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Abstract; Iron is the main element in the Earth’s core. Studying the state equation and thermodynamic properties of iron
is crucial to the understanding of the core. In order to efficiently construct an accurate and robust potential energy surface
model , this paper uses the first-principles data as the initial data, samples the configuration of the core under the tempera-
ture and pressure of the Earth’s core using a deep potential energy generator, trains a deep-learning potential through the
deep neural network, and completes a deep learning molecular dynamics high-precision simulation of the large system su-
percell. The constructed depth potential energy of iron at the temperature and pressure of the core is in agreement with the
first-nature principle calculations. Using this well trained potential, high-precision molecular dynamics simulations are re-
alized for systems with more than 10000 atoms at the temperature and pressure of the Earth’s core, and densities and state
equations of iron with hexagonal close packed (‘hep) and body-centered cubic (bee) structures are calculated, all of
which are consistent with previous research results. In summary, the depth potential method, which can be used for large-
scale and polycrystalline systems, improves computational efficiency, ensures computational accuracy, and provides a ba-
sis for simulating the state and properties of matter under conditions of the Earth’s interior.
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o AR T R 2 AF T T JR Bk ) 0 28 TR 4 S 3,
PR 7S 5 454 (hep ) J& %2 %€ W) ( Tateno et al. |
2010) o ASETT (bee ) BB N TENZ AT fE
R EAEAE X PP I BE T 22 M\ 200 GPa LA b iy nfrify
I EOS ( Equation of State, {2552 ) HAFLER)— 4>
IINBYAS TS rPHE T R (Brown ,2001) , I H AT B
1155 19 % 45 ( Belonoshko et al. , 2003 ; Vocadlo et
al. ,2003),

BRI FE(EOS) X P A% 2= OCEE 22, Tiif
NHHA ] T B R RS 7 FR AT 1T 0F5T, 40
S— kR B (Alfe et al. , 2002; Belonoshko,
2010; Sha and Cohen, 2010; Dorogokupets et al. ,
2017 ; Sjostrom and Crockett, 2018 ) . £ fifi i= Hs 55 58
( Funamori et al. ,1996; Uchida et al. ,2001) .4 Nilf1
Al SE 5 ( Jephcoat et al. , 1986; Mao et al. , 1990;
Dewaele et al. ,2006; Sakai et al. ,2014; Fei et al. ,
2016) . 5 H 46 52 55 ( Brown and McQueen, 1986 ;
Nguyen and Holmes, 2004 ; Ping et al. ,2013)  #ESE/H
45 52 55 ( Bastea et al. ,2009; Wang et al. ,2013;
Smith et al. ,2018) FIBUAAE i 1l 525 ( Chen and
Ahrens, 1997) %%

(R Y S 36 25 1, S48 3 M A% IR T 25 AT
T4 WME, 53 J12% (molecular dynamics, MD) J&
— T NGO £ 5 75 3] Ji ¥~ 3 3 Bk I WL 48 5 i
Sl R T vk, TR A S I M A% R R AR B R
TR A R4 27 Ji 7 (B8] 9 A4 BE THT ( potential en-
ergy surface, PES) J& 43T @A A g HL Bk AR 14 [n) @1,
1RG5 A PR, — il o B — PR R B TR
Ji£97 PR E IS (density functional theory, DFT) T {315
il A SR A R 0 1) 35 R T RN s (B R P O 3X b v
E )72 W FH (Kohn and Sham, 1965; Car and Par-
rinello, 1985 ; Marx and Hutter,2009) . 55— J5i #
RN TE A 2R T MR T RGEIFHA —
SE IR P (HHAE TE Al 3 T8 AN ) I A9 1153 A
PR T A /N FR I ] RUOEE . — i 225 113
(empirical force fields, EFFs) ¥4  J5i AR A {51 41
A JR 35 ¥5 (embedded atomic method , EAM )
(Daw and Baskes, 1984) , £:50 Jj 78 — SE i B 1)
AR Z AT LA 2 AR &5 5 FH (Jorgensen et al. , 1996
Wang et al. ,2004; Vanommeslaeghe et al. ,2010) ,{H
2 52 BSR4 0 P R A 1) BR 1

