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New EU Design Study Approved

3 years – 3 MEuro 


(è212 kEuro INFN)  

Coordinator: G. D’Auria (Elettra)
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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	
  innovaQon	
  programme	
  under	
  grant	
  agreement	
  No	
  653782.	
  

EuPRAXIA	
  Design	
  Study	
  
Approved	
  as	
  HORIZON	
  2020	
  INFRADEV,	
  4	
  years,	
  3	
  M€	
  

Coordinator:	
  Ralph	
  Assmann	
  (DESY)	
  



Horizon2020	
  
Motivations 

PRESENT	
  EXPERIMENTS	
  

DemonstraQng	
  	
  
100	
  GV/m	
  rouQnely	
  
DemonstraQng	
  GeV	
  
electron	
  beams	
  
DemonstraQng	
  basic	
  
quality	
  

EuPRAXIA	
  INFRASTRUCTURE	
  

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

Courtesy	
  R.	
  Assmann	
  





Horizon2020	
  

Participating Institutions 
16 beneficiaries, 16 associated partners 
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DESY	
  
SQaung	
  Deutsches	
  Elektronen	
  Synchrotron,	
  
Germany	
  

INFN	
  
InsQtuto	
  Nazionale	
  di	
  Fisica	
  Nucleare,	
  Italy	
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CNR	
  
Consiglio	
  Nazionale	
  delle	
  Ricerche,	
  Italy	
  

4   

CNRS	
  
Centre	
  NaQonal	
  de	
  la	
  Recherche	
  
ScienQfique,	
  France	
  

USTRATH	
  
University	
  of	
  Strathclyde,	
  UK	
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7   

STFC	
  
Science	
  &	
  Technology	
  FaciliQes	
  
Council,	
  UK	
  

8   

9   

UNIMAN	
  
University	
  of	
  Manchester�,	
  UK	
  

10   

ULIV	
  
University	
  of	
  Liverpool�,	
  UK	
  

11   

ENEA	
  
Agenzia	
  nazionale	
  per	
  le	
  nuove	
  tecnologie,	
  
l'energia	
  e	
  lo	
  sviluppo	
  economico	
  sostenibile,	
  
Italy	
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Associated	
  Partners	
  	
  
(as	
  of	
  August	
  2016)	
  

	
  

IST-­‐ID	
  
Associacao	
  do	
  insQtuto	
  superior	
  tecnico	
  para	
  a	
  
invesQgacao	
  e	
  desenvolvimento,	
  	
  Portugal	
  

UHH	
  
Universität	
  Hansestadt	
  Hamburg,	
  Germany	
  

UOXF	
  
University	
  of	
  Oxford,	
  UK	
  
	
  

SOLEIL	
  
Synchrotron	
  SOLEIL	
  -­‐	
  French	
  NaQonal	
  
Synchrotron�,	
  France	
  
	
  

CEA	
  
Commissariat	
  à	
  l'Énergie	
  Atomique	
  et	
  
aux	
  énergies	
  alternaQves,	
  France	
  
	
  

UROM	
  
Sapienza	
  Universita	
  di	
  Roma,	
  Italy	
  
	
  

ICL	
  
Imperial	
  College	
  London,	
  UK	
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JUS	
  Jiao	
  Tong-­‐University	
  Shanghai	
  
TUB	
  Tsingua	
  University	
  Beijing	
  
ELI-­‐B	
  	
  Extreme	
  Light	
  Infrastructure-­‐Beams	
  

PHLAM	
  Lille	
  University	
  

HIJ	
  Helmholtz	
  InsQtute	
  Jena	
  

HZDR	
  Helmholtz-­‐Zentrum	
  Dresden-­‐Rossendorf	
  

LMU	
  Ludwig-­‐Maximilians-­‐Universität	
  München	
  

CERN	
  European	
  OrganizaQon	
  for	
  Nuclear	
  Research	
  

OU	
  Osaka	
  University	
  

RSC	
  RIKEN	
  SPring-­‐8	
  Center	
  

LU	
  Lund	
  University	
  

LBNL	
  Lawrence	
  Berkeley	
  NaQonal	
  Laboratory	
  
UCLA	
  University	
  of	
  California,	
  Los	
  Angeles	
  

WIGNER	
  Wigner	
  Research	
  Centre	
  of	
  the	
  Hungarian	
  Academy	
  of	
  Science	
  

