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Formation of domain wall lattices
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We study the formation of domain walls in a phase transition in whicBsa0Z, symmetry is spontaneously
broken t0S; X S,. In one compact spatial dimension we observe the formation of a stable domain wall lattice.
In two spatial dimensions we find that the walls form a network with junctions, there being six walls to every
junction. The network of domain walls evolves so that junctions annihilate antijunctions. The final state of the
evolution depends on the relative dimensions of the simulation domain. In particular we never observe the
formation of a stable lattice of domain walls for the case of a square domain but we do observe a lattice if one
dimension is somewhat smaller than the other. During the evolution, the total wall length in the network decays
with time ast %" as opposed to the usual® scaling typical of regulaZ, networks.

DOI: 10.1103/PhysRevD.69.043513 PACS nuni$er98.80.Cq, 05.70.Fh, 11.2%d

[. INTRODUCTION large group symmetries are involved. Solutions of a similar
type were also discussed |if].

Topological defects are routinely observed in condensed The formation of kinks and domain walls in phase transi-
matter systems and may be expected to form during phadens has been studied in earlier work but most of this work
transitions in the early Universe. Observational constraint®nly deals with the simplest of systems, such aszah&ink
on various types of defects have already played a major role a A ¢* model. Based on the expected initial density and
in the development of cosmology—the idea of inflation wasscaling of these walls, cosmological implications have been
introduced in large part to solve the monopole problem. Rederived. However, as we show here, the properties of a do-
cently, much attention has been devoted to cosmologicanain wall network in more complex models can be dramati-
models motivated by string or M theory. Symmetry breakingcally different from that of the wall network in tha ¢*
patterns in these models can be quite Comp|ex with the prandel. Earlier work along these lines can be found in Ref.

duction of topological defects being a generic phenomenon.8] Where they consider the formation and evolutionZgf
It has been known for some time that, while topologicalWalls, and in Refs9,10] where the authors study the fate of

considerations are sufficient for proving the existence of deWalls in O(N) motivated models.

fects, the properties and interactions of defects depend on the AN €xample of new physics that one can expect when
details of the particular model. These issues were highlighteaOnSIderIng dom"’?'“ W".:‘” formation n these more complex
in earlier studies of domain walls in &U(5) X Z, model. In models was provided ifi11]. There it was shown that the

contrast with the commonly studied* model, the vacuum SU(N) X Z, models allow for the existence of domain wall

manifold now consists of wo disconnected pieces. each I]attice solutions. The key ingredient is the repulsion between
P X Kinks and antikinks. The lattice is a periodic sequence of

which is a 12 dimensional continuum. For topological rea- g ejing walls and antiwalls that are parallel to each other. It
sons, kink solunons.mggt eX'St_' However, a 12 d|m9n3|ona§5 more challenging to find a model in which the lattice is
continuum of _poss,|b|llt|es eX|§t_s when determmmg t,hestable. In[11], a model in whichSsX Z, (S, is the permu-
boundary conditions that the minimum energy kink solutionisiion group ofn objects breaks t0S;X S, was used as an
satisfies. Topological arguments alone are not sufficient igxample of a model allowing for stable domain wall lattices.
order to determine these boundary conditions and a morg was argued that in one spatial dimension, in the limit of
elaborate analysis is needed if one wants to find the kinknany correlation domains, the probability of forming a lat-
solution[1]. Only once the boundary conditions are knowntice tends to unity.

can the explicit solution be constructed and the properties In this paper we follow on the work ifil1] and numeri-
worked out. In the case of domain walls$U(N) XZ, mod-  cally investigate the formation of lattices during realistic
els, this exercise has already yielded some surprises. For eghase transitions in1 and 2+1 dimensions. Our results in
ample, it was found that the symmetry group inside the cord+1 dimensions corroborate the argumen{1] and kink

of a domain wall is generally smaller than that of the vacuunlattices are observed to form with near certainty. The simu-
[1-4]. The interaction of kinks in these models shows thatlations in 2+1 dimensions, however, yield an unexpected
kinks and antikinks can repel as well as attrgglt In Ref.  feature that, with hindsight, might have been anticipated
[6] it was argued that these features are in fact generic wheinom the discussion in Ref4]. Instead of forming a lattice,
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the domain walls form a network with junctions. Six walls The vacuum expectation valu/EV), @, is (up to any
meet at a junction and the relaxation of the network is congauge rotation
trolled by the dynamics of the junctions.
We find that this leads to considerable changes in the long n .
time dynamical properties of the wall network. Whereas the ¢O=Edlag2,2,2,— 3,-3) 4)
total length of aZ, network of domain walls is expected to
decay ag ™, our junction dominated network has a lower yith n=m/\" and
scaling power: t~ %% Junction motion and junction/
antijunction annihilation processes clearly slow down the

