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Kuramoto-Sivashinsky equation in 1D
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Kuramoto-Sivashinsky equation in 1D

Kuramoto and Tsuzuki (1975), Sivashinsky (1977)

» The simplest chaotic partial differential eguati,on
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» Reduced description of phase dynamics in the complex
Ginzburg-Landau equation in the phase turbulence

regime « connection to 1D nonequlibrium quantum fluids.



Numerical evidence: D.Roy and R.Pandit (2020)
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Kuramoto and Tsuzuki (1975), Sivashinsky (1977)

Och(t,z) = (V82 — 7'84)h + = (8 h)?
Viscosity < 0

KS equation falls into the KPZ universality class
with dynamical exponent z = 3/2  (t ~ p~?)

Kardar-Parisi-Zhang (KPZ) equation:
Kardar Parisi, and Zhang (1986)
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Viscosity > 0 White noise

t= 3901 min

1000 pm

Numerical evidence: D.Roy and R.Pandit (2020)
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1. Revisit the RG approach to the stochastic KS: FRG + sharp / smooth cutoff

Oth = vO2h—TOLh+35(0,h)*+&,  (E(t,x)E(t,2")) = 2Dsksd(t—t')d(z—2)

The bare MSRJD action:
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Salh, B = / R{ouh — (v — 702)02h — 2(0:h)* — Dskesh |
t,x
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Part 2.

Scaling regimes of the Kuramoto-
Sivashinsky equation




2. Scaling regimes of the KS equation

Kardar-Parisi-Zhang (KPZ) equation
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e ————————————————————————> S, C. 2| &
Microscopic model Effective macroscopic description

Z = 3/2 Dynamical exponent: t~ p_z
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2. Scaling regimes of the KS equation

Kardar-Parisi-Zhang (KPZ) equation
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2. Scaling regimes of the KS equation [The NLO approximation

Oth = vO2h—TOLh+35(0,h)*+&,  (E(t,x)E(t,2")) = 2Dsksd(t—t')d(z—2)

The bare MSRJD action:
Sa[h, h] = / B{ath — (v —70%)0%h — %((%h)z — DSKSB}
t,x

The NLO ansatz for the effective action: promoting the parameters to scale-dependent functions

Twlp, @] = / {aw f2(0,0 )aigp — %(axgp)2 — an(at, 8@@} The ansatz respects the extended symmetries:
t,x

1) time-gauged shift invariance

2) time-gauged Galilean invariance

3) emergent time-reversal symmetry
Flow equations

Os [P (&, ) = (B + 0 + (2 — n)&0s) [PV (&0, ) + 1P (&, )
for the dimensionless functions
FP(@,p) = fP(w,p)/ D,

f”(A p) = fl(w,p)/Ax, Ax = \VA\K_”A
p:p/K’v WEW/(KPAK;)



2. Scaling regimes of the KS equation [The NLO approximation

Oth = vO2h—TOLh+35(0,h)*+&,  (E(t,x)E(t,2")) = 2Dsksd(t—t')d(z—2)
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2. Scaling regimes of the KS equatiotr
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the IR fixed point




2. Scaling regimes of the KS equatiotr

Oh = vO2h—710%h+ 5 (0,h)2+€,  (E(t, )¢, 2"))

The bare MSRJD action:
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Result for the dimensionless functions:
«— KS initial condition

<«— Fixed point

Viscosity just
crossed zero

Fixed point

nt = exact KPZ result
Ahofer and Spohn (2004)
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intermediate scales?

Solve numerically and obtain
the IR fixed point



2. Scaling regimes of the KS equation [The two grids scheme
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2. Scaling regimes of the KS equation [The two grids scheme
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2. Scaling regimes of the KS equation [The two grids scheme

. 1 Benitez, Blaizot, Chaté, Delamotte, Méndez-Galain, and Wschebor (2009)
Exact equation o, ', = —tr o iy = 8 Gosteva, Wschebor, and Canet (2025)
C. Wetterich (1993) w.q

1

NLO ansatz 9 fD,u(YAﬂ P)
(for small momenta) " ’

@ A
4 ’{ P— [\I_
° ° NLO'evqutfoi ¢ * Exit!
| ¢ ON the dimgnsionless grid « Record
pP=p/k dimensionful
° ] L ° . ¢ functions
1 @ o o [ ] ® [ ]
[ ] [ ) [ ) [ ] [ ] [ ]
[ J [ ] ? [ J [ J [ J >

KD exit p



2. Scaling regimes of the KS equation [The two grids scheme

Benitez, Blaizot, Chaté, Delamotte, Méndez-Galain, and Wschebor (2009)
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2. Scaling regimes of the KS equation [The two grids scheme

Gosteva, Roy, Wschebor, and Canet (2026)
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2. Scaling regimes of the KS equation [The two grids scheme

Gosteva, Roy, Wschebor, and Canet (2026)
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KPZ result large-p solution

Préhofer and Spohn (2004) 1%



Conclusions

2. UV and IR scaling regimes of the KS eqaution

* FRG + the two grids scheme provides the correlation
function in a wide range of momentum and frequency
comparable to DNS

* We defined positions of all the scaling regimes of the KS
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Articles: Codes:
L. Gosteva, D. Roy, N. Wschebor, and L. Canet, arxiv:2605.23364 (2026) github.com/Igost/FRG
L. Gosteva, N. Wschebor, and L. Canet, arXiv:2607.15784 (2026)
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2. Scaling regimes of the scheme




3. Zero noise limit
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