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Schwinger limit ~ 10**29 W/cm2) 

 

Sunlight: 0.12 W/cm2 

 Time :                 t(a0)=24 as, 2πt0=152 as 

                            t(mc2)=1.3 zeptos 
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New J Phys 10,025033(2008) 



Two (minimum) or one (maximum) attosecond pulses 



P. B. Corkum, PRL, 

71, 1994 (1993). 

 

T. Zuo and A. D. Bandrauk, 

PRA, 52, R2511 (1995).  

Charge Resonance Enhanced Ionization 

CREI 



Field ionization model 

A+  ---  e-  ---  A+ 
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E(t2)>0 
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Localization 
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Ionization 

+ > - 

E+  E(t0) + Ec(R) 

E-  E(t0) - Ec(R) 

delocalization 

via Tunnelling 

(,  L) 

Localization 

+ 

Ionization 

+ > - 

E+  E(t2) + Ec(R) 

E-  E(t2) - Ec(R) 
T. Zuo and A.D.B., Phys. Rev. A 57, 2511 (1995)  ==> 3D 

T. Seideman et al, Phys. Rev. lett. 75, 2819 (1995)  ==> 1D 

S. Chelkowski and A,D,B., J. Phys. B 28, L723 (1995)  ==> 1D 
Schroeder, Uiterwaal, Kompa, Las. Phys. 10, 749 (2000). ==> 3D 

R R R 

Rc = 4 / Ip 



H2
+:  

R=3 a.u. 

w=0.42 a.u. 

I=2x1014 W/cm2 

E 

E 

E 

E 

E E 

E E 

Non-adiabatic: 

electron does not 

follow the field E 





Corkum  (Legare) – Bandrauk, Nature 417, 917 (2002) 



ADB,S.Barmaki,GKamta 

PhysRevLett 98,013001 

(2007) 

KJ Yuan,ADB 

PRA 80,053404 

(2009) 
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Semi-classical model, by  P. Corkum 

(1993), 

.   

t 

ADB et al,J Mod Opt 52,411(2005) 

(Vo =0) 

(Vo > 0) 



Efficacité ? 

(Optimisation) 

2004 2000 

1064 nm-      1.6 nm=16A0 

Nh = IP = UP 

(2005) 

A.D. Bandrauk and H.S. Nguyen, Phys. Rev. A 66, 031401 (2002) 
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attosecond

  




  




= 3 Angstroms(10**-8cm) / c(3x10**10cm/s-1)) 

a(t) = <ψ| -V/z |ψ>  -E(t) 



Yedder, LeBris, Chelkowski, Bandrauk, PRA 69, 041802 (2004) 

((Bartels,Murrnane,Rabitz,PRA 70,043404(2004)) 



ADB et al,J Molec Str. 735,203(2004) 

Goulielmakis,Krausz (2009-2010) 



 Phys Rev Lett( 2008,)101,153901 

 

 

 

 

J Phys B 42,075602 (2009) 
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static

Analyse en temps-frequence  

de Gabor (ondelettes): 

temps (periodes du laser Tlas)  ,  Tlas=2.67 fs 

2

G

-

2

02

0

-b( - ') i 't

G F

-

= d (t, ) = dt' G(t,t') exp(-i t) d(t)

(t-t')
G(t-t') = - ] ,  =0.1 fs 

2

 d (t, ) = cte d ' e  e  d ( ') 

exp[

  

 




  













|dG(t,ω)| - profile temporaire des 

 impulsions atto dans un train , Δω~5-10 ωL 



 

Ionized probability density of  HHe++ 

KJ Yuan,ADB,J Phys B –Circular Attosecond Pulses/SPE(2011-1012) 



Ellipticity 0.67 

Pulse phase 

~pi/2 

Pulse phase 

~pi/2 
x~y 











Rev Mod Phys, 81, 235 (2009) 





PRA 84,021401(2011) 





Ipump=1013 W/cm2 + Iprobe=2x1014 W/cm2    , ωpump=0.28 a.u  
            very strong two-photon resonance from  σu1s  to  σg2p 



Fig.4 Time-profiles for the scheme (I) , blue - tdel=5.0, 
green- tdel=5.2fs 

( c ) 

H30 

H36 



X.B. Bian and A.D. Bandrauk Phys. Rev. Lett. 105, 093903 (2010) 

HeH++ 









High-Energy QED: Real and Virtual Pairs 

Dirac dynamics of 
an electron with  

negative energy in  
crossed laser beams: 
pairs from 10  W/cm² 

26 

Courtesy of 

 

CH Keitel(MPI,hdb) 





Mathematical Problems 

1. High order SOM 

2. Multiscale time frequency analysis 

3. Infinite D Optimal Control theory 

4. High order NLSE 

5. Relativistic QM 

6. Molecular movies 
(Dynamic Imaging of Electrons-Nuclei) 

 

 

(Bartels,Murnane,Rabitz,PRA 70,043404(2004) ;ADB et al,PRA 69,041802(2004)) 





Dimérisation 

de la thymine 

dans l’ADN 

par la lumière 

Réparation par une  

protéine-machine  

moléculaire en 

transférant un 

Électron (voir en haut) 





1.40 MeV 3 UP 

 = 800 nm 

I – 3 x 10 22 W/cm2 



26 X 10 -14 m) 
E~1/2 MeV 

= 460 asec 

t~10-18S 

=attosecond 

(10-15S) 

PRL 93,083602(2004) 



Where the “Laser” has never 

been (2009) 

Gérard Mourou 

École polytechnique (Fr) 

λ= 800 nm                                                I=3,5 x 1026 W/cm2 
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CREI  Rc ~  4 – 5 Å 



Circular polarization Excitation at 800 nm 

H 

H 

Electron Whirlpool – Tourbillon Electronique – 

Elektronischer Wirbel  ( J  Manz- FU Berlin ) 

 I=10**14 W/cm2 





H+2 (Bond Softening / PH. Bucksbaum PR ’90-92 

AR2
+ (Bond Softening / ADB (JCP 1981) 
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H.Niikura,D. Villeneuve, P.B. Corkum, 
PRL 94, 083003 (2005) V(x)=-1/[a+z

2
]
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 +E(t)z  ,  a=0.15 a.u.
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