
����������	
��
�

Heading toward reliable
laser-based sources of monoenergetic

particles

�������

International Workshop 
“ Russia-ELI/HiPER/PETAL" at ISTC 

24-25 November, 2008
Moscow, Russia



Variety of mechanisms of particle 
generation

����
� Quasineutral plasma expansion
� Charge separation effect (TNSA)
� Coulomb explosion
� Collisionless shocks
� Ponderomotive acceleration 
� Laser-piston regime
� Direct ion acceleration
� Coulomb piston
� Directed Coulomb explosion
� Multi-stage acceleration (with 
multiple pulses or/and multiple foils)
� Laser break-out afterburner 
� Bubble regime of acceleration
� Wakefield acceleration
etc. etc. etc. etc. etc. etc.
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� Ponderomotive effect
� Wake field 
� Bubble regime of acceleration 
� Raman acceleration
� Brunnel effect
� VxB mechanism
� Stochastic heating
� Field ionization injection
� Acceleration at diffraction limit
� Vacuum capture scenario
� Betatron resonance mechanism
� Return current injection scenario
� Repelling subluminous laser pulse
� Surface acceleration
etc. etc. etc. etc. etc. etc.



Towards high quality of the laser 
triggered particle beams
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Monoenergetic (quasi-monoenergetic) spectra

Protons:

beam intensity of 2-8 nC/s

proton energy of 230-250 MeV

monoenergeticity 1 %

monoenergeticity below ~ 10%

ion energy (~ 450 MeV for C)

conversion efficiency ~ 10%

ability to focus the beam
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Laser

Jet 1

Jet 2

D~lll l

Electron jets
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Characteristics of the jets



Coulomb explosion



Directed Coulomb explosion of 
mass-limited target
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t =20 fs, a =46.8, 
Dn/n=5%, I~Exp[-(r/R)4]
0.1 mm ́ 3 mm,
R= 2mm
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Directed Coulomb 
explosion

Double layer target

Homogeneous target
with two ion species 
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3 mJ, 32 fs pulse 
Rf=1.2 µm
P-Polarization 

SiO2 massive target

Target expansion due to the 
prepulse with delay 0-100 ps,
that cause small scale 
preplasma L=(0-3)l

2D Hybrid Code PICNIC 
(RFNC-VNIITF

group of I. Glazyrin)



Relativistic collimated electron beams from bulk 
SiO2 target at high repetition rates:

Averaged over up to 250 laser shots

optimum 
scale-length

� Main pulse:

� 2 mJ, 30 fs, p-polarization

� Focal spot: 1.5 � m

� Focal intensity:
2.5 ´ 1018 W/cm2

� Prepulse:

� 50 � J, 30fs

� Focal spot: 30 � m

� ~2 ´ 1014 W/cm2

Experiment (CUOS, Michigan)
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2D Hybrid Code PICNIC (RFNC-NIITF)
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Aspects of cooperation 
•One of the basic issue for ELI/ HiPER/ PETAL;

idea theory

experiment

basic research

technologyapplication

•Consolidation within Russia; ISTC project # 2289 (4  Institutes);

•Informal international multi-lab cooperation; conti nuously working 
electron source (USA, England, Russia, France, Cana da);

• Bilateral interacademical agreement CNRS-RAS;
• Partnership agreement under the European Seventh Fr amework Program
(France-Germany-Russia; CELIA-GSI-IAP-Lebedev);

Laser-based sources 
of high-energy

particles


