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The Kardar-Parisi-Zhang equation

» KPZ equation for stochastically growing interfaces

Kardar, Parisi, Zhang, PRL 56 (1986)

dch = vV + g(Vhf +VDn

1: Gaussian random noise of variance

<77(t, X)’r](tl, X/)> = 26(t - tl)(sd(x - X/) Takeuchi et al, Sci. Rep. 1 (2011)



The Kardar-Parisi-Zhang equation

» KPZ equation for stochastically growing interfaces

Kardar, Parisi, Zhang, PRL 56 (1986)

dch = vV + %(Vh)2 +Dy

1: Gaussian random noise of variance

<17(t, x)n(t, X/)> =20(t — tl)(sd(x —x) Takeuchi et al, Sci. Rep. 1 (2011)

» kinetic roughening as a non-equilibrium critical phenomenon

m generic scale-invariance

m universality
Halpin-Healy, Zhang, Phys. Rep. 254 (1995)
Krug, Adv. Phys. 46 (1997)




The Kardar-Parisi-Zhang equation

» KPZ equation for stochastically growing interfaces

Kardar, Parisi, Zhang, PRL 56 (1986)
A
dth = vV?h+ 5 (Vh)* + VDn
1: Gaussian random noise of variance

<77(t, x)n(t, X/)> =20(t — tl)(sd(x —x) Takeuchi et al, Sci. Rep. 1 (2011)

» kinetic roughening as a non-equilibrium critical phenomenon

m generic scale-invariance

m universality
Halpin-Healy, Zhang, Phys. Rep. 254 (1995)
Krug, Adv. Phys. 46 (1997)

» correlation function takes Family-Vicsek scaling form

. B 2\ _ o2y . \: roughness exponent
C(tx) = <(h(t,x) h(0,0)) > = x| (2/1x1%) { z: dynamical exponent



The Kardar-Parisi-Zhang equation

» KPZ equation for stochastically growing interfaces

Kardar, Parisi, Zhang, PRL 56 (1986)

dch = vV + %(Vh)2 +Dy

1: Gaussian random noise of variance
<17(t, x)n(t, X/)> =20(t — tl)(sd(x —x) Takeuchi et al Sci. Rep. 1 (2011)
—> exact mapping to

» Burgers equation for randomly stirred fluids surgers (1948)

OV + v - Vv =vV3v +VDVrp

forv:—AVhwitthv=OJ

Brachet (2021)

» Directed Polymers in random media and stochastic heat equation



The Kardar-Parisi-Zhang equation
An extremely large universality class

» KPZ in stochastic growth processes

bacteries combustion  liquid crystals deposition cancer cells
PRL (1997) JPSJ (1997) PRL (2010) Nature (2011) PRE (2012)



The Kardar-Parisi-Zhang equation
An extremely large universality class

» KPZ in stochastic growth processes

bacteries combustion  liquid crystals deposition cancer cells
PRL (1997) JPSJ (1997) PRL (2010) Nature (2011) PRE (2012)

» KPZ in quantum systems

m integrable Heisenberg spin chains
> solid-state magnets Nature Phys. 17 (2021)
> ultra-cold gases Science 316 (2022)

driven-dissipative Bose-Einstein condensates

> exciton-polaritons Nature 608 (2022)

m entanglement growth prx 7 (2017

m Anderson localisation pri 132 (2024)



The 1D Kardar-Parisi-Zhang equation:

Scaling ...
» space-time correlation function C(t,x) = |x|?XF (t/|x|*)
> linear growth (EW): A =0 > nonlinear growth (KPZ)
Edwards, Wilkinson, Proc.R.Soc.Lond. A (1982) Kardar, Parisi, Zhang, PRL 56 (1986)

x=1/2, z=2J x=1/2, z:3/2J




The 1D Kardar-Parisi-Zhang equation:
and beyond

» space-time correlation function C(t,x) = |x|?XF (t/|x|*)

> linear growth (EW): A =0 > nonlinear growth (KPZ)
Edwards, Wilkinson, Proc.R.Soc.Lond. A (1982) Kardar, Parisi, Zhang, PRL 56 (1986)
x=1/2, z=2J x=1/2, z:3/2J

* universal distribution of height fluctuations

m curved geometry — droplet (GUE-TW)
Sasamoto, Spohn, PRL 104 (2010) o e — GoETW
Amir, Corwin and Quastel, Commun. Pure Appl. Math. 64 (2011) S\ Mo o
Calabrese, Le Doussal, Rosso, EPL 90 (2010)

m flat geometry (GOE-TW)
Calabrese, Le Doussal, PRL 106 (2011)

gy
<+ Gaussian
.