long time evolution of the network. We did not observe the N'=h+ %7‘- ®)
formation of a lattice of domain walls as the final evolution
state in our simulations on a square spatial gviith peri- In Refs.[1-3] it was found that there are several kink

odic boundary conditionsHowever, when the spatial grid is solutions in this model corresponding to different choices of

rectangular, with one dimension somewhat smallby  asymptotic field configurations. The necessary condition for

roughly a factor of 3 than the other, we did observe kink the existence of a kink solutiod(x), proved in Ref[1], is

lattice formation, even in 21 dimensions. [P (x=xx),P (X)]=0. That is, the solution must com-
The paper is organized as follows. In Sec. Il we introducemute with its asymptotic values. It was also proved in Ref.

the model and review its features relevant for the process dfi] that, when searching fd8 U(5) kink solutions, one can

domain wall lattice formation. Section Il contains the simu- work in the Cartan subalgebra 81J(5), which is equivalent

lation results in both one and two spatial dimensions, includito restricting®,(x) to a diagonal matrix form:

ing a discussion of the scaling regime of the wall network in

the 2+ 1 case. Finally we discuss how these results may vary D(x)=F1(X)N3+ Fa(X)Ng+ F3(X) T3+ F4(X)Y,  (6)

for more general systems in different dimensions. .
where A3, \g, 73 and Y are the diagonal generators of

SU(5):
Il. REVIEW OF DOMAIN WALL LATTICES
In this section we review some of the results from Refs. A3= Ediag 1,-1,0,0,0,
[1-3,5,1] relevant to domain wall lattices. 1] SsX Z, 2
was used as an example of a model in which such lattice

solutions are stable. However, the domain wall solutions 1
Ng= —=diag/1,1,-2,0,0),

themselves were identical to those $U(5)XZ, and we 23

prefer, for clarity reasons, to use this model to describe their

main properties. 1

Consider arSU(5) X Z, field theory described by a La- T3= §diag(o,o,o,1,— 1),
grangian:
- 2
L=Tr(9,2)"=V(®), @ v= 1 diag2.2.2-3-3), @)

2\15

where® is an SU(5) adjoint andV(®) is invariant under
SU(5)X Z,. Let V(®) be such that the expectation value of ~As shown in Refs[1-3], the kink solution with least
@ spontaneously breaks the symmetry down S®J(3) energy is achieved iflup to global gauge rotationsd
XSU(2)xU(1)/Z3XZ,. We will chooseV(®) to be a (—»)=d_=d, and
quartic polynomial:
/A
V(@)= —mPTi{®2]+h(Tr ®2])%+ X T D]+ V,, P(+o)=d,=- EdlaQZ,—S,—S,Z,Z). ®)
2
) o The minus sign in front of , in Eq. (8) puts®, and® _ in

whereVy is a constant chosen so that the minimum of thegisconnected parts of the vacuum manifold. Also, two blocks
potential hasv=0. The Lagrangian is symmetric und@r o entries ofd , are permuted with respect to thosedf .
— —® and it is the breaking of thig, symmetry that gives |, other words,®  and —®, are related by a nontrivial
rise to topological domain wall solutions. The desired sym-g,ge rotation. The kink solutiofor, domain wall solution,
metry breaking is achieved in the parameter range in more than one dimensipran be written down explicitly

h . in the case wheh/\ =—3/20[2,3]:

3% ®
\ 30 1—-tanioX) 1+tanH oXx)
b= 5 d_+ 5 b, , (9)

IMost of the results in Sec. Il can be generalize®id(N)xz,  Whereo= m/\/2. For other values of the coupling constants,
with N> 3. The interested reader is referred 193,5,4. the solution has been found numericdlBj.
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The topological charge of a kink can be defined as There can be longer sequences as well.
A detailed stability analysis in Ref11] revealed that all
_ \/a) Do domain wall lattices inSU(5)X Z, are unstable. For ex-
Q= 7( R PL), (10 ample, the lattice in Eq13) has three unstable modes, cor-

