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Laser wake field acceleration of electrons 

Wake field: radiation pressure of 

intense laser pulse excites 

        plasma wave with high amplitude  

- electron acceleration by ‘surfing’  

   on the plasma wave  

- efficient for laser pulses shorter than 

  plasma wavelength 

T. Tajima, J.M. Dawson PRL 43 (1979)  

test particle 

ve > vph 

external injection 
acceleration  

potential (vph) 

dephasing 

F. Negoita 



Laser-Acceleration of Electrons  

typical setup for electron 

laser acceleration studies: 

Nature 431 (Sept. 2004): 

3 groups report on laser acceleration 

of (low-emittance) electron beams with  

(quasi-monochromatic) 70-200 MeV  

rapidly expanding field : 

since 2000 : >150 x PRL 

                     > 10 x Nature 

Today ~3 GeV electrons 



Laser-Ion Acceleration 
 Target Normal Sheath Acceleration (TNSA) 

 use thick (metallic) foil targets (~mm) 

LaserIE ion

- electron acceleration 

- hot (MeV) electrons penetrate the 

  (mm) foil 

- quasi-static field forms normal to 

  target surface 

 conversion efficiency: 

   (from laser to ions)  

Laser 
I > 1019 W/cm2 

foil 

Ne, hot 

hot electron propagation 

MeV energy, μC charge 

MeV/u protons 

 and ions 

proton source: CH contamination on foil  

                        surfaces (typically ~50Å) 

ion source:  foil bulk material 

                  

 E.L. Clark et al., PRL 84 (2000) 670 

 R. Snavely et al., PRL 85 (2000) 2945  

 space charge field: 

   E ~ Thot/lDebye ~ MeV/mm = 1012 V/m 



Laser-Ion Acceleration 
Radiation Pressure Acceleration RPA 

Electrons and ions accelerated 

at solid state densities  1024e cm-3 

never reached before 
(Classical beam densities 108e cm-3) 

on very short distance (μm-mm) 
 

E~ I laser 
 

Energy reached equal to a 400m up-

to-date accelerator (reduction of 

scale of 109) 

 thin targets (~ nm thick diamond-like carbon foils) 



Infrastructure 

Large equipment: 

• High power laser system, 2 x 10PW maximum power (2013-2018) 

Thales Optronique SA and SC Thales System Romania (~65 M€) 

• High intensity gamma beam system (2014-2018) 

European Consortium EuroGammaS led by INFN Rome (~65 M€): 

INFN (Italy), University “La Sapienza” Rome (Italy), CNRS (France), ALSYOM (France), 

ACP Systems S.A.S.U. (France), COMEB Srl (Italy), ScandiNova Systems (Sweden) 

Subcontractors: MENLO SYSTEMS GmbH, RI Research Instruments GmbH(Germany), 

DANFYSIK (Denmark), STFC(UK), Instrumentation Technology, Cosylab D.D. (Slovenia), 

M+W SrL (Italy), CELLS(Portugal), Amplitude Technologies (France)   

Experiments:  

8 experimental areas, for gamma, laser, and gamma+laser (~50 M€) 

Buildings  (2013-2015) : 33000sqm total – STRABAG (~65M€) 
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High Power Laser System 

Based on the principle of OPCPA 

2  x   0.1 PW          10Hz 

2  x   1    PW           1 Hz 

2  x 10    PW      0.1 Hz 

THALES  Optronique 2013-2018 



High Power Laser System  



Compton backscattering:  

                                              Eγ =4γe
2 EL 

 

Ee=720 MeV  => γe~ 700     => Eγ ~20 MeV  

 
but  very weak cross section: 6.6 10-25 cm2 

 

Therefore for a brilliant γ beam, one needs: 

- high intensity electron beams 

- very brilliant optical photon beams 

- very small collision volume 

- very high repetition frequency 
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‘Photon accelerator’ 



Gamma Beam System 
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EuroGammas Consortium 

Lead by INFN Italy 



Gamma Beam System  



 Experiment Building 

7000 m2 

E8,Gamma 

Nuclear reactions  

E7,QED High field 

gamma + laser 



Buildings, 33000 m2 total 

 

• HPLS 2000 m2 

• GBS 

• Workshops and Laboratories 

• Experiments 7000 m2 

• Office Building 

• Guest House 

• Cantine 

 

