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Fig. 1. Schematic experimental setup for atomic physics platform on ECRIS in HIRFL.
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Fig. 2. Efficiency values of the Silicon Drift Detector. The
curve is a fifth polynomial in the 0.6—1.8 keV energy inter-
val, a fourth polynomial in the 1.8—4.0 keV energy interval
and a third polynomial in the 4.0-10 keV energy interval.
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Fig. 3. Measured near-infrared spectral lines induced by '?Xe? ions with 1360 keV kinetic energy impacting on Cu surface:

(a) 129X621+; (b) ]29X827+_
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21 Xer A Cu SR HUZT SR

Table 1. Measured near-infrared spectral lines induced by '*Xe?" ions on Cu surface.

Ton Observed Reference Upper level Lower level Transition
wavelength/nm  wavelength/nm Configuration Term J Configuration ~ Term J type
. 5 5
Xel 949.99 + 0.05 949,711 5p°(2P5 )4 2309 o 5P7(2P55)5d 2390 o E,
- 5 5
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- 5 ) 5
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Cul 1665.00 £ 0.02 1664.99/9) 3d1%5d D 3/2 3d%p P 1/2 E,
Cull  829.78 + 0.03 829,850 3d°(D;5)7d  2(2/5] 2 3dS(F)4sdp('P°)  SFe 2 E,
Cull 900.14 + 0.02 900.1457 3d°(*Dy0)8s  2[3/2] 2 3d°(*Dy0)6p  2[3/2]° 1 E,
Cull  1079.74 + 0.05 1079.7915) 3d°(°D; )5t 2[7/2° 4 3d°(D;)5d  29/2] 4 E,
Cu XXIII  1140.06 + 0.01 1140.00¢ 222p°(P)4p  2P° 3/2  2522p°(°P)dp 180 3/2 M,, E,
Cu XXIII  1216.44 + 0.04 1216.5130] 2p*(*P)3d D 5/2 2p*('D)3p 2Fe 5/2 E,
Cu XXIII  1345.36 + 0.06 1345.50 22p%(P)Af  2F° 5/2  2s22p*('D)4p 2o 5/2 M,, E,
Cu XXII  1374.79 + 0.07 1374.08 22p%('P)3d D0 5/2 2p4(*P)3s P52 E,
Cu XXIIT  1420.31 + 0.06 1420.16% 222p2(°P)4f ‘Do 1/2  2822p%(D)4p D0 1/2 My, E,
Cu XX III Xe20+ —» Cu
14000 = E{ﬂtélﬂlpgmlﬁ Data: Datal B
r ac 085083 £0.00031 Model: Ganss | 1as
w  0.23889  £0.00063 300 ¢ w1 0.16082.+0.2283;
12000 A 3613.3+8.40157 Xe I Lnl A} golﬁosi%;jgfﬁ;
L Experimental 250 b 2c24.473 £0.22924
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150 |
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2
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4000 | 3.6 3.8 4.0 4.2 44 46 48 5.0
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0 2 4 6 8
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4 BIRED 4 MeV By 12X e 81 AGF Cu B2 1147 34 19 X I £t

Fig. 4. X-ray spectra induced by 2Xe?* ions with 4 MeV kinetic energy impacting on Cu surface.
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Fig. 5. (a) Potential energy of the 2Xe ion vs. the charge
g; (b) single ion fluorescence yield of the near-infrared spec-
tral lines as a function of the projectile charge ¢ where the
near-infrared spectral lines are induced by 1360 keV 2Xe+

(¢ = 21--27) ion impacting on a Cu surface.
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Abstract

During the interaction of highly charged ions with solid target in the energy region near the Bohr velocity,
the potential energy of the projectiles will be deposited on a nanometer-scale target surface within the time on
the order of femtoseconds. That will lead the target atoms to be ionized into ions and the ions to be excited,
resulting in the multiple ionization states and the complex configuration of energy levels. The de-excitation
radiations of these levels cover the radiations from near-infrared spectral line to X-ray. Investigation of these
spectral lines is significant for investigating the mechanism of such an interaction, diagnosing plasma and
studying astrophysics. The experimental results show that the near-infrared spectral lines and X-ray spectra are
produced by the Xe (¢ = 21, 23, 25, 27) with kinetic energy of 1360 keV and '2Xe?** with kinetic energy of
4 MeV impacting on the Cu surface, separately. The experiment is carried out in the National Laboratory of
Heavy Ion Research Facility in Lanzhou, HIRFL. The beam intensity is on the order of nA. The highly charged
ions capture the electrons of the Cu target and thus being neutralized in a femtosecond time. The energy of the
highly charged ions is deposited on the target surface, and the target atoms are excited or ionized, resulting in
the transition between complex configurations, such as the dipole forbidden transition (magnetic dipole and
quadrupole transition) and magnetic dipole transition of the Cu?**. The infrared spectral lines of the atoms and
ions from deexcitation radiation are measured. With the 4 MeV 29Xe?* jons impacting on solid Cu surfsce, the
X-rays are measured, such as, the magnetic dipole deexcitation radiation transition of Cu??*, the X-rays of the
L, edge transition and Lg; of the Cu I, L, and Lg; X-rays of the Xe ions. The results show that during the
neutrilization of highly charged Xe ions with lower energy above the Cu surface, the infrared lines are mainly
from the deexcitation of the incident ions and the ionized or excited target atoms. The increasing trend of the
the single ion fluorescence yield of the infrared spectral line is the same as that of the potential energy of the
projectile. The characteristic L. X-rays of the Xe atom are emitted by the second generation of hollow atoms

formed below the surface.
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