KPSI/JAEA	
  Kansai	
  Photon	
  Science	
  InsQtute,	
  Japan	
  Atomic	
  Energy	
  Agency	
  

CASE	
  Center	
  for	
  Accelerator	
  Science	
  and	
  EducaQon	
  at	
  Stony	
  Brook	
  U	
  &	
  BNL	
  

Status	
  8/2016	
  



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) 



§ Design Studies with at least 3 Countries, 

§ Cost. Schedule?

§ What is the governance model?  

§ What is the intended user community?  

§ Will it be open access?

§ Apply for H2020 preparatory phase (PP)?


~200	
  M€	
  

§ Support will be provided by 
Horizon2020 and MIUR for the 
i m p l e m e n t a t i o n ( P P ) a n d 
o p e r a t i o n o f t h e r e s e a r c h 
infrastructures listed on the ESFRI 
Roadmap and ERIC. 


Officially started on November 1, 2015 
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•  D.	
   Alesini,	
   M.	
   P.	
   Anania,	
   R.	
   Bedogni,	
   M.	
   Bellaveglia,	
   A.	
   Biagioni,	
   F.	
   Bisesto,	
   E.	
   Brentegani,	
   B.	
   Buonomo,	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
P.L.	
   Campana,	
   G.	
   Campogiani,	
   S.	
   Cantarella,	
   F.	
   Cardelli,	
   M.	
   Castellano,	
   E.	
   Chiadroni,	
   R.	
   Cimino,	
   R.	
   ClemenQ,	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
M.	
   Croia,	
   A.	
   Curcio,	
   G.	
   Costa,	
   S.	
   Dabagov,	
   M.	
   Diomede,	
   A.	
   Drago,	
   D.	
   Di	
   Giovenale,	
   G.	
   Di	
   Pirro,	
   A.	
   Esposito,	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
M.	
  Ferrario,	
  F.	
  Filippi,	
  O.	
  Frasciello,	
  A.	
  Gallo,	
  A.	
  Ghigo,	
   	
  A.	
  Giribono,	
  S.	
  Guiducci,	
  S.	
  Incremona,	
  F.	
  Iungo,	
  V.	
  Lollo,	
  	
  	
  
A.	
  Marcelli,	
  A.	
  Marocchino,	
  V.	
  MarQnelli,	
  A.	
  Michelot,	
  C.	
  Milardi,	
  L.	
  Pellegrino,	
  L.	
  PiersanQ,	
  S.	
  Pioli,	
  R.	
  Pompili,	
  	
  	
  	
  
R.	
  Ricci,	
  S.	
  Romeo,	
  U.	
  Rotundo,	
  L.	
  SabbaQni,	
  O.	
  Sans	
  Plannell,	
  J.	
  Scifo,	
  B.	
  Spataro,	
  A.	
  Stecchi,	
  A.	
  Stella,	
  V.	
  Shpakov,	
  	
  	
  	
  	
  	
  
C.	
  Vaccarezza,	
  A.	
  Vannozzi,	
  A.	
  Variola,	
  F.	
  Villa,	
  M.	
  Zobov.	
  	
  

•  INFN	
  -­‐	
  Laboratori	
  Nazionali	
  di	
  FrascaM	
  
•  A.	
  Bacci,	
  F.	
  Broggi,	
  C.	
  Curatolo,	
  I.	
  Debrot,	
  A.	
  R.	
  Rossi,	
  L.	
  Serafini.	
  INFN	
  -­‐	
  Sezione	
  di	
  Milano	
  
•  D.	
  Cirrincione,	
  A.Vacchi.	
  INFN	
  -­‐	
  Sezione	
  di	
  Trieste	
  
•  G.	
  A.	
  P.	
  Cirrone,	
  G.	
  Cuuone,	
  V.	
  Scudieri.	
  INFN	
  -­‐	
  Laboratori	
  Nazionali	
  del	
  Sud	
  
