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Comment on "Exact ground state, mass gap, and string tension in lattice gauge theory"
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It is shown that the lattice Hamiltonian recently proposed by Guo, Zheng, and Liu does not have
the correct continuum limit.

INTRODUCTION

Recently, Guo, Zheng, and Liu proposed a Iiew Hamil-
tonian for lattice gauge theory which had striking
features. First, it was supposed to have the same contin-
uum limit as the usual Kogut-Susskind Hamiltonian, and,
second, its ground state was exactly known. This would
be a truly significant advance in lattice gauge theory.
Unfortunately, we shall show that the proposed Hamil-
tonian does not have the correct continuum limit.

The Hamiltonian H of Guo, Zheng, and Liu' differs
from the usual Kogut-Susskind Hamiltonian HKs by a
term hH. Guo, Zheng, and Liu show that in the limit of
small lattice spacing a, AH is proportional to terms
which have an explicit power of a multiplied by integrals
of known functions of the Yang-Mills field tensors. They
then assert that therefore AH tends to zero in the contin-
uum limit. This proof assumes that neighboring pla-
quettes are correlated so that different terms such as

A„(x+6'a) —A„(x)

vanish linearly as a —+0 (it is one of the periods in the lat-
tice). But the ground state of their modified Hamiltonian
is a product of independent plaquettes. What amounts to
a self-consistency condition on the ground state, which
would ensure the correlation of neighboring plaquettes, is
violated. The net result is that the expectation of AH in
their putative ground state does not vanish.

We can illustrate this point by an explicit calculation in
(2+1)-dimensional @CD. With the Hamiltonian that
they propose, and its exact ground state which they have
found, we can calculate the expectation value of AH on
the lattice and show that its continuum limit does not
vanish. A simplified calculation along these lines is
presented below.

This indicates a subtlety in the difference between La-
grangian path-integral formalisms and Hamiltonian for-
malisms. In the former, neglect of terms with explicit
powers of a appear to be justified. We show that in the
Hamiltonian formalism neglect of these terms is not
justified.

Guo and Zheng argue that this nonclassical limit of
hH merely afFects the high-energy O(1/a) behavior of
the system and not its long-distance behavior. This
seems implausible on the following physical grounds.
The limit of the lattice theory is the physical limit only if
the correlation length in units of the lattice spacing

diverges as the lattice space vanishes. But the' wave
function has no long-range correlations. It is an
independent-plaquette wave function. Such a wave func-
tion does yield an area law indicative of confinement, but
there is no reason to trust its estimates about masses.

CALCULATION

Following Ref. 1, with the gauge group SU(2), let Ei' be

conjugate to the link variable UI ..

0
Ut&n .

2

Define

R = g Tr(Ut, ) .
4

plaquet tes

Reference 1 claims that, in 3+ 1 dimensions,

2

bH = — g [Et',R][E;,R]
links

vanishes in the continuum limit, whereas in 2+1 dimen-
sions it has a finite continuum limit

, J' d'x (a,r,', a„F,'„) .9e' (4)

In 2+1 dimensions, g is related to the invariant gauge
coupling e by

g =Qe

iq & =exp(R) iO&,

where ~0 & is the strong-coupling vacuum defined by

E;iO&=0.

If we define

We show instead that in 2+ 1 dimensions the expecta-
tion value of hH blows up like 1/a in the state suggest-
ed in Ref. 1:
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then ( hH ) can be written as becomes

&&H)=, g&[&;,T (U )][E;,T (U )])
9ag p p~

links

, (Tr(o'Up)') =, (1—
—,'Tr'( U~) ) . (11)

9a'g' 9a'g'

—2X,
( [Tr(o'Uz —U&o')] ),

9ag
(9)

In the state (6), for g ~0, it is easy to show that

(1—
—,'Tr (U~))~ —,', g + (12)

where I' and Q are any two adjacent plaquettes sharing a
common link. Xl is the number of links, related to the
"volume" of the lattice V by

so that, recalling (5), ( b,H ) blows up like V/a".

Via =2V . (10) ACKNG%'I. EDGMKNTS

Because the wave function (6) is a product of single-
plaquette traces, the cross terms in (9) vanish and (b,H )
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