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3.1 two-step t&EY

ARATE A THE A IPD 1Y two-step A5 7Y 1491,
two-step FRARYET Sang-Kil Son £ A& FEM two-
step Hartree-Fock-Slater #5 i [16] 22 4% U 3 N J&
TRT B AT RS AR, T — PO T4 B T A 25 24
BERN W R S5 R e k. BrLL, SEEZ
e R EA BRI e, M ARMER FAC
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A5 IPD. LA 37 s My BRI 76 T A0S
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Phe =0 BEARAIRSL T 00 T A HLES AL i B4
B 2 B TR b, SR T RYBE R e > o 1, B
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3.2 EK &8
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Hoh, r AETEREAR, D Debye BRBUKEE, n;
NETREE, Z PR, W C gt 1
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3 (T,
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3.3 SP R

SP FHY 13 iy TPD 23 202 — 58 T4 BRI B2
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Fig. 1. The atomic potential for the 1s22s22p® 'Sy configur-
ation of Fe'®t at a free electron density of ne =9 X
1022 em—3 and a plasma temperature of T = 100 ¢V . The
black solid line represents the isolated case; the red dotted
line represents the results calculated by the Debye-Hiickel
model; the green dashed line represents the results calcu-
lated by the ion-sphere model; the blue dot-dashed line rep-

resents the results calculated by the ion-correlation model.

BT Hal DU Y 5 R A 2 5 B R A
BN G, Fe'o [y #dg &k LR, OB
FUREREE B i85 0 14 55 1 B A% K L I |
YER. JF H, = a5 e 7R s i R i JEF o
HREIHE AR LR, IWE 1 ] LU& B, Debye-
Hiickel A5 74 [) 57 M 5500 B e, 25 1 BRABE AL (14 Bt i
SN VR T T IR TR () B RN e 35 . A% R
RI7E T, Debye-Hiickel #8IAE by I ) BRI 224,
AR T 55 A BAR SRR B, DT 5 R 2> 1
Jéi] 1 Py A, R (] | 8 s R L 3ok o v 8 PR
PR AL B ER AR T T I S, (IR 58 42 200 1 L )Y
LSRRV B TR F A AR, S8 S TR
FURIFRBOH TR0, DRI, A 3B 2 5 B PR 85 v
FA R T 3k B . T ERAS R B ARG A ik &
14, (BT IR 10 AR 3 (U A2 24 19 22 AR B AR .
R AR BT AR A — R D R T A S R
P I AR, AR LB AL R X KR
) 4 EE ) SRR T SRR 18] i ) SRR A
b2 R, BRI AR S8 T 45 2 B FER Y
H DTk, 0% TR -5 T 2 R SRR
7, BT O B X PR BRI, o LS AR IRy 1
TG B4 A 3 7 A4 B AR B 55, AR )
FRECSE.

T AR 2 5 B PR IS5 355 g o v 383 B
S SERN L, 205 T ARBERON NT F  F
TFUEPREASER. H H T PRI A% R i
553, 117 37 1) 45 B 1 R IR 858 R e o R W [
EAERAFHUR T Y R HAR b
M L A P S AT A BRI AR T, R R
FHREEE A AT R, BT, AR 2 i T RO E TR
Fe'®t i}, figti o 10eV {9 R HL-F4% 0] % PR AR 43
HP(r). o, B 2(a) b H BT ne =9 x
1022 em 3 255 TIRIEJE T = 100 eV I, =Fh45E
FURBERORT () F I Rk, BB E SRR
PEASL O 210055 2 AR 3K Debye-Hiickel #1154
25 S a0 R 2R TR B A 25 1 1
o SR SR TR AN T B A S5 5. K 2(b)
FFEB TR | RIRAEE PR TR H H
L% pRAI. R SRS AE I R84 h
ne=9x 102 cm=3, T = 100 eV 45 5 (A g4k
H ne=9x10%cm=3, T =100eV L E; ¥t
BB Nn.=9x10B ecm™>, T =50eV Y45 H.
H & 2(a) 7] UL, Debye-Hiickel ARS8 1 H i

210302-11


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 75, No. 21 (2026) 210302
1.5
(a) — Isolated (b) — Isolated
fffffff Debye Hiickel 0.8 - T'=100 eV, ne =9x102 cm~—3
1.0} Ton sphere T .

Ion correction

--—-Ion correlation;

0
g
1.0} : osl
T=100 eV o T=100 eV, ne=9x10%* cm—3
ne=9%x10%22 cm~3 -—-T=50eV, n,=9x102 cm—3
_15 . . . . . .
0 3 6 9 12 0 2 4 6 8

r/a.u. r/a.u.

