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A comparison of the compact and the noncompact lattice action for 2+1 dimensional QED is made In par-
ticular, the chiral ordei pa:arr.eter < Y\ > ar>d the monopole density pm are computed as functions of ,3 for
Xj = 0,2 fermion flavours The results reveal a strong correlation between < \ \ > and pm. Moreover, this

correlation is identical for the compact and noncompact theories. This is interpreted as evidence that monopole

condensation drives chiral symmetry breaking in lattice QED3.

1 IKTRODUCTtON

Quantum electrodynamics QED3 is an interesting
field theory for a variety of reasons. It shares with
QCD^ properties like confinement, chiral symmetry
breaking and monopole condensation. Chiral sym-
metry restoration occurs at some critical number of
fermion flavors. Also, recently a relation between
QED3 and planar spin systems has been found, which
may be of interest for studies of superconductivity1.
Other questions, like the role of dynamical fermions
and finite-size effects, can be more easily studied in
QED;-. than in higher-dimensional nonabelian lattice
models.

Different lattice actions may have the same con-
tinuum limit. For a U(l) gauge theory the standard
Wilson action

(la)

is periodic in the plaquette angles © ^ ( i ) =
Bt.[x + n) - e^x + fi) - 6v(x). Therefore the link
variables take values in the compact interval

(lb)

Alternatively, one may also consider the action

where the link variables now take values in the non-
compact interval

The compact and the noncompact actions both
approach jj / d^xF^(x) in the continuum limit a —
0. On the other hand S c o m p and 5 n o n c have
distinctly different topological properties in 3 di-
mensions. The compact action admits (classical
finite-energy) solutions with nonzero winding num-
ber, whereas the noncompact action does not. Nev-
ertheless, both theories display spontaneous chiral
symmetry breaking, although at different values of

2 SIMULATION DETAILS

We have used the Kogut-Susskind fermion action2

SF = X-MF[{0}] \ (3)

where Mp is the standard fermion matrix (includ-
ing a mass term). In order to simulate dynamical
fermions a hybrid molecular dynamics algorithm was
utilized. We have adopted the .ft-algorithm of Got-
tlieb el al.3. The integration step size was Af = 0.02
at a refreshing frequency of 32 steps (±16%).

The simulation was done on a 83 lattice with typ-
ically 100 gauge field configuration at a distance of
16 trajectories.

The chiral order parameter

1
XX>= y (4)

-00 < < +oc (2b)

was obtained using a random source technique.
The chiral limit to zero fermion mass was ob-

tained by linear extrapolation from the two values
m = 0.050 and m = 0.025. This allows direct com-
parison to the results of Dagotto tt a/.4 for the non-
compact case.



The measurement of the monopole density was
made following DeGrand and Toussaint5. The mag-
netic flux through an oriented plaquette is $^.(2) =
i0J, l,(a

i). The plaquette angle can be written as an
integer multiple of 2 - and a remainder 0^,,

&„,.&) = 2zn „ . + &„„ (5)

with -TT < 0 M < + - . The integer nHl. is in-
terpreted as the number of Dirac strings passing
through the plaquette, whereas 0 ^ corresponds tc
the physical fluctuations. The monopole number M
inside a cube then is

(6)

where the £ extends over all six faces of the cube.
For the monopole density we thus have

cubes cubes

where the M- refer to positive and negative mag-
netic charges, respectively.

3 RESULTS

Figures 1 and 2 show the chiral order parameter <
X \ > and the monopole density pn, for the quenched
case Sj — 0. The fall-off of < \ \ > and pm is
much steeper for the noncompact case. The most
remarkable feature of Figs. 1 and 2, however, is
their similarity. This suggests that < \".\ > aid pm

are not independent.
In Fig. 3 we have plotted < X\ > versus pm,

thus eliminating their /3-dependence. We can make
two important observations: First, < \ \ > and pm

are correlated such that they go to zero at the same
time (< \ x >— 0 when pm -~ 0). Second, and
more importantly, the compact and the noncompact
theories lead to an itliritical correlation.

The above observations remain essentially true for
the nonquenched case6. Figure 4 shows the corre-
sponding correlation between < XX > and pm for
A'/ = 2 fermion flavours. Comparison with Fig. 3,
however, reveals that < \ \ > for Nj - 2 is system-
atically smaller than in the quenched case Nj = 0.
Indeed < \ \ >—• 0 while pm seems to retain a
small but nonzero value. We take this as an indica-
tion that the effect of fermion loops is to screen the
forces which produce chiral symmetry breaking.
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Fig 1. Chiral order parameter < \ \ > versus 3 for

A'̂  = 0 (quenc hed). Data points are shov.n for the

compact (•) and the noncompact (U) theories.
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Fig. 2. Monopole density pm versus 0 for Nj = 0

Plot sy mbols like in Fig 1.
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Fig 3 Correlation between < \ \ > and />„. for the

con-.psct ( bullet) and the noncompact (•} theories for

.V; = 0
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Fig 4. Correlation as in Fig 3 for the nonquenched
case A' ; = 2.

comp

Fig 5. Scale function s{3) according to Eq (10)

Data points are shown for the quenched case (O) ar.d

for A'; = 2 flavours (O)

The observation that the correlation between
< X \ > a n d Pm 'S the same for the compact and
noncompact lattice actions suggests that the two
theories are simply related by a change of scale.
Thus, for some operator O like < \ \ > , pm etc.,
we would have

<O >nonc{3)=<0 >comp (s

with some scale function s

?nonc =

(8)

(9)

It is easy to extract s(3) from the data in Figs. 1 and
2. (We have used cubic spline interpolation where
necessary.) The result is shown in Fig. 5, together
with th* corresponding data points for Xj = 2. No
errors have been obtained, but the accuracy may be
estimated from the spread of the data points. As
0 — 0 one must have s(/?) - • 0, which is indicated
by the broken line in Fig. 5. In very crude terms,
one may say that the noncompact gauge field action
appears to be dynamically equivalent to the compact
gauge field action at values of 0 scaled upwards by
a factor of roughly 3 (except for 0 —• 0).



It is an open question whether this feaUre will
persist as Xj becomes larger.

A SUMMARY AND CONCLUSION

We have compared the chiral order parameter
<: X\ > and the monopole density p..t lor the
compact and noncompact formulation of QED3. A
strong correlation between < \ \ > at1d /V. h;is been
observed. The correlation is the same for the com-
pact and noncompact actions. The independence of
the correlation of the type of regulator for the con-
tinuum theory is an indication that the correlation
is indeed a physical one. Thus, monopole condensa-
tion appears to be an important mechanism for chi-
ral symmetry breaking in lattice QED3. Thi; effect
of fermion loops is to screen the forces whi:h pro-
duce chiral symmetry breaking. Within the range of
parameters considered in the present work the com-
pact and the noncompact .gauge field actions appear
to be dynamically equivalent.
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