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it is experimentally possible to create XU

laser pulses with HHG

 —

be studied

— electron-electron correlation can be

investigated

two-photon double ionisation can

Motivation
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The Hamiltonian of the system:

The time<dependent Schridinger equation:

i%‘l’(fﬁ,ﬁ,t} = (ﬂrﬂ'e+ ?(t))w(ﬁllﬁiﬁlﬂ

% ’?(t) laser-electron interaction
o W(ry, rg, t) Cl. wavefunction of helium

The unperturbed helium Hamiltonian:

1

@ spin-spin, spin-orbit, and mass polarisation terms are neglected
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The coupled-channel equation

N
— — —B —B —'LE =
(7, 75, 8) = D a;(8)B;(F, a)e 7
§=1
Leads to a system of first-order-differential equations for the
coefficients a; :

day (i) u E;—F
- —if I t
= = —i Y Vig(£)e ™~ Fla (1) (B =1...N)

=1

Vi (1) = (@x|V(1)|®;) coupling matrix

Initial corditions:
1 k=1
0 kE#1

ak(t—}—m)={

the final probability for each channel:

Pk@],t — Ch::l) =| ﬂ.k(t — DQ) I2
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T he wavefunction

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

‘I‘j(?:'la'-"_"z) = E hf;fp.(Fl:l '-'_"'z:'-
i

where f.(7, ¥3) are symmetric (5=0)} products of
1. Slater-type orbitals:

Xﬂ,.!,m,i:('ﬁj == G(ﬂ, m)rﬂ_lﬂ_"ﬂ‘}i,m(ﬂn "-:F')
2. regular Coulomb wave packets:
N

wk,l,m,i(ﬂ = N(ki ﬁk} f RI(H: P)dkr}i,m(ﬂg (F)
I
e = fz'fk" g = E'r, Z effective charge
e N{k Ak), '{n,i) normalisation constants

L p=2,1=0, k=353a.u Daflak=030.35a.u.
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Angular Electron Distribution

we use the density operator to calculate the electron density
after the pulse:

i=1,2

p(F) = <e(ﬁ, g, t — oo) | > 8(F — )| W(F, 7t — m}>

1.} we apply the Feshbach projection to extract the singly ionised
contribution from the wavefunction

|Ciony = (1 — By — Py)|W(F, 73, ¢ — oo))

2.} integrate the radial and azymuthal angle to get the polar
distribution of the ionised electron

o AR

PO) = f f{em| 37 (F — B Wi} rdrde —

+=1,3

—fff | som {1, H,:p,?"lﬂ d¥rir’ drd

the angular dependence of 7{#) is given by products of associated

Legendre polynomials
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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 H g,

_ B — A, /) | (Fa— A, 1)/0)°

HIA 7 t
(71,73, ) 2 2

_E s E = i B qfl(f.'_"'l, t:l = QEI(T_".E, t) = ﬂHe e T}—(t}

i L L
dipole approximation: Ajaser 22> Tatom

velocity gauge: V(F,t) = > A(%) - p

t=1,2

Ifngth gauge: . . 5
V(F, 2. g E{t)=— ﬁA(t)

E—"(t} = Ey « F'(1) « sin{wti) + €. linearly polarised pulse

envelope function: F(t) = sin? ()

o T is the pulse duration

or F(&) = exp (—{ﬂ;i“z) T is the FWHM
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Laser pulse & Photoionisation
Results 1

Used laser pulses

. :
A. Scrinziet al. PRA 58, 1310 (1998)
R. Hasbanget al. JPB33, 2101 (2000)
I. F. Barnaet al. Eur. Phys. J. @7, 287 (2003)
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Photolonisation Results 2

Two-Photon lonisation of He through a superposiobrligher
Harmonics

N. A. Papadogianniet al. PRL 90 133902-1 (2003)
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Above-threshold double 1onisation
(ATDI)

Energy distribution of the ionised electrons
T=d50ss, 1=10° W/em’ Omega=9145eV (336 a.1.)
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Angular distribution of the ejected

electrons
L =0ss ., L=1sppg, L =2sd

Results
Associated Legendre Polinomials
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Summary and Outlook

we presented our CC method for photoionisation

showed some results for photoionisation

presented the angular distribution of the ejected
electrons in above-threshold double ionisation

further work Is Iin progress to clear out ti*z
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Thank you for

your attention!
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