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We study the phase structure of SU(2) gauge-Higgs model in two dimensions using lattice simu-
lations. We show the result for the plaquette expectation value, static potential, and W propagator.
Our results suggest that a confinement-like region and a Higgs-like region appear even in two di-
mensions. The behavior of the plaquette expectation value is consistent with a smooth cross-over

in accordance with the Fradkin-Shenker-Osterwalder-Seiler theorem. In the confinement-like re-
gion, the static potential seems to rise linearly with string breaking at large distances, while in the
Higgs-like region there seems to be a massive behavior which means that the BEH mechanism
occurs. The correlation length obtained from the W propagator has a finite maximum between
these phases, which supports no second-order phase transition. Based on these results, we suggest
that there is no phase transition in two dimensions.
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1. Introduction

The Brout-Englert-Higgs mechanism (BEH mechanism), where the gauge boson becomes
massive due to gauge symmetry breaking, is a common phenomenon extending from particle
physics to condensed matter physifls [n a superconductor, the Abelian BEH mechanism, known
as the Meissner effect, occurs and in the standard model, the non-Abelian Higgs mechanism occurs.

The Higgs phenomenon on lattice has also been studied from the perspective of the confinement-
Higgs behavior 34 5,6, [ B,9]. Inthe SU(2) gauge-Higgs model, the confinement-like region
and the Higgs-like region appear in four dimensions, which may be connected analytically ac-
cording to the Fradkin-Shenker-Osterwalder-Seiler theo @ [ A characteristic behavior in the
confinement-like region is that the static potential between the colored charges rises linearly un-
til string breaking by pair production, while in the Higgs-like region it is of Yukawa type with a
massive gauge bosdf, [1J.

The case of two dimensions is of interest from the theoretical viewpoint. Because of the
Coleman theorem and the Hohenberg-Mermin-Wagner the@@i@®], Nambu-Goldstone bosons
do not appear and phase transitions do not occur. However, in the Higgs case, the Nambu-Goldstone
bosons are absorbed by the gauge bosons and thus there are no massless bosons and these theorems
do not apply.

In this contribution, we investigate the phase structure of the SU(2) gauge-Higgs model in two
dimensions numerically. We show the gauge-invariant quantities such as the plaquette expectation
value, static potential and W-propagator.

2. SU(2) gauge-Higgs model on lattice

The lattice action of the SU(2) gauge-Higgs model with the fixed length of the Higgs field is
given by

S=p Z (1— ;—TI‘UP> - ;/uZxTr (0" () U (X) @(x+[1)] (2.1)

with U, (x) € SU(2)(u = 1,2) the link-variable for the gauge field)p € SU(2) the plaquette-
variable, andp(x) € SU(2) the Higgs field of the frozen length. This action, with frozen length of
the Higgs fields, is formally derived from the SU(2) Higgs-Kibble model,

1 1 N 2
S=BY (1-5TUp ) =55 (70U (x+ ) +cc)+ 5 A (T (09 —y)",
2 2 fx <
with ¢ (x) =(¢1(x), $?(x)) in the SU(2) fundamental representation. By rescafifig by ¢ (x) =
y2$(x), and taking the limiA’ — o with fixed y, this action formally reduces to EEL{) with
the SU(2) matrix,

—61(%) $%(x)

In these models, the BEH mechanism occurs at the classical level, although whether it really occurs
or not depends off andy [2 5,6 8.

(p(x):( F2(x <751(X)>. 22)
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3. Plaquette expectation value

We show the plaquette expectation value to investigate if a phase transition appear or not. The
plaguette expectation value is given by

1

(P) =5 (TrUp) (3.1)

with Up the plaquette-variable.

In Figll, we give the two-dimensional result At= 7.99 and 120 on 25&. The plaquette
expectation values at bof = 7.99 and 120 increase smoothly with increasingin the region
5= y < 9in contrast to the gauge-dependent order paranigtewe also investigated the volume-
dependence for several valuesydietweer?56 and512 lattice and no difference was found.

When we compar@ = 7.99 with 3 = 120, the behavior of the plaguette expectation value
seems to become smooth @sncreases and thus a transition might not appear in the region of
B > 7.99. In fact, if we take the limit of3 — o, we findUp — 1, corresponding to a pure gauge.

In this case, after gauge transformation, the action corresponds to the two dimensional Heisenberg
model, where a transition does not appear.

Furthermore, according to the Fradkin-Shenker-Osterwalder-Seiler theorem, no transition at
small 8 appears for gauge-invariant quantities. Therefore also in the regifn<of7.99, there
might not be a transition, but a smooth cross-over. This is consistent with the recent work of Cubero
and OrlandZZ], who find that there is no symmetry-breaking Higgs phase in the continuum theory.
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Figure 1: The plaquette expectation valuefat= 7.99 and1200n 256

4. Static potential

In two dimensional pure Yang-Mills theory, the Wilson-loop potential is exactly linear. On the
other hand, if the BEH mechanism occurs, the potential behaves like

g ipr
N_/ pp2+rr12 e @

with mthe mass of vector boson, because the gauge boson becomes massive.
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We calculated the static potentié(r) using the Wilson loop o024 lattice atB = 120and
y = 2 and8 as shown in FIGZ The static potential is fitted by the form,

—Ae ™+ or +B, 4.2)

with the parametef, B, mando in the region of /a < 20, and the results are summarized in Table
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Figure 2: The static potential g8 = 120andy = 2 and8 in lattice units. The dashed lines show the fit
results.

