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Table 1. Parameters for connecting the AT potential and MN potential with the screened Coulomb
potential. a, is the lattice constant of tungsten, and R, is the cutoff radius of the potential

function.
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Fig. 1 Hybrid potentials constructed by joining screened Coulomb potentials with the original pair
potentials: (a) the MN-based hybrid potentials; (b) the AT-based hybrid potentials.
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Fig. 2 Hybrid potentials formed by modifying the long-range part of MN-Z potential with a
switching function.
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analysis(DXA)J7 BT A2 45 0 #
3 X5
3.1 F R BURAR AR 0 Ry 22 L BT
UNHTSCHTIR , SRR 8 I R 3 2 I i . P S K =B B e, M

LR R SRV 7 B e A X 31 Y T 5 R 82 TRIAT S0, 1T R s (1412 s e AT

AN
OH-

e, ISR K B BBk 177 2 R IR o R, 7ETT i 4 R 43 2%
BRI AR MD B /T, ARWETCE SE T T 3 R B R P S 4
LVERR . Ak, SR IR PR AE HL 472 (Two-phase coexistence method) 28]
ST T MN-Z % MN-Z30 % J MN-Z34 5 =Fh 35 R 50T &8 8 14 A
BEAh, IR 5 5 AR 1R R IR BREE N B SR T, MR T LA ER SIA AU
AR BN ER I A% . BT AT 58 SR A& SRR IA RINZE R S5 H iR, LS B Hae I
RS IRAS o FE L EER b, Jl 3 LR 2 2000 il v 5525 R T e (0T 1l e 5 46 5 e
E}(n) = Eyg, = (N = W)Econ
ED .y, = EJ() + EJ (W) — E](n+ 1)
E[ () = Efy. — (N +n)Econ
EPy, = E/ (D +E/ (W~ E/ (n+1)
K, Ep e R mtg AN TN ERE, N ABRERIIET LS8, nhdl
NHIBRIEECE , ELAER S BIAEEn M AE, SIA MR RS EEE, EEY
AN R SIA FEREE, ED., FIEL, 5 RIS S n AN B0 H %
B SIA 588 n 4 SIA FIFIfEZ 45 &6 .
R 245 T MN-Z %, MN-Z30 % & MN-Z34 3 =35 sk H00 B8 P 25

11

(10)
(11)
(12)
(13)



P2, AT BTS20 E DL 5 FE V2 R FE12 (Density Functional Theory, DFT)
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RIS, 55 R RE By M AR B T SR AR S R M B A2 Ja (] 2), MR RIS s AR,

5 I B OB . RN, A Y R ) T A RE HEFEAR. (2, [A]B7AY Bk

BT B R R4l & e, H MN-Z34 ST H 45 5L 5 DFT {8 5 N . stAt,

HR BB SR IG I EER,, AL T35 — 288 =102 (B (1) MN-Z34 %, H A& D54
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ALURTRI AR, AT 55— 2258 AR IX (] () MN-Z30 4 U] 230 H 0 S5 1) 5000 O 22

JLILAE SIA MM |, MN-Z30 #5355 2/ SIA M4 A RE(EL, = 2.720 eV,
Epp, =2.914eV) R E T 54BN HL . (7, MN-Z30 34 F000 1014 308 25T
H MN-Z ## 5130 K KIE R %% 4100 K. SGEREW], B AR R AR R X
[ St 28 e A RS i AT S S ) o XSRS S S MR N 22 5, MR S

R BN B O AL T R B R SR AL T AR M AR

# 2 MN-Z %, MN-Z30 %}t MN-Z34 % =M 80t 545 200089 T AT 28 2407 M,
5 LI AR DA S DFT 545 ST T X b 48 A58 22 SRR T R AH S A7 p ) e [ R
AR S T 1] T B A 1 ST
Table 2. Comparison of equilibrium thermodynamic properties of tungsten among MN-Z. MN-
730, MN-Z34 potentials, experimental values and DFT calculations. The error in the melting point
arises from the discrete temperature steps set to determine the moving direction of the solid-liquid
interface in the two-phase coexistence method.

MN-Z MN-Z30 MN-Z34 SEIOAE DFT
PR BUE SRR T FER,, (A) 3 3.4
AP Toer(K 5130430 4100450 4850450 369547
3.738 3.718 3.738  3.67+0.2(!

B R IR BEEL (1) (eV) 3.738 .

3.77£0.07%2
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Fig. 3_Dynamic evolution of the average number of FPs in tungsten over time during 30 collision

cascades. Error bars represent the standard error of 30 independent simulations. The figure

compares the evolution curves for different hybrid potentials at PKA energies of 20 keV, 50 keV,
and 80 keV: (a) MN-based hybrid potentials; (b) AT-based hybrid potentials.
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Kl 4 Ep=80keV I, SRAIANIRIH b8 BaRAG I Il 428 £ 5B AR 55 A BL A LAz 2 i B AR
L, EIERAEK SIA
Fig. 4 Representative visualization snapshots of collision cascades in the ballistic phase, thermal
spike, and stable state at £y = 80 keV using different potentials: (a) the MN-based hybrid
potentials; (b) the AT-based hybrid potentials. Red and blue spheres represent vacancies and SIAs,
respectively.
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hybrid potentials.
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MN-Z, MN-Z30, and MN-Z34 potentials. Error bars represent the standard error of 30
independent simulations.
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Abstract

Radiation damage induced by high-energy neutron irradiation in
nuclear reactor environments is the primary cause of macroscopic property
degradation in nuclear materials. Although molecular dynamics (MD)
simulations have been extensively applied to probe the atomic-scale
evolution of radiation damage, the predictive accuracy of such simulations
is strongly dependent on the interatomic potentials adopted. In this study,
MD simulations were performed to systematically investigate the distinct
effects of the short- and long-range components of interatomic potentials
on primary knock-on atom (PKA)-induced cascade evolution in body-
centered cubic tungsten (W).

Two well-validated many-body potentials for W, namely the Finnis-

Sinclair-type potential developed by Ackland and Thetford (AT potential

and the EAM-type potential proposed by Mason et al. (MN potential), were

employed for the simulations. To examine the influence of short-range
interactions, six hybrid potentials were constructed by combining the two
base potentials with three screened Coulomb potentials (Ziegler-Biersack-
Littmark, Moliere, and Kr-C). Additionally, a switching function was

adopted to modify the long-range region of the MN potential to evaluate

the influence of long-range interactions. Simulations were performed at
three PKA energies (20. 50, and 80 keV). with 30 independent calculations

conducted for each condition to ensure the statistical reliability of the
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results.

The simulation results reveal that the short-range repulsion of

interatomic potentials dominates the energy transfer efficiency and spatial
distribution of collision cascades. A stiffer short-range potential constrains
the penetration of high-energy PKAs. inhibits subcascade formation, and
produces dense thermal spikes. Such behaviors increase the defect vield at
the thermal spike phase, enhance defect recombination efficiency, and
promote the formation of large-sized defect clusters and dislocation loops.

Conversely, modifying the long-range potential region primarily alters the

equilibrium thermodynamic properties of W, including its melting point, as

well as the formation and binding energies of vacancies and self-interstitial

atoms. While the long-range potential component exerts a negligible

influence on the total number of cascade-induced defects, it substantially

affects subcascade splitting, the clustering of surviving defects, and the

number and total length of dislocation loops.

This study clarifies the respective roles of short- and long-range

potential components in cascade damage, serving as a valuable reference

for the selection and optimization of interatomic potentials in MD

simulations of radiation damage in W.
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