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Collisions studied.

We have considered the following projectiles:

Ne10+ , Ar18+ ; 17+ ; 16+ (rare gases are added in the
plasma edge).

B5+ (can be formed due to the boronization of the �rst
wall).
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Collisions studied.

We have considered the following projectiles:

Ne10+ , Ar18+ ; 17+ ; 16+ (rare gases are added in the
plasma edge).

B5+ (can be formed due to the boronization of the �rst
wall).

Energy rang e � 1 � 1000keV/amu.
We have applied two methods:

1. Semiclassical approach with a molecular basis.

2. Eikonal CTMC
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Organization.

1. Description of the methods.

2. Previous results:
Ne10+ + H(1s) collisions. (J. Phys. B, 37, 4323
(2004))

Ar16+ ;17+ ;18+ + H(1s) collisions. (J. Phys. B, 39, L91
(2006))

3. B5+ + H(1s)collisions. (Plasma Phys. Control. Fusion 48,
1585 (2006)) .

4. Collisions with H(2s).

5. Summary
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Semic lassical treatment.
Impact parameter appr oximation:

Nuclear rectilinear trajectories R = b + vt

Semiclassical equation
�
H � i

@
@t

�
�
�
�
r

�
	( r ; t; v; b) = 0

Molecular expansion:

	( r ; t; v; b) = exp[iU(r ; t)]
X

k

ak(t; v; b)� k (r ; R)e� i
Rt

0 Ek (t0)dt0

� k (r ; R) are molecular orbitals.

exp(iU) is a Common Translation Factor.
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Semic lassical treatment.
Total cross sections:

� A ;H
nl m (v) = 2�

Z
jaA;H

nl m (v; b;t ! 1 )j2bdb= 2�
Z

PA;H
nl m (v; b)bdb

Pseudostates can be introduced to evaluate ionization cross
sections and to extend the method to high energies
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IP-CTMC methods
Impact parameter approximation: R = b + vt

Classical distribution function � (r ; p; t), solution of the
Liouville's equation:

@�
@t

= � [�; H ]

Taking

� (r ; p; t) =
1
N

NX

j =1

� (r � r j )� (p � pj )

leads to the Hamilton's equations

_r j =
@H
@pj

; _pj = �
@H
@r j
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Initial distrib ution.

Initial microcanonical distribution:

� m(r ; p; E0) =
(2E0)5=2

8� 3Z 3
� (H � E0)

0 1 2 3 4 5
r (a.u.)   /   p (a.u.)

0

0.2

0.4

0.6

0.8

1

1.2

0 1 2 3 4 5
r (a.u.)   /   p (a.u.)

0

0.2

0.4

0.6

0.8

1

1.2

r (r)

r (p)
hydrog.

r (r)

microc
r (p)

ADAS meeting, Nov. 2006 – p. 8/29



Initial distrib ution.
Improved distributions have been proposed (Hardie and
Olson J. Phys. B, 27, 36903 (1983)). We have used a
hydrogenic distribution, which is a linear combination of 10
microcanonical distributions:

� (r ; p) =
10X

j =1

wj � m(r ; p; Ej )
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Initial distrib ution.
Improved distributions have been proposed (Hardie and Olson J. Phys. B, 27, 36903 (1983)).
We have used a hydrogenic distribution, which is a linear combination of 10 microcanonical
distributions:

� (r ; p) =
10X

j =1

wj � m (r ; p; E j )

0 1 2 3 4 5
r (a.u.)   /   p (a.u.)

0

0.2

0.4

0.6

0.8

1

1.2

0 1 2 3 4 5
r (a.u.)   /   p (a.u.)

0

0.2

0.4

0.6

0.8

1

1.2

r (r)

r (p)
hydrog.

r (r)

microc
r (p)

Classical distributions for H(1s) compared to the quantal ones.
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Final states.
We have employed the binning method of Becker and
McKellar (J. Phys. B, 17, 3923 (1984))

��
n �

1
2

�
(n � 1)n

� 1=3

< nc �
�
n

�
n +

1
2

�
(n + 1)

� 1=3

l < n
nc

lc � l + 1
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Ne10+ + H(1s) collisions.
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Ar18+ + H(1s) collisions.
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Arq+ + H(1s) collisions.
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Ar18+ + H(1s) collisions.