responding to rotations in the 1-3, 1-5, 3-5 blocks. The in-
where @y and @ are the asymptotic values of the Higgs stability comes from the fact that an isolated kink has zero
field to the right(R) and left(L) of the kink.(The rescaling modes corresponding to rotations in field space—for ex-
has been done for conveniencéhen the charge of the kink ample, a kink with charg®,; can be rotated into the kink
in Eq. (9) is with chargeQs without any cost in energy. When a kink of
chargeQ; is placed near an antikink of char@®, the zero
mode becomes an unstable mode, making it favorabl®for
Similarly, one can construct kinks with charge matricestC rotate intoQg after which the kink and antikink can anni-
Q" (i=1,...,5)which have—4 as theii entry and+1in  Mlate. , , _
the remaining diagonal entries. Hence there are kink solu- 10 illustrate that stable lattices can exist, one can simply
tions with 5 different topological charge matrices. Individu- St&rt with the model in which the zero modes are completely

ally, the kinks can be gauge rotated into one another. gugbsent right from the start. As in R¢l.1], let us consider the

QW=diag —4,1,1,1,1. (1)

when two kinks are present, the different charges are phys/nodel of four real scalar fieldf (i=1, ... ,4), with

cally relevant. This is most easily seen by noting that the 1A

. . . . I) .y .

|n.teract|on b_etween a k|_nk with charg’@‘ and an_antlkmk L== 2 (f9Mfi)2+V(f1,fzyf3,f4) (16)
with chargeQ(W= —QU) is proportional to TrQMQM) [5]. 2=

Then we have

THQWQW)=—20 if i=j )
7 4
—fa

3
A A
Ao M
t52 fat 73

— 45 if i#]. (12)

The sign of the trace tells us if the force between the kink

and antikink is attractivéminug or repulsive(plus). Hence + 23
the force between a kink and an antikink with different ori-

entations {#]) is repulsive. This observation is key to the m2
construction of kink lattices. + — 7% a7

A Kink lattice is a periodic sequence of kinks with charges

such that the nearest neighbor interactions are repulsive. Onlen
can write down a sequence of charges that can form a kinB
lattice [11]:

N 2

2
\/§f2f4(ff— 3)

\
+ 5gla(fi+15)+9f3]fi+

e fieldsf, are defined as in Eq6) and this model has
een obtained by substituting E®) into Eq.(1). This four-
field model does not have the continudasl(5) symmetry

MoBGIOEROWEGIOB) of the model in Eq.(1). The only remnant of th&U(5)

- QURTRTRTRTRT. (13 symmetry corresponds to the permutation of the five diago-

and the sequence just repeats itself. This sequence is tf@! entries of®. In addition, the model also has th&

minimum sequence for which the nearest neighbor interacSyMmetry under whictf;— —f;. Hence the model has an

tions are repulsive. Another way to write the kink sequence>sX £2 Symmetry. o

is to write it as a sequence of Higgs field expectation values, A vacuum of the model is given bf; =0=f,=f; and

We write this sequence for the above minimal lattice: f4#0. This breaks the symmetry ;X S,, corresponding
to permutations ofP in the SU(3) andSU(2) blocks. The
..—+(2,2,2-3,-3)—>—(2,—-3,-3,2,2 vacuum manifold consists of %2/3!x2!=20 discrete
points. If we fix the vacua at= —o0, this implies that there
—+(-3,2,2-3,2——(2,—-3,2,2;-3) are 20 kink solutions in the model. All these 20 kink solu-
tions have been described in RET].
—+(2,2-3-3,2——(—-3,-3,2,2,2 The construction of kink lattices proceeds exactly as in
the SU(5) case above because the off-diagonal components
—+(2,2,2-3,-3)— .... (14 of ® vanish there. Hence th8;XZ, model contains kink

o _ _ _ o lattice solutions as well. Furthermore, these lattices are stable
The minimal lattice of 6 kinks is not the only possibility. A because the dangerous rotational perturbations are absent by
sequence of 10 kinks in thel=5 case is aesthetic in the the very construction of the model.
sense that it uses all the 5 different charge matrices demo-
cratically: lll. LATTICE FORMATION
.. QWQBIQERIQMQPIQIQBIQRIQMQ™ | .. There are more repelling kink-antikink pairs 8 than
(15 attracting ones. Hence, it is reasonable to expect that after the
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phase transition, all attracting walls will eventually annihi- '
late and the remaining walls will be repelling.

The probability of forming a domain wall lattice in one
spatial dimension for th&; model was estimated irl1] to
be unity if the total number of kinks formed is large. Numeri- L
cal simulations, presented below confirm this expectation. In £
two spatial dimensions with periodic boundary conditions, w [
our numerical results do not show lattice formation. Instead
the walls form a network with junctions that gradually di-
lutes due to the annihilation of junctions. gl

E, t=350.

