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'THEORETICAL MODEL
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£,=0, A=/R(t)e", =123

U

R(t) =2R[1-R - (1+p+J)R, —(1+n-d)R]
R (t) =2R,[1-R, - (1+u+dR, - (1+U-d)R ]},
R(t) = 2R, [1- R, ~(L+u+J)R, —~(1+u-d)R,]

[
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@ Equationsfor thereal variables{R;, R,, R;} instead of
complex variables {A;, A,, A}

@ Similar sets of equations proposed to study population
competition dynamics
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<Staiionary Sol uiions)

@ Null: (R, R,, R;) =(0,0,0)
L+0

L—0

@ Rhombus: (R, R, R;) = ({

@ RollsR: (R, R, R) ={(1,0,0), ..}

UU+2)=0° p(u+2)-d

O}Kj

Stable somewherein

‘ (1,0) parameter space

@ Hexagon H: (R, R,, Ry) = 1/(3+2)
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Klppers-Lortzinstability
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(The Case L= O)

@ Orthogonality condition holds (0 u = 0) = nonrelaxational
potential flow

oV .
R =|-——|+|5f| j=123
J aRJ J

Relaggtr iton aD O'E/%Slacrl#l%ls
V=~(R+R+R)+ (R +RE +R)+RR, +RR, +RR

@ Equationsof motion

X(t) = R (1) + Ry (1) + Ry(t) = (1 _1)1e‘2t +1
Xo

After t = 0O(1) = x(t) ~ 1 (asymptotic dynamics)
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@ Eliminating for instance R;:

N

& = 266—H Hamiltonian dynamics
- H(R,,R;)) = R,R;(1-R, - R;) =E (‘energy’)

—_ ROR,(OR,0)
[R(0)+R,(0) + R,(O)°

(only depends on initial conditions)

9 for the period of the orbitsand the amplitudes

2 K(q) 5~ logE[x(L+O(E))

B =5 ba=o 25
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<Thécaseu 2 O)

@ Time-dependent energy
E(t) = RR,R, dE

S5-MODEL

=-4uf(t)gE, f(t)>0

(R+R,+R)*  dt

@ Motion occursnear the plane R+R,+R,=1 [after atransient
timeof order 1]

1.2

R\(1), Ry(t), R3(1)
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@ Period of theorbitsisfunction of time

E(t) = E(0) exp(—4p_[tt f(t"dt") = E(t,) o (t-t)

T=T(EW®) > —ilogE(t):To+@t
— times 20 o
( energies)
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Busse-Heikes M odel with Né@

@ Period increasing with timeisunphysical.
Solution: addition of fluctuations

A= AlL1-|A - (@+u+3) A - (1+p-d)[A]T+ &, (1)

A = A=A - (L+p+8) Al -(L+u-3)A[T+ £ (1)

A= AJL-|A]" - (L+p+ )AL - (L+p-8)A LT+ £ (1)
White noise processes: (§;(t)¢;* (t"))=2e0(t-1")0;

@ Noise prevents E(t) from decaying to zero.

@ Fluctuating period isestablished (but periodic on average)

E() - (BE) = T(t) - (T)=T(E)
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R (1), R,(?), Rs(1)
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@ Average energy

Pe(M=0) Uexp[-V(n=0)/¢g] - Py(p) L exp[-P(u)/ €] = exp[-V (1) /€]

By [dR [dR, [ dR, Eexp(-V /¢)

[GR [dR, [dR, exp(-V /€) e
: i i <T> 30-_ A 6:1.3, p.:OO:L 1
j ; - - 0 =3, u=0.01
Saddle-point type integration: 25| 5213, 1=0.1
(E)= (¢e/p)?, € - O, psmall 20 ¢ =3, p=0.1

15F
10+

N T>:T(<E>)=:§Iog(u/£)

— 0
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ONE-DIMENSIONAL SYSTEMS

@ Threecompeting nonconserved real order parameterswith
short-range interactions

A=0,A+A[l-A - (1+p+)A - (1+u-JA]
A =0,A +All-A -(1+p+JA —(1+u-d) AT]
K =0,A+A[l-A -(1+p+ YA —(1+u-J) A]]

@ Prothotypical nonpotential problem to study domain growth
and dynamical scaling

@ Wefocuson theregion below the KL instability: coexistence
of thr ee stable homogeneous states under nonpotential
dynamics (6 £ 0)
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<'Dyf1amics of an I solated Kihk)

@ |solated kink moves dueto nonpotential effects

V([,0)=h(p) 6 + O(5?)

Al 1'4;_ /\  Simulation
1.2+ perturbative approach A ]
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(Multikink cOnf'igurations)

@ Kink motion — annihilation — domain arowth

LT

0.0

0 100 =200 400 400 a00

@ Front motion dueto: attractive interaction forces +
nonpotential effects

OL(t) = £ 2v(l,0) —y exp(—1H2L (1))
/ I

L(t) ~1 L(t) ~logt
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Domain Growth and Dynarhical Scaling
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TWO-DIMENSIONAL SYSTEMS

@ Wetakereal variables, isotropic diffuson terms and we
focuson theregion below the KL instability point

@ Normal front velocity

Vi(r, 51, 0) = —K (1, 1) + v (1, 0)
) Vp(H, 0) ~ 3+ O(¥)

o

@ Absence of coar sening for POTENTIAL NONPOTENTIAL
system sizes large enough

. )
nonpotential dynamics

+

formation of vertex points
N PO T =36=0 p=3056=2
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(Spiral dynamic's)

=S MODEL

@ Rotation angular velocity 035
0.30-
@ 0.25- — Linear Fit

(1)(“.,6) oC Vpl/2 KO3/2 020
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0.10r
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@ Critical distancefor vertex annihilation

18|
& oo 4=2241%, ]
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Consequence: coarsening will occur for system sizes S < d.
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— -BUSSE-
(Vertex Motion )

@ For long times verticesdiffuse through the system

@ Vertex dynamics affected by the boundary conditions

(- number of vertices: half #Y, and half £

@ PeriodicBC: {° Vertl_ces of opposite sence of
rotation

- motions are observed

(- about the number of vertices

@ Null BC: - Vertices may of the
system

- motions observed
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Null BC Periodic BC
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=5-MODEL

Domain Growth and Dynarhical Scaling

@ 0 =0 (potential limit) = L(t) OtY? + dynamical scaling

@ O #0 (nonpotential limit) = L(t) » tY2 + dynamical scaling
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<Spe{tial-dep'e'ndént Ter m's)

@ Alternative explanation for period stabilization

@ Two kindsof differential operators

2 ISOTROPIC
£,j=123

(6-:0)2 ANISOTROPIC

@ Wefocuson theregion beyond the KL instability point

@ Dynamicsdependson thetype of spatial derivativesand on the
sizeof |
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@ U small

ES-MODEL

@ Similar morphology of domains

@ Alternating period dominated by the <L instability

@ Intrinsic KL period stabilizes to a statistically constant value with

bhoth kinds of terms

DZ
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@ Ularge
@ Different of domains
_ 12 divergeswith time
o KL period 4
(&-[1)% saturates to a constant value
- alternating periods
[12 (Q -D)2 O.12f T T T T
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