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The quantized vacuum of non-abelian gauge theories is well-known
to have a complicated structure, which cannot be recovered by pertur-
bation theory. In spite of the progress in underétanding nonperturba-
tive phenomena in QCD, like chiral symmetry breaking, the solution of
the Lh(ﬂ -problem or the deconfinement phase transition, we have not
yet arrived at a clear pattern of the typical vacuum fluctuations. At
present, there are several competing schemes describing the vacuums
ingtanton gas models/1/ s, the Copenhagen vacuum/z/ s the chromomagne-
tio superconductor model/3/ ,» and others.

The lattice discretization of gauge theories provideé us with a
model-independent way of studying the relevant vacuum fields. That
instantons as well as monopoles play an important role in the pure
Yang-Mills vacuum has been realized very recently by "cooling down"
Monte-Carlo generated equilibrium fields/4 « But the immediate inves-
tigation of the equilibrium configurations with respect to their (elec-
tro ) magnetic structure yields valuable information, as well. This
has been shown for the Georgl - Glashow model/5/ and for pure Yang -
Mills theories/6/ s respectively.

Within this letter we study the influence of electromagnetic
fluctuations of the phase structure of the 4D- Georgi - Glashow model
on' the lattice/5’7’8/ + To a certain extent we follow the reasoning
given in Ref/5/ . In more detail we are’ golng to characterize the
fluctuations by investigating correlations between different compo-
nents of the electromagnetic field tensor. Moreover, we want to see
whether monopole-like bbjects can really be substantiated in diffe-
rent phases,
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The (Buclidean) action of the Georgli - Glashow model on the lat-
tice can be defined as
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where ¢w= '.'d’ho— denotes the Higgs field (in the adjoint represen-
tation) at lattice site N ; Uy € SU(2) and UV','V—U"/‘U”V')VUMVfUW
are the link and plaquette variables, respectively. -Addi-
tionally to the (bare) couplinga _]3:‘//9,2.' . A and f 2

let us introduce M=-8if>  taken to be negative. We study & finite
é'll lattice with periodic boundary conditions. The model is quantized
by functional integration, i.e.

=1 (37 -
_ Z\1d%, [T{d0,.3 S exp{-SY ; (2.2)
“ S v with dy=1

{JUM/-} representing the Haar measure of SU(Q) + The phagse struc-
ture w.r. to the bare couplings has boen studied by measpuring the or-
der garameters <bt’Uy. v, (R} (tf[4’ LNy and
d‘ltdﬁ Un/d’mr U/u> / JFPig. 1 presenta the phnae diagram at fixed

« The s0lid line corresponds to & transition of the
ﬁrst order established by a hysteresis behaviour of the order para-
meters,

*At sufficiently large values of the jump becomes still
lower until it is comparable with the statistical errors. In this
case we cannot state of which order (second or higher) a transition
takes place (if any). The "horizontal" dashed lines in Fig.1" corres-
pond to this case. The order of the other transitions ("vertical"
lines) hes not been exactly determined, so far. Thus, we have four
phases denoted by A,B,C and D . Phases C and D are characte-
rized by fluctuations of the Higgs fleld modulus R=(itrd%)’*
aresund <R>~ f, i.e. near the minimum of the classical Higgs poten~-
tial, On the contrary, in phases A and B, { R> is definitely smal-
ler than f but yet different from zero due to the measure R'dR
in (2.,2). Moreover, phasec shows so-called spontaneous symmetry break-
ing/ 9/ + Therefore, we call it Higgs phase. The transition C — D
"res\tores" the symmetry.

In the following we are going to investigate the phase structure
with respect to the behaviour of magnetic and electric fluxes related
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to that component of the non-Abelian gauge field which is associated
with the U(4) group of rotations around &3;. We define the elsct-
a a
romagnetic field tensor on the lattice by = =
(B =8/1%)

&V (h) = E}g [t’l@)ﬂ U“/al') - Jit’z ahuhrcl’)m/"« Uh)\ Uhv ¢n+9 U;:v)] 2.3)

Within the naive continuum limit (lattice spacing a-s 0) this gauge
invariant expression corresponds to the definition originally intro=-
duced by 't Hoort/ 10/ (see, e.g./”/ ). Thus it should be the mostly
suitable definition for detecting monopole~like fluctuations of the
't Hooft - Polyakov type on the lattice. Using expreasion (2.3) we
define the magnetic and the electric fluxes out of an elementary 3D
ocube at site hn s respectively, by

Me =3 (56 =9 P LROHEbeD B0 ROD R« trs3]
Z (2.4)
E, ()= gfds Ry =ga*[F,0)-F - (1) + B, (0 -5, (n+3) + , (n)- §, (3] .

