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The Cosmotron 

Was a proton synchrotron, (BNL 1953). It 
was the first particle accelerator to impart 
kinetic energy in the range of 3 GeV and 
to allow the extraction of the beam for 
experiments located physically outside the 
accelerator. 

The Globatron 

A man accustomed to dream big: 



Fermi’s Globatron: ~5000 TeV Proton beam 
1954 the ultimate synchrotron 

 
Bmax 2 Tesla  
ρ  8000 km  
170 G$ 
1994  



Globatron mis-dreaming: fixed target è 3 TeV cm 

212 mEECM ≈



Touschek’s Anello Di Accumulazione (ADA) 
1961 the first e+e- Collider 

EECM 2≈



GeV 

Fixed Target equivalent accelerator energy versus year 



“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 
Towards the Planck scale: 1.22×1019 GeV 

  



①  Miniaturization of the accelerating 
structures (~resonant) and beam 
manipulation components


②  Wake Field Acceleration (~transient)

(LWFA, PWFA, DWFA)

HIGH GRADIENT AAC ROAD MAP

•  Power sources
•  Accelerating structures
•  High quality beams



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

BDR = Esurf
30 τ 5 ÷ ω
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'?From x-band experience: 



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

Performance	  summary	  at	  CLIC	  specificaUons	  

BDR = Esurf
30 τ 5



Miniaturization of the accelerating 
structures 







Laser Acceleration 
DLA 



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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Plasma Acceleration 



Horizon2020	  

Plasma Accelerator Research Infrastructure 
More than the Plasma Accelerator 

•  In a circular accelerator facility:  
 

    

•  In a linear accelerator facility:  
 

    
 

•  Highly developed (and expensive) systems for generation/bending/
focusing/diagnostics/correction/collimation/control of particle beams: 
–  Accelerator facilities would not provide interesting performance without these 

systems. 

–  For plasma accelerators not at addressed yet, due to focus on acceleration 
highlights and lack of budget 



Beam	  Manipula2on	  



Beam	  Manipula2on	  



Fr = ec
µoIc
2πRc

2

!

"
#

$

%
&r = ec 'Bϑ r

Kcap

γ
=
e !Bϑ
γmc

=
2Ic
γ IARc

2



Capillary Discharge 













•  Second	  Run:	  1	  cm	  long,	  1	  mm	  diameter,	  fully	  3D	  
printed	  capillary	  (ongoing)	  



Electron	  beam	  parameters	  
50	  pC	  (at	  the	  cathode)	  
85%	  transmission	  through	  the	  capillary	  
126	  MeV	  (0.3‰	  energy	  spread)	  
1	  ps	  rms	  bunch	  length	  



Head-tail instability induced by dielectric wakefield  

RF  Deflector on Longitudinal phase space 
On crest 	  
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The tail is moving with respect to the head Induced energy spread 
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Gridded electrostatic ion thrusters 
 

Possible discharge capillary rocket instability !? 



Beam	  Manipula2on	  



Beam	  Manipula2on	  



Beam	  Manipula2on	  



Longitudinal	  Beam	  Manipula2on	  



Longitudinal	  Beam	  Manipula2on	  



Longitudinal	  Beam	  Manipula2on	  



Longitudinal	  Beam	  Manipula2on	  





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



Thank you for your attention

The dawn of a new accelerator technology


