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Future scenarios

Consolidation: on going, ~3 years,~ 4 M€ allocated

•  FLAME maintenance

•  Injector upgrade (C-band, X-band)

•  THz user beam line upgrade

•  Thomson and Plasma beam lines final commissioning

•  FEL new undulator  


Test Facility


Upgrade: proposed, ~5 years

•  Infrastructure extension 4 M€

•  Linac upgrade ~1 GeV (C-X-band, multibunch) 9 M€

•  THz, X-ray Compton and FEL user facility ) 11 M€

•  Advanced FEL schemes (oscillator?) 7 M€

•  FLAME upgrade towards 1 PW 10 M€

•  Positron production and plasma acceleration 2 M€

•  AND RELIABILITY !!!!


User Facility


European Facility, ~10 years, ~200 M€  

•  Plasma based FEL Pilot User Facility

•  Plasma based HEP beam line

•   (Photon-Photon Collider?)


European Facility
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SPARC_EU_LAB?	
  

§ Design Studies with at least 3 Countries, 

§ Cost. Schedule, Siting?

§ 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. 


Design	
  Study	
  on	
  the	
  	
  
“European	
  Plasma	
  Research	
  Accelerator	
  	
  with	
  eXcellence	
  In	
  

ApplicaKons“	
  (EuPRAXIA)	
  	
  
SubmiOed	
  to	
  HORIZON	
  2020	
  INFRADEV,	
  4	
  years,	
  3	
  M€	
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Plasma	
  based	
  electron	
  accelerators	
  have	
  reached	
  high	
  gradient	
  (~	
  50	
  GV/m)	
  
with	
  good	
  electron	
  beam	
  quality	
  è	
   Is	
  @me	
  to	
  think	
  about	
  a	
  Plasma	
  based	
  
pilot	
  user	
  facility	
  
	
  
EuPRAXIA	
  goal	
   is	
   to	
  produce	
  a	
  conceptual	
  design	
  report	
   for	
   the	
  worldwide	
  
first	
  plasma-­‐based	
  accelerator	
  user	
  	
  facility	
  at	
  5	
  GeV	
  

•  The	
   technical	
   focus	
   is	
   on	
   designing	
   accelerator	
   and	
   laser	
   systems	
   for	
   improving	
   the	
   quality	
   of	
  
plasma-­‐accelerated	
   beams,	
   similar	
   to	
   the	
   methods	
   used	
   in	
   convenKonal	
   accelerators.	
   These	
  
methods	
  require	
  significant	
  space	
  and	
  investment.	
  

•  The	
   scienKfic	
   focus	
   is	
  on	
  developing	
  beam	
  parameters,	
   two	
  user	
  areas	
  and	
   the	
  use	
   cases	
   for	
  a	
  
femto-­‐second	
  Free	
  Electron	
  Laser	
  (FEL)	
  and	
  High	
  Energy	
  Physics	
  (HEP)	
  detector	
  science.	
  

•  The	
  managerial	
  focus	
  is	
  on	
  developing	
  an	
  implementaKon	
  model	
  for	
  a	
  common	
  European	
  plasma	
  
accelerator.	
  This	
  includes	
  a	
  compara@ve	
  study	
  of	
  possible	
  sites	
  in	
  Europe,	
  a	
  cost	
  esKmate	
  and	
  a	
  
model	
  for	
  distributed	
  construcKon	
  in	
  Europe	
  and	
  installaKon	
  at	
  one	
  central	
  site.	
  

	
  

An upgraded (1 GeV, 1 PW) SPARC_LAB facility could be a 
strong candidate for the EuPRAXIA site 



10/11/14	
  

4	
  

EuPRAXIA	
  Par@cipants	
  

EuPRAXIA	
  WPs	
  and	
  	
  SPARC_LAB	
  responsibiliKes	
  	
  
(leaders	
  or	
  deputy	
  leaders)	
  

L.	
  Gizzi	
  

E.	
  Chiadroni	
  

G.	
  DaOoli	
  

M.	
  Ferrario	
  

A.	
  Mostacci	
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A	
  commercially	
  available	
  1	
  PW	
  Ti:	
  Sa	
  laser	
  laser	
  driver	
  or	
  a	
  high	
  brightness	
  1	
  GeV	
  electron	
  beam	
  linac	
  
could	
  be	
  adequate	
  drivers	
  for	
  the	
  EUPRAXIA	
  plasma	
  accelerator.	
  	