Within the continmuum the magnetic flux M bvecomes quantized by homo~-
topy arguments M->4TNV , ¥=0%112, .. if the closed sur-
face Y. completely lies in regions, where the (energy) density A
«f:. (2.1)) vanishes (i.e. classical Higgs vacuum), On the lattice
there is no quantization for the definition Mc given above.
In the following we shall measure distributions for detecting M-~

and Ec -values as well as- simply for values of the flux

Mu=301Fv through elementary plaquettes. The latter, of course,
does not depend on the (space-like or time-like) orientation of the
plaquettes considered. Let us denote the diatributions by R(Mc)

PC(EJ and P:,(Mu) s respectively. In order to see indications of
the existence of monopole-like fluctuations we will measure simulta-~
neously the energy (action) of 3D cubes 34, and the Higgs field
modulus Rh .

The Monte ~ Carlo simulations with respect to the distribution
defined in (2.2) have been carried out by employing the standard Met-
ropolis algarithm,

3
PFirat, let us s‘E_udy the plaquette-flux distribution PD(M.Q
for points (/7=0.2777’;/‘3') (cf.Pig. 2). The numerical results for the
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Fige 1. Phase diagram of the Georgi -
Glashow model at A = 0.2.

- 0.3
Fig. 2. Plaquette-flux distributions 02
A, (Mp)in two phases: solid line for )
phase D (B = 0.5, m"= -6,02) and daghed ' |O!
line for phase A( B = 0.5;m%¥a ~4,8).

1m?133s

Fig. 3. Effective potential at
. 2
A= 0.7 and different values of 77

{ F1isg 4. Plaquette-flux
distributions,
obtained with the use of
(3.2). Dashed line corres.
ponds to R = 1 and solid
line corresponds to R= 3.

phases A,B and C look similar (B and C are not included in Fig.2)
and produce maxima at zero flux Mg « They can nicely be fitted by
simple Gaussien distributions.On the contrary, phase D is singled
out by the appearance of a maximum at a nonzero velue of |Mﬂl + This
effect can be understood as & strong coupling one. In ordexr to see
this, we apply the effective potential method at (S = 0 /8’13/,

In this limit the Integrations w.r. to the gauge field degrees of
freedom as well as for the "angular® variables of the Higgs field can
analytically be. done. Then, one finds the effective potential of the
Coleman-¥einberg type as & function of E /8/

Ve# (@) = (g+m*) R+ 4AR"= b du %—2-5) - hR™, (3.1)

where the last term is due to the integration measure o 3‘;’ « In
Pig.3 the characteristic behaviour of Veff at sufficiently small

(14 0.22) ic shown for different values MmZ (for definiteness 1 =
0.1 1 chosen),.The occurrence of & second minimum of Veff with grow-
ing |M?* indicates the first-order phase transition at m*= Mg =
~-33%§ from phase A to D . Let us fix now values M in both the
phasges, but sufficiently far from Tn: , such that the corresponding
single minima of Veff determine the average values(R). Then, the
plaquette~flux distribution can be approximated by

Ry (Ma) ~ gn dUy exp(R §Dt;£@u¢<w¢ ) ¥ .

X S(Hu“tjz{"gu'y"’ 4%"-63(/;,/40;[/,7‘(/.“,63(/»”;),

where Du/.v denotes a definite plaquette at (arbitrarily chosen)

ho, » V o Numerically we find the behaviour as shown in Fig .4
for R=4{ and E: 3, s, respectively, which explains our findings
in Pig.2 qualitatively.

It is interesting to discuds now the distributions %(Mc\ ond
pc(Ec), The Monte - Carlo date for them are presented in Figs. 5
0-':-d for the phasges A-Z—D + PFor comparison, we calculate the cu-
be-flux distribution by folding the single plaquette-flux distribu=.
tions under the assumption that the fluxes through neighbour plaquet-

-tes are completely uncorrelated,
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P Mc) = g M §(Me- 2 Mﬂm fu(Ma), (3.3)
e ( ] | dr Z Ml e
where fluxes in the argument of the S ~function are summed teking
into account their orientation. We find R (Me)= R(Ec) = Ameorn (Me)

in phase A, (cf. Pig. 5a), which means that this phase is do-
minated by uncorrelated random noise. On the contrary, the other phas-

es show up correlations which become very strong in the Higgs phase
c.

The comparison of Figs. 5a-d makes clear that the magnetic flux
out of cubes is well suited to distinguigh between the phases in con-
trast with the electric flux, the distributionsfor which do not dif-
fer very much. Phase C 1is characterized (in contrast to other three
phases) by a very strong suppression of a large magnetic flux (see
also/5/ ) compared with the electric one. It is due to an average
cancellation between magnetic fluxes through. nearest-neigbour pla-
quetts at common lattice sites and with common links. In this sence,
a strong discrepancy between R (Mc) and Rincopr (Mc) is highly signi-
ficant. This effect is demonstrated by Fig. 6 showing the average

magnetic flux through the neighbour plaquettes as a function of the
flux through a given plaquette.