probability density

m Brownian geometry (Baik-Rains Fp)
Imamura, Sasamoto, PRL (2012)
Borodin, Corwin, Ferrari, Vetd, Math. Phys. Ann. Geom. 18 (2015)

* universal scaling functions F: in terms of Airy processes

Prahofer, Spohn, J. Stat. Phys. (2004), Sasamoto, J. Phys. A (2005), Imamura, Sasamoto, PRL (2012)



The 1D Kardar-Parisi-Zhang equation:
Scaling and beyond

» space-time correlation function C(t,x) = |x|?XF (t/|x|*)

> linear growth (EW): A =0 > nonlinear growth (KPZ)
Edwards, Wilkinson, Proc.R.Soc.Lond. A (1982) Kardar, Parisi, Zhang, PRL 56 (1986)
x=1/2, z=2J x=1/2, z:3/2J

» what about higher dimensions ?

» still holds surprises even in d =1 !
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The strong-coupling Kardar-Parisi-Zhang fixed point
in dimension d > 1



Critical phenomena and Renormalisation Group (RG)

» kinetic roughening is a non-equilibrium critical phenomena
m scale invariance, self-similarity B
Halpin-Healy

m universality
Palasantzas

m anomalous critical exponents
EPL 105 (2014)

Ising second order 2D KPZ
phase transition interface

= criticality arises from fluctuations at all scales ...

» Wilson's RG pivotal to understand critical phenomena

m progressive integration of fluctuation modes

m build effective theory
Wilson, Kogut, Phys. Rep. C 12 (1974)

scale invariance <= fixed point of the RG J




Critical phenomena and Renormalisation Group (RG)

» kinetic roughening is a non-equilibrium critical phenomena

m scale invariance, self-similarity

. . Halpin-Healy
m universality

L. Palasantzas
m anomalous critical exponents

b . EPL 105 (2014)
Ising second order 2D KPZ
phase transition interface

= criticality arises from fluctuations at all scales ...

» Functional non-perturbative RG based on Wilson's RG ideas

m Effective average action I, instead of effective action Sj
m Exact RG equation for ',
Wetterich, Phys. Lett. B 301 (1993), Dupuis, et al, Phys. Rep. 910 (2021)

R (@

= ar=;m [ar@[n0R] (a)|




The non-perturbative side of the KPZ equation (1)

» one coupling constant g = \?D/1?

Och = V2h + @(Vh)2 +1

» Perturbative Renormalisation Group

phase diagram

/

/RT

> at one-loop order in d =1
KPZ rough phase in d =1
z=3/2and x =1/2

Forster, Nelson, Stephen, PRL 36 (1977)
Kardar, Parisi, Zhang, PRL 56 (1986)

> resummed to all ordersind =2+ ¢
Roughening transition in d > 2
z=2and x =0 for all e

Wiese, PRE 56 (1997), J. Stat. Phys. 93 (1998)



The non-perturbative side of the KPZ equation (1)

» one coupling constant g = \?D/1?

Och = V2h + @(Vh)2 +1

» Perturbative Renormalisation Group

> at one-loop order in d =1

phase diagram )
KPZ rough phase in d =1

6

L / z=3/2and x = 1/2

4 /RT Forster, Nelson, Stephen, PRL 36 (1977)
~ 3 / 7 Kardar, Parisi, Zhang, PRL 56 (1986)

> resummed to all orders in d =2+ ¢

KPZ Roughening transition in d > 2

0 1 10 100 z=2and x =0 forall e

Wiese, PRE 56 (1997), J. Stat. Phys. 93 (1998)

but does not find a KPZ strong-coupling fixed point in d > 1 J




The KPZ fixed point
from Functional Renormalisation Group (FRG)

» FRG with simplest approximation: v — v,;, D — D,;

> one effective coupling &. = k92\?D,. /v,



The KPZ fixed point
from Functional Renormalisation Group (FRG)

» FRG with simplest approximation: v — v,;, D — D,;

> one effective coupling &. = k92\?D,. /v,

phase diagram

. . X

T 7

) Ju KPZ fixed point in all d!
ch S S

) ./ LC, Chaté, Delamotte, Wschebor, PRL 104 (2010)

1 T. Kloss, LC, N. Wschebor, PRE 86 (2012)

/KPZ
0 o 100
8. d=3
EW RT KPZ




The KPZ fixed point
from Functional Renormalisation Group (FRG)

» FRG with functional approximation: v — v,.(w,p), D — D, (w, p)