I X 73180 3 2 VoK JRE RN R 3R T 15 e B ) 1)
%ﬁ, Plas= > ( machine learning, ML) J7 B
R IX — [n) Y e R R T BT R iR, e A R E
SR & 7 (Behler and Parrinello, 2007 ; Bartok et
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al. ,2010; Yao et al. ,2017; Schiitt et al. ,2017) ,
TEIT JUAE H B Y £ A ML AR v R B #BE ( Deep
Potential, DP ) 1 Sy — F i3 1] 3 19 J7 35 JI 5501107
(Han et al. ,2018; Zhang et al. ,2018a; Zhang et
al. ,2018b) , I LA Ay 45 Bl 25 Gt e 250 M by 282 v g A e
AR FEE AL 76 DP (3R F3EfT 2 T3 1
AR, FR O DPMD, & Al LIk 2] AIMD (ab initio
Molecular Dynamics , M\ 3k 54373 127 ) K B 1) [
IPRE A AR LA it 2, 2998, DP 7E b Bk AL 27
TR RIESE L AR XS )z AR R 4 8 g 4
T 7K B A Kl ( Zhang et al. ,2021) , T500 #4i 4 25 F
(1 A LA LAV ( Zhao et al. ,2021) , B @l Y
%jl/pc%%:(hang et al. ,2020) , FUI 7K B A7 F 7K 2 [8]
B R IFIN 2 4018 ( Gao et al. ,2023) , B 8 & K
FL2E A A BT R ( Wang et al. ,2022) , 7l &7 7F
[i] 25 4K PN R3S Bk 22 (8] 1 53 BiE R 28 (Zhang Z G et
al. ,2020) , BEAUBEFE A ST AL fa v o (R
2023) , LUK FHAER W) 235 ¥ 45 - K 1 Jo ) 5 T
(KIS ,2023) .

H, DP 75 b AZ X Tl e 1 il 3 R g 2% A
N2 H R TAR R R D WD T I e S5
SRAF A JE UL B AR B 3R TH 5 J7 15 vhoks BE RN A%
TCE AN g ) R, AR SC 2% fulf R 32 34 BB A AT A%
T 25 1 231 3l g A AU R A 2% T R KL
B SRR R MY B RGN 53 13 1 2 W0F 5T
FIN AN, A SCLASE — M I PR AR Sy it B3l
IR BE 46 A= B T b A% P 14 8 iR e e ) 28 3
AT RAE I 30 0o TR B b 28 I 28 1 2 o R B 2 T 3
B JEXHEAT AIMD SR SR ST M 58 R B 2
25 F BN S, T hep-Fe Hil bee-Fe A4 FPE
5T, JF 5 ETEE #EAT L, XHZAA R T DPMD 1Y
THARCR B BE AT VEA
1 WHET®

ASCHWFSE o A B Be (B 1) o B, AT
/MAFR I AIMD 15, R4 6000 K 36 GPa 5544 T
hep-Fe WJEFZ5H0 A5 B, TR BE % 20 @S 00 1R VIl 24
BAEAR  FLUC, T8 R AR A s 0 A N At
feili R P AR B R AT SRAE s 33 R BT A A L
B 5 2 UK A2 244 (deep neural network ,
DNN) VI ZRJ5 15 B B 2 ~) 3 d5e ), % 64T AIMD
TR A I EAT 97 M, 58 TR B 2 T o 18 g o
BLAL
L1 F—HERETE

ASCHIRI IR N /238 1 VASP ( Vienna ab-
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W RIBAE AR IR 1T BRIGTRIE % ] 23T 3 J1 2 40

