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Electronic Continuum has structure
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TDSE

Basis

1S €

B-splines

Close coupling

Full-Cl loc. channel

Rmax ~
Rmax ~

400 au (ATAS)
1200 au (APES)

L Argenti and R Moccia, J. Phys. B 39, 2773 (2006)
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H(t)= H,+ aA(t)- P + CAP
L Argenti and E Lindroth, Phys. Rev. Lett. 105, 053002 (2010)
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Photoelectrons —

Photoelectron distributions
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Scattering states from
K-matrix method
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NUMERICAL |
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L Argenti et al. arXiv:1211.2566 (2012)

C Ott et al. Nature 516, 374 (2014)
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Reconstruction and control of a time-dependent
two-electron wave packet

Christian Ott't, Andreas Kaldun', Luca Argenti?, Philipp Raith', Kristina Meyer', Martin Laux’, Yizhu Zhang',
Alexander Blittermann', Steffen Hagstotz', Thomas Ding’, Robert Heck', Javier Madrofiero®t, Fernando Martin®*
& Thomas Pfeifer®
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No Laser: measure all frequencies at once, but otherwise it is the same as with synchrotron radiation

With Laser: strong dependence on time delay; each excitation frequency affects the dipolar response
at far-away frequencies
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A (arb. units)
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Photoelectron Energy

RABBIT’s sense for the phase
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Rainbow RABBIT
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Buildup of Fano Profile

i
w

N

B

Aplitude

05

-1 .
342 344 346 348 35 35.2 362 364 366 368 37

\ ;
()
N’
LLl
e
r o ] (a
= o
<% 4]
®
58 62
pump-—~ 3 46 50 E. 54

Time (fs)
Gruson V. et al., Science 354, 734 (2016)

pulse = 42 energy (aU)

Wickenhauser et al., PRL 94, 023002 (2005)



Resonant RABBIT: Argon
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NewStock TDCC atomic code
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Carette T et al., Phys. Rev. A 87, 023420 (2013).
Argenti L et al., in preparation.



Partial-Wave Channel
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CC Energy spectrum
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Intruder States: Neon
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Checkerboard Rabbit
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Photoelectron Angular Distribution
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time delay (fs)

Argon resonant RABBIT, long NIR Pulses

A = 1538 nm
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Attosecond Transient Absorption Spectrum of Argon at the Ls3-edge
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XCHEM close-coupling
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Orbital basis



Orbital basis
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Orbital basis

PC Gauss
MC Gauss




Orbital basis

PC Gauss
MC Gauss




Orbital basis
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MC Gauss
MC BSpline



Gaussian functions

GABS hybrid-basis .o ey

v Poly-centric bi-electronic integrals are
| computed rapidly.

ﬁ R — Gaussian subset
0 -- B-splines subset v Standard in all chemistry packages.

* Unsuited to reproduce the
characteristic oscillatory behavior of

continuum orbitals

B-splines functions
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v Describe well the continuum orbitals
rapid oscillations within a wide range
of energies.
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S~
=

radial distance (a.u.)

v Sparse matrices.

C. Marante, L. Argenti and F. Martin, Phys. Rev.A 90,012506 (2014) _ _
* Computationally expensive for poly-
electronic molecules, due to poly-
centric bi-electronic integrals.
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GABS hybrid-basis
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probability density (a.u.)

GABS hybrid-basis
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probability density (a.u.)

XCHEM CC atomic benchmarks

Hydrogen ATI Photoionization Cross Section
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Cross section (Mb)

XCHEM CC molecular benchmarks

H>; Resonances
and PICS
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Conclusions

1. attosecond pump-probe spectroscopies in
perturbative regimes allow to reconstruct coherent
resonant dynamics in the electronic continuum.

2. In poly-electronic systems, B-spline close-coupling
approaches can provide quantitative predictions,
which often require explicit TDSE simulations.

3. A large set of electronic-structure software for
bound and stationary transitions can be (and is
being) leveraged to compute time dependent
processes: application from several competing
tools will soon come to fruition.
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