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Motivation
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it Is experimentally possible to create
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two-photon ionization can be
studied
— electron-electron correlation
can be Investigated
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Our coupledchannel method

-- The applied Coupled-Channel Method was originally developed for ion-He
collision (details in I.F. Barndpnization of heliumin relativistic heavy-ion

collisions, Doctoral Thesis, University of Giessen (2002) ,Giessener
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The Hamiltonian of the system:

The time-dependent Schradinger equation:

i%ﬂ-’ (Fln Fﬂ: t) = (ﬂHe o+ T;’(t))'-l‘ (Fln FE: t)

® ‘?(t) laser-electron interaction
o (7, rg,t) Cl. wavefunction of helium

The unperturbed helium Hamiltonian:
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@ spin-spin, spin-orbit, and mass polarisation terms are neglected




The coupled-channel equation

Ansatz:

N
—& —& —& —» —'LE =
(75, 8) = > ay(5)B,(F, m)e
J=1
Leads to a system of first-order-differential equations for the
coefficients a; :

daplt) - —i{ B — )t
= —i »  Vig()e ™ a;{t) (k=1....N)

j=1
V(1) = (@ V(1)|®;) coupling matrix

Initial conditions:

1 =1

ak(t—}—m)={n kot 1

the final probability for each channel:

Pklzb,t — ':'_':C:I] =| ﬂ-k(t — ':'_':C:l) IE




The wavefunction

Configuration interaction(Cl) expansion of &;{r, ¥3) in terms of
two-particle basis functions f,

II:I:'I.';i'_('iﬁ.l:l 'F;E} = E :bifp.(Fl: Fﬁ}
i

where f, (7, ¥y) are symmetric (S=0} products of
1. Slater-type orbitals:

Xﬂ,l,m,m(ﬂ == G(n: lM:'}.IF‘IJ:H_l'EI'_‘,mn}/i,ﬂ"i‘h(H:I (,ﬂ}
2. regular Coulomb wave packets:

=

Wk,l,m,i(ﬂ o N(k: &k} f RE(??: P}dkrﬂ,m(ﬂz (F}
ks

*« = Ef.ﬁ:’ p = E'r, Z effective charge
e N{k,AER), C'(n,sx) normalisation constants

L p=2,1=0, k=353.u. Dalak=05a.u.
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Spectrum & Continuum States

Distribution of the Eigenvalues

Spectrum of the helium atom
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Laser field

minimal coupling for the electromagnetic field to Hpy,

A, 7,0 = P AD/S | P Al B/
_T'El B ‘-'“2_3 + rig o(7, t) — (7, 3) = Ay, + V(2)

e dipole approximation: Afaser > Tatom

e velocity gauge: V(7,t) = 3. A(f) - B
i=1,2
. Iength gauge: .
Vi) =— 3 E@) .7, E@)=-—

1'_!

A(t)

o |-

a8
5t
& E"(i;} = FEy « F(t) - sin{wi) . €; linearly polarised pulse

e envelope function: F{t) = sin® () T is the pulse duration

T is the FWHM

e or F{i) = exp ( {mﬂmfﬂ)
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Laser pulse & Photoionization

Used laser pulses
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Two-Photon lonization of He
through a superposition of Higher

Harmonics

Experiment & Theory (Coupled Channel method, Spline Base)
N. A. Papadogiannigt al. PRL 90 133902-1 (2003)
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Results
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Summary

we presented our ab-initio coupled-channel
method

showed some results for photoionization In
short XUV laser pulses

showed some results for photoionization in
a superposition of short XUV laser pulses

It seems to be that:
atomic orbit bases are inferior to spline bases




