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Domestic Accelerators



High Energy accelerators

Energy lost by emission of radiation
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Synchrotron light sources 



Ion Implantation

The beam business



Medical Accelerators



GeV TeV PeV EeV ZeV

The Cosmos is a very large particle accelerator…but in 
uncontrolled conditions



Equivalent
Energy

Energy of colliders is plotted in terms of the laboratory
energy of particles colliding with a proton at rest to reach
the same center of mass energy.

Il diagramma di Livingstone



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









çFull Moon

Beam energy daily  variation 



“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?



Conventional RF accelerating structures





Courtesy R. Assmann



Plasma Acceleration



Surface charge density Surface electric field

Restoring force

Plasma frequency

Plasma oscillations



Breakdown limit?



Horizon2020

Laser Plasma-Acceleration 
(Internal Injection)
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Horizon2020

Laser Plasma-Acceleration 
(Internal Injection)







Plasma Source

PH2 = 10 mbar
Total discharge duration: 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



PWFA vacuum chamber at SPARC_LAB 









Diffraction - Self injection - Dephasing – Depletion











Free Electron Laser



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



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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Radiation Simulator – T. Shintake, @ http://www-xfel.spring8.or.jp/Index.htm



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…



Experimental hall (Single Protein Imaging)

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





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



xfel.desy.de



https://www.asimmetrie.it/images/stories/archivio-numeri-passati-pdf/asimmetrie-6-HR.pdf
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