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Tk — R L cusp 1S Hk s 2L, n
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gun 7 Holmes 25 PO [y S M s it 45 5, JLIRL %
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AR T VR K 45 RAT A B, BEIA SO i mTE
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Ft I ERYEE

2R

K1 CEIMC & E

2 SRR AR E SR AR I E

N /K P/GPa BN
Gasgun S-C S-G VMC* DMC* GLE* P/GPa E/Ha
2202 2820 12.0 12.5 11.6 10.5 10.0 14.4 13.0(5) —0.5641(3)
2.15 3800 16.9 — — — — — 17.2(1) —0.5533(2)
2.11 4660 20.6 — — — — — 20.9(3) —0.5448(1)
2.1 4530 23.4 21.3 20.1 22.6 22.5 24.6 21.4(1) —0.5461(6)
1.8 3000 — — 52.8 — 433 41.0 46.6(5) —0.5474(2)
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AR ) MR B R AR, RO IETT TR A
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EIRTE . T = 0 R SR R I S I 4,
g5 HAERE 1) ab-initio &5 AT EE. 7 DA

B, ARSCTHE R R ) B Rl i R 35 I A R 2k
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2 e KA 1.45%, BE &AW 2 S KA HE 0.8%. H
T rg=1.1. A 2000 K PA_ EFIRE S T R85
B B, [N A 5 3t nl3E P T X AR
BRI

156101-5



¥ I % 4R Acta Phys. Sin.

Vol. 62, No. 15 (2013) 156101

1400 |
—=— Morales!™
1350 | —o— A4R
& 1300}
Q
o 1250 ¢
1200 |
1150 | (a)
—0.36 |
—0.37 ¢
—0.38 |
=
T 039}
N a0l
—0.41 }
—0.42} (b)
2000 4000 6000 8000 10000
T/K
EH2 r=118MENEERE (@ EJ1;Ob) R
350 |
—=— PIMCP A
300 --A-- TBMDP
950 -v- GGA-DFT™
& -k - RILER
v 2001
~
& 150}
100 |
50 | (a)
—0.1Ff '
—a— PIMCPY
—02} --A-- TBMD®
-v-- GGA-DFT™
g —03} -k - KNHR
~
& g4l
_05 L
(b)

—06 15000 30000 45000 60000

T/K
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2 1000}
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0 GPa. f£ 100 GPa LA MR IX A, ASCiHE H b
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QMD 45 5 2 [f]; 7 50.3 GPa J& /14 B A5 55 K4
B Nmax = 4.48, 5 Z B RV N R E LI 4
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2 P =240 GPa It n = 4.22, 5 2 9 BAE S04 4
R n =4.0. I, ZH 5L % H Knudson 5 Des-
jarlais AF 77 /20 100) 3 5 85 (quartz) BE4T T R S &
1.6 TPa ¥ b o S50, BT R SR 19 TR B 5 & (1)
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Abstract

Based on the resonating valence bond theory, the linear combinations of the main orbits occupied by liquid hydrogen electrons are
selected as the basis sets to construct the Jastrow antisymmetrized geminal product. The resonating valence bond (RVB) wave function
which takes into consideration electron correlation effects provides lower energy than the local density approximation (LDA) function.
In order to improve the nodal accuracy of the variational trial wave function, the backflow correlations are suggested to be employed
whenever ry < 1.75 or T > 15000 K, the improved wave function has about 1 mHa/atom decrease in local energy with respect to
the one without backflow effects at the VMC level, and has a lower variance simultaneity. After combining the coupled electron-
ion Monte Carlo (CEIMC) method with the RVB wave function, the simulation results we have obtained are in good agreement
with the experimental and other ab-initio ones; the deuterium principal Hugoniot curve passing through the error bars of various
existing experiments conducted via different high-pressure technologies has a maximum compression of 4.48 at about 50.3GPa, but
the phenomenon of apparent increase in compression ratio along the Hugoniot between 100—120 GPa has not been found. The RVB
wave function discussed in this paper when adopted the CEIMC method is not only quite suitable for the simulation of liquid hydrogen
within a wide range of density and temperature (1.0 < ry < 2.2, 2800 K< T' < 60000 K), but also can give some more applicable
thermodynamic properties of hydrogen under shock loading.

Keywords: resonating valence bond theory, wave function, QMC method, liquid hydrogen
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