One is now tempted to ask whether large magnetic fluxes are real-
ly connected with monopole-like configurations. In order to answer
this question we have studied the correlations between magnetic flux
M. and the Higgs field modulus R at given elementary cubes. In
Fig.7 the average energy of the Higgs field is plotted as a function
of the magnetic flux Me . With increasing f1¢ deviations of the
average Higgs field towards lower values is seen in pheses C and
B . Let us remind here that classical monopoles of the 't Hooft and
Polyakov type are accompanied by zeros of the Higgs field at their
centres. Therefore, it is natural that with increasing flux the va-

lue of <R) decreases. At the same time, large values of Mc (which
are comparable with 47 ) may be produced only by point-like monopo-
les (more exactly, monopoles of very emall sizes). Consequently, with
"further increasing P4c the value of <R> should also increase.
Just this dependence is observed in phases C and B . In phase C

& strong suppression of'magnetic fluxes out of the cubes in the pre-
sence of large plaquette~flux fluctuations allows one to assume that
in this phase a noticeable role is played by monopole-antimonopole
pairs (dipoles) of emall sizes. In phases A and D (at least for
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the values of parameters we have chosen) the Higgs field is practi-
cally indépendent of the magnetic flux.

The dependence of average energy in an elementary cube on the
magnetic flux in four different phases is represented in Fig. 8.
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We draw the following conclusions. The four phases of the Geor-
gi~Glashow model observed in the given range of coupling/gl can be
well characterized by the behavior of magnetic flux out of 3D cube
as well as by the behavior of magnetic flux through plaquette. The
vacuum in the Higgs phase C may be assumed to be a "medium" of mag-
netic dipoles of small sizes. At the transition to phase D this di-
pole structure is destroyed and the symmetry is "restored". It may be
aggsumed that in phase D a vacuum state analogous to that discussed
in ref. 2 1is realised.

In phase A vacuum configurations have the nature of & random
Gaussian noise. In the transition from A to B, vacuum configura-
tions bear out some monopole-antimonopole structure.

Purther tﬁ%ough study is required in order to understand more
clearly vacuur in different phases of this model and the types of
phase transitions between different phases. At present, these prob-
lems are under inveatigation.

In conclusion, we would like to express our gratitude to Meshche~
ryakov V.A, and Sissakian A.N. for useful discussions and interest
in the work, One of us (M.M.-P) would like to express his gratitude
to the Directorates and colleagues of the lLaboratory of Computing
Technique and Automation and of the Laboratory of Theoretical Physics
for kind hospitality extended to him. He warmly acknowledges very use-
ful discussions with G.Schierholz and M.I#lscher at DESY.

Note added in proof.

After having finished this work ‘'we heard about similar investi-
gations by M.Laursen, G.Schierholz and U.Wiese. We are indebted to
them for informing us prior to publication.
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MuTtpomkse B,K., Monnep-Ilpoiickep M., E2-87-555

3amopoxHbil A.M,
MaruuTHee QUIYKTYalnHH H CTPYKTypa BakKyyMa
B Mopemu [lxkopaoxu-TJsmoy Ha pemeTke

B paBore ucclenyeTcs CBA3b MEXOY 3J€KTPOMAarHHTHLMH
dAYKTyauuaMu ¥ da3oBo#t cTpyxTypo# SO(3)-cuMMeTPHYHOMH
mopenu Jbxopmmu-Insmoy Ha pemeTKe, HUMelmedH (mo xpaiiHeit Me-—
pe IpH OJOCTATOYHO MalbkiX 3HAa4YeHHAX KOHCTAHTH CKalipHOro
camogeilcTBHA) deThpe dass, MeTomom MoHTe—-Kapii0 BLMHCIIAIHCH
pacmnpefelleHHsl SJIeKTPHYECKHX H MArHUTHHX TMOTOKOB, a TakKke
pasIHyHble KOpPpesATOPH.

PaGoTa BumonHeHa B JlaGopaTOpHM TeOPETHYECKOH (QH3IHMKH
OusH.

Ipenpuut O6BeXHHEHHOrO MHCTHTYTA AIEPHBIX HecnenoBanmi. [ly6ua 1987

Mitrjushkin V.K., Miller-Preussker M., E2-87-555

Zadorozhny A.M.
Magnetic Fluctuations in the Quantized Vacuum
of the Georgi-Glashow Model on the Lattice

We study the influence of (electro)magnetic fluctua-
tions on the phase structure of the 4D-Georgi-Glashow mo—
del on the lattice. The distributions of (electro)magnetic
fluxes and different correlations were measured using

the Monte—Carlo method.

The investigation has been performed at the Laboratory
of Theoretical Physics, JINR.
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