•  M.	
  ArQoli,	
  M.Carpanese,	
  F.Ciocci,	
  D.Dauoli,	
  S.Licciardi,	
  F.Nguyen,	
  S.	
  Pagnut,	
  A.Petralia,	
  E.	
  Sabia.	
  ENEA	
  –	
  FrascaM	
  

and	
  Bologna	
  
•  L.	
  Gizzi,	
  L.	
  Labate.	
  CNR	
  -­‐	
  INO,	
  Pisa	
  
•  R.	
  Corsini,	
  A.	
  Grudiev,	
  N.	
  Catalan	
  Lasheras,	
  A.	
  LaQna,	
  D.	
  Schulte,	
  W.	
  Wuensch.	
  CERN,	
  Geneva	
  
•  C.	
  Andreani,	
  A.	
  Cianchi,	
  G.	
  Festa,V.	
  Minicozzi,	
  S.	
  Morante,	
  R.	
  Senesi,	
  F.	
  Stellato.	
  Universita’	
  degli	
  Studi	
  di	
  Roma	
  

Tor	
  Vergata	
  and	
  Sezione	
  INFN	
  
•  V.	
  Petrillo,	
  M.	
  Rosset.	
  Universita’	
  degli	
  Studi	
  di	
  Milano	
  and	
  Sezione	
  INFN	
  
•  G.	
  Castorina,	
  L.	
  FiccadenQ,	
  S.	
  Lupi,	
  M.	
  Marongiu,	
  F.	
  Mira,	
  A.	
  Mostacci.	
  Universita’	
  degli	
  Studi	
  di	
  Roma	
  Sapienza	
  

and	
  Sezione	
  INFN	
  
•  S.	
  Bartocci,	
  C.	
  Cannaos,	
  M.	
  Faiferri,	
  R.	
  Manca,	
  M.	
  Marini,	
  C.	
  MasQno,	
  D.	
  Polese,	
  F.	
  Pusceddu,	
  E.	
  Turco.	
  Università	
  

degli	
  Studi	
  di	
  Sassari,	
  Dip.	
  di	
  Archite]ura,	
  Design	
  e	
  UrbanisMca	
  ad	
  Alghero	
  
•  M.	
  Coreno,	
  G.	
  D’Auria,	
  S.	
  Di	
  Mitri,	
  L.	
  Giannessi,	
  C.	
  Masciovecchio.	
  	
  ELETTRA	
  Sincrotrone	
  Trieste	
  
•  A.	
  Ricci.	
  RICMASS,	
  Rome	
  InternaMonal	
  Center	
  for	
  Materials	
  Science	
  Superstripes	
  
•  A.	
  Zigler.	
  Hebrew	
  University	
  of	
  Jerusalem	
  	
  	
  	
  	
  	
  	
  J.	
  B.	
  Rosenzweig.	
  University	
  of	
  California	
  Los	
  Aangeles	
  



WG 0 – Project Management 

       0.1 Executive summary 
 
 
 
 
 
 (M. Ferrario)



WG 1 – Electron beam design and optimization

       1.1 Advanced  High Brightness Photo-injector                            (E. Chiadroni)

       1.2 HB Linac technology,  
 
 
 
 
 
(A. Gallo)

       1.3 Linac design and parameters 
 
 
 
            (C. Vaccarezza)

WG 2 – Laser design and optimization

       2.1 FLAME upgrade                                                                            (M. P. Anania)

       2.2 Advanced Laser systems                                                            (L. Gizzi)

WG 3 – Plasma Accelerator

       3.1 PWFA beam line                                                                              (A. Marocchino)

       3.2 LWFA beam line                                                                              (A. R. Rossi)

       3.3 Plasma and Beam Diagnostics
 
 
                          (A. Cianchi)

WG 4 – FEL pilot applications

       4.1 Conventional and  Plasma driven FEL                                      (V. Petrillo)

       4.2 Advanced FEL schemes                                                                (G. Dattoli)

       4.3 Photon beam lines 
 
 
 
 
              (F. Villa)

       4.4 FEL  user applications                                                                 (F. Stellato)

      

