LAB




•  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
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SPARC_LAB	
  HB	
  photo-­‐	
  injector	
  

55	
  m	
  



X-­‐band	
  Linac	
  	
  

55	
  m	
  



Plasma	
  WakeField	
  AcceleraOon	
  –	
  External	
  InjecOon	
  

driver	
   witness	
  

55	
  m	
  

Photo	
  of	
  capillary	
  discharge	
  at	
  SPARC_LAB	
  



automaOc	
  cut	
  of	
  parOcles	
  
outside	
  ±4𝜎r	
  region	
  r	
  region	
  

inside	
  the	
  capillary	
  

Start-­‐to-­‐end	
  simulaOons	
  with	
  parOcle	
  driven	
  PWFA	
  

preliminary	
  



Undulators	
  

40	
  m	
  

Photos	
  of	
  KYMA	
  Δ	
  udulator	
  at	
  SPARC_LAB:	
  	
  λ=1.4	
  cm,	
  K1	
  	
  



SPARC	
  FEL	
  



Growth of the radiation  
along the undulator 

At 30 m 
8 1011 photons 
6 1011 photons 
 
 
3.5 1011 photons 
	
  
	
  
	
  

Undulator	
  λu=1.5 cm, 
	
  aw=0.7  

	
  Radiation:	
  λ=2.78 nm  
	
  	
  	
  	
  Ephot=0.44 keV   

At 15 m, Power and spectral density. Quasi-single spike structure 

Characteristics of the electron beam 

Best  
slice Best slice Without ramps 

With ramps   
5 mm 
1cm 

Without ramps 
with tapering 

At 15 m, 
5 1011 phs 
3.6 1011 phs 
2 1011 phs 
	
  
	
  

Start-­‐to-­‐end	
  simulaOons	
  with	
  parOcle	
  driven	
  PWFA	
  

Courtesy	
  V.	
  Petrillo	
  



High	
  power	
  laser	
  FLAME	
  



•  Laser	
  wakefield	
  acceleraOon	
  in	
  plasma	
  
– External	
  injecOon	
  
– Self	
  injecOon	
  

•  Protons	
  (ions)	
  acceleraOon	
  
•  Neutron	
  source	
  
•  Compton	
  scauering	
  

High	
  power	
  laser	
  

IR	
  laser	
  

X-­‐ray/	
  



The FEL Applications 



 
 
 
 

 
 



Photon beam line	
  

Defininig	
  aperture	
  

Monochromator	
  

Spectrometer	
  

Split	
  &	
  delay	
  

Time	
  measurement	
  

Final	
  focus	
  

Auenuators	
  and	
  intensity	
  monitor	
  

Wavefront	
  sensor	
  

Transverse	
  coherence	
  measurement	
  



Coherent	
  Imaging	
  at	
  EuPRAXIA@SPARC_LAB	
  

Condensed	
  ma=er	
  	
  
Cluster	
  and	
  nanoparOcles	
  
Laser	
  ablaOon	
  plasma	
  
Metal-­‐insulaOng	
  transiOons	
  
Colossal	
  magnetoresistance	
  
phenomena	
  	
  	
  
Pump-­‐probe	
  in	
  sOmulated	
  Raman	
  
or	
  four	
  wave	
  mixing	
  spectroscopy	
  

Water	
  Window	
  Coherent	
  Imaging	
  	
  
of	
  biological	
  systems	
  
Energy	
  region	
  between	
  oxygen	
  and	
  	
  
carbon	
  K-­‐edge	
  	
  
2D	
  and	
  3D	
  images	
  of	
  biological	
  samples:	
  
viruses,	
  cells,	
  organelles,	
  protein	
  fibrils…	
  

2	
  key	
  issues:	
  brilliance	
  and	
  coherence	
  	
  
of	
  the	
  FEL	
  radiaOon	
  
1	
  experimental	
  staVon	
  performing	
  
coherent	
  imaging	
  experiments	
  	
  
Many	
  	
  applicaVons,	
  ranging	
  from	
  
biological	
  systems	
  to	
  condensed	
  mauer	
  
physics	
  

Courtesy	
  F.	
  Stellato	
  


