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Time-resolving the tunneling process
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Photoionization of Ne at 90 eV leads to both
the removal of a 2p valence electron and
shake-up of a second 2p electron into a
Rydberg state

The shake-up electron can be ionized by a low-
order NIR multi-photon ionization process

, At (>0) .

< .

Xuv n ”1
' oump /\ probe

EL(t)=E0-s(t)-cos(o)Ltﬂp)/ U



lonization yield (arbitrary units)
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Attosecond atomic physics
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Transient absorption

The energy that is removed from the laser field by an individual atom/molecule is

AE = j " 20 g(t)

where z(t) is the expectation value of the position of the interacting electron (= - dipole)

The ratio between the energy absorbed per atom per unit frequency and the incoming
spectral flux (~optical density in experiment) is given by

B &(w)
o(w) = gdmaw Im {é(w(}

Wu et al,, J. Phys. B, 49, 062003 (2016)
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Transient absorption in He
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When the IR comes after the XUV, then it couples the excited resonance to
other levels and thus interupts and/or perturbs the free induction decay

In the transient absorption spectrum we see hyperbolic fringes 2
constructive interference when dw X T = n2m

Wu et al., J. Phys. B, 49, 062003 (2016)



Transient absorption in He
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Fano Resonances in Transient Absorption
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Now consider the case where a resonance is coupled to a continuum, e.g. Auto-ionizing

state = Fano-profile

2
+ €
GOFano (E) — Oy (q )

—F ¢
1 + &2

£ — Eg
- h(T/2)

P2

Autoionization

~

IP1




Fano Resonances in Transient Absorption
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Ott et al., Science 340, 716 (2013)
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doubly-excited Helium
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The build-up of a Fano Resonance
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Autoionization can be prevented
by exposure to a strong ionizing
laser field

Kaldun et al., Science 354, 738 (2016)



The build-up of a Fano Resonance
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Kaldun et al., Science 354, 738 (2016)



Attosecond FT Spectroscopy
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Attosecond FT Spectroscopy
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Test: He FT Spectroscopy
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2D FT absorption spectroscopy
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Useful materials for further reading (strong field
ionization):

L. DiMauro and P. Agostini, Adv. At. Mol. And Opt. Physics 35, 79
(1995)

Wu et al., J. Phys. B: At. Mol. Opt. Phys. 49 (2016) 062003 (29pp)

M. lvanov and F. Krausz, Reviews of Modern Physics 81, 163-234
(2009)
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