  
	
  
The	
  foreseen	
  	
  parameters	
  give	
  access	
  to:	
  
(1)  to	
  an	
  FEL	
  in	
  the	
  EUV	
  to	
  X-­‐ray	
  regime	
  (1	
  –	
  15	
  nm)	
  and	
  	
  
(2)	
   to	
   short	
   electron	
   pulses	
   with	
   high	
   brightness	
   for	
   HEP	
   detector	
   tests,	
  material	
   tests	
   and	
   other	
  
applicaKons.	
  	
  

Posi@oning	
  of	
  the	
  Project	
  
The	
  EuPRAXIA	
  project	
  will	
  bridge	
  the	
  gap	
  between	
  successful	
  proof-­‐of-­‐principle	
  experiments	
  (today)	
  
and	
  a	
  reliable	
  technology	
  with	
  many	
  applica@ons	
  (end	
  of	
  the	
  2020’s).	
   It	
  should	
  be	
  considered	
  as	
  a	
  
ground-­‐breaking,	
   full-­‐scale	
   demonstraKon	
   facility	
   with	
   pilot	
   users	
   and	
   unique	
   ultra-­‐fast	
   science	
  
features.	
  EuPRAXIA	
  would	
  solve	
  several	
   technical	
   shortcomings	
  with	
  known	
  soluKons	
  and	
  prove	
  the	
  
potenKal	
   of	
   plasma	
   accelerators	
   for	
   users.	
   It	
   would	
   establish	
   the	
   basis	
   for	
   applicaKons	
   in	
   industry,	
  
medicine,	
  photon	
  science	
  and	
  HEP.	
  
	
  



10/11/14	
  

6	
  

Current status of Plasma Accelerators 

High quality beam Plasma Acceleration?
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Self Injection: 

spectrum of the accelerated electrons
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SubmiOed	
  to	
  HORIZON	
  2020	
  FET	
  (AOX,	
  F.	
  Boscherini,	
  G.	
  Gaj,	
  L.	
  Gizzi)	
  

	

γ-RESIST 

Laser (scattering) Laser (main) LWFA electrons 

Inverse Compton scattering of of self-injected, LWFA sub-GeV electrons1,2  

γ-rays 

Exp’ed: 2E8 photons/shot 

Photons at screen: image and spectrum 

PIC (Jasmine) 
self-injection 

on a 4 mm 
gas–jet 

Montecarlo TSST: 
expected angular 
and spectral 
distribution 

SIM
U

LA
TIO

N
S 

e- bunch 

γ-photons 

Measured bunch 
fully established 

July 2013 run: 
monoenergetic+ 

low emittance 

First measured (July 
2013) γ-ray signal: low 
S/N ratio. 
Higher shielding,  
collision stability and 
laser beam energy 
needed 

NaI Crystal array 
Divergence 

Energy 

EX
PERIM

EN
T 

e- bunch 

γ-photons 
1L.A. Gizzi et al., NIM B 309, 202-209 (2013);2T. Levato et al., NIMA A720, 95-99 (2013) 3P. Tomassini et al., Appl. Phys. B 80, 
419-436 (2005) 
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Blumenfeld,	
  I.	
  et	
  al.	
  Energy	
  doubling	
  of	
  42	
  GeV	
  electrons	
  
in	
   a	
   metre-­‐scale	
   plasma	
   wakefield	
   accelerator.	
   Nature	
  
445,	
  741–744	
  (2007).	
  

Litos,	
  M.	
  et	
  al.	
  High-­‐efficiency	
  accelera@on	
  of	
  an	
  electron	
  
beamin	
  a	
  plasma	
  wakefield	
  accelerator.	
  Nature	
  515,	
  92–
95	
  (2014).	
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Positrons and Hollow Channel Plasma 
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Laser Profile for J5 Bessel Focus 

•  The physics of accelerating positrons 
in a plasma is different than that of 
electrons! 

•  Hollow channel plasmas might be a 
viable method for accelerating 
positrons in a plasma.  

•  A special optic called a kinoform is 
used to create a hollow channel 
plasma. 

     
Positrons plasma acceleration is a crucial step towards a plasma based linear 

collider. FACET hosts the only active research on positron PWFA.  

