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Oscillon formation as an initial pattern state
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Following Venkataramani and OfPhys. Rev. Lett80, 3495(1998], we consider oscillonglocal excita-
tions) as spatiotemporal subcritical bifurcation phenomena. We show in a series of numerical experiments that
the appearance of oscillons is highly dependent on the initial pattern state. This finding has led to a new
patterning mechanism. In this Brief Report we describe the instabilities that govern the mutual interaction of
oscillons/extended patterf$$1063-651X99)01011-9

PACS numbdps): 47.54+r, 05.45:-a, 45.05+x%, 81.05.Rm

A recent series of interesting experimental works on verwhere k=|k| and k.>k,. The essential ingredient in Egs.
tically vibrated granular material4,2] has attracted theoret- (3,4) is the existence of a dominant unstable wavelength. We
ical attention. One of the most interesting concerns relates tased similar equations withokt and with different spectral
locally excited structures termed oscillofts. These struc-  shapesy(k) in the exponent and obtained similar results.
tures are hysteretic and pinned, in contrast to localized struc- The bifurcation diagrantFig. 1) of map M displays the
tures in vibrated liquid$3]. A number of models have been stable(solid line) and the unstablédotted ling branches of
developed to describe oscillons, using the dynamics of ordethe dynamical behavior. As long asr,, any initial condi-
parameters in continuous amplitude equatigh§] or exten-  tion converges to the uniform nonoscillating stéterg. For
sions of the Swift-Hohenberg equatip®]. Other models fo- r, <r<r,, the system undergoes a subcritical period dou-
cused on the microscopic physics with a continuum-bling. We refer to branches of unstable fixed poi(stted
mechanical approximatiofi7] or with a nearest interaction lines) as a threshold:,, which separates the two stable
approximatior{8]. Yet, it seems that the essential concept ofstates. For initial conditions in whicky(x) € (2, the system
oscillons can be represented as a “universal” phenomenogonverges to the flat state and stays there, while for all
of dynamical systems; this was proposed by Venkataramani,(x) e 3, the system converges to a period 2 state and main-
and Ott[9], who suggested that oscillon formation is due totains its oscillation. The existence of a separatibotted
a subcritical period doubling bifurcation. In this Brief Re- line) means that the dynamics of the pattern may be strongly
port, we show that grid oscillon formation depends stronglyinfluenced by the initial amplitude of the pattern at each grid
on the initial amplitudes, and correlations, in the systempoint. This branch is defined as a critical threshgld
Furthermore, we verified that the critical ingredient in this  When some of the pointg(x) are inQ) while others are
type of oscillon formation is short range interactions betweenn 3, the exact fate of a system will be determined by the
lattice points. spatial operatoff (k). This term induces the pattern forma-

Venkataramani and Ott argued that generic spatially extion of the oscillatory branch. One would expect to see one
tended dynamical systems with subcritical period doublingof three possible patterns. If all sitégrid pointg are in{Q,
reproduce the behavior of vibrated granular media. The amthe spatial operation can be neglected and the pattern should
plitude at a grid point is represented as a scalar #ig(e) at  decay to a flat state. For the mixed stététh sites also in
positionx. The first ingredient in the difference equation is 3) one can expect to observe a stable extended state, local-
the temporal subcritical period doubling mappikig ized structures, or even a flat state.

, 3 ) Indeed, in numerical experiments with a variety of ran-
En(X)=M&n(X 1) ]=—(ré+E)exp(—£92), (1)
wherer is the bifurcation parameter. Next, Venkataramani .

and Ott introduced a spatial operatéf. ((x)=L[£,(X)], :
which is essential for patterning at a preferred spatial scale. )

In Fourier spaceC reads as

Enr(K=f(K)ENK) ={p(Kexd (KT} E(K). (2 0

Note thatM andf were not derived from physical consider-

ations of microscopical dynamics in vibrated granular sys-
tem. For an isotropic system,
o= 1/k\? L 1/k\? 2 Irb
k=3 Ko 2l | 3 r

2 2 FIG. 1. Schematic bifurcation diagram of the subcritical region
(k) =sgnkg—k*), 4 near period 2, based on E(d).
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FIG. 2. Two different initial patches produced different final
patterns.(a) Extended labyrinth(b) Distribution of discrete oscil-
lons. Patterns generated with parameter.58, (./k,)?>=1.7.

(a)

dom extended initial patterns, we observed the following
three stable families of patterns: spatially uniform state; ex-
tended labyrinth patterd&ig. 2(a)]; oscillons[Fig. 2(b)]. All
patterns displayed in this report were generated with param
etersr =0.58, (K./ko)?>=1.7. If all sites were in}, the pat-
tern was flat; if the initial pattern was mixed, either oscillons
or labyrinth patterns were observed. We also confirmed tha
the basic length scale in the pattern\ig=27/Kko.

