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Abstract: The measurement of light spectrum with wavelength from 200 nm to 1000 nm emitted
from solid surface of Al which is excited by slow highly charged ions ** Xe?" (6<C g <{30) is
reported. The result shows that the characteristic spectral lines from transitions between complex
configurations of atoms and ions can be effectively excited by the impact of highly charged ions on
a solid surface even though the ionic beam is very weak. The relative intensity of those spectra can
be enhanced sharply and greatly if the stripped charge q of incident ions (q) is beyond a critical
value (q¢ = 26 for Al). According to the classic over-barrier modek, electrons captured and
transferred play key roles in interaction between highly charged ions and solid surfaces if the
kinetic energy of the incident ions is small (~1 keV/u). The ability of ions capturing electrons can
be intensified by increasing charged states of the incident ions, therefore, the light spectra
intensity of excited particles can be enhanced significantly.
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Fig.1 Atomic physics platform of (ECR source) of the
National Laboratory of the Heavy Ion Accelerator in
Lanzhou. (1: ECR ion source; 2: Beam buncher;
3. barrier; 4: 90° deflection analytic magnet;

5: Faraday cylinder; 6: magnetic quadrupole lens;

7. ultrahigh vacuum target chamber; 8: target; 9:

time of flying electron detector; 10: monochromator;

11: charge coupler; 12: gathering system)
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Table 1 The experimental results of the excited spectral lines

. . . The experimental Theoretical . Angular
Incident ion [Extract voltage Particle Transition
vlaue /nm valuet' /nm momentum /J
126 X 30t 5kV Al 213.47 213.4733 10d 2 D—3p 2P° 5/2—3/2
126 X 30t 5 kV Al 800. 28 800. 3186 8siS—4p?pP° 1/2—3/2
126 X g0t 5 kV Al 806. 59 806. 5968 7d*D—4p *P° 3;2—1?2
3/2—3/2
126 X 30t 5kV Al 807.63 807. 6298 7d*D—4p *P°
126 X 30t 5 kV Al'* 531. 20 531.232 9s3S—5p 3 P° 1—1
126 X g0t 5 kV Xe 457. 68 457. 66 6d[3'/2]—6s[11/2]° 4—2
126 X 30t 5kV Xe!'* 661.41 661.49 7°— 65’ —2S 3/2—1/2
126 X 30t 5 kV Xe!t 662.02 662. 00 6p*D°—5d*P 3/2—1/2
128 XS+ 25 kV Al 236.98 236.93 3d ‘D°—3p*P 5/2—3/2
128 XS 25 kV Al 309. 20 309. 27 3d:D—3p*P° 5/2—3/2
126 X o8t 25 kV Al 344. 37 344. 56 3pPtP—3p2P° 5/2—3/2
128 XS+ 25 kV Al 237.48 237.4496 3d*D°—3ptP° 3/2—5/2
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Fig.2 The spectral lines 800. 28 nm, 806. 59 nm and 4574 4576 4578 458.0
807. 63 nm of Al are excited by the impact of 1% Xe** Wavelength A/nm
ion, which extract voltage is 5 keV, on Al surface Fig.4 The spectral line 457, 68 nm of Xe is excited by
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Fig. 3 The spectral line 531. 20 nm of Al" is excited by 661.0 6615 662.0 662.5
the impact of % Xe® " ion, which extract voltage is Wavelength A/nm
5 keV, on Al surface Fig.5 The spectral lines 661, 41 nm and 662, 02 nm of
B 7 HHT AFBETF R X, 15 Xe | Xe!™ are excited by the impact of *® Xe*" ion,
126 X 20T 126X 26+ 126X 28t A B R Al FE i, W & F| which extract voltage is 5 keV, on Al surface
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Fig. 6 The spectral line 236. 98 nm of Al is excited by the
impact of 2 Xe'* ion, which extract voltage is

5 keV, on Al surface
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Fig.7 The ratio of spectral relative intensity to beam
intensity is as a function of charged states of the
ion. —®— B for 237. 49 nm of Al; —e— C for
555.72 nm of Al; —&— D for 761. 43 nm of Al
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