200 µm 
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The Path towards a Plasma based Linear Collider  
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Plasma Based Photon-Photon Linear Collider 
demonstration? 

The vacuum of QED poses some still unsolved challenges which are central not only in the context 
of field theory, but also of super-symmetry and string theory as well. The elastic photon-photon 
scattering offers unique opportunities to probe the nature of QED vacuum. We propose an 
experiment to observe photon-photon scattering in the range 1 MeV – 2 MeV CM energy, i.e., near 
the peak of the QED cross-section. In addition a low-energy photon-photon collider investigation 
could lead to the necessary technology developments and prepare the ground for a higher energy 
complex, while still providing a rich testing ground for QED, and, more generally, QFT. 

The most striking failing of QFT is the huge mismatch between the measured energy density of vacuum 
and the energy density of the ground level of the fundamental fields which is wrong by something like 
120 orders of magnitude.  

a photon-photon scattering experiment with photon energies in the 0.5-0.8 MeV range – where the 
cross-section is reasonably large, would be an important test of our understanding of the QED 
vacuum.  
This experiment needs a low-energy photon-photon collider, and a photon detection apparatus which 
is very similar to that current PET scanners 
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K. Homma and K. Nakajima	



Plasma	
  	
   Plasma	
  	
  

Back-­‐scat	
   Back-­‐scat	
  

Collisions	
  

Photon	
  –	
  Photon	
  Collider	
  	
  
A	
  Possible	
  New	
  ConfiguraKon	
  at	
  SPARC_LAB?	
  	
  

200	
  MeV,	
  800	
  nm	
  =>	
  ~1	
  MeV	
  

Colliding 2 gamma-ray 0.5 - 1 MeV beams, carrying 109 photons per pulse at 10 Hz rep rate, 
with focal spot size at the collision point of about 2 µm, we achieve: LSC=2.1025, cross section = 
1 µbarn, events/s=2.10-5, events/day=1.8, 0.1 nanobarn-1 accumulated after 3.2 months of 5/24 
machine running.	
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Fundam. and Quantum Physics with Lasers, LNF, Oct. 23rd 2014	



a) 200 MeV/m peak cathode field of X-Band SLAC RF Photo-Injector 
(recently proven)	



b) 100 MeV/m SLAC (Tantawi/Spataro) new X-band RF cavities 
(recently demonstrated)	



c) 1 J Yb:Yag 100 Hz collision laser (0.8 J expected at ELI-NP-GBS)	



1)   Electron beam operation in single bunch – focusability to 3 micron 
spot size at Compton Interaction Point	



2)   Pointing stability at 2 Compton Sources	


3)   Deflection of counter-propagating electron bunches to avoid 	


	

e-/e- interactions	



Fundam. and Quantum Physics with Lasers, LNF, Oct. 23rd 2014	

 D. Palmer, G. Diraddo	



Colliding 2 gamma-ray 0.5 MeV beams, carrying 109 photons per pulse at 100 Hz rep rate, with 
focal spot size at the collision point of about 2 µm, we achieve: LSC=2.1026, cross section = 1 
µbarn, events/s=2.10-4, events/day=18, 1 nanobarn-1 accumulated after 3.2 months of 5/24 
machine running.	
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An upgraded (1 GeV, 1 PW) SPARC_LAB facility could be a 
strong candidate for the EuPRAXIA site 

INFRASTRUCTURE EXTENSION AND LINAC ENERGY UPGRADE TOWARDS 1 GeV 
•  Multi bunch operation 
 
ADVANCED ACCELERAROR CONCEPTS 
•  High quality electron beam from plasma to drive a compact FEL source 
•  Test of palsma accelerator staging    
•  Positron acceleration in a plasma: a demonstrative experiment  
•  Low emittance Positron Source  (Channelling – Compton) 
 
X-RAYS THOMSON SOURCE BEAM LINE UPGRADE  
•  Low-medium energy, ultra fast X-ray microscope (>10keV) 
•  Optimizing chemotherapy through quasi-monochromatic radiation (30-100keV)  
•  Breast CT with quasi-monochromatic and spatially coherent source (30-100 keV)  
•  High energy applications (>500 keV) 
 
FEL BEAM LINE UPGRADE  
•  FEL oscillator, intra-cavity Compton, short Period Undulators 
•  Low energy beam lines 5–35 eV (250 - 35 nm) 
•  High energy beamline ~10 keV 
 
THz RADIATION SOURCE UPGRADE 
•  Dedicated undulator 
 
FLAME LASER UPGRADE  TOWARDS 1 PW 
•  Electron acceleration with self-injection beyond the GeV; 
•  QED and generation of high energy radiation; 
•  Proton and ion acceleration beyond the TNSA regime. 
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Litos, M. et al. High-efficiency acceleration of an 
electron beamin a plasma wakefield accelerator. 
Nature 515, 92–95 (2014).