•   



• Nuclear Physics experiments to characterize laser – 
target interaction 

 

• Exotic Nuclear Physics and astrophysics  

    complementary to other ESFRI Large Scale Physics  Facilities (FAIR, SPIRAL2) 

 

• Applications based on high intensity laser and very 
brilliant γ beams 

    

 

  



Scientific Program 

• NRF Experiments and applications 

• Photo–fission experiments 

• (,n) experiments 

• (,p) experiments 

• Positron source for material science 

Gamma Beams System High–Power Laser System 

• Laser delivery and beam lines 

• Fission–fusion experiments 

• Strong field QED 

• Laser + Gamma interaction 

• Applications 

International 

Workgroups 

25 MoU with  major  

Laser and Nuclear Physics 

labs and Institutions 



Gamma Beam System 

 Photonuclear Reactions 

gs 

´  

Separation 

threshold 

AX 

A´Y 
 

Nuclear Resonance Fluorescence (NRF) 

Photoactivation 

Photodisintegration 

 

Absorption 

(–activation) 

´ 

Photo–fission 

~ 8 MeV 



Nuclear Photonics 

 

E1 strength distribution 

NRF 

Nuclear structure 

• Modes of excitation below the Giant Dipole Resonance (GDR) 

Impact on nucleosynthesis 

• Gamow window for photo–induced reactions in explosive stellar events 

Understanding exotic nuclei 

• E1 strength will be shifted to lower energies in neutron rich system 

GDR 

N. Pietralla 



          NRF γ-ray spectroscopy 

ELIADE array 



fingerprint 

W A N T E D 

Photon energy (MeV) 

-ray beam 

detector target 

0.0 1.0 2.0 

Photon Energy (MeV) 

DE/E < 1% 

2.176 MeV for U-238 NRF signal 

U-238  

2.176 MeV 

DE 

E 

Applications of NRF to Nuclear Materials 



Astrophysics: s- and p - process 

• Neutron Capture Cross Section of s-Process Branch              

     in Inverse Reactions (γ, n) 
 

•    Measurements of (γ, p) and (γ, α) Reaction Cross Sections  

      for p –process-Nucleosynthesis  

 

        key reaction  γ+16O       12C+α 



 Combined Laser Gamma Experiments  

 

 K. Homma, Keita Seto, O. 

Tesileanu et al. 



     High Field Physics and QED Experiments  

D. Jaroszynski et al.



      Astrophysics 

    

•   s-process: (γ, n) reactions 

•   p-process (γ, p) and (γ, α) Reactions;  key reaction  γ+16O       12C+α 

•   r-process: N=126, bottleneck for understanding nucleosynthesis of actinides 

 

  - 

  

Au, Pt, Ir,Os 



Laser  Nuclear Physics Experiment 

 

 
<AL> ~ 91,       DAL ~ 14 amu (FWHM) 
                     DAL ~ 22 amu (10%) 
<ZL> ~ 37.5   (Rb,Sr) 

FL FH 

Mass distribution of fission of 232Th 

Fusion of (light) fission products :   

 FL + FL  =>   (A~200, Z~70, N ~ 126) 

Proposal of D. Habs, P.Thirolf – LMU (Germany)  

Study of exotic nuclei of  

astrophysical interest  produced  

using high  density ion bunches :  

fission–fusion  reactions. 

 n–rich nuclei  

around N = 126  waiting point 



     Nuclear Photonics Applications 

 

from C. Barty (Lawrence Livermore National Laboratory) 



Radioisotopes for medical use 

•   New approaches and methods for producing 

radioisotopes urgently needed 

• Mo-99 and other medical isotopes used globally 

for diagnostic medical imaging and radiotherapy 

•   195mPt: In chemotherapy of tumors it can be 

used to exclude ”non responding” patients from 

unnecessary chemotherapy and optimizing the 

dose of all chemotherapy 

27 



Materials Science and Engineering 

•  novel experimental studies of material behavior – thanks to 

extreme fields intensity provided by the laser and gamma-ray 

beams 

•  the behavior of materials subject to extreme radiation doses   

•   polarized positron beam – new microscopy 



Exciting Perspectives in Accelerators field 

Enormous reduction in scale 



Human Resources  
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ELI-NP Team, March 5, 2013 

Thank you! 