i AR A (2022) Bk
B R Bl R
Fig.1 DLP training process

initio Simulation Package ) #X 4 ) ( Kresse and
Furthmiiller, 1996 ) , 5% F & 8 P Th i B4 2 4
TN 181 3 H5 3% ( Projector-Augmented Wave, PAW )
( Blochl, 1994 ; Kresse and Joubert,1999) Fll PBE ( Per-
dew-Burke-Ernzerhof) ( Perdew et al. , 1996 ) {2 P&
K HL S5 M - ) 220 1 8 st RO A
1), Hr Fe Mo AR 3d74s'  #MTRE IR B h
500 eV, BH0 K SR E N Ix1x1, WIEHIIZREEH
TRZR 5 P, o35l JE 140 H Jy 100 #1199 1Y hep-
Fe fhJi, W41 1A 2 ¥4 55 1 55 1K 2 25 (Tsothermal-i-
sobaric, NPT) F#EATi#, & 143510 360 GPa Fl
330 GPa, i ¥k 6000 K, ] KA 1 fs, 4T
8000 (1731 B J1 A0, LR 2 DU 4L ATMD %
PV R R EE 2 2T R R I 255
1.2 REBEHIEEK

BLat 27 >0 X ECHE 19 e oK i B T o — M D 3
MRS 43 By 5, QAT 7 A R A A TR #b 78 I 24
Bl 2 G HE BT X X — ), — R [E] 2D A o) R
Wt ——R B FfE 2 B 4% (deep potential generator,
DP-GEN) Wiz 1M 4 ( Zhang Y Z et al. ,2020) , 7] LA
PEDRTEHRS B2 7Y (] o i B b 9 2 A Ky 1 T3R5
i AN 2R 31 84S . DP-GEN i — &5
SRR AR L, B — e 2k AR th =4S B B
R FRic I, i 2 Fos .,

(1) TRFE R AL AR AR I 52 17 18 4 10 S AR 254
AR it s 90 R PR 38 AT R R B 23 i) (] DP S Y
HEAT MD B4, MD B T H & LAMMPS (large-

i Wang 45 (2022)
12 DP-GEN Mg i fi/r 4]
Fig. 2 Schematic diagram of the DP-GEN scheme

scale atomic/molecular massively parallel simulator)
(Plimpton, 1995) , FH X A [A] 3 B 1 1 A= WL 199
BRI T OB MD BEADL, TERZEFE s AR A 2
ARAEARIEY 55 22 i ) A e 2 0 P8 3845 2 A9 4 2L 73
H =25 METR ( Accurate ) \ZRI ( Failed ) € 1% ( Can-
didate)

(2) bRic: 5T DFT X fi 326 14 20 0 A 58— P )i
BT DP-GEN F 3545 2| A9 fE 1 M 13 i dpda-
ta T EORE X Be B Ha 72 A A DeePMD-kit( Wang et al. ,
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2018) AT LA s =X, o s 2 i B 4

(3) Y15 . DP-GEN 5 b —25 7 A By 45 4
AFI T ffi ] DeePMD-kit 1| 2515 31| 22 #5541
(— R 44, HEERIETT, IIGESAEHD
Fo B, I B R U A A R e, A AR AR S
FEREAEE W T AT AT IR R B A L SRR TR

AR SO — PR R AR B 1) AIMD B 1
DP-GEN M#IIR I ZR AR, T X HA A Ty 22 55 1 T 1Y
FRIPES TR AL, DP-GEN RFEM S B E I T . 1
Wi A2 BEE R 0. 6 nm, FIHF R 0. 05 nm, AT
BRI FHL sel TR 200, #10 AL 45 (1)K
/NA(25,50,100) , $ULG i 28 I 45 1 /N R (240,
240,240) , FeKImZE RN 2 eV/nm, £ K T
ZTFRHM 1.5 eV/nm,

ARSCEIAIH DP-GEN 45 T 47 5 R B, B4
KM EESHILE 1,
1.3 REBEEBRHISG

AR ] DeePMD-kit #5008 17 I B 2% )
BV, IR T ATMD J5 945 21 Al B 1l 45
DNN 2% I 2R DNN R 25 4 S i1 1Y 34 ok
5, 3R 4G LAMMPS 4550 F 30 ) 2 B R k1 7 1
B OBRR )RR B ORI R P RA R
A A

E=E, (1)

