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I. INTRODUCTION

The collision of ion beams with atomic or molecular target has attracted many physists,
for it provides rich information, which, as shown by experiments, includes ion signals,
electron signals, photon signals and cluster signals, etc. As for soft X-ray lasers, the informa-
tion of photons and highly charged ions is spectacular.

In 1982, the excited projectiles in the collision of Ne** (z=1, 2, 3,4) with He, Ne, and
Ar were studied by Bloemen et al. !, and the impact energy ranges of Ne** ions are from
60 to 800 keV. In 1984, Nikulin et al.!? studied the 60 — 100 keV Ne** — Ne collision with

~ ECR ion source.

Recently, we conducted the experimental studies of single electron capture and doub-
le-electron capture into excited states in the collision between Ne** and He, using the ECR
ion source-CAPRICE and LHT-30 VUV monochromator made in France. The energy ‘of -

- Ne** ranges from 48 to 64 keV, the ion beam current is about 45 — 60 yA, and the wave:
length range of the monochromator is from 10 to 80 nm.

II. ExpERIMENTAL RESULTS

For details of the experimental setup please refer to Ref.| 3]; Fig. 1 shows the emission
spectra of NelV, Nelll and Hell in the collision between Ne** and He at 52 keV incident
~ jon impact energy. The NelV, Nelll and Hell lines observed are listed in Tables 1 and 2.

The emission lines show that there are two channels of excitation in the energy range of
48 — 64 keV.

* Projct supported by the National Natural Science Foundation of China and the Chinese Research Associa-
tion for Atomic and Molecular Data.
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Fig. 1. The spectra of NelV and Hell lines in collision line denotes the results of Bloemen, and the solid
between Ne** and He at 52 keV energy. lines denote our results.
Table 1 .
Doublet and Quartet Lines of NelV
Doublet Quartet
Transition A (nm) Transition 4 (nm)
2744 D ~ 20 D’ 15.1 2073 P —2p° 40 20.8
252 28 — 2 *p0 42.1 252p* P —»2p° 40 54.3
290 0 252p* PO 60.6 :
Table 2
Triplet Nelll and Doublet Hell Lines
Nelll Triplet Hell Doublet
Transition A (om) Transition A(om)
20°3s P° > 25 P 26.7 2p PP > 15 %S 30.4
2p°3s 3% — 25* 3p 31.3 ‘
2529 P - 2p* P 49.0

(i) Single electron capture into excited states:
Ne*t + He > Ne***(un, )+ He" *(n, 1)
— Ne** + He* + hv (NelV )+ hy (Hell ).

(ii ) Double-electron capture into excited states :
Ne** + He - Ne** * (n, [)+ He?*
— Ne?* + He?* + hv (Nelll).
According to the definition'¥, the emission cross sections of NelIV, Nelll and Hell

lines have been measured absolutely, and are listed in Table 3.

Fig. 2 shows the emission cross section g, for Ne** + He as a function of collision

velocity.
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Table 3
Emission Cross Sections of NeIV, Nelll and Hell Lines (Unit in 107! cm?)
NelV Doublet Ne IV Quartet Ne III Triplet He II Doublet
E (keV) " A(om) A (nm) A (nm) A(nm)’
15.1 | 42.1 | 60.6 20.8 54.3 26.7 49.0 30.4

48 10.37 | 0.17 ] 0.16 2.83 0.10 0.39 0.11 0.19
52 11.37 | 0.14 | 0.15 3.17 0.11 0.39 0.12 0.20
56 9.95( 0.15 | 0.15 3.34 0.12 0.47 0.10 0.21
60 1222 1 0.26 | 0.20 4.76 0.13 0.51 0.14 0.29
64 12.57 | 0.20 | 0.16 3.63 0.14 0.55 0.16 0.25

Error estimation: The photon signal counts are about 10— 10¢%, and the statistical error
is <3%. The errors of measurements of optics, charge quantity, and gas target density are
*3% respectively. The uncertainty of quantum efficiency of optical detection system is
about *10%. The total error of emission cross sections is about +22%..

III. DiscussioN

1. Electron capture is an important process in collisions between multi-charged ions and
atoms. Our experiments suggest that there are two processes: single electron capture and
double-electron capture. Generally, the cross-sections of the former are greater than those of
the latter.

2.F ig.' 3 shows the potential energy curves of the exothermic exit channels (Ne** * —
He )across the potential energy curve of the entrance channel (Ne** — He ) and the corre-
sponding crossing radius R_ is given in Fig. 3. According to the potential curve-crossing mod-
el, only those reactions, which are moderately exothermic and have intermediate values of
R.(3<R_<10 a.u.), lead to large cross sections.

Table 4 gives AE values of poten- “or

tial energy defect : AE> 0 is exothermic o K

reaction, and AE <0 is endothermic re- or 2 :p

action. From Fig. 3 and Table 4, for Ne** + He

the NelV quartet line 2p%3s ‘P — 2p° \po

*S°, 4=20.8 nm, AE=12.98 eV, % e

3<R.<10 a.u. Therefore, the emission ¥ S 2

cross sections of this line are larger N§°° - ,g

than other lines, while for the NelV Sl 1 p

doublet line 2527 28 27 *P°, 1 =42.1 g ‘{’E oo

nm and for NelV quartet line 2s2p* ‘P ol LS 2po

— 2p 4S% 1=154.3 nm, R, is interme- * L :’F“{u ctastable o,
0 5 10 15 20 25 30 00

diate values, but AE is very large, being R@aw)
35.34 eV and 49. 66 eV respectively. Fig. 3. The diabatic potential diagram for Ne** + He collision.
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Therefore, the emission cross sections of both lines are not large. In addition, for NelV
doublet line 2p° *P° — 2527 P, A=60.6 nm, AE=12.37 eV, R_is intermediate value, but it
is only the transition from 2p° 2P° to 252 p* ?P state, not the transition to ground state, so
the emission cross sections are not large either.

Table 4
AE Values of NelV Lines Observed

4 (am) 15.1 20.8 42.1 54.3 60.6
AE(keV) —14.16 12.98 35.34 49.66 12.37

3. The emission cross sections of NelV quartet line 277 3s* P — 2p* S (4=20.8 nm)
in Fig.2 show that our experimental results agree well with Bloemen ’s results.

Fig. 2 indicates that the velocities of emission cross sections have weak dependence
relation in the range of velocity of incident ion Ne** from 0.31 to 0.36 a.u. It means that
the curves are smooth in energy range of 48 — 64 keV.

4. NelV double line 27 4d D — 2p *D°(A=15.1 nm ) has large cross sections which
is an endothermic reaction, the potential energy defect AE= —14. 16 e¢V. In the case of
endothermic processes transitions can only occur via a non-crossing type of coupling, which
has been treated by Demkov!¥, Olson'® and Dinterman!”.
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