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Conventional RF accelerating structures 
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EUROPEAN 
PLASMA RESEARCH 
ACCELERATOR WITH 
EXCELLENCE IN 
APPLICATIONS 
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Horizon2020	
  
Motivations 

PRESENT	
  EXPERIMENTS	
  

Demonstra=ng	
  	
  
100	
  GV/m	
  rou=nely	
  
Demonstra=ng	
  GeV	
  
electron	
  beams	
  
Demonstra=ng	
  basic	
  
quality	
  

EuPRAXIA	
  INFRASTRUCTURE	
  

Engineering	
  a	
  high	
  
quality,	
  compact	
  
plasma	
  accelerator	
  
5	
  GeV	
  electron	
  beam	
  
for	
  the	
  2020’s	
  
DemonstraNng	
  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	
  	
  
applica=ons	
  soon	
  

Courtesy	
  R.	
  Assmann	
  



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

Coordinator:	
  Ralph	
  Assmann	
  (DESY)	
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  Partners	
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  2016)	
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PWFA accelerating field 
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Breakdown limit?




Self-injection 



External-injection 



WD z

w// zw( ) ≤ qd
2 + qw

2

qdqw
w// 0( )

Ud = −qd
2w// 0( )Energy lost by an infinitely short bunch: 

Uw = −qw
2w// 0( )+ qdqww// zw( )Energy change of the second bunch 

Ud +Uw = −qd
2w// 0( ) − qw

2w// 0( )+ qdqww// zw( ) ≤ 0

The sum of the energy exchange by the two bunches must be 
smaller or equal to zero: 

w// zw( ) ≤ 2w// 0( )

This relation has to be true for all values of charges (the w-
potential doesn’t depend on q), also when qd=qw which minimize 
the r.h.s, we obtain: 

Wilson theorem for collinear wake field acceleration 



RT =
E+

E−

RT ≤ 2

The transformer ratio RT is a figure of merit of the accelerating 
field.  
 
According to previous discussion is defined as the ratio 
between the peak accelerating field behind drive bunch and the 
peak decelerating field within drive bunch: 



Beam loading 



Lact =
ΔTd
eE−

=
2ΔTd
eE+

Assuming RT=2 and that the Driver will loose all its energy in the plasma, the 
active length can be defined as: 

ΔTd = eE−Lact

ΔTw = eLactE+ − eLactE−
wThe Witness energy gain is: 

ΔTw = 2 1−
E+
w
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Where the second term on the r.h.s is the energy lost in the plasma by the 
witness itself.  
Substituting the definition of Lact, and using the field scaling                w.r.t 
the charge it results: 
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And the efficiency of the process is given by: 

Energy gain and  efficiency 
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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 
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In progress at SPARC_LAB






High Brightness Photo-Injector 



Velocity bunching concept (RF Compressor) 

If the beam  injected in a long accelerating 
structure at the crossing field phase and it 
is slightly slower than the phase velocity 
of the RF wave ,  it will slip back to 
phases where the field is accelerating,  but 
at the same time it will be chirped and 
compressed. 



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)




  

Laser Pulse Train Generation 

LASER	
  
Crystal	
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UV	
  pulses	
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  ps	
  



Overcompression
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Laser COMB: experimental results


-  M. Ferrario et al., Nucl. Inst. and Meth, A 637 (2011)  
-  A. Mostacci et al., Proc. of IPAC 2011, Spain
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PWFA transverse field 









Energy spread compensation with beam loading 



Courtesy P. Tomassini


Transverse beam dynamics inside the plasma 
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Beam	
  ManipulaNon	
  



Capillary Discharge at SPARC_LAB 



Plasma	
  Source	
  

PH2	
  =	
  10	
  mbar	
  
Total	
  discharge	
  dura=on:	
  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	
  



Active Plasma Lens














Ramps effects on emittance without discharge




velocity of plasma 

Electrodes	
  

Gas	
  flow	
  

Gate:	
  	
  	
  10	
  ns	
  
Delay:	
  1100	
  ns	
  
Area:	
  1000	
  x	
  500	
  pixel	
  	
  

ICCD	
  

In	
  order	
  to	
  see	
  the	
  real	
  expansion	
  
of	
  the	
  plasma	
  we	
  have	
  to	
  mount	
  	
  
the	
  capillary	
  of	
  3	
  cm	
  length	
  so	
  that	
  
we	
  will	
  not	
  see	
  the	
  cuxng	
  due	
  to	
  
the	
  supports	
  	
  

Supports	
  	
  Real	
  gas	
  flow	
  profile	
  

Side	
  view:	
  Front	
  view	
  



velocity of plasma 

Delay:	
  20	
  images	
  separated	
  
by	
  100	
  ns	
  =	
  2	
  µs	
  
Gate:	
  10	
  ns	
  
Area:	
  1000	
  x	
  500	
  pixel	
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Photocathode	
  side:	
  POSITIVE	
  




