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SPARC_LAB Welcomes:



•  Prof. Arie Zigler (Hebrew University of Jerusalem) 1 year sabbatical

•  Prof. Jamie Rosenzweig (UCLA) 7 months sabbatical

•  Dr. Weiwei Li, PhD student from University of Science and Technology of 
China, 15 momths 

•  Dr. Alex Brynes, post doc from STFC, 3 months

•  3 new PhD students form University of Roma

•  Dr. H. Fares, Physics Dep., Assiut Univ., Egypt. , 2 years





HB photo- injector with Velocity Bunching



Free Electron Laser



Thomson back-scattering source





Recent exciting results at 
FACET & BELLA



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).	  









Injection, Extraction & Matching 



Courtesy P. Tomassini
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•   Energy  350 MeV 
•   Beam divergence  1 mrad 
•   Energy spread  1% 
•   Beam spot-size 1 µm 
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Beam transport line simulated with TSTEP 

Beam transport line based on a  
triplet-lattice. 
Beam parameters are: 
•   Energy  350 MeV 
•   Beam divergence  1 mrad 
•   Energy spread  1% 
•   Beam spot-size 1 µm 
 
 

Keeping the beam size under  
control is possible, but normalized  
emittance grows throughout the  
beamline.   

G=265 T/m 
L=5cm 

G=-295 T/m 
L=5cm 

G=142 T/m 
L=5cm 
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Beam Driven Plasma Wake 
Field Acceleration



Litos, M. et al. High-efficiency acceleration of an 
electron beamin a plasma wakefield accelerator. 
Nature 515, 92–95 (2014).
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In progress at SPARC_LAB

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



Quasi-‐nonlinear	  regime	  of	  PWFA	  

Condition for blowout:   nb
np
>1

  

A measure of nonlinearity is the normalized charge: 

!Q ≡
Nbkp

3

np
= 4πkpreNb

<<1,    linear regime
>1,  nonlinear "blowout".    
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Q <1

Using low emittance, high brightness beams, can achieve: 
nb
np
>1

These	  condiIons	  define	  the	  quasi-‐nonlinear	  regime	  	  



MulIpulse	  PWFA	  operaIon	  in	  quasi-‐
nonlinear	  regime	  

•  Resonance	  works	  well	  (at	  λp!)	  
•  SPARC	  (INFN-‐LNF)	  example	  gives	  3	  GV/m	  

–  Original	  example!	  	  

Example: 
# pulses=4 
Nb=1E8 
ne=3E16 cm-3 

λp=190 µm 
Q~

1=0.117 





Ramped Bunch Train è longer active length 
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Using same ATF pulse train format as before, we can change 
n0 such that the λ = 1.5 λp i.e.  n0 =1.0×10

16cm−3

To simulate ramp, total charge is kept fixed but redistributed: 
Q1 =

1
3
Q0 Q2 =Q0 Q3 =

5
3
Q0 Q0 = 30pCwith 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
!5."108
!4."108
!3."108
!2."108
!1."108

0.
1."108
2."108
3."108
4."108
5."108

!50.
!40.
!30.
!20.
!10.
0.
10.
20.
30.
40.
50.

z (mm) 

Decelerating field the same inside each bunch 
Transformer ratio increased to ~4 for three pulse train 

Resonant	  approach:	  ramped	  bunch	  train	  



Laser Comb technique: 
generation of a train of short bunches

- P.O.Shea et al., Proc. of 2001 IEEE PAC, Chicago, USA (2001) p.704. (Low charge regime only) 
- M. Ferrario. M. Boscolo et al., Int. J. of Mod. Phys. B, 2006 (High charge, Beam Echo)



Overcompression



CPA	  
Ti:Sapphire	  +	  
harm.	  gen.	  

PBS	  HWP	  

αBBOs	  

Motorized	  stage	  

PBS	  

half	  drivers	  energy	  

to	  the	  photocathode	  

Energy	  parIIon	  

Variable	  delay	  	  
witness	  

Periodic	  mulIbunch	  
drivers	  

HWP	  

Driving and witness bunches generation

Courtesy F. Villa



• rms spot: 33 um (driver 1 and driver 2), 13 um (witness) 

• Plasma input beam 

• 2x50 pc +1x25pC 

• rms emittance: 2 um (driver 1), 1.6 um (driver 2), 1.2 um (witness)

• rms length: 31 um (driver 1), 55 um (driver 2), 7.4 um (witness)
Courtesy R. Pompili











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



COMB interaction chamber delivered in 
July 2014�

Dedicated plasma lab needed

Courtesy M. P. Anania





Laser Driven Plasma Wake 
Field Acceleration









System	  upgrade	  

SPARC	  HALL	  

FLAME	  AREA	  

PC	  laser	  
Oscillator	  
79.33MHz	  

OMO	  
79.33MHz	  

FLAME	  oscillator	  
79.33MHz	  

RF	  reference	  
2856MHz	  

•  OpIcal	  reference	  	  
•  RF	  reference	  will	  be	  subsItuted	  by	  
fiber	  opIcal	  oscillator	  

•  Fiber	  laser	  OMO	  (OpIcal	  Master	  
Oscillator)	  installed	  and	  tested	  

•  Systems	  locked	  through	  high	  
resoluIon	  opIcal	  phase	  monitors	  
(cross-‐correlators	  in	  house	  and	  
ready	  to	  be	  tested)	  

•  Fiber	  link	  stabilizaIon	  is	  ongoing	  
(order	  placed)	  	  to	  distribute	  the	  
reference	  signal	  	  

•  FLAME	  laser	  VS	  electrons	  esPmated	  
Pme	  jiRer	  <50fsRMS	  	  







Laser Driven planning



Advanced Diagnostics













The SPARC_LAB future?



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



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	  

ApplicaIons“	  (EuPRAXIA)	  	  
Submiked	  to	  HORIZON	  2020	  INFRADEV,	  4	  years,	  3	  M€	  