> correlation function : shows generic scaling

2D,i(w, p) =0 1 ~ 2

universal scaling function f in d = 1

T
10
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08 — 1071 *—FRG
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LC, Chaté, Delamotte, Wschebor PRE 84, (2011), Prahofer and Spohn, J. Stat. Phys. 115 (2004)



The KPZ fixed point
from Functional Renormalisation Group (FRG)

» FRG with functional approximation: v — v,.(w,p), D — D, (w, p)

> correlation function : shows generic scaling

2D,.(w, p) 0 1

Culiorp) = —2DeloP) 1
P = i g CP)

universal scaling functions for correlation F and response H in d > 1
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T. Kloss, LC, N. Wschebor, PRE 86 (2012)



Comparison with numerics

Other results for non-integrable cases

» universal amplitude ratio in d = 2 from large-scale simulations
m FRG: R =0.940 Kloss, LC, Wschebor, PRE 86 (2012)

m numerics: R =0.944 £0.031  Halpin-Healy, PRE 88 (2013)

» universal scaling function

for 2D exciton-polariton condensates

10°

collaboration C2N — LPMMC, in prep. (2026)
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Comparison with numerics
Other results for non-integrable cases

» universal amplitude ratio in d = 2 from large-scale simulations

m FRG: R =0.940 Kioss, LC, Wschebor, PRE 86 (2012)

m numerics: R =0.944 £0.031  Halpin-Healy, PRE 88 (2013)

2

» universal scaling function

for 2D exciton-polariton condensates

0

100 dt (ps)

—2log{g"}/5t*

collaboration C2N — LPMMC, in prep. (2026)

Gy

107

102 1:)"
» KPZ equation with correlated noise

y = b/t

m long-range spatial noise Kioss, LC, Delamotte, Wschebor, PRE 89 (2014)
m short-range spatial noise Mathey, Agoritsas, Kloss, Lecomte, LC, PRE 95 (2017)

m long-range temporal noise Squizzato, LC, PRE 100 (2019)

2
. . . - —
» KPZ equation with anisotropy E;V:f\\
]
Kloss, LC, Wschebor, PRE 90 (2014) >.(v
EWA ,
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The inviscid-Burgers fixed point



The 1D KPZ — Burgers equation in the inviscid limit

The Galerkin-truncated
Burgers equation: Crossover
from inviscid-thermalised to
Kardar-Parisi-Zhang scaling

C. Cartes!, E. Tlrapegu'\), R. Pandit® and
M. Brachet!

Phil. Trans. A 380 (2022)

Kazuya Fujimoto®,"” Ryusuke Hamazaki®,”

Phys. Rev. Lett. 124 (2020)

Model a 8
KPZ 1/2 1/3
EW 1/2 1/4

BHM (v » 1) 0.517 4 0,030 0.255 £ 0.012
BHM (v =1/2)  0.500 £0.003 0.489 & 0.004

this Letter

Anomalous ballistic scaling in the tensionless or inviscid Kardar-Parisi-Zhang equation

Enrique Rodriguez-Ferndndez

observation of an unpredicted scaling z =1 in the
limit v — 0

1" Silvia N. Santalla® > Mario Castro®,** and Rodolfo Cuerno '

Phys. Rev. E 106 (2022)

Family-Vicsek Scaling of Roughness Growth in a Strongly Interacting Bose Gas

% and Yuki Kawaguchi®®

z

3/2

2
2074 0.20

J

> also found in Burgers-Hopf wajda, Timofeyev, PNAS 96 (2000)

> also predicted ind— oo, Re — o0 Bouchaud, Mézard, Parisi, PRE 52 (1995)



Results from numerical simulations

» simulation of stochastic 1D Burgers equation

Cartes, Tirapegui, Pandit, Brachet, Phil. Trans. A 380 (2022)

O:V + AvOyv = 1/8)2<V + \/Baxn

— Galerkin-truncation preserving all the symmetries —> y = 1/2

» observation of three scaling regimes

KPZ .t IB .t
X X

+




Results from numerical simulations

> space-time correlation function C(t, k):

71/2(k) such that C(rya(k), k) = %C(O, K)

scaling regime: 7y, ~ k™%

compensated half decay frequency

10° 10’ 102



Results from numerical simulations

> space-time correlation function C(t, k):

71/2(k) such that C(rya(k), k) = %C(O, K)

scaling regime: 7y, ~ k™%

compensated half decay frequency

Kardar-Parisi-Zhang: z = 3/2

10° 10’ 102



Results from numerical simulations

> space-time correlation function C(t, k):

71/2(k) such that C(rya(k), k) = %C(O, K)

scaling regime: 7y, ~ k™%

compensated half decay frequency

Edwards-Wilkinson (A =0): z =2




Results from numerical simulations

> space-time correlation function C(t, k):

log (111,)

(k) such that C(rya(k), k) = 5C(0, )

scaling regime: 7y, ~ k™%

1 2 3 4
Tog (kk,)

compensated half decay frequency

Inviscid Burgers (v =0): z=1

unpredicted scaling regime !

