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Atoms in strong laser fields
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Attosecond pulses ?
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Atoms in strong laser fields: half cycle
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Atoms in strong laser fields: several cycles
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Nonlinear Optics
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Attosecond Pulses

RABBIT technique — Interferometry Pierre Agostini
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RABBIT technique: interferometry
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Optical interferometry
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Quantum interferometry

Harmonic order
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Photoionization in the time and frequency domain
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Quantum interferometry - ET
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Interpretation of the atomic delay
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Interpretation of the atomic delay
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Delay difference measurements
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» Comparison of several processes (2s, 2p in Ne)

» Comparison of several species (Ne, Xe)
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Single ionization of Ne in 2s and 2p shells

2 = it >
P R —>—><
, 2s :2' u:: : :
I I I .
:
|

|
|
® Ne H41 | H43 H45  H4l

| |
\ / G4 !
2p BE

:
!
; .
2 &) : :
s N : .
CU i .
o . 4
a T PE 3 P
29296 1 & « B+ | s KN 7A(25) — TA(2D)
Ne 1s°2s5°2p 15 18 21 42 45 48
Ad Kinetic Energy [eV]
_ A
B ROV 7a(25) 2—:? = txyuv + Ta(2p)

Schultze et al., Science 2010 Isinger et al., Science 2017 *



Delay [as]

Single ionization of Ne in 2s and 2p shells

_10k TA(QS) — TA(Qp)

_20 |
_30 |
_40 |
—50 |- )

Intensity [a.u.]

AN

I

Photon energy [eV]

30 90 100 110

High temporal (20 as)
Theory and spectral
resolution (200 meV) !

[2] M. Isinger, R. J. Squibb, D. Busto, S.
Zhong, A. Harth, D. Kroon, S. Nandi, C. L.
Arnold, M. Miranda, J. M. Dahlstrom, E.
Lindroth, R. Feifel, M. Gisselbrecht and
A. L'Huillier, “Photoionization in the time
and frequency domain” Science 358, 893
(2017)



“Absolute” Photoionization time delays
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Photoionization of Xe in the 4d shell
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Auger
Slow Electron Energy (eV)
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Attosecond interferometry and coincidence spectroscopy
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Photoionization time delays
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Channel amplitude and phase (delay)

Giant dipole resonance
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lonization mechanisms and time scales

Wigner distribution
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Non-resonnant and resonant photoionization
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Fano resonance
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High resolution RABBIT
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Wigner distribution and density matrix
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