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with � j (t) = xj and will show limt	� |� 1(t) Š � 2(t)| = 0.
At O(� ), we Þnd Eq. (2) with a corresponding linear operator
Lu = cu
 Š u + w � [f 
(U) · u]. Solvability is enforced by
ensuring the right-hand side of Eq. (2) is orthogonal to the null
spaceV of the adjointL � p = Š cp
 Š p + f 
(U) · w(Š� ) �
p(� ), yielding the Langevin equation, Eq. (4). The Lyapunov
exponent� associated with the stability of the absorbing state
� 1(t) = � 2(t) is then approximated by Eq. (14).

To compare our analytical results for traveling
waves with numerical simulations, we compute� from
Eq. (14) when f (u) = H (u Š � ), w(x) = cos(x Š  ), and
C(x) = cos(x). Stable traveling waves have a proÞleU(� ) =
cos [sin � Š sin(� + a)], width a = � Š sinŠ1[� sec ]
deÞned by thresholdsU(� 1) = U(� 2) = � where� 1 = � Š a
and� 2 = Š � , and speedc = tan [28]. The null vector can
also be computed explicitly:

V(� ) =
2�

k= 1

(Š1)k
	
H (� Š � k) +

coth(�/c ) Š 1
2



e(� kŠ� )/c .