4-pulses-time-structure 

ti
m

e

orizontal dim


In progress also at SPARC_LAB


Submitted to HORIZON 2020 FET, (ELBA, M. Ferrario, E. Chiadroni, A. Cianchi)
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output	
  horn	
  

10	
  
cm
	
  

100	
  GHz	
  Accelera@ng	
  structure	
  	
  (schema@c	
  half	
  cross	
  sec@on)	
  	
  
	
  

High	
  power	
  tests	
  will	
  be	
  carried	
  out	
  at	
  SLAC	
  within	
  two	
  or	
  three	
  months	
  

The	
  goal	
  is	
  to	
  get	
  some	
  GV/m	
  

In	
  addi@on	
  the	
  fabrica@on	
  of	
  a	
  couple	
  of	
  235	
  GHz	
  structures	
  	
  is	
  in	
  progress,	
  too	
  

Courtesy	
  B.	
  Spataro	
  

FLAME at present 
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FLAME Upgrade 

FLAME Upgrade 
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FLAME Upgrade 

Current SPARC_LAB Plasma activities 
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Seminario	
  @	
  Roma	
  Tre,	
  15/01/2013	
  

5	
  
cm

	
  

Il	
  laser	
  FLAME	
  

2	
  m	
  

4	
  m
	
  

Target	
  Area	
  

Compressor	
  	
  
vacuum	
  chamber	
  

InteracKon	
  
vacuum	
  	
  
chamber	
  

Main	
  beam	
  (>250	
  TW)	
  
Vacuum	
  transport	
  line	
  

Beam	
  transport	
  to	
  
sparc	
  bunker	
  

RadiaKon	
  
protecKon	
  walls	
  

Seminario	
  @	
  Roma	
  Tre,	
  15/01/2013	
  

EsperimenK	
  di	
  auto-­‐iniezione	
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A FEL driven by Plasma Accelerator at SPARC_LAB? 

Sezione	
  Banda	
  C	
  

Gruppo	
  Pompe	
  Vuoto	
  

Permanent	
  magnet	
  
actuator	
  

YAG/OTR/EOS	
  crystal	
  
actuator	
  

Camera	
  interazione	
  e	
  
Sistemi	
  ancillari	
  di	
  
pompaggio	
  e	
  iniezione	
  
gas	
  

YAG/OTR	
  actuator	
  

COMB plasma interaction chamber
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COMB interaction chamber
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Interaction Layout 

Enrica Chiadroni (INFN - LNF) 56 

e-beam 

EOS chamber 

Courtesy of R. Sorchetti 

Interaction chamber 

Gas: Hydrogen 
 
Gas cell and/or capillary 

Considerations

•  A facility based on the unique combination of high brightness 

electron beams with high intensity ultra-short laser pulses 
will be soon available for the entire accelerator community, 
such to allow the investigation of all the different 
configurations of plasma accelerator and the development of a 
wide spectrum inter-disciplinary leading-edge research 
activity 


•  The ongoing SPARC_LAB activities are being studied in 
several other laboratories, including SLAC, DESY, CERN and 
KEK with equally or even more ambitious research programs. 


•  Therefore the time factor becomes very important to remain 
at the research frontier and to produce results with high-
impact on the international scientific community. 
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Grazie 

Long	
  term	
  impact	
  
	
  
•  Impact	
  on	
  CLIC-­‐like	
  Linear	
  Collider	
  schemes	
  from	
  the	
  Higgs	
  energy	
  up	
  to	
  

TeV	
  range	
  	
  
	
  
•  Impact	
  on	
   collision	
   energy	
   upgrade	
   of	
   the	
   future	
   Interna@onal	
   Linear	
  

Colliders	
  (ILC)	
  to	
  several	
  tens	
  of	
  TeV.	
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