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Globatron: 5000 TeV, 170 B$, fixed target 3 TeV c.m. 
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ADA: (Anello Di Accumulazione), 1961-1964 
the first e+e- Collider 





“The Universe in a Nutshell”, by Stephen William Hawking, Bantam, 2001 

Without further novel technology, we will eventually need an 
accelerator as large as Hawking expected.  

Hawking: the Solartron 



Accelerator on a Chip? 







①  Miniaturization of the accelerating 
structures (~resonant)




②  Wake Field Acceleration (~transient)

(LWFA, PWFA, DWFA)


HIGH GRADIENT AAC ROAD MAP


•  Power sources

•  Accelerating structures

•  High quality beams
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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)
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Conventional RF accelerating structures 





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



Miniaturization of the accelerating 
structures 





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) 



5th Gen Light Source: A Table-top X-ray FEL 

All EM system with GV/m fields 

<2 m EM undulator 
 (λ=100 um) 

<2 m 800 MeV Dielectric   
Laser Accelerator (DLA) 

Ultra-high brightness 
electron source 

Long wavelength 
(5 um) laser source 

GALAXIE: GV-per-meter AcceLerator And 
X-ray-source Integrated Experiment  

Many interconnected physics challenges 

40 keV quantum 
SASE FEL 
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Wake Field Acceleration 1 
Laser Driven 

LWFA 



Breakdown limit?






 Laser beam 

Electron beam 

1 mm 

 Direct production of e-beam 



300 µm 





































Protons and Ions? 





Wake Field Acceleration 2 
Beam Driven 

PWFA 
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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 









ILC – International Linear Collider 





Dielectric Wakefield Accelerator 

§  Electron bunch (β ≈ 1) drives wake in 
cylindrical dielectric structure 

§ Dependent on structure properties 
§  Generally multi-mode excitation 

§   Wakefields accelerate trailing bunch 
§  Mode wavelengths (quasi-optical
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§   Design Parameters
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Extremely good  
beam needed 
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§ Transformer ratio (unshaped beam)









①  High Gradient – Low e- Beam Quality



②  High e+e- Beam Quality – Low Gradient


③  High e+e- Beam Quality - High Gradient 


3 Steps towards a reliable  PWA




Moving	
  towards	
  a	
  European	
  
Plasma	
  Acc.	
  in	
  the	
  2020’s	
  

R.	
  Assmann,	
  EAAC	
  2015,	
  9/2015	
  

Invited to prepare contract at end of July 2015 à Excellent 
signal from European Commission – Research and Innovation  





EuPRAXIA Research Infrastructure 
Goal Parameters 

R. Assmann, EAAC 2015, 9/2015 



Conclusions
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