WG 5 – Radiation sources and user beam lines

       5.1 Advanced (dielectric) THz source                                             (S. Lupi)

       5.2 Compton source                                                                            (C. Vaccarezza)

       5.3 Secondary Particle Sources                                                        (LNS)?

       5.4 Laser-driven neutron source                                                       (Cianchi)

       5.4 User beam lines 
 
 
 
 (P. Valente)

WG 6 – Low Energy Particle Physics 

       6.1 Advanced positron sources                                                        (A. Variola)

       6.2 Fundamental physics experiments , LabAstro                       (C. Gatti)

       6.3 Plasma driven photon collider
 
 
 
             (L. Serafini)



WG 7 – Infrastructure

       7.1 Civil Engineering and conventional plants                           (U. Rotundo)

       7.2 Control system                                                                               (G. Di Pirro)

       7.3 Radiation Safety                                                                           (A. Esposito)

       7.4 Machine layout


CDR.0 
delivery 
expected 

by 
Autumn
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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




55	
  m	
  
5	
  m	
  13.9	
  m	
  12	
  m	
  8.8	
  m	
  11.3	
  m	
  

Injector	
   Linac	
  1	
   Compressor	
   Linac	
  2	
   Plasma	
  

Accelerator	
  (X-­‐band	
  EU	
  frequency	
  –	
  100	
  Hz?)	
  

•  Injector:	
  	
  
–  Gun+solenoid	
  
–  3x	
  3m	
  s-­‐band	
  sectons	
  

•  Linac	
  1:	
  
–  8x	
  0.5m	
  x-­‐band	
  secQons	
  
– Matching	
  Quads	
  

•  Compressor:	
  	
  
–  2.19°	
  deflecQon	
  

•  Linac	
  2:	
  	
  
–  14x	
  0.5m	
  x-­‐band	
  secQons	
  
–  Matching	
  Quads	
  

•  Plasma:	
  
–  PMQ	
  matching	
  
–  0.6	
  m	
  capillary	
  

8m	
  

62.5	
  m	
  
7.5m	
  

10.5m	
  

RF	
  &	
  power	
  
supplies	
  



 30 pC beam Start To End Simulations 

automaQc	
  cut	
  of	
  parQcles	
  
outside	
  ±4𝜎r	
  region	
  r	
  region	
  

inside	
  the	
  capillary	
  



External Injection (LWFA or PWFA)




FEL driven by LWFA


Growth	
  of	
  the	
  radiaQon	
  	
  
along	
  the	
  undulator	
  

At	
  30	
  m	
  
6.4	
  1011	
  photons	
  
5.2	
  1011	
  photons	
  
3.6	
  1011	
  photons	
  
	
  
	
  
	
  



FEL driven by PWFA

At	
  30	
  m	
  
8	
  1011	
  photons	
  
6	
  1011	
  photons	
  
	
  
	
  
3.5	
  1011	
  photons	
  
	
  
	
  Without	
  ramps	
  

with	
  tapering	
  



FEL driven by PLASMA

  Units 1 GeV PWFA 

with Undulator 
Tapering 

 

1 GeV LWFA 
with Undulator 

Tapering 
 

Bunch charge pC 29 26.5 
Bunch length rms fs 11.5 8.4 

Peak current kA 2.6 3.15 
Rep. rate Hz 10  10  

Rms Energy Spread % 0.73 0.81 
Slice Energy Spread % 0.022 0.015 
Average Rms norm. 

emittance 
µm 0.6 0.47 

Slice norm. emittance µm 0.39-0.309 0.47 
Slice Length µm 1.39 1.34 

    
Radiation wavelength nm 2.79 2.7 

ρ  x 10-3 2 2 
Undulator period cm 1.5 1.5 

K  0.987 1.13 
Undulator length m 30 30 
Saturation power GW 0.850-1.2 1.3 

Energy  µJ 63 63.5 
Photons/pulse  8.8  x 1011 8.6 x 1011 

Bandwidth % 0.35 0.42 
Divergence µrad 49 56 

Rad. size µm 210 160 
Brilliance per shot (s mm2 

mrad2bw
(‰))-1 

0.83 x 1027 1.22 x1027 



FEL driven by X-band only

  Units 1 GeV with X-

band linac only 
100 pC 

 