10° 10’ 102



The non-perturbative side of the KPZ equation (I1)

» one coupling constant g = \?D/1?

dch = vV2h + %(Vh)z +VDy

» 1D KPZ-Burgers equation in the inviscid limit

> inviscid limit v — 0 <

strong-coupling limit g — oo

non-perturbative feature arises also in d = 1! J




The Inviscid Burgers fixed point
from Functional Renormalisation Group

» FRG with simplest approximation: v — v,;, D — D,;

> one effective coupling &. = k92\?D,. /v,

> define w,, = 8./(1+ &) €[0,1]

» FRG flow equation for w,; in d =1

KO Wi, = Wi (3 — 2zN(VT/H)) (1 —wy)



The Inviscid Burgers fixed point
from Functional Renormalisation Group

» FRG with simplest approximation: v — v,;, D — D,;

> one effective coupling &. = k92\?D,. /v,

> define W, = &,./(1+ £,) € [0,1]

» FRG flow equation for w,; in d =1

Dt = W (3= 225()) (1~ )

=0

» 3 fixed point solutions
» EW: w, =0

X = 1/2 , ZEW — 2

UV stable



The Inviscid Burgers fixed point
from Functional Renormalisation Group

» FRG with simplest approximation: v — v,;, D — D,;

> one effective coupling &. = k92\?D,. /v,

> define W, = &,./(1+ £,) € [0,1]

» FRG flow equation for w,; in d =1

Dt = W (3= 22:()) (1 = )

=0
» 3 fixed point solutions
» EW: w, =0 » KPZ: 0<w, <1
xX=1/2 , zgw =2 x=1/2 , zxpz =3/2

UV stable IR stable



The Inviscid Burgers fixed point
from Functional Renormalisation Group

» FRG with simplest approximation: v — v,;, D — D,;

> one effective coupling &. = k92\?D,. /v,

> define W, = &,./(1+ £,) € [0,1]

» FRG flow equation for w,; in d =1

Dt = W (3= 225()) (1 )

=0
» 3 fixed point solutions
» EW: w, =0 » KPZ: 0<w, <1 »IB: w, =1
X:1/2,ZEW:2 X:1/2vZKPZ:3/2 X:]./Z,ZIB:].

UV stable IR stable UV stable



The Inviscid Burgers fixed point
from Functional Renormalisation Group

» 3 fixed point solutions

» EW: w, =0 » KPZ: 0 <w, <1 > IB: w,.=1

1
0.8
0.6

2"

04

02

0

<: IR flow
from small scales Kk = A

to large scales Kk — 0

—: UV flows

backwards from k - 0to Kk = A



The Inviscid Burgers fixed point
from Functional Renormalisation Group

» 3 fixed point solutions

» EW: w, =0 » KPZ: 0 <w, <1 > IB: w,.=1

1

< IR flow

from small scales Kk = A

0.8

0.6
2"
04

to large scales Kk — 0

—: UV flows

backwards from k - 0to Kk = A

02

0

evidences the existence of the new IB fixed point in d =1 !

o &

EW KP7, B

Fontaine, Vercesi, Brachet, LC, PRL 131 (2023)
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The Inviscid Burgers fixed point
from Functional Renormalisation Group

» FRG with functional approximation: v — v, (w,p), D — D (w, p)

results for large viscosity in d =1

. . small momenta (IR) controlled by KPZ fixed point

EW KPZ B g”large momenta (UV) controlled by EW fixed point



The Inviscid Burgers fixed point
from Functional Renormalisation Group

» FRG with functional approximation: v — v, (w,p), D — D, (w, p)

results for large viscosity in d =1

. . small momenta (IR) controlled by KPZ fixed point
EW

KPZ B g"'large momenta (UV) controlled by EW fixed point
. . "~ n?
correlation function half decay frequency wy2(p) ~ p
Cr(w,p) = —2Dslwp) C(wi/2(p), p) = C(0,p)/2
w2+(p2u,€(w,p))
10! 10!
1072 B0
=
B 1073
1073
10-°
10 .
10 10 107! 10!
p P