In FIG.[Z the potential ay = 2 shows the linear potential and the string breaking/at~ 20,
while the potential ofy = 8 does not show the linear potential, but behaves-ike™'. Thusy =2
corresponds to confinement-like region gng 8 corresponds to Higgs-like region. Furthermore
because of string breaking, the difference between the regions may be quantitative (though strong),
which indicates that these regions are connected analytically.

Table 1: The fit results of the static potential byAe ™ + or + B for r /a < 20.

% m o A B X/N
2 019(7) 0.012215) 0.00157) 0.00157) 0.3
8 0207(4) 7(9)x107° 00611) 0.0601) 1.2

The fit results support the appearance of these regiong=A2 a finite string tension appears,
which indicates the confinement-like region. Though the mass parameatees not seem to be
small, the prefactof is small. Therefore the first term in EGLD) is negligible compared with the
second ternor. At y = 8, the string tensiow is almost0, which means that the potential does not
show a linear slope.

5. W propagator

Finally, we show another gauge-invariant quantity, the W propagator, defined by

Duw(x-)= 5§ (WHWE)). 6D
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where

W20 = ST [12 {0 (U p0x+ 1)} (5.2)

with @ SU(2) generator. Note that the W field is gauge invariant and the effective mass for the
transverse part of the W field corresponds to the two-dimensional analdy dftate [B, 8], which
is a singlet state with negative parity. This propagator coincides with the gluon propagator in the
unitary gauge@(x) = 1 and thus it is easily calculated.

The effective mass of the W field is estimated from the linear slope of the logarithm of the
propagator at zero-spatial-momentum,

1
0 _ = a a
Doy(t) = v a}%yl <Wu (x2,t)W(y1,0)) (5.3)
with the two dimensional volume. The effective mass of the transverse part is giveDBy(t)
and that of the longitudinal part is given Bj,(t) [I9. In this contribution, we estimated only the
transverse effective mass.
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Figure 3: The propagator at zero-spatial-momenttD@l(t), on 256 at 8 = 120andy = 2,4 and8 in
lattice units.

We showDY, (t) on 25¢ lattice atB = 120andy = 2,4 and8 in FIG.@ The logarithm of these
zero-spatial-momentum propagators seems to be almost linear or convex upwards, which indicates
the preservation of the Kallen-Lehmann representation, in contrast with the gluon propagator in
other gauges like the Landau gauge and MA galZgk [In particular, the two dimensional gluon
propagator in the Landau gauge shows remarkable violation of the Kallen-Lehmann representation
and goes to zero at zero moment@{I7 18 23.

In TABLE. [2 we summarize fobY, (t) the fit result ofApe ™! with the parameter8p and
mp for t/a=4—15. The mass parameter, in lattice units decreases in the regionyof. 5, and
increases in the region gf> 5. In other words the mass parameter shows minimum at5,
which means that the correlation is maximum. We also show the volume-dependence of the mass
parameters in TABLEZ and there seems to be almost no volume-dependence beRb&eand
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Table 2: The fit results of the zero-spatial-momentum propagatoidy ™! fort/a=4—15atf = 120
and on256” and512,

y  mp Ap L x/N
2 036(3) 0071 256 08
4 02434) 00781) 256 Q5
5 02402) 00691) 256 Q1
6 02655 0.0692) 256 Q9
8 02821) 0.0581) 256 Q08
10 03042) 0.0541) 256 Q2
4 02432) 00771) 512 10
5 02373) 00671) 512 06
6 02672) 00671) 512 10

512° aty = 4,5and6. The minimum does not seem to go to zero with increasing volume. Therefore
it is not a second-order phase transition, consistent with the result of the praquette expectation
value.

6. Summary

We have shown the numerical result of the two dimensional phase structure in SU(2) gauge-
Higgs model. We have carried out the Monte Carlo simulation and calculated gauge-invariant
guantities such as the plaquette expectation valyi-at7.99 and 120, static potential and the W
propagator a8 = 120

The plaquette expectation value shows a smooth cross-over between confinement-like re-
gion and a Higgs-like region & = 7.99 and120 which is consistent with the Fradkin-Shenker-
Ostervalder-Seiler theorem. It indicates no phase transition in two dimensions. The static potential
shows a linear rise and string breaking/at 2, and behaves like a two-dimensional Yukawa poten-
tial aty = 8. The effective mass of the W propagator in lattice units has a minimym-a& which
does not go to zero with increasing volume. These results support that there is a BEH mechanism
in the region ofy > 5 and a confinement-like region and a Higgs-like region appear even in two
dimensions.
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