0 1 2 3 4 5 6 7 8 9 10 11 12 13
0

1

2

3

s
14

,l  (
10

-1
6  c

m
2 )

0 5 10
0

1

2

3
E=40keV/amu
E=70 keV/amu
E=100keV/amu
E=144 keV/amu

0 5 10 15
0

0.2

0.4

0.6

0.8

1

s
18

,l  (
10

-1
6  c

m
2 )

0 5 10 15
0

0.2

0.4

0.6

0.8

1

0 5 10 15 20
l 

0

0.05

0.1

0.15

0.2

0.25

0.3

s
22

,l  (
10

-1
6  c

m
2 )

0 5 10 15 20
0

0.05

0.1

0.15

0.2

0.25

0.3

n=14

n=18

n=22

ADAS meeting, Nov. 2006 – p. 15/29



Effective emission coef�cients.

Ne10+ (15-14) : Zeff=2.0, 5x10 13cm-3 , 2.5keV
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Ne10+ (14�13) : Zeff=2.0, 5x10 13cm�3 , 2.5keV
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Ne10+ (13�12) : Zeff=2.0, 5x10 13cm�3 , 2.5keV
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Ne10+ (12�11) : Zeff=2.0, 5x10 13cm�3 , 2.5keV
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Ne10+ (11�10) : Zeff=2.0, 5x10 13cm�3 , 2.5keV
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Ne10+ (10� 9) : Zeff=2.0, 5x10 13cm�3 , 2.5keV
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Ne10+ ( 9� 8) : Zeff=2.0, 5x10 13cm�3 , 2.5keV
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Ne10+ (15�13) : Zeff=2.0, 5x10 13cm�3 , 2.5keV
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Ne10+ (14�12) : Zeff=2.0, 5x10 13cm�3 , 2.5keV
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Ne10+ (13�11) : Zeff=2.0, 5x10 13cm�3 , 2.5keV
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Ne10+ (12�10) : Zeff=2.0, 5x10 13cm�3 , 2.5keV
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Ne10+ (11� 9) : Zeff=2.0, 5x10 13cm�3 , 2.5keV
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Ar18+ (17- 16) : Zeff=1.5, 5x1013cm- 3, 2.5keV
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Ar18+ (16� 15) : Zeff=1.5, 5x1013cm� 3, 2.5keV
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Ar18+ (15� 14) : Zeff=1.5, 5x1013cm� 3, 2.5keV
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Ar18+ (14� 13) : Zeff=1.5, 5x1013cm� 3, 2.5keV
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Ar18+ (17� 15) : Zeff=1.5, 5x1013cm� 3, 2.5keV
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Ar18+ (16� 14) : Zeff=1.5, 5x1013cm� 3, 2.5keV
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Ar18+ (15� 13) : Zeff=1.5, 5x1013cm� 3, 2.5keV
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Ar18+ (14� 12) : Zeff=1.5, 5x1013cm� 3, 2.5keV
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B5+ + H collisions.
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B5+ + H(1s) collisions.
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B5+ + H(1s) collisions.
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B5+ + H(1s) collisions.
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B5+ + H(1s) collisions.
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B5+ + H(1s) collisions.
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B5+ + H(1s) collisions.
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B5+ + H(1s) collisions.

v = 1:2a.u.
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B5+ + H(1s) collisions.

v = 1:2a.u.
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The microcanonical distribution
provides a de�cient description of the
outer part of the spatial density,
involved in long-range inelastic
transitions.

In the hydrogenic distribution, the
broadening of the initial molecular en-
ergy band enhances the transitions to
n=1,2. This implies an underestima-
tion of the probabilities for intermedi-
ate levels (n � 3; 4).
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Partial cross sections
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B5+ + H(2s) collisions.
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Ne10+ + H(2s) collisions.
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Summar y.
Use of complementary methods to cover a large energy
range.

Study of the overlap region:
Convergence of the molecular expansion.
In�uence of the initial distribution in CTMC
calculations.

New recommended data for CX in B5+ + H(1s).
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