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Fermi’s Globatron: ~5000 TeV Proton beam 
1954 the ultimate synchrotron 
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Touschek’s Anello Di Accumulazione (ADA) 
1961 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 
Towards the Planck scale 



Accelerator on a Chip? 



SLAC Now and Tomorrow? 



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)



Conventional RF accelerating structures 





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



Miniaturization of the accelerating 
structures 





Direct Laser Acceleration 
DLA 



Accelerator on a Chip? 







Accelerator on a Chip 



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) 



Plasma Acceleration 



Surface charge density Surface electric field

Restoring force

Plasma frequency

Plasma oscillations



Breakdown limit?







Plasma	  Source	  

PH2	  =	  10	  mbar	  
Total	  discharge	  duraIon:	  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	  



Capillary Discharge 



SPARC_LAB Plasma Vacuum Chamber 

 

EOS THz 

e- 

NO  impedenze 
(eliminate venerdì 15 apr.) 

NO  impedenze 
2 impedenze 
(diam. 6 mm) difficili da estrarre 

NO  impedenze 
1 impedenza 
(diam. 8/10 mm) 
facile da estrarre  

2 impedenze 
(diam. 7.2 +10 mm) 

Focusing 
PMQ

PWFA 
module

Capture
PMQ









Diffraction - Self injection - Dephasing – Depletion  















GeneraIons	  of	  Synchrotron	  Light	  Sources	  

I.  Bending magnets in HEP rings 

II.  Dedicated Undulators 

III.  Optimized Rings 
 

IV.  Short Wavelength FEL 

V.  Compact Sources 



X-FEL based on last 1-km of existing SLAC linac 

LCLS at SLAC 
1.5-15 Å 



XFEL first lasing – Hamburg May 2017  



Electron source and acceleration 



Long undulators chain 



Beam separation 











Radiation Simulator – T. Shintake, @ http://www-xfel.spring8.or.jp/Index.htm 
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A Free Electron Laser is a device that converts a fraction of 
the electron kinetic energy into coherent radiation via a 

collective instability in a long undulator 

(Tunability - Harmonics) 
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The FEL Applications 



 
 
 
 

 
 



E. Muybridge at L. Stanford in 1878 

E. Muybridge,  Animals in Motion, ed. L. S. Brown (Dover Pub. Co., New York 1957) 
Courtesy Paul Emma (SLAC). 

used spark photography to freeze this ‘ultra-fast’ process 

E. Muybridge 

disagree whether all feet leave the ground during gallop… 



Coulomb Explosion of Lysozyme (50 fs)

J. Hajdu, Uppsala U. 

Atomic and 
molecular 
dynamics occur 
at the fsec-scale 

Single Molecule Imaging with Intense X-rays 





Experimental hall (Single Protein Imaging) 

http://lcls.slac.stanford.edu/AnimationViewLCLS.aspx



xfel.desy.de



House	  of	  Papyrus	  Scrolls	  -‐	  Ercolano	  –	  79	  A.	  D.	  





Tomografia	  a	  raggi	  X	  in	  contrasto	  di	  fase	  
Vito	  Mocella	  del	  CNR-‐IMM	  di	  Napoli	  in	  collaborazione	  con	  E.Brun	  e	  C.	  Ferrero	  dell'ESRF	  
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