Our previous arguments do not tell us if there is any re-
lationship between extended, flat, and oscillon states. Is the
oscillon state stable with respect to extended or flat states' (b) (c)
To answer this question we simulated various initial condi-
tions. We started with a single circular excitation3nwith
diameter A and &(x)>¢&:. When A<Anin, where \pin
~0(\y/4), the initial patch decayed to a uniform state due
to the smearing effect of thi§k) multiplication. If the scale
was above\., whereh.~\,, a stable extended state gradu-
ally appeared. When ,;;<\<\., a competition between
the smearing and stabilization effects gave rise to a third
state of localized structurdge., oscillons; Fig. B

To investigate further the gradual appearance of the ex-
tended state, we introduced noise to both the radius and th )
intensity (amplitude of our previous circular patch. We
started by adding single random distributed excitation with  £iG_ 4. variety of patterns obtained in our numerical experi-
noise 7 to the intensity[lhaving a standard deviatiom(n)  ments with local initial excitation at the center of the gia). Sche-
matic diagram of initial excitatioficross section &. and\ . are the
critical scales of the amplitude and width, respectivély. A ran-
dom core withA >\, and &> £, . (c) Formation of oscillons inside
the core regiongnucleation. (d) Expansion of the core to labyrinth/
stripes. (e) Period-2 target pattern under symmetric initial two-
dimensional excitatiofiGaussiah Parameters as in Fig. 2.

o(7)=0.2¢], and a variation of OX to the diametefFigs.
4(a) and 4b)].

When\>\., the initial excitation first formed oscillons
[Fig. 4(c)] that finally collapsed to a labyrinth core patcee
also Ref.[6]). The expansion of the labyrinth pattern was
followed by the nucleation phenomenon discussed in Ref.
[8]. The core labyrinth pattern expands in time to the entire
lattice [Fig. 4(d)]. From additional simulations we observed
that though the final oscillon structure was independent of
the initial form of the excitation, the labyrinth pattern de-

FIG. 3. Period-2 localized structure, i.e., oscillon. Parameters apended on the initial state. If the initial excitation was with-
in Fig. 2. out noise and had width>\., the core expanded sym-
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use the following scale®©(&;) on excitation intensities and
O(\;) on excitation width for the numerical experiments
generated. We introduced two Gaussian excitations with a
similar phase and varied the distance between them. There
was a critical distance for the instability of the oscillon
states. This critical distance was limited by the demand that
the amplitude of the saddle point must be beléw When

the amplitude was below this value the oscillon states per-
sisted. As the distance between the excitations decreased, the
oscillon complex became wider than [Fig. 5@)]. This in-
stability is a simple outcome of the mechanism discussed
here, and differs from the proposed mechanisms given by
other authord5-8]. Thereby, such excitations became un-
stable and a labyrinth/stripes of period 2 expanded through
the pattern as shown in Figs(% and Sc).

In conclusion, when the pattern has a random extended
initial distribution and values within th® regime, there is a
higher probability of obtaining a labyrinth than obtaining
oscillons. This is due to the interaction along the pattern
defined by thef(k) term. The labyrinth pattern is more
stable, in the sense that interaction between the oscillons and
the labyrinth favors labyrinth expansion. Furthermore, a lo-
cal labyrinth patch will always lead to a full labyrinth pat-
tern. We describe a very different qualitative mechanism for
oscillon formation and interaction, from that described in
[5—8]. Initial excitations are an important ingredient in pat-

®) tern evolution.

FIG. 5. (a) Schematic diagram of the initial excitatideross To summarize, in thls modg®] oscillons are generic pat-_
section. The excitation was built from two Gaussian distributions €M structures that arise due to g_enera_l ConS|dG_Jrat|ons, ‘_N'th'
(dotted line; the solid line displays their surfb) A top view of the ~ OUt taking into account any physical microscopic dynamics.
pattern. After a few iterations the pattern began to expémdifter ~ Other modeld5,6,8] stress the parametric spaces of the os-
additional iterations labyrinth expansion was obtained. Parameteillon stability while in [7] the inelasticity of intergranular
as in Fig. 2. interaction collisions is taken into account. From our find-

ings, we determine that the final fate of the pattern lies in its
metrically to form a target patteifirig. 4(€)]. The outer rings jnitial excitation rather than in details of the model. There-

could be observed, eventually becoming smooth Circu""‘branular vibrated materials.

rings. For a nonsymmetrical initial structure a striped pattern

appearedFig. 4(d)]. We thank I. Procaccia for discussions on the subject and
We also investigated the interaction between oscillons td.. Stone and H. Bhasin for their help in revising the manu-

reveal the mechanism of the aforementioned behavior. Wecript.
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