1 GeV  with X-
band linac only 

200 pC  

Bunch charge pC 100 200 
Bunch length rms fs 38.2 55.6 

Peak current kA 2. 1.788 
Rep. rate Hz 10  10  

    
Rms Energy Spread %  0.1      0.05 
Slice Energy Spread % 0.018 0.02 
Average Rms norm. 

emittance 
µm 0.5 0.5 

Slice norm. emittance µm 0.35-0.24 0.4-0.37 
Slice Length µm 1.25 1.66 

    
Radiation wavelength nm 2.4 (0.52 keV) 2.87(0.42 keV) 

ρ  x 10-3 1.9(1.7) 1.55(1.38) 
Undulator period cm 1.5 1.5 

K  0.987 0.987 
Saturation length m 15-25 16-30 
Saturation power GW 0.361-0.510 0.120-0.330 

Energy  µJ 48-70 64-177 
Photons/pulse  5.9-8.4  x 1011 9.3-25.5 x 1011 

Bandwidth % 0.13-2.8 0.24-0.46 
Divergence µrad 17.5-16 28-27 

Rad. size µm 65-75 120-200 
Brilliance per shot (s mm2 

mrad2bw
(‰))-1 

Fx3.8-2.2 1028 Fx2.5-1.4 1127 



HB photo- injector with Velocity Bunching




X-band Linac 




MODULATOR	
  HALL	
  

LINAC	
  HALL	
  

X-­‐Band	
  LINAC	
  parameters	
  

total	
  acQve	
  length	
  Lt	
   16	
  m	
  

Number	
  of	
  secQons	
  Ns	
   32	
  (4	
  modules	
  x	
  8	
  secQons)	
  
	
  

available	
  RF	
  power	
  
50	
  MW	
  (@klystron	
  output	
  coupler)	
  
40	
  MW	
  (@	
  secQon	
  input	
  couplers)	
  

InjecQon	
  in	
  the	
  plasma	
   InjecQon	
  in	
  the	
  undulator	
   UlQmate	
  

linac	
  energy	
  gain	
  ΔWlinac	
   480	
  MeV	
   910	
  MeV	
   1280	
  MeV	
  

average	
  	
  acc	
  gradient	
  <Eacc>	
   30	
  MV/m	
   57	
  MV/m	
   80	
  MV/m	
  

total	
  required	
  RF	
  power	
  PRF	
   44	
  MW	
   158	
  MW	
   310	
  MW	
  

KLYSTRON	
  

SLED	
  

MODE	
  CONVERTER	
  

CIRCULAR	
  WAVEGUIDE	
  

1	
  klystron	
  x	
  LINAC	
  Module	
  

MODE	
  CONVERTER	
  

KLYSTRON	
  1	
  

SLED	
  

MODE	
  CONVERTER	
  

CIRCULAR	
  WAVEGUIDE	
  

2	
  klystrons	
  x	
  LINAC	
  Module	
  

MODE	
  CONVERTER	
  

KLYSTRON	
  2	
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•  The High Power Laser system




Ti:Sa FLAME laser




Parameters FLAME	
  today FLAME	
  upgrated	
  
Wavelength	
  [nm] 800 800	
  

Bandwidth	
  [nm] 60-­‐80 60-­‐80 

RepeQQon	
  rate	
  [Hz] 10 1-­‐5 
Max	
  energy	
  before	
  
compression	
  [J] 7 20 

Max	
  energy	
  on	
  target	
  [J] 4 13 
Min	
  pulse	
  length	
  [fs] 25 25 
Max	
  power	
  [TW] 250 500 
Contrast	
  raQo 1010 1010 

Parameters	
  of	
  the	
  500	
  TW	
  laser	
  

Comparison	
  between	
  the	
  parameters	
  of	
  the	
  actual	
  FLAME	
  system	
  and	
  the	
  	
  
upgraded	
  FLAME	
  system.	
  