A, B2 RART (Bl LIRS r 2B AR R
BoE A I RE R, LN

E =B, (R.IR1jeN()]) (2)
A, R, = {x,,y, 2} R, = {xj,yj,zj} sl =y
T My R M AERR, N, (0) FRIET 0 iz
%, (i) FoRIEF i WA, JFRH Adam B
HILARFE T P2 ( Kingma and Ba,2014) #1714k .
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L(puoprpe) = pehe® + 223 | AF, 12 +%§|\ AZ ||

3N
(3)

K, LFRIKREL, p, pyope AT T; As
AR — 1 DR T B3 45 L 5 TR B 2 o] it 45 2R
RER AR 22 5 AF, fRERE — PR BT 45 R 5 IR B
SF ) BTSSR Z I 226 N SR T REH ; A¢
SRR BE A 2] SN A 55— PR TR A5 R K R R
PURTF BN BY22(H, 7E DeePMD-kit. 1.2 H1 AT
TSR T3l , 5 3h SCE o FrE , 5IA T —
ANHEIRFF 380 2K T A s B 55 B Ak 2 1 R 1 A S
W T R PR R FR AR R T AR bR R, AT
B BT AR BRR, AME S AEFER &, 5.,
g M HASRBER S(r,) « (FEMRSF,2022)

R = {x,yz5 0 =R = {S(rn) 4:,5:,2;:) (4)

AT DeePMD-kit Il 2R3 pR 55 1Y S5 S 4K
WHE M. MW ER 0.6 nm, V1 &N
0. 05 nm , #5242 N B KR F50Ch 200, i A B 42
B2 R/NH (25,50, 100) , S5 1 28 0 45 B R/
(240,240,240) , ¥R 421 %K 0. 001, FIR A K N
40000, 5% pREL T RE AL BT LR (A 0. 02, ¢
1E1EA 1, IR I GG {E R 1000, Z1H{EN 1,
AT AR SO X 4 LB EA T Y 25, PR it LA o #R i
B0, UZRAEK S 8 000 000 45,
1.4 REZEIHFIHNFEN

AN B DeePMD-kit 5 Lammps #0042 8] i) 42
FI, AT DB 4 S 0L T R 3 2 2 3 o3 - 30y ) 21
. BEA 100 T hep-Fe ST 5x4x4 )i
(B 3) TR BE 2 2 A9 i S 7 8000 A JELT- 1)
hep-Fe M T3 F 30 12485480, BHRIZER 0 1 fs,
B MARTAE NPT F AT 5, 55 100 25 RAEEIR R
(R AR TR SRS, BAEKh 100 000 25,

&1 DP-GEN XS
Table 1 DP-GEN sampling parameters

A T/K p/GPa A Ta] 25K/ ps
5000,5200,5400, 5600, 5800, 6000 310,320,330,340,350,360 3
5000,5200,5400, 5600, 5800, 6000 310,320,330,340,350,360 5
5000,5200,5400, 5600, 5800, 6000 310,320,330,340,350,360 7

310,320,330,340,350,360 10

5000,5200, 54005600, 5800, 6000
5000,5200, 54005600, 5800, 6000

1
2
3
4 5000,5200, 54005600, 5800, 6000
5
6
7 5000,5200, 54005600, 5800, 6000

8~38 5000,5200, 54005600, 5800, 6000
39 4000,4500,5000,5500, 6000, 6500, 7000
40 4000,4500,5000,5500, 6000, 6500 , 7000
41 4000,4500,5000,5500, 6000, 6500, 7000
4247 4000,4500,5000,5500,6000 6500, 7000

310,320,330,340,350,360
310,320,330,340,350,360

310,320,330,340,350,360

310,320,330,340,350,360 10
100,150,200,250,300,320, 340,360
100,150,200,250,300,320, 340,360

100, 150,200,250,300,320,340,360
100,150,200,250,300,320, 340,360 10
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71 A ZERRIAE (2022)
K3 hep-Fe B EAIRZER I T58 — VR 12 122 B R IR 2 (AIMD) RT3 %70 73 112 BB 9K 22 (DPMD)
Fig. 3  Crystal structure of hep-Fe; the system calculated by the first-principles molecular dynamics( AIMD) ,
and the system simulated by the deep potential molecular dynamics( DPMD)