A. Numerical implementation

In order to generate feasible initial conditions that may
lead to the formation of domain wall lattices, we use a
Langevin type equation based on the Lagrangian (E6).
Each field will be propagated according to its usual equation <

of motion with additional dissipative and stochastic terms ]
added: FIG. 1. Energy contour for a 1D system at different stages of the

evolution. The top plot shows the initial thermal configuration fol-
((9?_ VZ) fi+oV+Daf=T;, (18) lowed by a snapshot characteristic of early times after the quench to
T=0. At later times the kink network evolves to form a stable wall
lattice as shown in the bottom plot.

E, t=2800.
[

=

D is the dissipation constant and the stochastic for¢e,t)

is a Gaussian distributed field characterized by a temperature . L .
T y P =1.0 to ensure rapid thermalization. In the next two sections

we will discuss in more detail the role of the dissipation after
(Ti(x,1))=0, the quench.

B. Simulation in (1+1)D

2D
(LT (X)) = — & o(x—x") 8(t=t"). (19 Our goal here is to check whether a stable kink lattice
forms in one spatial dimension as an initial “hot” configu-
ration is quenched td=0. Applying the procedure detailed

The amplitude of the noise in Eq19) is chosen so as to . th . tion 1o th ‘ firm that this i
guarantee that independently of the initial field configuration!n € previous section 1o the system, we confirm that this 1S

and of the particular value of the dissipation, the system WiII![?] fact the cas$i lantlk?' ;L \|A(/je ?ho;\(ﬁa sertlcis of snap'[shqts IOf
always equilibrate towards a thermal distribution with tem- 1€ energy profiie ol Ihe Tields tor diterent imes 1n a typica
peratureT. simulation run. The first configuration corresponds to the end

In both the 1D and 2D cases, we will start by evolving Eq.Of the thermalization phase, with large amplitude fluctuations

(18) until thermal equilibrium is reached. At that point we and very uncorrelated fields. At this point we turn t_he sto-

guenchthe system to zero temperature by setting the stocha _hast[c term Off and let the system eyolye fpr a c_:onqderably
tic term, I';, in Eq. (18) to zero. The fields will then settle ong time. In this c.as?]we keﬁp t?ehd|SS|pat|qn hlghh5|nce we
towards the minima of the potential and a network of domairﬁr? notthmte'res't)ed in the dettalbsl OI ttt'e dynamlcsf'o It N tsystem
walls will form, separating regions where the fields WereAu rha erino .Ser;]”ng;. s eda Ice as the Ibnla ou come.f
initially uncorrelated. Note that the correlation lengfhat S the energy Is then dissipated, a recognizable pattern o

e . “proto-kinks” starts to form, as can be seen in the second
thermal equilibrium depends oh (at high temperatures P ' X ;
typically decreases with). This allows us to have a degree snapshot. The next energy profile shows that the field has

of control over the correlation length of the fields before therelalxe_d to a furl1ly fqrmed netyvorl<k_ofk kmki.‘ Eurlng furthﬁr
guench, and hence over the number of independent domai y0 ution, neighboring attractive kink-antikink pairs annihi-

. . . ; . S late, leading to a stable lattice of equidistant domain walls.
that will form in the simulation box. This is essential if we - . . ; ; .
'ﬁms final state is shown in the fourth plot, a succession of

want to be certain to have a number of domains large enOuQmutuaIIy repelling kinks and antikinks. The energy of these

to generate a stable lattice. . .
The equations of motion were discretized using a standarggfed?’ corre_sponds to the value pred|cteq analytlc_ally, and
irect inspection of the values of the four fielfisconfirms

leapfrog method and periodic boundary conditions were, -~ ¢ expected, we are in the presence of a genuine domain
used. The model parameters were setnte 1/(2\/6), N wall lattice

=1/2 andh=—3/40. The lattice spacing wasx=1. and
ot=.5. Note that for the parameters above the wall core is . o
resolved by more that 10 lattice points which should be ac- C. Simulation in (2+1)D

curate enough for the desired purposes. The value of the After having established that in one spatial dimension
dissipation coefficienD does not influence the results during kink lattices can form as a consequence of a phase transition,
the stochastic stage of the simulation and we set iDto we will now look at the evolution of the same model in the
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(2+1)D case. Here we expect the late time dynamics of the Ka\‘\:"ﬂ"‘» "\":’%'
. .lé
A

system to be dominated by networks of one-dimensional do- r-é" =
= B

main walls. As a consequence of the symmetry content of the ,2"-’&\- Ji
model, these networks will be considerably more complex2000 24 [ \
than the ones based on ordinaty walls. In particular, we N w'\‘.‘ NS Se
can expect walls to intersect and kink-antikink repulsion to X &G N

play a role in the evolution.

