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“How to advance?” 
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Modern accelerators require high quality beams:   
==>     High Luminosity & High Brightness
==>     High Energy & Low Energy Spread  

– Small spot size => low emittance

– N of particles per pulse => 109

– High rep. rate fr=>  bunch trains

– Little spread in transverse 
momentum and angle => low emittance

– Short pulse (ps to fs)



High	  Gradient	  Op<ons	  

•  RF	  accelera<ng	  structures,	  from	  X-‐band	  
to	  K-‐band	  =>	  100	  MV/m	  <	  Eacc<	  1	  GV/m	  

	  

•  Dielectrict	   structures,	   laser	   or	   par<cle	  
driven	  =>	  1	  GV/m	  <	  Eacc	  <	  5	  GV/m	  

	  
•  Plasma	   accelerator,	   laser	   or	   par<cle	  

driven	  	  =>	  1	  GV/m	  <	  Eacc	  <	  100	  GV/m	  
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RF Acceleration 
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Taking into account the boundary conditions the accelerating 
component of the field becomes:
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Conventional RF accelerating structures 





High field ->Short wavelength->ultra-short bunches-> low charge 



Walter	  Wuensch,	  CERN	  LINAC16,	  East	  Lansing,	  27	  September	  2016	  

X-‐band	  RF	  structures	  best	  performances	  	  



EU Design Study Approved
3 years – 3 MEuro 

Coordinator: G. D’Auria (Elettra)
Focus on X-band technology



output	  horn	  

electron	  	  
beam	  

RF	  out	  

M.	  Dal	  Forno,	  V-‐	  Dolgashev	  et	  al.	  (SLAC)	  –	  INFN/LNF	  
Eacc	  =	  300	  MV/m	   Esup	  =	  1.5	  GV/m	  

First	  110	  GHz	  Open	  Structure	   PRST	  –	  AB	  (4	  papers)	  

High-‐	  Gradient	  AcceleraSon	  structure	  at	  110	  GHz	  at	  MIT	  

Accelera'ng  Structure

π-‐mode	  

Moving Forward to Test @ MIT, Target 1 MW - 
Eacc > 400 MeV/m 

Split-‐Cell	  Structure	  with	  Mode	  
Converter	  and	  CaviSes	  

E.	  Nanni	  –	  V	  Dolgachev	  et	  al.	  (SLAC)	  –	  
INFN/LNF	  



Direct Laser Acceleration 
DLA 



Laser based dielectric accelerator 





Dielectric Photonic Structure 

�  Why photonic structures?  
�  Natural in dielectric  

�  Advantages of  burgeoning field  
�  design possibilities 

�  Fabrication 

�  Dynamics concerns 

�  External coupling schemes 

Biharmonic ~2D structure 

e-beam 

Laser pulses 
180 degrees  
out of  phase 

Schematic of  GALAXIE 
monolithic photonic DLA 



Laser-Structure Coupling: TW 
GALAXIE Dual laser drive structure, large reservoir of  power recycles  

e-beam 

Laser pulses 
(180 degrees  
out of  phase) 



Dielectric Wakefield Acceleration 
DWA 



Dielectric Wakefield Accelerator 





Plasma Wakefield Acceleration 





Surface charge density Surface electric field

Restoring force

Plasma frequency

Plasma oscillations





Horizon2020	  

Plasma Wake-Acceleration 
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Plasma Wake-Acceleration 
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Plasma Wake-Acceleration 



Horizon2020	  

Plasma Wake-Acceleration 



Courtesy C. Schroeder





Breakdown limit?



positrons 

What about positrons?



Laser Driven 
LWFA 



 Laser beam 

Electron beam 

1 mm 

 Direct production of e-beam 



Diffraction - Self injection - Dephasing – Depletion  



























Active Plasma Lens





Beam Driven 
PWFA 



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	   beam	   in	   a	   plasma	   wakefield	   accelerator.	  
Nature	  515,	  92–95	  (2014).	  

















•  Mean energy of 800 ± 40 MeV, => Eacc~150 MV/m
•  FWHM of 137.3 ± 13.7 MeV =>  Spread >10% 
•  Total charge of 0.249 ± 0.074 pC => Low charge transmission

Experimental Results





The near future 



Horizon	  2020	  
Worldwide	  effort	  towards	  high	  quality	  plasma	  beams	  
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Future	  of	  Accelerators	  

R.	  Assmann,	  EAAC	  2015,	  9/2015	  

ILC Technical Design exists 
          Waiting funding decision 

FCC 
Conceptual 
Design started 

ESS 

E-XFEL 

LHeC ERL SuperKEKb 

FAIR 

LHC HiLumi 

Hadron acc. project 

Hadron acc. proposal 

Lepton acc. project 

Lepton acc. proposal 

SwissFEL 

LBNL LWFA 2014 

muons 



Horizon	  2020	  
Quality:	  Example	  Energy	  Spread	  

M.	  Migliora<	  et	  al,	  Physical	  Review	  Special	  Topics,Accelerators	  and	  Beams	  16,	  011302	  (2013)	  
K.	  Floejmann,	  PRSTAB,6,	  034202	  (2003)	   69	  

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	  innova<on	  programme	  under	  grant	  agreement	  No	  653782.	   hpp://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	  

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	  
DemonstraSng	  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@SPARC_LABEuPRAXIA@SPARC_LAB

RF	  power	  modules	  	  

1	  GeV	  LINAC	  

Beam	  user	  areas	  

FEL	  user	  area	  @3nm	  

Undulators	  

Plasma	  module	  

0.5	  PW	  Laser	  

Secondary	  	  
Sources	  

http://www.lnf.infn.it/sis/preprint/pdf/getfile.php?filename=INFN-18-03-LNF.pdf



•  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

132	  m	  

24	  m	  
55	  m	   40	  m	  

31	  m	  

32	  m	  

12	  m	  

6	  m	  

52	  m	  



SPARC_LAB is the test and training facility at 
LNF for Advanced Accelerator Developments 
(since 2005) 



External Injection 
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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	  



Decelera<on	  test	  -‐	  July	  2018	  

Eacc=300	  MV/m	  

Edec=200	  MV/m	  











•  Accelerator-based High Energy Physics will at some point become practically limited by the 
size and cost of the proposed e+e- colliders for the energy frontier. 

•  Plasma-based acceleration techniques have demonstrated accelerating gradients up to 3 
orders of magnitudes beyond presently used RF technologies. 

•  Plasma-based, ultra-high gradient accelerators therefore open the realistic 
vision of very compact accelerators for scientific, commercial and medical 
applications. 

•  The R&D now concentrates on beam quality, stability, staging and continuous 
operation. These are necessary steps towards various technological applications.  

•  The progress in advanced accelerators benefits from strong synergy with general advances 
in technology, for example in the laser and/or high gradient RF structures industry. 

•  A major milestone is an operational, 1 GeV compact accelerator. Challenges 
in repetition rate and stability must be addressed. This unit could become a 
stage in a high-energy accelerator..è PILOT FACILITY Needed 

•  An increased support from Particle Physics will foster the R&D on advanced acceleration 
techniques and will provide important help and guidance. 

•  Ultra-high gradient plasma accelerators should be recognized as essential 
inter-disciplinary R&D towards future e+e- colliders for HEP. 

Conclusions 
(Statement from the European Network for Novel Accelerators (EuroNNAc)) 
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