SEE Lot REE M AI(E S AIMD THE(E (1K 4) , 45 R%EH
2 BARSWR DP AL 00 64 BE A0 D A E R AR W R, 5
2.1 REFIBHWIE AIMD 3 A (EL R B — 2, 870 Ul I I 3 RE A B 1

MUNRESAUG K DNN YIZRprf3 B TR TR 5, BEAS S IR 3 vh 45 Fh 254 19
A FAEARL G AT, ASCILEST DP BLRITON  DFT Bed A ARS AP BE . AR SCUIN A 31 1 T

B BN y=x
4 (a)DP(WREE )3 R R AR ROA DFT(S5—PEEFI M) (R R AR o LLOCR A
(b, ¢, d)DP J5UF52 JJFl DFT J5 52 3% e G 2
Fig.4 (a) Comparison of the energy of the DP system and the energy of the DFT system;

(b, ¢, d) Comparison of the DP atomic forces and the DFT atomic forces
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S SRR A B I 5 B R RE RS2 ) Ry B
R 2 (Root Mean Square Error, RMSE) 43514 6
meV/atom 1 2. 54x10° meV/nm, A4k S PFA I
5 2] FARXT T AIMD FHE B HER IR BORS FE, A SCHE
6000 K360 GPa 7% £ 733l i Hl AIMD J5 3% A
DPMD J7 7115 hep-Fe 14 7 1942 1] 43 4ii bR %X ( Ra-
dial Distribution Function, RDF) , Horr i1 B K R R
THRHEN 100, X AR (B 5) B A A
R RAEF WG, RVIRE S T HEGE S AIMD
AE S BB PR FORS E

&5 hcp-Fe fE DP (VREE2: S #) KR M DFT
RV BT ) PR AR ) 2341 BREL (rdf) X LY
Fig. 5 Comparison of radial distribution function derived

from DP and DFT on hcp-Fe

2.2 EA(p)-&RBR(V)-RE(T)ITELER

ARSI AIMD #I GRS, & DP-GEN SRAEEL
Pide 438 1 DeePMD-kit VIl i H I JiE 2% ) #, %
8000 JFL F1ARZ 1Y hep-Fe HEAT R 2% ) 70 T80 )1 %
B, A SCHE 5000 K B2 4544 R 5L 150,200,250
300,320,340 .360 GPa & Jy &4 F RO, I 5 5%
IS hep-Fe 14 %5 B2 K04 7547 XF B ( Brown and
McQueen, 1986 ; Dubrovinsky et al. , 2000; Uchida et
al. ,2001; Dewaele et al., 2006; Vocadlo et al.,
2009) , W&l 6 Frzn . XF L &3, 7E 5000 K A8 SCAFSY
g AR 45 R — 2, JLH 25 Dewaele et al. ,
(2006) FHW) 45, ASCHF 6000 K F17000 K 6L T AY
BREEHAT T 45 R ILE 6,

FEMRE BT (p) —IRFL(V) &N IR N
5000~6500 K, H JJAKRIMZ A 136 ~329 GPa, [E 2
W% R 329 ~364 GPa, #f hep-Fe Y EoS 5 #b =
5 ( Dziewonski and Anderson, 1981) #E17X} kb,
AT DA Mo A N B P B AR AS . BT LA EE L () M
BRI AZ P 3L ) Y G HEFE T hep-Fe 1Y EoS 1Y HE
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HOE AU - V09 (Votadlo et al. ,2009) , BM86( Brown and
McQueen, 1986) ; Db0O( Dubrovinsky et al. ,2000) ; UO1
(Uchida et al. ,2001) ; DwO6( Dewaele et al. ,2006)

