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Fig. 1. Adiabatic potential energy curves of KLi*. The sol-
id and dashed lines represent the X1 and II electronic
states, respectively. The 1231, 22x+ | 32%+  42%+
5251, 621, 121, and 2211 states correlate asymptot-
ically to K* + Li(2s), K(4s) + Li*, K 4+ Li(2po ), K
(4po) + Lit, K* + Li(3s), K(5s) + Li*, K* + Li( 2px),
and K(4pw) + Li*, respectively.
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Fig. 2. Radial and rotational coupling matrix elements among different electronic states of the KLi*.
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Fig. 3. Dipole transition matrix element between the 12X+

and 2237 electronic states of KLi*.
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Fig. 4. Comparison of total non-radiative charge transfer
cross sections for Lit + K(4s) collisions between theoretic-
al calculations and experimental measurements. Theoretic-
al results: QMOCC results (gray solid line with solid
squares) and TC-AOCC results (red solid line with solid
circles) in this work; Experimental data: measured results
from Perel and Daley® (olive solid line with solid up-tri-
angles) and Pivovar et al.l”) (blue solid line with solid down-
triangles).
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Fig. 5. State-selective non-radiative charge transfer cross
sections of Lit 4 K collisions for electron capture into the
32%F and 1211 states.
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Fig. 6. Variation of the transition probability P(R) with
internuclear distance between the 12Xt and 2231 mo-

lecular states in Li™ and K collisions.

— Radiative decay i
(optical potential) }

—— Radiative decay
(semiclassical)

Crosssection/(10~16 cm?)

107% F —o— Nonradiative charge transfer
10-4F Ralative energy 0.08 eV-u~!

10-% 10-° 10-7 10-° 10-% 10-' 10!
Ralative energy/(eV-u—1)

B 7 Lithy Kl Ok 56O 58 5 AR 58 0 i A % R B m
XL A Ol g T v SRR 1 A o AR AT LA R (S 2k
FoR; H G M T7 AR O I O LD (A TS A T
Bl 2 ; QMOCC J7 85 15 1y = 8 5 o, Ay e 5 4B 1 2 D W6 2
2R 5 A0 B R VL K (8 JE 2 X i B e 0.08 eV,
e A AL 0 4 G AR A A G e A A R AR B T
AREE, X 107 9 e 3l ) 2 i i 8y 5 WL ) 6 L o

Fig. 7. Comparison between radiative decay and non-radiat-
ive charge transfer cross sections for Li* and K collisions.
The radiative decay cross sections are calculated by the op-
tical potential method (black solid line) and the semiclassic-
al method (red solid line with solid dots). The non-radiat-
ive charge transfer cross sections from the QMOCC meth-
od are marked by blue solid lines with open dots. The gray
dashed line corresponds to the collision energy of 0.08 eV/u.
At this energy, the radiative association cross section is
nearly equal to the non-radiative charge transfer cross sec-
tion, which marks the threshold for the dominant mechan-

ism transition between the two dynamic processes.
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SPECIAL TOPIC— Atomic, molecular and materials properties data

Theoretical study on non-radiative and radiative processes in
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Abstract

This work systematically investigates the charge-transfer dynamics in Lit + K(4s) collisions from ultralow
to moderately low energies, with emphasis on the cross-energy competition between non-radiative and radiative
processes. Non-radiative charge-transfer cross sections are calculated over the range of 10°-10 keV /u using the
QMOCC and TC-AOCC methods. The results show that non-radiative charge transfer is dominated by
nonadiabatic coupling between channels. In the collision energy range (0.08 eV/u < E < 200eV/u), electron
capture mainly occurs via rotational coupling into the Li(2p) state. As energy increases, multichannel coupling
becomes stronger, and the contributions of the 3?°%" and 1?II channels approach competition. Radiative charge
transfer, radiative decay, and radiative association are further studied within 10 '-20 eV /u using full-quantum,
optical potential, and semiclassical methods. When the collision energy is below 0.08 eV/u, radiative processes
become dominant. When further reduced to the ultralow energy region ( E < 0.01eV/u), radiative association
cross sections are significantly larger than those of radiative charge transfer, indicating a strong tendency for
bound molecular ion formation. These results show that nonadiabatic coupling and radiative transitions
dominate different reaction pathways in different energy regimes, thereby reshaping the overall charge-transfer
dynamics and product distribution. This work provides a coherent physical picture and reliable data for
modeling low-temperature ion-atom collisions in plasma physics, astrochemistry, and cold molecular physics.
The datasets presented in this paper are openly available at https://doi.org/10.57760/sciencedb.j00213.00247.
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