Our first task is to find a method to identify the walls
starting from the field values in the simulation lattice. To this
end it is convenient to convert the fielfigx) back into the
original SU(5)X Z, matrix form, ®(x). For any type of
kink in the model, there is at least one elemdnj of the
diagonal of the field matrix that changes sign as one crosse *°

1500

1000 W

(7
v

S,

A

RN

the defect cord1-3|. In the particular case of the lowest ) 2] 7S > ¥ I/‘E /.
energy kinks, those described by the charge mat@®s it § ‘ , ;“,&\&f[ l:\@,\;,«g
is easy to see that only one of thg;’s changes sign. For % o 1000 R >t

L0

these cases, [[®°3] also vanishes at the defect’s core. Since
this does not happen for any of the other kink types, we have
a way of distinguishing between the least energetic kinks anf~400-
general unstable ones. We thus measure at each time step the
total number of zero crossings between all adjacent latticéhough the time-scale relevant for this process is clearly
points, of both thed;;’s and of Tf®3]. For most of the larger than the decay time of the network. In Fig. 3 we show
evolution the network consists predominantly of stable kinkshe network for a later timet,=3200. The reduction in den-
and the two quantities coincide, defining the total wall lengthsity is remarkable, with only a small number of intersecting
in the system. walls remaining. The way these intersect to form nodes is
The simulations follow the same pattern as before, startquite interesting and we can see in particular that around
ing with a thermalization stage after which the stochasticeach node there are always six incoming walls. This is re-
term in the equation of motion is set to zero. In this caselated to the fact that the minimal periodic wall lattice is com-
however we are interested in studying the long time Scanng)osed of six walls, as discussed in Sec. Il. It is clear that for
behavior of the network. Since we are mostly concerned wittpuch a configuration to be stable for very long times, the
the relativistic limit of the theory the dissipation term must Walls around the node must repel each other. Hence the se-
be set to zero during the scaling period. Nevertheless, sincguence of their charges must correspond to a stable wall
the initial thermal configuration is very energetic, we keeplattice pattern. For earlier times we observe nodes with other
the dissipation high for some time after the quench, beforéumbers of incoming walls, though, as expected, never less
settingD =0 for the scaling regime. In this way, some of the than six. High index nodes are rarer because they are both
excess energy is dissipated away, allowing the fields to relaless likely to form and more likely to cancel with other nodes
into a well formed network configuration that then can startto form a minimal six wall configuration. Eventually all
scaling. nodes annihilate with antinodes with reversed “vacuum ori-
In all simulations, the model parameters and space an@ntation,” and for very long times all walls disappear. In all
time discretization steps used were the same as in the oriBe simulations performed in a square lattice, the final state
dimensional runs. The fields were evolved in s 2506
point grid. 2500
In Fig. 2 we can see a snapshot of the wall network for an
early time in the scaling period=400. The network is very
dense with a very high number of intersections. The wallszooof
were identified using the method discussed above. At this
time all the kinks in the network are stable and the number of
zero crossings for the;;’s and for Tf®3] coincide. By  1sof
direct observation of the field configurations, we confirmed
that higher energy kinks do exist for earlier times which
quickly decay into stable ones. A secondary consequence Crooof .
such decay processes is that stable kinks forming in pairs
from a single unstable kink tend to remain spatially corre-
lated near junctions. Since the repulsive force between kinks sool
is exponentially small, this pairing is relatively stable and
can be observed for considerably late tintese Fig. 3.
For later times most walls annihilate, loops form and de-
cay into radiation and the overall density decreases. Walls
tend to get straighter as this is energetically more favorable, FIG. 3. Late time network configuratidr= 3200.