Bl 6  hep-Fe 25 BEAE R R J1 10 pR S 1T AT hep-Fe Xt LE
Fig. 6  Density of hep-Fe as a function of pressure

compared with previous studies

PE ., RSO o VR ERE BB X 8000 JRL TR R Y
hep-Fe 7E 40005000 ,6000 7000 K 254 N #EATI
22300 T8 J1 2R AL TH A hep-Fe B HL S, IF S
Dewaele 5 (2006) f#i A Vinet EOS 77 #2 ( Anderson,
1995) 511 hep-Fe P4 1R 4k 298 5000, 6000 ,
7000 K LA K HABXS T hep-Fe FHIBFSE #E47 % L ( An-
zellini et al. ,2013 ; Martorell et al. ,2013; Fei et al. ,
2016) (& 7). X Ho & A SCIHA B hep-Fe 1E
5000,6000 , 7000K 4% T 1 tb %5 5 Dewaele i H
Vinet EOS H A = 4R LIS FAH—2K
HRHE P AMZ I R 45 1R R Ak R B A Y
TR 5 Y5 [ AT REAE 5200~ 6500 K ( Brown,2001 ; Nguyen
and Holmes,2004) , S5#11H 5 2% M BRI AL (PREM )
X KB FEMITR] 261, HBR A 3 FE AR T hep-Fe
FR 2 B | B R S B o i, HLER P A% A 4 5 T
REA PP R . —J2 N AZ AR JC R IAEAE, i si
S, it b2 AT (Alfe et al. ,2000) LA 75 i)
i (Lin et al. ,2005) f3 2518 RN FE L
hep-Fe %5 & AT 9 [ A1 bee-Fe, 1M bee-Fe #%1A
R NAZ A T BB EAETE

1E 6000 K 251 F , WAL F| 1E 210 ~ 220 GPa 2
A 25 A W) ol ) 2 B KR (161 8) o X TR By Lt S
AT K B, 7€ 6000 K 4514 T, 2% J1°4 210 GPa
LR EF Fe J7F R TTPIRE R RS TE A
AFAE T 24K J17E 220 GPa LU LA hep-Fe fH&RERNS
PRERREE , FIHHAE 6000 K220 GPa F &4 T [# -
WARAE Rtk — L REY AR SO T 7E 6000 K 451
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FERISE LA Dziewonski F1 Anderson ( 1981) 3 £it4 3k I . Dwo6 #z
Dewaele 2(2006) ,F16 4 Fei (2016) , An13 & Anzellini 25
(2013) ,Mal3 3 Martorell £5(2013) ,Vo07 $i Votadlo( 2007)

K17 hep-Fe TEJLAAEIRER Y LUAAE N BT 1 R g S
Dewaele Z5{H F Vinet EoS AR &5 R LUK VUGS

HERALRIRS L

Fig. 7 Specific volume of hcp-Fe as a funtion of pressure

on several isotherms compared with the results calculated by

Dewaele et al. using Vinet EoS equation and the PREM
AN TR 1) 34T R A (1 9) |, o A 1) 23 A
PRI LG, SR T ARAZ I &

K, % hep-Fe 7E 6000 K i & 45 14 F , 220
GPa DL FJEJ1 450 T i ) IR BB A = B
Birch-Murnaghan 77 #2 ( Birch,1947) ;

VT (VT
p(V) =%Bn[[7°) —[7(’) }x {1+j<Bs—
o[-
"

LSS ENH) hep-Fe [ IAE J AR ) ek 85, 38 5
=K BM HFEESEFTE V, 4 12.67(0.07) , ARF

W RIBAE AR IR 1T BRIGTRIE % ] 23T 3 J1 2 40

K8 6000 K 2 F hep-Fe [ p-V & &
Fig. 8 p-V relationship of hcp-Fe at 6000 K

K9 6000 K 414 F B2 614345 pR B (rdf) X 1L

Fig. 9  Comparison of radial distribution function at 6000 K.

it B, k1 161.78(3. 46)  ARBUSL I X] E J1 1 544 B,
HyA(TEZE) .

