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We have studied via Green Function Monte Cario (GFMC) the S=1/2 Heisenberg quantum antiferromagnet
in two dimensions on a square lattice. We obtain the ground state energy with only statistical errors Eo/J =

-0.6692(2), the staggered magnetization mf=0.31(2), and from the long wave length behavior of the structure
factor, the spin wave velocity c/co=1 .14(5). We also show that the ground state wave function has long range

pair correlations arising from the zero point motion of spin waves.

1. INTRODUCTION

Recently, the S=1/2 Heisenberg antiferromagnet
has been studied by various methods. in this paper
we present results for the ground state and low lying
excited states obtained by a different and very
promising method called Green Function Monte
Carlo (GFMC)1. It has the advantage that it goes
beyond variational techniques. it can be applied to
large lattices (c.t. exact diagonalization methods that
are limited to 4X4 lattices) and does not require an
extrapolation to zero temperature (ct. finite
temperature Monte Carlo).

2. METHOD
The Hamiltonian H = J 33]) Si - Sj is transformed

exactly to a hard core boson problem. This allows us
to exploit analogies between magnetism and
superfluidity. We use a Jastrow trial wave function
(w.1.) with short range pair correlations to calculate
averages by variational Monte Carlo (VMC). This is
followed by applying the GFMC method that projects
out the components of the true ground in the trial w.f.

3. ENERGY o
in Table 1, we compare our results extrapolated
from lattice sizes up to 12X12 with other methods.

The strength of the GFMC method is that even with a

simple initial state e.g., classical Neel state, the
ground state is accurately projected out.

Comparison of the ground state energy per site E.of the Heisenberg
Qusntem Antiferromagnet calculated by difforent methods. The last
column gives the difference of the excoss emergy B, -Eyn with respect
1o the GFMC result B J=-0.6692£0.0002. [Ex=-0.5) is the energy in
the classical Neel state).

Pertsrbation sround lsing limit :Singh (3) -0.6696+0.0003
B

METHOD Bofl 8Eo (%,
Spin Wave Theory :Anderson 2) 0.658 +6.6

Sbon mge.hmw wl
Huse-Blser [f~0.58) -0.644 +14.9
Present work [f~0.58 -0.6474£0.0003 | +12.9

Long reage wL(V@ma/ch

Huse-Blser {1~0.27,0-0.95,8-0.7) -0.6638 +3.2

Present work [f¢~0.6,0~1,8=1.0} -0.6590£0.0004| +6.0
Gutzwiller w.f.

Yokoyama-Shiba -0.642%0.002 +16.1

Variationsl-RVB w.l.
Liang, Doucot and Anderson
dimer -0.604 +38.5
short range RVB -0.6650 +2.5

long range RVB -0.6688£0.0004] 0.3
Finite temp. Monts Carlo B

Reger, Riera and Young
tor :
Barnes-Swanson -0.6727£0.0009| -2.1
Gros, Sanchez and Siggis -0.666120.0002] +1.8
Carlson -0.6692+0.0001 .
Preseat work -0.669240.0002

-0.67010.0003 -0.5

4. STAGGERED MAGNETIZATION

We show that for a proper description of the spin-
spin correlations at large distances, it is necessary to
include the zero point motion of elementary
excitations. This produces long range pair
correlations with a specific 1/r tail in the ground state
w.f.whose presence reduces the moment from 0.37
10 0.31. We compare our results in Table 2 with

previous work.

*Address after Sept. 1, 1989: Dept. of Physics, S.UN.Y.

i

|
|

at Stony Brook, Stony Brook, NY 11794



Xable 2,
Comparison of the staggered magnetization o' for the Heisenber,

AFM ia 2-dimensions calculsted by diffsreat methods. The valwes
are given in units in which the Neol stste saggered moment is 0.5.
METHOD w'
Spin Wave Theory (2} 0.303
Series (3] 03025 ¢ 0.008
" Variational [4].
Jastrow w.f. - short rangs
Huse-Elser 0.42
Present work 0.40 £ 002
Jaswow w.f. - long range
Huse-Blser 0.36
Present work 032 ¢ 0.02
Gutzwiller related w.f, 0.43
RVB wt
short rangs bomds 0.0
long range bonds 0.23

Reger, Riora snd Young 0308 + 0018

Gros, Sanchez sad Siggia 0.29

Teag and Hirch 0.25
Projection  Msthod

Carison (6) 034 £ 001

Prosent work

Short range importance fa. 037 £ 002

Loag range importance fa 031 £ 0.02

e i,

5. SPIN WAVE VELOCITY

The spin wave velocity is calculated from the
static structure factor in the ground state by invoking |
the Feynman-Bijl relation . From Fig. 1 for short range
w.f. S(q) ~ const. which is inconsistent with spin
waves as the elementary excitations. Only when
long range correlations are included do we find a
linear behavior at long wavelengths from which we
get the spin wave velocity ¢/cy=1.1440.05, where c,

is the classical spin wave result.
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