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% 1: U + H(1s28) — U™V + HY(1S) MR IS L[4 TRIFRIE . MG . (FIRASLE A
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Table 1. Common molecular symmetry, total statistical weight, capture state binding energy, and

avoided crossing point position for charge transfer reactions U?™ 4+ H(1s28) — U~V L HT(19).

U™ + H(1s28) —» UG DT L HH('S) IR 4> TRIFRIE Yo BTVl (em™)  Re(au)
U (5£36p° *1°) — Ut (54 °1) °, °A, 59, °T, PH, °T  15/26 159700 8.9109
U (5£26p° 3H) — U3t (5£36p° 1°) IS ML A, Y, YH 2/3 296000 3.8327
U™ (6p° ?P°) — UST(6p° '9) Iyt 1/12 718000 2.8253
Ut (6p? 3P) — UT(6p® *S°) v 2/9 1040000 3.1687
UBF(5d° 2D) — UMF (540 1S) Iyt 1/20 2605000 2.7417
UZ0F(5d*°D) — Ut (5d° 69) byt 3/25 3694000 2.9164
U F(4f145p° 2P°) — U4 (4f119) Iyt 1/12 5893000 2.8382
UBF(4f145p2 3P) — U™ (4f5p° 2P°) n 2/9 6740000 2.9084
UBLT (41455 28) — UBCF(4f1418) Iyt 1/4 8650000 2.8453
UBT(4f132F°) — U (4514 19) Iyt 1/28 9780000 2.8380
UF(4f5TF) — U (457 85°) 8y~ 4/49 14080000 2.8316
U (4d° 2D) — U*+ (440 1S) Iyt 1/20 20793000 2.7592
USTF (4p° 2P°) — UPSF(4p° 19) Int 1/12 29052000 2.7867
U%t(4528) — Ut (452 19) Iyt 1/4 36400000 2.7602
U%+(3d° 2D) — U+ (34'° 19) Iyt 1/20 59629000 2.4476
U™*(3p° 2P°) — U™+ (3p°'S) Iyt 1/12 78365000 2.4539
U™+ (3p? 3P) — U™+ (3p® 2P°) ’n 2/9 82301000 2.4728
UBt(3528) — UBOT(3521S) Iyt 1/4 96674000 2.4164
UB2t(2p5 19) — UB*(3528) nt 1 98117000 2.4225
USF(2p° 2P°) — UB2F(2p° 19) et 1/12 203720000 2.0139
U®t(2528) — Ut (252 19) Iyt 1/4 261114000 1.9591
UF (152 18) — U (15725 29) 2yt 1 264844000 1.9677
UF (152 18) — U (15%2p 2P°) 2yt 1 267107520 1.9633
U2 (1528) — U2 (157 1S) I+ 1/4 1045051800 4.1046
UM (1528) — U2 (1535 '9) »Vd 1/4 1974821100 3.6754
UM (1528) — U2 (1555 '9) I3A 1/4 2050382800 2.8852
UM (1s28) — U2 (1525 39) Sy+ 3/4 1819561260 4.0513
UM (1528) — U2 (1s3p3P°) Sy 3/4 1974572700 3.6729
UM (1528) — U2 (1s5p3P°) 3y 3/4 2050332300 2.8825
U2+ (18) — Ut (1s28) 2nt 1 1063169000 2.5133
U2+ (18) — UM (2p2P°) nt 1 1850462500 2.4502

U9t (18) — UM (252S) 2t 1 1851075000 2.4490
U2+ (18) — UM (3p2P°) 2nt 1 2008027000 1.9662



https://doi.org/10.57760/sciencedb.j00213.00235

F VPRI TE CTER AR . USRS SRR Ry 15, g = 13-91 4R Xif
BEAPDTE 2.0-3.0 aw. X—HHARXE R, MEEASHLE SRR/, BHE AE Wik, R, 2%
ik (30 g =3 W R, = 8.91 a.w.). KB F 37 XFREMGHAEZH g 220 (A 1/28 3 1
REE), SR AAL (01 g = 83 1y 2p°/2p°) S BLHI A Y BRAFAE -