Nilk— WS bee-Fe (4% B 75 5, A% SO TR
JE SRR AL A7 R B 2 2] 4 1 ) ) R i

10 bee-Fe g IRL
Fig. 10  Crystal structure of bee-Fe
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bee-Fe (2048 J5 ) . bee-Fe (10240 J5 1) )% )i
bee-Fe A& G5 UNE 10 FiaR 43 50%0 54 128 i
F 1) bee-Fe #EFT 4x2x2 K 5x4x4 (3 ML, NI
BRI bee-Fe ERATE , 4 3Gl DPMD 7 7000
K.360 GPa %% 1 & it 5 bee-Fe 42 In] 43 41 bR 4K
(RDF) F A} A i i3 EAM # ( Belonoshko et al.
2021) #4T bee-Fe [ MD B WF 5745 2 (142 16] 43 A
PREGHATXS EE, I HIMAT hep-Fe BOXTH (& 11)
ZEHL % I DPMD % bee-Fe B4 [a] 43 A5 B A B 5
EAM #5002 — 300, Ul A SO A9 R B2 S e A
RURT LAMER AT bee-Fe T, 15 B9 T A 45 5 4n
22 s, % b & B, A SO 5 1) TR B 3 BB ARE AU Xof
bee-Fe [ hep-Fe %5 B 1155 5 7 A58 AH — 2L,
AT LA H, bee-Fe BY% B L PREM =24 3%, /T
hep-Fe 5 PREM Y% 22, X — 2 JEXT HUAT & B3¢
XTZH bee-Fe HIHERT

Be21 & Belonoshko %5 ( 2021)
11 hep-Fe Fl bee-Fe B42 18] 5347 RO H
Fig. 11  Comparison of radial distribution function derived

from hcp-Fe and bee-Fe
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3 KR E

TR BE A BAE R — Pl AL A 4 > ik, v LA
IKE] AIMD 5 FE 119 [R] B4 1 580 A e ARG LA 4k o
G, T LA 45 P 2R G0 b A A A R R 1Y AN R T AR
R AT DA BRI D 535 301 0 28 U kS BE TGk
S ), A SCE e AT /AMA R Y AIMD 5,
KAR 6000 K 360 GPa 55 T hep-Fe B F 451415
B, RUREE 2 2] 33 ST ) R VI R s 46 5 FLvGE i TR
JE SRR AR 1A X A DA HE Al v IR v R T A A Y
TT R B a0 1k TR B o 28 IO 2 )11 i 1 B IR 2 )
oA XF 10000 JEF LLE AR R TIR E 2 2 4
T S, AT — R A R, R
S PR 52 7110 RMSE 7 2. 54%10° meV/
nm, KZREEE ) RMSE & 6 meV/atom, ifiid RDF
(% & B, DPMD il AIMD 75 A5 48 2 52 b JE % Wy
G RIARE 2 ) B H 5 AIMD AH 24 i W1 1 A1
R EE R 3 AR Sy o 205 it b S S o A R RS £ 1 # i
AL T A R Tk o A S i R B RE A
RIXS hep-Fe J bee-Fe TR BE 2% 2] 43 F 8 11 # B4
A ESE R & B, 7E 6000 K 1 220 GPa 544 Fik &k
AT WS . AE 360 GPa 1 6600 K 514, N
RN A A9 FE E A (bee ) AT L PREM
(£ 2) I E Y 3% ,{H/NF hep-Fe 5 PREM
(95 B 2% o AN S o TR 2 3R, 70 sk 9 A v 1Y
HE R 50 T P47 T RAK R hep-Fe 76 Hu#%
RS T 3 1B, 3 TR R0R,
SEHL T R 53 3l 7 S B (KT 10000 A4~ 5
W) JFHIES R Sai N —3, KU Tz E
AIEEME OB TT R HAZ A5 1 T KBIRR  B 4=1R &
ZWRE T T 12 BT T T A

x2 AIHHERK bee-Fe Z B 581 A##E PREM itk
Table 2 Calculated density of bee-Fe compared with previously published data and PREM

p(g/cm®) 7K p/GPa
A3, beel (2048 atoms) 13.453 6600 360
AT, bee2 (10240 atoms) 13.451 6600 360
Belonoshko et al. , 2022, bee(2000 atoms ) 13.497 6600 360
Vodcadlo,2007, beel (54 atoms) 13. 155 5500 316( Vekilova,2013)
Vocadlo,2007, bce2(54 atoms) 13. 842 6000 316( Vekilova,2013)
Belonoshko et al. ,2007, bee( 1024000 atoms ) 13.900 6000 360
PREM( Dziewonski and Anderson, 1981) 13. 090 363
172-175
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