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LASER	propaga6on	in	plasmas	up	to	
the	cri0cal	density 
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PONDEROMOTIVE	HOLE-BORING	
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Rela0vis0c	Intensi0es	(1)		
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 α =1 (lin. p.) ; 2 (circ. pol.)
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Rela0vis0c	Intensi0es	(2)	

for 6J, 20 fs  @ λ ≈ 0.815µm laser pulse
                  focal spot φ ≈ 5µm

I ≈1021W ⋅cm−2

E ≈1012V cm >> Eat ≈5 ⋅109V cm
B ≈10 GGauss

P = I
c
≈ 6.6 ⋅1016 N m2 ≈ 660 GBar 

a ≈ 22 ⇒ γ ≈15.5 ⇒ Ecin =mc
2 (γ −1) ≈ 7MeV

Rela0vis0c	intensi0es	a	≈	>	1	
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Rela6vis6c	self-focusing	
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                                  Pcr = 
mc5ω 2
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Example : for  λ0 = 0.815µm and  ne = 10
18cm−3   ⇒  Pcr ≈ 29 TW

The	laser	pulse	can	be	self-focused	over	distances	much	
larger	than	the	Rayleigh	length		
	
	
	
where	w0	is	the	laser	pulse	waist	at	the	focus.	
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LASER	propaga6on	in	plasmas	at	
rela6vis6c	intensi6es	
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Rela6vis6c	trasparency	
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condition  for  relativistic transparency   ω  > 
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Example :

 λ0 = 0.815µm; a <<1  →  nc =1.66×10
21cm−3

I =1021Wcm−2   →      a ≈ 22 ,   γ ≈15.5  →  nc
* = 2.6×1022cm−3



Magne6cally	Induced	Op6cal	Transparency	

Laser	light	can	propagate	through	an	overdense	magne6zed	
plasma	as	an	extraordinary	mode	provided	that:	
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eB0
mc
   is the cyclotron  frequency

            and  B0  is a static magnetic  field  perpendicular  to the wavevector
                          and  parallel  to the oscillating magnetic  field  

                  Example : λ0 = 0.815µm; 
ne
nc
 ≈ 50     ⇒    B0 ≥1GGauss
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CONCLUSIONS	AND	PERSPECTIVES	
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The propagation of intense laser pulses in plasmas is a main concern in several 
applications of the laser-plasma interactions, from ICF to HEP. 
 
During the propagation in the plasma the light beam deeply changes its 
parameters, inducing at the same time  the relativistic regime of the electron 
quivering motion. 
 
These extreme conditions are suitable for the electron acceleration in high field 
gradients, opening to the realization of compact secondary sources of radiation 
(X-gamma rays ) and particles (ions, e+, ….) 
 
 