108

g
)
=
*«k

M

h". UI3+ UI4* UISA U!hA UWA
;{' L UI)H Ul‘)w UZUv UZI- U:Z‘
o 10% = :
& F
g L
Q [
° 10° =
= £
= L~
g 10t —
.2 L
R /
Q [
2 1078 - /
2 C
o
o C
Q10712 - T
= - , o e
o = U7+ Ux+
= 16 L vyl

10 I — / u' U

10*20 L | | ""*'77—1\'" | | | (a) 10*2 (b) | | | | | |

1074 1073 1072 107! 10° 10! 10 100 10 107 1072 107! 10° 10! 10 10°
Energy (eV/u) Energy (eV/u)

1 U (g=3-92) +H Rl AR G AT R I FER R RE B T (a) AETRRASEIR,

T (b) N q=13-92 WAL, Hi ¢=13,23,33,43,53,63,73,83,90, 91, 92 1 th L kAR R -
Fig. 1. Total charge transfer cross sections for the Ut (¢ = 3-92) + H collision system as a function of
collision energy. Panel (a) shows all results and panel (b) for high charge states (¢ = 13-92). Curves for

q=13,23,33,43,53,63,73,83,90,91, 92 are highlighted with bold lines.
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Fig. 2. Total charge transfer cross sections for the Ut + H collision system as a function of charge state

q at selected collision energies of 0.0005, 0.005, 0.05, 0.5, 5, 50, and 500 €V /u.
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Fig. 3. Total charge transfer rate coefficients for the Ut + H collision system as a function of
temperature. Panel (a) shows all results and panel (b) for high charge states (¢ = 13-92). Bold curves

correspond to the same charge states highlighted in Figs.1.
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Abstract

Charge transfer cross sections and rate coefficients for ion—hydrogen collisions are fundamental input
data for kilonova radiative transfer modeling, fusion edge plasma diagnostics, and heavy-ion accelerator
beam lifetime evaluation. Despite this broad demand, systematic theoretical data for the U™ + H system
at low energies have been almost entirely absent prior to this work. In this study, total charge transfer
cross sections and rate coefficients for single-electron capture in Ut (¢ = 3-92) + H(1s) collisions are
investigated within the multichannel Landau-Zener (MCLZ) framework over collision energies from 0.001
to 1000 eV /u, representing the first unified treatment of nearly the complete uranium ionization sequence.
The entrance-channel potential incorporates polarization attraction and short-range repulsion, while exit-
channel potentials are constructed from Coulomb repulsion with asymptotic energy shifts derived from
NIST spectroscopic data. Nonadiabatic coupling matrix elements are evaluated using the Butler-Dalgarno
model for ¢ < 4 and the Taulbjerg model for ¢ > 4. Multichannel transition probabilities are computed via
the recursive formula, and rate coefficients are obtained through Maxwell-Boltzmann thermal averaging
over 1-10° K. For low charge states (¢ = 3-12), the cross sections approximately follow an E~! scaling
below their characteristic turnover energies E; and exhibit non-monotonic energy dependences at higher
energies. The turnover energy generally shifts upward with increasing ¢. For ¢ 2 13, no resolvable
turnover is observed within the present energy range, and the cross sections-approximately retain the
E~1 scaling behavior over the whole calculated range. The charge state dependence of the cross sections
reveals pronounced shell structure modulation. Systematic minima occur at closed-shell (d'" and f'*) and
half filled shell (f7) configurations, as exemplified by ¢ = 15,33, 40, and 65. This behavior is attributed
to exchange energy stabilization at these configurations, which produces anomalously high ionization
energies, increases the energy defect, shifts the avoided crossing inward, and suppresses the electron
capture probability. The thermally averaged rate coefficients preserve these shell-structure oscillations,

and those for high charge states show an approximate 7~%/2

monotonic decrease. The present dataset
covers temperature ranges relevant to kilonova ejecta (103-10* K), fusion edge plasmas (10*-10° K), and
accelerator beam pipes from room temperature to 10° K. It therefore provides systematic theoretical

reference data for plasma modeling and beam transport design. The dataset presented in this paper is
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openly available at https://doi.org/10.57760/sciencedb.j00213.00235

Keywords: Charge transfer, Uranium ions, Collision cross section, Multi-Channel Landau-
Zener method
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