
19/06/14 

1 

Novel acceleration techniques 
Massimo Ferrario 

INFN-LNF 

LNF Test Lab – Frascati, June 18, 2014 

1954 Fermi Globatron: 5000 TeV, 170 B$, fixed target 3 TeV cm 
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ECM ≈ 2E1m2

ECM ≈ 2E

6 years later Touschek revolutionary idea: 
ADA (Anello Di Accumulazione), 1961-1964 

the first e+e- Collider 
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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.  

2001 Hawking: the Heliotron 

2020? Accelerator on a Chip 
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①  Miniaturization of the accelerating 
structures (resonant)


②  Wake Field Acceleration (transient)

(LWFA,PWFA,DWFA)

2 WAYS NTA ROAD MAP

•  Power sources
•  Accelerating structures
•  High quality beams

Bn ≈
2I
εn
2

L = Ne+Ne− fr
4πσ xσ y



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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high field ->short wavelength->ultra-short bunches-> low charge 
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Miniaturization of the accelerating 
structures 



19/06/14 

8 

Laser based dielectric accelerator 
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Accelerator on a Chip: how it works 
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Dielectric Structure Design 
Philosophies 

�  Why dielectric? 
�  Dissipation and breakdown in metals 

�  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) 
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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  

Ambitious program supported by DARPA AXiS initiative 

Many interconnected physics challenges 

40 keV quantum 
SASE FEL 

Wake Field Acceleration 
LWFA  
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High quality beam Plasma Acceleration

Breakdown limit?

 Laser beam 

Electron beam 

1 mm 

 Direct production of e-beam 
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Wake Field Acceleration 
PWFA & DWFA 

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"

€ 

λn ≈
4 b− a( )

n
ε −1

§  Peak decelerating field"

€ 

eEz,dec ≈
−4Nbremec

2

a 8π
ε −1

εσ z + a
⎡ 

⎣ 
⎢ 

⎤ 

⎦ 
⎥ 

§   Design Parameters"

€ 

a,b

€ 

σ z

€ 

ε

Ez on-axis, OOPIC"

*"

Extremely good  
beam needed 

€ 

R =
Ez,acc

Ez,dec

≤ 2

§ Transformer ratio (unshaped beam)"
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2014 Results: Two-Bunch Acceleration in a 1.5 m Plasma 

Results from last week! Good agreement between observed and 
expected energy gain in a longer plasma for several plasma densities. 

Plasma Density:  8⇥ 1016[cm�3]5⇥ 1016[cm�3]3⇥ 1016[cm�3]

We are working to 
improve our 
spectrometer’s 
ability to precisely 
quantify energy 
spread. 
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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 
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Click to edit Master sub�tle style

Novel schemes using advanced technologies (table-top FEL, plasma linear collider)

High gradient and multibunch acceleration in metallic structures 

(C-X-band and beyond) with innovative power generation schemes

Advanced beam diagnostics for beams and plasma

Dielectric structures and other novel technologies

Plasma accelerators driven by electron beams

Plasma accelerators driven by modern lasers

Plasma accelerators driven by proton beams

Computations for Accelerator Physics

1st European Advanced Accelerator Concepts Workshop
2-7 June 2013, La Biodola, Isola d'Elba, Italy

Workshop Organizing Committee

Massimo Ferrario (INFN - LNF), chair

Ralph Assmann (DESY)

Jens Osterhoff (DESY)

Arnd Specka (Ecole Polytechnique)

www.lnf.infn.it/conference/EAAC2013/

Local Organizing Committee

Massimo Ferrario, chair

Maria Pia Anania, Enrica Chiadroni, 

Roberto Cimino, Francesca Casarin

Maria Rita Ferrazza, Lucia Lilli

Giancarlo Gatti, Fabio Villa

The European Advanced Accelerator Concepts workshop has 

the mission to discuss and foster methods of beam acceleration with 

gradients beyond state of the art in operational facilities. The most cost 

effective and compact methods for generating high energy particle beams 

shall be reviewed and assessed. This includes diagnostics 

methods, timing technology, special need for injectors, 

beam matching, beam dynamics with advanced 

accelerators and development of adequate simulations. 

This workshop is organized within the 7th  European 

Programme by the European Network for Novel 

Accelerators (EuroNNAc), representing 52 European Research Institutes. 

The EAAC will be followed by a 1-day network meeting by invitation 

only.

On Friday 7th: EuroNNAc 2013 yearly meeting

Programme Committee

to be announced

International Advisory Committee
Seth Brussard, University of Technology Eindhoven - Weiren Chou, FNAL - Marie-Emmanuelle Coupries, Soleil - Brigitte Cros, LPGP - Danilo Giulietti, University Pisa and INFN 

- Leo Gizzi, Consiglio Nazionale delle Richerche - Florian Grüner, University Hamburg - Edda Gschwendtner, CERN - Mark Hogan, SLAC - Simon Hooker, University of Oxford - 

Dino Jaroszynski, University Strathclyde  - Malte Kaluza, University Jena  - Stefan Karsch, Max-Planck-Institut für Quantenoptik  - Igor Kostyukov, Institute of Applied Physics 

Russia - Konstantin Lotov, Budker INP - Wei Lu, Tsinghua University Beijing - Victor Malka, LOA - Mauro Migliorati, University of Rome - Patric Muggli, Max-Planck-Institut für 

Physik  - Zulfikar Najmudin, Imperial College  - Alexander Pukhov, University Düsseldorf  - Markus Roth, GSI  - Carl Schroeder, LBNL - Mike Seidel, PSI  - Andrei Seryi, John 

Adams Institute - Zheng-Min Sheng, Shanghai Jiao Tong University - Luis Silva, Instituto Superior Tecnico de Lisboa - Susan Smith, ASTeC - Steinar Stapnes, CERN - Toshi 

Tajima, LMU Munich - Claes-Goran Wahlström, University Lund - Carsten Welsch, University Liverpool - Matthew Wing, University College London - Frank Zimmermann, CERN

NIM-‐A,	  Vol	  740	  
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LUNCH	  
COFFEE	  

BREAKFAST	  DINNER	  

DISCUSSIONS	  

TALKS	  

2nd	  EAAC	  2015	  
September	  	  13-‐20,	  2015	  

Isola	  d’Elba	  

High Luminosity dreams……