FIG. 2. High density wall network for an early evolution time,

? L L L
500 1000 1500 2000 2500
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always had zero wall content and a two dimensional wall Wall Length Scaling
lattice never formed. Nevertheless, we observed that by tak i '
ing one of the linear dimensions of the simulation doniajn

to be smaller than the othér,, a regular lattice of straight
parallel walls can be obtained as the outcome of the evolu-
tion. Though more careful simulations need to be performed,
our preliminary results suggest that as the smaller grid di-
mension increases, the final density of walls in the lattice
becomes smaller. Wheln, /L, the ratio of the two dimen-
sions, becomes larger than roughly 1/3, no lattice is formed 10°
This result can be better understood by imagining the limit,2
when one of the torus dimensiofsayL,) goes to zero and

the 1D case is recovered. In this situation, the final state ol

the evolution should be a series of parallel walls crossing the 4|
torus in they-direction. AsL increases, we can expect that
some of these walls will be able to “explore” the torus in , , ,
both thex andy-directions. Some of these will not cross the 10 10° 10°
torus, getting linked to other walls and forming a complex t

network. As the network evolves, wall nodes will annihilate,
some of these annihilations further decreasing the number of

vyalls that cross the box |.n th_y}dlrectlon. As a_result, th? curve corresponds to the tot&XxZ, wall length measured by
final state of the system will still be a set of straight repelling counting zeros of the diagonal elementsdefx). Except for very
parallel walls in they-direction, but with a lower density. Itis  early times this coincides with the number of zeros ¢iIi¥] (solid
easy to imagine that ds, increases and approachies, the  cyrve. The results shown are averages of 25 independent realiza-
final density will decrease, up to the point where no latticetions. In all cases, for<100 the system is evolved with both non-
will form at all. The fact that the final state of the transition zero dissipation and thermal noise. & 100 we quench the system
depends on the geometry of the system is unexpected ane zero temperature but the dissipation term is kept Wrtil25 to
may have implications in cosmological settings in modelseliminate excess energy. For 125 we setD=0. The power-law
with extra dimensions. Still, a better understanding of thisfits (bold lineg to both curves were taken betwees 200 andt
phenomenon and the mechanisms behind it is needed beforel350. For later timedlarger than half the simulation box length

10°F

£
£
=]
c
2

wa

FIG. 4. Wall length versus time for both ti8 X Z, theory(top
ve and the single fieldZ, case(bottom curvé. The dashed

further conclusions can be drawn. finite size effects become significant.
Another indication that the dynamics of this system dif-
fers fundamentally from regular defect networks can be ob- IV. CONCLUSIONS

tained by studying its scaling properties. In Fig. 4 we show a

log-log plot of the total wall length versus time. For com-  We have numerically studied phase transitions in a model
parison we also include a plot of the scaling of a regdlar  with SsXZ, symmetry breaking down t8;3X S, in one and
domain wall network. This was obtained by evolving a scalatwo spatial dimensions. In one dimension, as expected, we
A ¢* theory in parallel with theS; X Z, system. In both cases find that a stable domain wall lattice forms. In two dimen-
after the initial thermalization and dissipation periods, thesions, we observed the formation of a complicated network
domain wall network enters a scaling regime where the timef domain walls and domain wall junctions. At every junc-
evolution of the total wall length is well described by a tion six domain walls are present. With time, the junctions
power-law N~t~ ¢ For the Z, theory we find « move and annihilate, and the network coarsens. This feature
=1.06(0.06) which is in reasonable agreement with botlof the network dynamics leads to a slowdown of the scaling
previous theoretical and numerical predictionswfl. (See regime. We found that the total length of the domain wall in
[12] and references therejiiThis is to be compared with the the network scales as %% in contrast to the 1 fall off
result for the SgxZ, walls. In this case we finde  expected forZ, domain walls in a\ ¢* model.

=0.71(0.02), a considerably lower result. Clearly, the dy- We have not studied the phase transition in three dimen-
namics of theS;xXZ, network is fundamentally different sions since the problem then becomes computationally very
from theZ, case. This is not surprising, taking into accountintensive. Even then our results can be extrapolated to three
that the process of node/antinode annihilation must play adimensions, allowing us to anticipate certain behavior. In
important role in the dynamics of the system. That the overthree dimensions we expect the wall junctions to be one
all effect is a slowdown in the scaling could also be expectedlimensional—somewhat like strings. The network of walls
on the basis that the six-wall junctions feel a force that iswill coarsen as the strings come together and annihilate. This
predominantly isotropic. This suggests that systems that ais very reminiscent of a system of cosmic strings in which
low for stable nodes with a higher number of crossing walls,each string then gets connected to six domain walls and the
and hence are more isotropic, would be likely to display everevolution of the networks should be similg8—-10,13. The
lower scaling powers. In the limit of an infinite number of new feature in the present case is the repulsion between walls
incoming walls per node the system would eventually be-and antiwalls and this could lead to lattice formation at very
come static. late times.
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