Fourier coefÞcients ofW(�,t ) in Eq. (6) are thus given
b





http://dx.doi.org/10.1103/PhysRevLett.65.3013
http://dx.doi.org/10.1103/PhysRevLett.65.3013
http://dx.doi.org/10.1103/PhysRevLett.65.3013
http://dx.doi.org/10.1103/PhysRevLett.65.3013
http://dx.doi.org/10.1146/annurev.fluid.31.1.417
http://dx.doi.org/10.1146/annurev.fluid.31.1.417
http://dx.doi.org/10.1146/annurev.fluid.31.1.417
http://dx.doi.org/10.1146/annurev.fluid.31.1.417
http://dx.doi.org/10.1038/nature08753
http://dx.doi.org/10.1038/nature08753
http://dx.doi.org/10.1038/nature08753
http://dx.doi.org/10.1038/nature08753
http://dx.doi.org/10.1038/nature02225
http://dx.doi.org/10.1038/nature02225
http://dx.doi.org/10.1038/nature02225
http://dx.doi.org/10.1038/nature02225
http://dx.doi.org/10.1152/physrev.00035.2008
http://dx.doi.org/10.1152/physrev.00035.2008
http://dx.doi.org/10.1152/physrev.00035.2008
http://dx.doi.org/10.1152/physrev.00035.2008
http://dx.doi.org/10.1038/351132a0
http://dx.doi.org/10.1038/351132a0
http://dx.doi.org/10.1038/351132a0
http://dx.doi.org/10.1038/351132a0
http://dx.doi.org/10.1103/PhysRevLett.76.1174
http://dx.doi.org/10.1103/PhysRevLett.76.1174
http://dx.doi.org/10.1103/PhysRevLett.76.1174
http://dx.doi.org/10.1103/PhysRevLett.76.1174
http://dx.doi.org/10.1038/414716a
http://dx.doi.org/10.1038/414716a
http://dx.doi.org/10.1038/414716a
http://dx.doi.org/10.1038/414716a
http://dx.doi.org/10.1038/nn1365
http://dx.doi.org/10.1038/nn1365
http://dx.doi.org/10.1038/nn1365
http://dx.doi.org/10.1038/nn1365
http://dx.doi.org/10.1016/S0896-6273(01)00178-7
http://dx.doi.org/10.1016/S0896-6273(01)00178-7
http://dx.doi.org/10.1016/S0896-6273(01)00178-7
http://dx.doi.org/10.1016/S0896-6273(01)00178-7
http://dx.doi.org/10.1016/j.neuron.2007.06.016
http://dx.doi.org/10.1016/j.neuron.2007.06.016
http://dx.doi.org/10.1016/j.neuron.2007.06.016
http://dx.doi.org/10.1016/j.neuron.2007.06.016
http://dx.doi.org/10.1038/nn1802
http://dx.doi.org/10.1038/nn1802
http://dx.doi.org/10.1038/nn1802
http://dx.doi.org/10.1038/nn1802
http://dx.doi.org/10.1523/JNEUROSCI.1318-04.2004
http://dx.doi.org/10.1523/JNEUROSCI.1318-04.2004
http://dx.doi.org/10.1523/JNEUROSCI.1318-04.2004
http://dx.doi.org/10.1523/JNEUROSCI.1318-04.2004
http://dx.doi.org/10.1038/nn.2842
http://dx.doi.org/10.1038/nn.2842
http://dx.doi.org/10.1038/nn.2842
http://dx.doi.org/10.1038/nn.2842
http://dx.doi.org/10.1016/j.tins.2008.06.002
http://dx.doi.org/10.1016/j.tins.2008.06.002
http://dx.doi.org/10.1016/j.tins.2008.06.002
http://dx.doi.org/10.1016/j.tins.2008.06.002
http://dx.doi.org/10.1103/PhysRevLett.93.204103
http://dx.doi.org/10.1103/PhysRevLett.93.204103
http://dx.doi.org/10.1103/PhysRevLett.93.204103
http://dx.doi.org/10.1103/PhysRevLett.93.204103
http://dx.doi.org/10.1007/BF00337259
http://dx.doi.org/10.1007/BF00337259
http://dx.doi.org/10.1007/BF00337259
http://dx.doi.org/10.1007/BF00337259
http://dx.doi.org/10.1088/1751-8113/45/3/033001
http://dx.doi.org/10.1088/1751-8113/45/3/033001
http://dx.doi.org/10.1088/1751-8113/45/3/033001
http://dx.doi.org/10.1088/1751-8113/45/3/033001
http://dx.doi.org/10.1103/PhysRevLett.98.230601
http://dx.doi.org/10.1103/PhysRevLett.98.230601
http://dx.doi.org/10.1103/PhysRevLett.98.230601
http://dx.doi.org/10.1103/PhysRevLett.98.230601
http://dx.doi.org/10.1088/0034-4885/61/4/002
http://dx.doi.org/10.1088/0034-4885/61/4/002
http://dx.doi.org/10.1088/0034-4885/61/4/002
http://dx.doi.org/10.1088/0034-4885/61/4/002
http://dx.doi.org/10.1137/120877106
http://dx.doi.org/10.1137/120877106
http://dx.doi.org/10.1137/120877106
http://dx.doi.org/10.1137/120877106
http://dx.doi.org/10.1016/j.physrep.2003.12.001
http://dx.doi.org/10.1016/j.physrep.2003.12.001
http://dx.doi.org/10.1016/j.physrep.2003.12.001
http://dx.doi.org/10.1016/j.physrep.2003.12.001
http://dx.doi.org/10.1137/110851031
http://dx.doi.org/10.1137/110851031
http://dx.doi.org/10.1137/110851031
http://dx.doi.org/10.1137/110851031
http://dx.doi.org/10.1103/PhysRevLett.98.184101
http://dx.doi.org/10.1103/PhysRevLett.98.184101
http://dx.doi.org/10.1103/PhysRevLett.98.184101
http://dx.doi.org/10.1103/PhysRevLett.98.184101
http://dx.doi.org/10.1103/PhysRevE.85.021910
http://dx.doi.org/10.1103/PhysRevE.85.021910
http://dx.doi.org/10.1103/PhysRevE.85.021910
http://dx.doi.org/10.1103/PhysRevE.85.021910
http://dx.doi.org/10.1137/S0036139900346465
http://dx.doi.org/10.1137/S0036139900346465
http://dx.doi.org/10.1137/S0036139900346465
http://dx.doi.org/10.1137/S0036139900346465
http://dx.doi.org/10.1103/PhysRevLett.95.208107
http://dx.doi.org/10.1103/PhysRevLett.95.208107
http://dx.doi.org/10.1103/PhysRevLett.95.208107
http://dx.doi.org/10.1103/PhysRevLett.95.208107
http://arxiv.org/abs/arXiv:1412.3410
http://dx.doi.org/10.1137/040612890
http://dx.doi.org/10.1137/040612890
http://dx.doi.org/10.1137/040612890
http://dx.doi.org/10.1137/040612890
http://dx.doi.org/10.1103/PhysRevE.89.022706
http://dx.doi.org/10.1103/PhysRevE.89.022706
http://dx.doi.org/10.1103/PhysRevE.89.022706
http://dx.doi.org/10.1103/PhysRevE.89.022706
http://dx.doi.org/10.1209/0295-5075/88/30005
http://dx.doi.org/10.1209/0295-5075/88/30005
http://dx.doi.org/10.1209/0295-5075/88/30005
http://dx.doi.org/10.1209/0295-5075/88/30005
http://dx.doi.org/10.1103/RevModPhys.79.829
http://dx.doi.org/10.1103/RevModPhys.79.829
http://dx.doi.org/10.1103/RevModPhys.79.829
http://dx.doi.org/10.1103/RevModPhys.79.829