Eupraxia@SPARC_LAB	
  synchronizaMon	
  system	
  

SynchronizaMon	
  system:	
  A	
  fine	
  temporal	
  alignment	
  among	
  all	
  
the	
  relevant	
  sub-­‐system	
  oscillators	
  that	
  guarantees	
  temporal	
  
coherence	
  of	
  their	
  outputs	
  (precision	
  ~10fs)	
  
Tasks:	
  triggers	
  to	
  sub	
  systems	
  (RF	
  pulses,	
  laser	
  amplifiers,	
  BPM,	
  
injecQon/extracQon	
  kickers),	
  event	
  tagging	
  
Layout:	
  1	
  Electrical	
  and	
  1	
  OpQcal	
  Master	
  Oscillator,	
  3	
  RF	
  
extractors,	
  2	
  opQcal	
  link	
  ends	
  (diagnosQcs	
  and	
  users)	
  



Target Normal Sheath Acceleration
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•  The Plasma Accelerator Complex






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 
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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.
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•  The FEL


•  500 MeV by RF Linac + 500 MeV by Plasma

•  1 GeV  by RF Linac only (EuSPARC)




SASE FEL studies
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•  DELTA like undulator 
	
  	
  	
  	
  	
  	
  λu = 1.4 cm, gap g = 5mm, Br = 1.22T. 

 
Undulator tested in two stage SASE-FEL: 
               630nm  to 315 nm 

KYMA Δ undulator:  
designed	
  by	
  ENEA	
  FrascaQ,	
  
constructed	
  by	
  Kyma	
  Trieste,	
  
tested	
  on	
  beam	
  at	
  SPARC_LAB	
  

gap	
  (mm)	
  

SPARC	
  operaQon	
  

=1.4	
  cm	
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•  The User Beam Line




Science with FEL




Photon beam line


Defininig	
  aperture	
  

Monochromator	
  

Spectrometer	
  

Split	
  &	
  delay	
  

Time	
  measurement	
  

Final	
  focus	
  

Auenuators	
  and	
  intensity	
  monitor	
  

Wavefront	
  sensor	
  

Transverse	
  coherence	
  measurement	
  



Coherent	
  Imaging	
  @	
  EuSPARC/EuPRAXA	
  

Condensed-­‐ma]er	
  	
  
High	
  Temperature	
  superconductors	
  
Metal-­‐insulaQng	
  transiQons	
  
Colossal	
  magnetoresistance	
  
phenomena	
  	
  	
  
Ferroelectrics	
  &	
  mulQferroics	
  materials	
  
Skyrmions,	
  spintronics	
  	
  
NanoparQcles	
  and	
  plasma	
  

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

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



The	
  Experimental	
  Endstation	
  

Split&Delay	
  line	
  

Laser	
  table	
  

Sample	
  delivery	
  

Pumps	
  

Time-­‐of-­‐flight	
  
spectrometer	
  

Parameters
 Expected  values

R a d i a 4 o n  
wavelength


2-­‐4  nm  (310-­‐620  
eV)


Photons  per  pulse*
 1-­‐7	
  x	
  1011	
  

P u l s e    l e n g t h  
(FWHM)


10-­‐50  fs


Repe44on  rate
 10-­‐100  Hz

Bandwidth  (FWHM)
 1  eV


A	
  versaMle,	
  state-­‐of-­‐the	
  art,	
  
fully	
  equipped	
  experimental	
  

staMon	
  	
  
(and	
  a	
  transport	
  line)	
  	
  

will	
  be	
  necessary	
  to	
  exploit	
  
the	
  brilliant,	
  ultra-­‐short	
  and	
  

coherent	
  FEL	
  pulses	
  
	
  



EuPRAXIA@SPARC_LAB






EuPRAXIA@SPARC_LAB timeline




EuPRAXIA@SPARC_LAB

•  X-band RF technology implementation, CLIC collaborations

•  Science with short wavelength Free Electron Laser (FEL)

•  Physics with high powerlasers and secondary particle generation 

•  R&D on compact radiation sources for medical applications

•  Detector development for X-ray FEL

•  Science with THz radiation sources

•  Nuclear photonics with γ-rays Compton sources

•  R&D on polarized positron sources

•  Quantum aspects of beam physics, Quantum-FEL development 

•  R&D in accelerator physics and industrial spin – off







Thank for your attention


