Charge Exchange : B, EXil
Charge Transfer : BWE{T, BRIBE
Electron Transfer : BFB1T, BFBE
Electron Capture : BFHHE

Single electron capture, SC :
A%+ + B — Ald-1)+ 4 B*

“True” double electron capture, TDC :
A%+ + B — Ald-2+ 4 B2+

Transfer ionization, Tl :

Ad + B = Ald-)+ 4 B2+ 4 -
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E=lmv2
2

BFHEDDHRIXRILF— (B : eV/u, eV/amu)
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=-—my
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E
A
RLFDRE :

v=1.389x10" | Z/V /s
m /u

XA : 200 - 900 km/s — 0.2 - 4.2 keV/u




( D. H. Crandall et al., 1979 )
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0% - He ( K. Tshii et al., 2004)
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0% + He — O>*(nl) + He*
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1AV DEETRILF—
ZHE

( K. Okuno et al., 1983 )



(R. Hoekstra et al., 1990)
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(G. Lubinski et al., 2000)
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Landau-ZenertFIlic &k 2 ERBITHIERE

o(v) =27 [ ™ 2p,,(b,) {1-p,,(b,v)}bdb

ER#EZIRE :

2
2nH_,
F1_F2‘

p,,(b,v) = eXp(—
th

AWFERT > vl &R :

1 g-1 1 g-1
‘FI_FQ‘~4mso R’ NIRI=0 - V(R)~ -
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H12 _ HOS _ 013 exp| - 1324RX QIt 47|"/7’J*?§0)i§'3€|‘
Jz Jz Z : BOERY
R, : 3XZ=IBE
5 48 1.324R. |21 X f;ﬁﬂ B
H, =H, = 7z exp| - \/,X t L RROIP
Z Z
9.13f 1.324R_\[2I )
H, =H_ - oL exp| - = g : 1A > OffiEk
Ja Ja
il 'n)v2l+1
£, =y 0

JO(n+1+1)C(n-1)

R. E. Olson & A. Salop: Phys. Rev. A 14 (1976) 579.
M. Kimura et al. : J. Phys. Soc. Jpn. 83 (1984) 2224.

K. Taulbjerg : J. Phys. B 19 (1986) L.368. 12



Reaction Window (1)

o(R,;V)

2
J'L’RX

T(R,;v) =

K. Taulbjerg : J. Phys. B 19 (1986) L368.
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Reaction Window (2)

v=0.0316 au

- FEENMNDIBEN T
- WTEE DB X EERY

K. Taulbjerg : J. Phys. B 19 (1986) L368.
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Classical over-the-barrier model
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: : on;

Potential

Potential
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Potential

Potential

O = :th P
—ZDEZDXMEERENEE

V - ERTHEC {zzlﬂf}

L BNk > TRESENARE D
A. Niehaus, J. Phys B 19 (1986) 2925.

Potential
T
Potential

Potential
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Mueller-Salzborn : Phys. Lett. 62A (1977) 391.
M. Kimura et al. : J. Phys. B 28 (1995) L643.
N. Selberg et al. : Phys. Rev. A 54 (1996) 4127.

AT +B = AP L B 4 (r - ple”

_ N _
o,(cm?) =2.7x10""gr / IfIfE(j/IJQ-)

j=1

L RO j A A VLI RILF— (eVENI)
N: AREBFH (2 for He, 8 for Ar and Xe)
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HelZHIDIES (I, = 24.588 eV, I, = 54.418 eV)
A7 +He — A7V + He'
o,(cm?) =3.2x107"°g
A% +He — A'TP* L1 He* +(2 - ple”
o’(cm?) =1.3x107"°¢g

—EFIHE + BITEEE (p =1)

O

q,q_l(cmz) ~ a; + Gf] =4.5x10"°q

—_EfiHE (p=2)

2
0, 40lcm”) =0
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BABITHIEE ORI E(E
Xed*-He (g=15-43)

Xed*-He
= E =3.8q keV
®)
5
~ SC
DO'

TI+TDC

Projectile charge state g

( N. Selberg et al., 1996 )
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S. Sakabe & Y. [zawa : Phys. Rev. A 45 (1992) 2086.

o) = (A - Blog v) (IL) | g
I

ST AT+ A —> A+ A"

1.81x101% cm?
2.12x10°15 cm?
= 13.6 eV

H
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New experimental setup (1)

Analyzing
14.25 GHz Magnet
ECR lon Source
Switching
Magnet
L Window-less

Silicon Drift Detector
(SDD)



New experimental setup (2)

lon Beam
Collision Celi
-
" [
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target manometer
gas inlet v

Magic Angle = 54.736°



Experimental spectra
in collisions of O%* ions
with H, and He



O8+ - He / H, collisions

1s-np transitions of O7*, and 1s2-1s2p transition of O°%+

2p > 4p > 3p 2p > 3p > 4p



Comparison with theoretical
calculations

Atomic Orbital Close Coupling calculation
by L. Liu & J. Wang
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Dominant capture level : n =5 (H,), n =4 (He)



Cascade of transitions

2 2 2 2
S1/2 P1/2, 3/2 D3/2, 5/2 I:5/2, 712

Initial state distribution



O3+ - He collisions

Agreement is almost perfect, except for 1s2-1s2p.

2p > 4p > 3p 2p > 4p > 3p



O8+ - H, collisions

Agreement is not sufficient, due to molecular structure (?)

2P > 3p >5p >4p 2P > 3p ~5p ~ 4p



Cross Sections :

O3+ - He

+ difference

1s —2s: M1, 2E1
1s—np : E1
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