Bl 2 LB TR Felot B, BERN 10 eV I H TR MRS /i P(r) B r 197254k, [/ (a) A T AR THE ne =9 x
1022 ecm™3 , SFE FIRRE T = 100 eV B, =Fh 458 FORBRIBIR T 19 @ o i 7O R4 MO RRRI R @& REE
Debye-Hiickel £ 715 (1 25 s (o il R AR e B8 F R AU S M 25 21 M6 BN - B R R R B F OGR4 1. 1/l (b) A T
TEB FOCHBIALT, R 5B F AR AT 0 G il TR RO BRI, BOHEL N ne=9x10Bcem™3, T =
100 eV IEER; HOBL N ne =9 x 1024 em =3, T =100 eV LR M OSIEL N ne =9 x 1022 em™3 |, T =50 eV LR

Fig. 2. For the central ion Fe!6t | the radial wavefunction large component P(r) of free electrons with energy 10 eV is plotted as
a function of r. Figure (a) shows the free-electron wavefunctions under three plasma screening models, for a free electron density
ne = 9 x 1022 em™? and plasma temperature 7 = 100 eV . The black solid line represents the isolated case; the red dotted line
corresponds to the Debye-Hiickel model; the green dashed line corresponds to the ion-sphere model; and the blue dash-dotted line
corresponds to the ion-correlation model. Figure (b) presents the free-electron wavefunctions under the ion-correlation model for dif-
ferent plasma conditions. The black solid line again denotes the isolated case; the purple dotted line corresponds to
ne =9 x 1023 cm™—3, T = 100 eV ; the cyan dashed line to n. =9 x 1024 cm=3, 7 =100 eV ; and the pink dash-dotted line to

ne=9x108 cm™3, T =50eV.
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Fig. 3. The IPD of iron ions as a function of plasma temper-
ature at a free electron density of ne =9 x 1022 cm™—3 . In
the figure, black circles, blue diamonds, and purple tri-
angles represent the results of the two-step model at
T =100eV, T =180eV and T = 300 eV, respectively;
solid red, solid gray, and solid cyan lines are the results of
the SPmodelat T'=100eV, T =180 eV and T' = 300 eV,
respectively; dashed green, dashed dark green, and dashed
pink lines are the results of the EK model at T'= 100 eV,
T =180eV and T = 300 eV, respectively.
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Fig. 4. The IPD of iron ions as a function of free electron
density at a plasma temperature of 7' = 180 ¢V . In the fig-
ure, black circles, blue diamonds, and purple triangles rep-
resent the results of the two-step model at ne=
9 x 1022 cm—3 |

1024 ecm—3 | respectively; solid red, solid gray, and solid
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9 x 1024 cm—3 | respectively.
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Fig. 5. The IPD of as a function of Mg"t charge state Z*
at a free electron density ne = 3 x 1023 cm—3 and plasma
temperature T = 75 eV 7. The black circles, red dia-
monds, green upward triangles, and blue downward tri-
angles represent the results calculated by the two-step mod-
el, the SF model, the EK model, and the SP model, respect-

ively.
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Fig. 6. The electron-impact ionization cross section of the
1522522p% 1Sy — 15%2s%2p> process for Fe'®t as a function

of the incident electron energy, at a free electron density of

ne =9x 1022 cm™3 and a plasma temperature of T =

100 eV . The black solid line represents the isolated case;
the red dotted line represents the results calculated by the
Debye-Hiickel model; the green dashed line represents the
results calculated by the ion-sphere model; the blue dot-
dashed line represents the results calculated by the ion-cor-

relation model.
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SPECIAL TOPIC—Relativistic atomic structure theory, methods, and
applications

Research progress on electron-impact ionization processes
. *
in hot dense plasmas
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Abstract

Hot dense plasmas are a critical state of matter found extensively in inertial confinement fusion and stellar
interiors. Their ionization balance and charge-state distribution are largely governed by electron impact
ionization (EIl)—a fundamental atomic process that also determines the radiative opacity, energy transport,
and equation of state of the plasma. Systematic studies of EIl under such extreme conditions provide essential
atomic data for high-energy-density physics and support the development of diagnostic techniques for probing
electronic structure. Unlike low-density ideal plasmas, hot dense plasmas exhibit strong coupling effects that can
significantly alter atomic energy levels and wave functions. These modifications shift ionization thresholds and
change EII cross sections, thereby limiting the predictive power of plasma simulations and undermining the
reliability of experimental diagnostics. To address these challenges, this review provides a comprehensive
overview of recent international progress in EII research in hot dense plasmas. Particular emphasis is placed on
the self-consistent description of atomic structure within the ion correlation model using the hypernetted-chain
(HNC) approximation, as well as on the evaluation of EII cross sections via the distorted-wave (DW)
approximation. Key findings include the following: for ionization potential depression (IPD), the two-step model
aligns more closely with the Stewart-Pyatt (SP) model under weak coupling, but agrees better with the Ecker-
Kroll (EK) model in the strong-coupling regime. For EII cross sections, the Debye-Hiickel. model yields the
strongest screening and the largest cross sections, followed by the ion-sphere model and then the ion-correlation
model. In addition, the momentum relaxation effect is found to enhance EII cross sections by up to an order of
magnitude and thus cannot be overlooked. The review also discusses recent advances and key challenges, and

provides an outlook on promising directions for future research.
Keywords: hot dense plasma, strong coupling effect, atomic structure, electron impact ionization
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