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The Hamiltonian of the system

The time-dependent Schrédinger equation:

i%m('ﬁ.ll FE: t) . (EHE =t -‘:‘r(t))m rl:'I'T'.l:l FE: t)

e V(&) projectile-electron interaction
e W(r, ¥z, &) Cl. wave function of helium

The unperturbed helium Hamiltonian

Vi 2 g 2, 1
2 2 r1 rg |F1 — ¥a

.ﬂ-(_.l: T_%)HE o Coas

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

Arsatz:

N
— — — — —'LE =
U7, 7, £) = D a; (8B, fa)e 7
F=1
Leads to a system of first-order-differential equations for the
coefficients a :

dap(i) Al E;—F
- —_i o — t
= —i 3 Vig(#)e ™ Eim Bl a0y (B =1....N)

J=1
Vii(t) = (@] V(1)|®;} coupling matrix

Initial conditions:

1 k=1
ap {t - —oa) =
0 k#1
the final probakility for each channel:
Pk@], t — ':'_".ﬂ) =| ﬂk(t —* l:'_".ﬂ) I2

total cross section:

[ ]
or = 2 f Pu(b)bdb
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The wavefunction

Configuration interaction(Cl} expansion of &;{r, r3) in terms of
two-particle basis functions f,

‘I‘j(?_“'ls T_"z) = E :bifp('-‘_“'la '-'_“'2}-
F

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

Xﬂslsm:‘(f‘j = G(n: lM:'}II‘WJ:"JII_:LEI'_',BJ:“}‘E,J:I"H(H:I ‘lﬁ)
2. regular Coulomb wave packets:

R Y

Crgom2(7) = N e, AR) [ Ri(n, 0)ak'¥i,m(6, )
2

*n = Eu'fk’ o = k".-", Z effective charge
e Nk, AE), C{n,x) normalisation constants

Zp=2,1=0, k=3.5au DLEilak=053.u. |: O, 1, 2
Bt 111 P single particle

e ; wavefunctions
T ol ' .
g ; coupled to:

" 1 " 1 M 1 M 1 M
() 10 20 a0 Ty} =0
rin aa.
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Electron densities

rinau.
Figure 3.6: Electron densities of single-ionized states, solid line: with packages and

Figure 3.4: Electron density of the ground state and the following two single-excited dashed Tine: without packages.
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Figure 3.7: Electron densities of double-ionized states, solid line: with packages and

Figure 3.5: Electron densities of double-excited states. dpshied, Hngsrwrthout pasiages:
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Coordinate system

Projectile at
retarded time T Projectile at time t
Projectile orbit K : : : :
————————— - ——{ i o Semiclassical approximation
UGS et = (b, 0,1 nucleus & projectile - classic:
; point charges
Oy f —[
1 2 .. : :
i N Z projectile flies on a straight
He line (above 10 keV)
Y
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AntiprotonElectron Interaction

(P + A(71,1))°
2

2 . 1 ,. ., ,. ;

—— = — = B(7, t) — B, ).

L T2 T2

- Minimal coupling for the projectile fields

- Lienard-Wiechert reterded potentials for relatreiprojectiles
- Simple time-dependent Coulomb scalar potentifthis case

- Three dimensional numerical integrals for the matlements

Symmetries have to be used out,
time reversal,

asimuthal,

and magnetic quantum number
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Multipole expansion

- Large number of 3dim.
num. integration
(b, t dependent)

- the angular part are the
same

[=]
[ %
T

(=]
o
o

=
c
3
£
©
-
=
Ke]
=
q

Multipole(r, v, b, t) = / hl‘m}i(,?; L';} Lp hz?‘;iﬂ’ ?) dQ2
l'.' 1 : 7 Iiq:rr! 7
0
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Angular Differential Crass Section

we take the density operator to calculate the electron density
after the collision:

p(f"} — <1If(?_"'1, a2, — ':'_‘.1::') Z 3(?—"'— '-'_"'t':l ‘I"('-'_"'l, e, — -:'J::n)>

1.} we apply the Fesbach projection to extract the single-ionised
contribution from the wawve function

|Wion) = (1 — By — Bp)|U(F, 7, t — 00))

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

e Bw

P(9) = o ﬂf Df (Tion] 3= 8(F — )| Tspn)rdrdy =

i=1,2

oo AW

1

;fff]ll-‘im(r,ﬂ,gﬁ;fﬁ}]z diriridrde
00 o

the angular dependence of (&) is given by products of associated

Legendre polynomials

Please purchase 'docPrint PDF Driver' on http://www.verypdf.com/artprint/index.html to remove this message.


http://www.verypdf.com/artprint/index.html

|dentification of the final states
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4 bb bk 2
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gbi hi 2
Al = E CAj,L.'LH :
%

. 2
A7 =) 1CLul’,
A

where we assume completeness: H_]i?b = A_]??" +4A7 =1
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Singleionization total cross
Sections

+ —— multicut FIM[1]
-+« nores. BGM [2]
— = resp. BGM [2]
m—av_mod [2]
+—+MEHC [3]
SIF-TDDFT [4]
- GDW-EIS [5]

G [10_1 s cm?]
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Double 1onization total cross
sections

o bBExp[1]

— muticut FIM [2]
- nocut FIM [2]

. -+ noresp. BGM [3]
— . response BGM [3)
=51 v_mod [3]
+—+ MEHC [4]
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Angular differential ionization cross
section |l
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Electron emission angle
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Double differential ionization cross sections

30 keV p + He
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Thank you for

your attention!
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