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Fig. 1. Characteristics of X-ray spectra induced by varied
ions impacting on Au: (a) Htion; (b) Ar'?* ion.
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Fig. 2. Characteristics of X-ray spectra induced by ions with varied kinetic energy impacting on Au: (a) H* ion;

(b) Ar'?* ion; (c) Kr'3t ion; (d) Ar'2t ion.
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Table 1. The energy of peak and the shift of energy of
M, X-rays induced by different ions impact.

BT ONGTEE/MeV IEHREE By /eV B ABEN, /eV

0.100 2121 -2
- 0.200 2097 —26
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1.2 2147 24
1.8 2141 18
Ar12+
2.4 2156 33
3.0 2147 24
1.8 2169 46
2.4 2181 58
Kr13+
3.0 2180 57
3.6 2182 59
2.0 2226 103
3.0 2234 111
Eu?0+t 4.0 2233 110
5.0 2251 128
6.0 2266 140
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Fig. 3. Characteristics of X-ray spectra induced by

Ar87 ions with varied kinetic energy impacting on Au.
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F2 ARBFF=HN Mo F M, (8 X SF2R AR X =40 e =4 b
Table 2. Relative yield and yield ratio of My and M, X-ray produced by different ions.

By HA%TREE keV-u! Mo AHR 280 Yo M, ALY, A Y, /Y
Arl2+ 45.0 1.742 £ 0.105 (107?) 1.129 £ 0.105 (1079) 0.122
Kri3+ 35.7 1.575 £ 0.094 (10~%) 1.433 £ 0.086 (10~?) 0.091
Eu?0+ 39.5 3.139 4+ 0.188 (10~4) 1.225 4+ 0.074 (107%) 0.390
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Abstract
We report the experimental data of characteristic X-ray spectra produced by the impact of HT, Ar®T, Ar'?+ Kr!3*
and Eu®’" ions with different kinetic energies on Au surface in the National Laboratory of Heavy Ion Research Facility
in Lanzhou, China. The energy shifts of X-ray spectra are analyzed and the ratio of X-ray yield is calculated. The
results show that H" can excite the characteristic X-ray spectra of M¢ and M, of Au, while Ar®", Ar'?* Kr'3* and
Eu®®" can excite the characteristic X-ray spectra of M¢, M, M, and Mj; of Au, because the inner shells of target atom
are multiply ionized by heavy ions impact, so that the relative intensity ratio of the X-rays changes when the heavy ions
are incident. There are different energy shifts of Au M X-ray due to multiple ionization effect in collision. When the ion
incident energy is lower, the degree of multiple ionization of the inner shells of the target atom is almost independent of
the incident energy, when the ion energy is higher, the degree of multiple ionization increases with incident ion energy
increasing. At the same time, the degree of multiple ionization also depends on the number of holes in the outer shell
of the ion and its atomic number. That the ratio of X-ray yield increases with the increase of the atomic number of
the incident ion further indicates that the degree of multiple ionization increases with atomic number of the incident
ion increasing. The multiple ionization and electron configuration of the inner shells of the atom can be determined
by the energy shift and spectra broadening. These measurements provide basic data for further studying the multiple
ionization mechanism of the inner shells of the atom. But due to the limitation of the resolution of the detector, the
spectral broadening data cannot be measured. It is necessary to use a higher-resolution detector to further study the

multi-ionization effect of the inner shells of the atom.

Keywords: heavy ions, X-ray, energy shift, multiple ionization effect
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