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Breakdown limit?



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



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) 
€ 

λrad ≈
λu
2γ 2

1+
K2

2
+ γ 2ϑ 2

& 

' 
( 

) 

* 
+ 



SASE FELs at short wavelengths requirements 

•  FEL Parameter  
   

•  Number of Photons at saturation 
  

•  Gain Length   

•  Slice Length 

 
•  Constraint on emittance 

•  Constraint on energy spread 

•  Relative bandwidth 
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Short Wavelength SASE FEL 
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XFEL first lasing – Hamburg -  May 2017 









Horizon	  2020	  
Quality:	  Example	  Energy	  Spread	  

M. Migliorati et al, Physical Review Special Topics,Accelerators and Beams 16, 011302 (2013)
K. Floettmann, PRSTAB,6, 034202 (2003)	   14	  

FEL	  Territory	  

Compact	  FEL’s?	   Lower	  quality	  

Higher	  quality	  
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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	  innovaDon	  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)	  



Horizon2020	  
Motivations 

PRESENT	  EXPERIMENTS	  

DemonstraDng	  	  
100	  GV/m	  rouDnely	  
DemonstraDng	  GeV	  
electron	  beams	  
DemonstraDng	  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	  	  
applicaDons	  soon	  

Courtesy	  R.	  Assmann	  



Horizon	  2020	  
ConsorDum	  

16 Participants 

24 Associated Partners 
(as of December 2017) 

17	  
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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) 



Horizon	  2020	  
FEL	  Electron	  Beam	  Requirements	  	  

P.	  A.	  Walker	  (DESY)	  -‐	  IPAC	  2017	  -‐	  Copenhagen,	  16th	  May	  2017	   20	  



Horizon	  2020	  

undulator	  hall	  (assumed	  
convenDonal)	  

X-‐ray	  transport	  	  
and	  user	  areas	  

accelerator	  tunnel	   laser	  path	  

Overall	  layout	  status	  (ongoing)	  

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

R.	  Aßmann	  (DESY)	  -‐	  EAAC	  2017	  	   14	  

Design	  by	  A.	  Walker	  (DESY)	  and	  	  
Dariusz	  Kocoń	  (ELI-‐Beams)	  





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	  



Electron source and acceleration 



X-‐band	  Linac	  and	  High	  Power	  Laser	  	  

55	  m	  



Plasma	  WakeField	  AcceleraDon	  –	  External	  InjecDon	  

driver	   witness	  

55	  m	  

Capillary	  discharge	  at	  SPARC_LAB	  



Undulators	  

40	  m	  

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



Long undulators chain 



Beam separation 



Photon	  beam	  line	  

40	  m	  





SPARC_LAB 





EuPRAXIA@SPARC_LAB
•  X-band RF technology implementation,è  CompactLight

•  Science with short wavelength Free Electron Laser (FEL)

•  Physics with high power lasers and secondary particle source

•  Compact Neutron Source

•  R&D on compact radiation sources for medical applications

•  Detector development and test for X-ray FEL and HEP

•  Science with THz radiation sources

•  Nuclear photonics with γ-rays Compton sources

•  R&D on polarized positron sources
 
•  R&D in accelerator physics and industrial spin – off





Thank for your attention


