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Non-sequential double ionization (NSDI)
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Wahlstrom et al., Phys. Rev.A 48,4709 (1993)
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Takahashi et al., Appl. Phys. Lett. 93,041 111 (2008)
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Nabekawa et al., Phys. Rev. Lett. 97, 153904 (2006)
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Continuous wave (no pulse)
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Strong-field approximation (SFA)

}Ebﬁ_'lj(,u@__r—lf_l-%—f /\\\*ﬁ The contribution of all the excited bound

states can be neglected.
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the motion of the continuum electron can be neglected.
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S ﬁ *ﬁ saddle-point analysis (SPA)
Saddle-point equations| #&—> ~ 7>V ~J— trajectory
[z AN i N> x| st ¢ A A AR
2 ¢ EHEAE
t
[ o+ A@ar =0 £ A AL e B DMBAREL
N
=R DN FITRILF—
A(t)]? & |
P20 L f—w - ERAROEBIRILAY-
B AR
3/2 5
T 1LLTT
Sl ) — . d* (ps + A(ts
#eon) Z <e+%(t5—t')> /det S”(¢, ). Pel e
X expliwpts — 1S(ps, ts, t2)|E(t))d(ps + A(t))),
N Y LIRS

30

£l 58—



B S FEDH]  E@)

= Fjy cos wt Ar (I, = 15.7596 eV)

1.6 x 10" W /cm”

/ / v =, <4
¢ =wt' o=wt O=EF (L) &EZP (T)
BHRIE 3 R Ty S ong faecony Ay kAt T
N1l &7 | S=H=a. E ~ | | E
TETIL DR R - " ;
£ 4f : B — 3.17Up e ng
= F .
© F 4 o
T F lonization|
0' e — <—_‘
(8) LOPURIGCHIN .. o oo vy supe o
SIS = 10 : —Short trajectory
\/ ~ 18] ] o) " )
= B - - - \
IS ST 2 & fRIR = - 0j_)__lonlzatlon Long trajectory :
ENTW3 (TS | g 3
2 [|Recombination| Long trajectory :
o i Short trajector
el s :
.0.5 :(xb)x O N CR S e S| B TN G e N Sl (NS Du A (| N POeY (RN Ok eS| SN R | x-:

G _“)Mi =T JFH L LewensteinT
EERaN S > 3 AT IETINORIIDIE

Photon Science Center of the University of Tokyo

15 20 25 30 35
Harmonic order

&l

= “‘)Ld)ot UL

£l 58—



attosecond pulse train (APT)
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solated attosecond pulse (IAP)
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Baltuska et al. Nature 421, 611 (2003)
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Emission of soft X-rays with

Hentschel et al. Nature 414, 509 (2001)
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Ultrafast process ~ a few fs

Drescher et al. Nature 419, 803 (2002)
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Direct proof of the wave nature of light

36

E. Goulielmakis et al., Science 305, 1267 (2004).
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DELAY IN PHOTOEMISSION
WHEN DOES PHOTOEMISSION BEGIN?

The photoelectric effect is usually considered instantaneous. But ...

Number of delay scans
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The 2s electron appears to come out 21| attoseconds earlier than the 2p electron!

* Eisenbud—Wigner—-Smith time delay
» Continuum-continuum phase shift
BREGIc rearrangsement (!
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