
-1

0

1

2

3

7.850x10-2 7.852x10-2 7.854x10 -2 7.856x10-2 7.858x10-2 7.860x10-2

Gamow factor

Quantum calculation

E (u.a.)

δ 
(E

)

o

Phase shift:

( )( )
( )

b
1

a

r

exp 2 k R dR
h 2

avec  k 2 U E

ϖτ
π

µ

− Γ= = −

= −

∫ћ( )0
2 r

arc tg
E E

δ δ Γ= +
−

Semi-classical expression for the lifetime:
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The associative ionization is an efficient process at low collision energy

A+ + B- →→→→ AB+ + e + ∆∆∆∆E
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Chemical ionization in polyatomic systems :

towards reactive collisions !

Other results

Experimental method: merged beams
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NumericalNumerical simulation of apparent cross sectionssimulation of apparent cross sections at lowat low collisioncollision energyenergy

0

10

20

30

40

0 500 1000 1500 2000

0.08 eV

0.033 eV

0 eV

v
r
 (m/s)

f (
v r) 

(u
. a

rb
.)

( ) ( ) ( ) ( ) ( )2 2

1 2 1 2 1 2 1 22 cosf v g v g v f v v v v v dv dv dθ δ θ θ= − + −∫∫∫

0

50

100

150

200

0 1 2 3 4 5

θ (mrad)

f (
θ)

Angular distribution Relative velocity distribution

0

5000

10000

15000

430 450 470 490 510

10-1 10-2 10-3 0 10-3 10-2 10-1

Observation voltage ( Volt )

N
or

m
a

lis
e

d
 s

ig
n

al

Collision energy (eV)

100

10
1

102

103

10
4

105

0.0001 0.001 0.01 0.1 1

1/E
r

E
r
 (eV)

σ a
pp

Apparent cross section

( ) ( )
0

v f v vdvα σ
∞

=∫Reaction rate

Ø 3 

mm 

Ø 2 

mm

Ø 1,5 

mm

-112.350

-112.325

-112.300

-112.275

-112.250

1 2 3 4 5 6 7

CO
+
 (X 

2
Σ

+
) , l=200

χ /R ∝ j
l
(kR)+tgδ

l
 n

l
(kR)

R (a
o
)

U
 (

R
) +

 l(
l+

1)
/2

µR
2    

 / 
   

 χ
 (

R
, E

re
s)

( ) ( ) ( ) ( )
2

2 2 2

1
2 0

E U l ld
R R

dR R
χ µ χ

− + 
+ − = 
 

ћ
-2

0

2

4

6

8

0.077 0.078 0.079 0.080 0.081 0.082

E (u.a.)

δ 
(E
)

-112.350

-112.325

-112.300

-112.275

-112.250

1 2 3 4 5 6 7

U'(R) = cste

U'(R) = U (R) + l( l+1)/2µR
2
 

v = 14

R (a
o
)

U
' (

R
) 

/ χ
v (

R
)

Quantum method

Wave fonction :
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Semi classical method
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