L. Gosteva, N. Wschebor, LC, J. Stat. Mech. 2025



The Inviscid Burgers fixed point
from Functional Renormalisation Group

» FRG with functional approximation: v — v, (w,p), D — D, (w, p)

results for large viscosity in d =1

. . small momenta (IR) controlled by KPZ fixed point
EW

KPZ B g"'large momenta (UV) controlled by EW fixed point
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10! 10!
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L. Gosteva, N. Wschebor, LC, J. Stat. Mech. 2025



The Inviscid Burgers fixed point
from Functional Renormalisation Group

» FRG with functional approximation: v — v, (w,p), D — D, (w, p)
results for small viscosity in d =1

. . small momenta (IR) controlled by KPZ fixed point

EW KPZ B g”large momenta (UV) controlled by IB fixed point

correlation function half decay frequency w; /»(p) ~ p*

 aDuww) Clwr/2(p),p) = C(0.p)/2
s (PP

Cu(w,p) =

w12(p)

107! 10° 10!

L. Gosteva, N. Wschebor, LC, J. Stat. Mech. 2025



The Inviscid Burgers fixed point
from Functional Renormalisation Group

» FRG with functional approximation: v — v, (w,p), D — D, (w, p)
results for small viscosity in d =1

. . small momenta (IR) controlled by KPZ fixed point

EW KPZ B g”large momenta (UV) controlled by IB fixed point

correlation function half decay frequency w; /»(p) ~ p*

 aDuww) Clwr/2(p),p) = C(0.p)/2
s (PP

Cu(w,p) =

w12(p)
2 =
(—

pl

107! 10° 10!
D

L. Gosteva, N. Wschebor, LC, J. Stat. Mech. 2025






Functional Renormalisation Group:
Existence of IB fixed-point in all d

» FRG with simplest approximation: v — v, D — D,
> one effective coupling g. = nd_2)\2Dn/V,ﬁ3
> define W, = gx/(1+ &x) €[0,1]
» FRG flow equation for w, in d > 1

OsWye = 2W, (Xu(Wi) + 2 (W) — 2) (1 — W)
NES S/
5
. /M) z =1 scaling in all d
~ 3 / ,/;(PZ super-universal J

/ 1B

2
1 / Gosteva, Tarpin, Wschebor, LC

0 ‘ ‘ ‘ PRE 110 (2024)

o






Yes !
From extended symmetries and large wavenumber limit

» extended symmetry: infinitesimal transformation such that
the variation of the action is linear in the fields

— yields exact functional Ward identities

for Burgers action:
X — X+ v (t)

m time-gauged Galilean invariance: ¢G: )
v —v—ov(t)

. . v(t,x) = v(t,x) + ov(t
B time-gauged shift symmetry: R: (t:x) (&%) ()
+ other response fields

infinite set of exact Ward identities which relates
any n-point vertex with one q =0
to lower-order vertices




Exact closure in the large wave-number limit

» flow for CL(J}) an({tisxi}) = <va1(t1,X1)~~-van(thn)>C

8B ®

exact (but infinite hierarchy of) flow



Exact closure in the large wave-number limit

» flow for C,&’?,_.an({t,-,x,-}) = <Va1(t17X1)"‘Van(tmxn)>c

w1 Ky w1k

exact (but infinite hierarchy of) flow asymptotic flow at large wavenumber




Exact closure in the large wave-number limit

» flow for C,&’?,_.an({t,-,x,-}) = <Va1(tlyxl)"‘Van(tmxn)>c

w,q L u-qqu )
2% \@:: -1 +~§"\%x % large ks‘ o \@:: -3 4//?2 +k421;n
w1 Ky w1k

exact (but infinite hierarchy of) flow asymptotic flow at large wavenumber

extended symmetries
O = KO({ti.ki}) + O(kmax)
kL

closed flow at large wavenumber




Exact closure in the large wave-number limit
» flow for ¢ .. ({t, ,})_<va1(t1,x1) va,,(t,,,xn)>

@ B8 =8

w1k w1,k

exact (but infinite hierarchy of) flow asymptotic flow at large wavenumber

% %: extended symmetries
KOt ki
fixed point L

closed flow at large wavenumber

analytical solution

C&"l) gLt xi}) = c(" 0y (0,%;}) x dominant term )

solution at the fixed point

2
exp (—ao% [, kete|2+o(|kmax|L)) LT

(L) o h
ALeen i exp( oo £ ] g ki - k£+o(|kmax|L)) > T

M. Tarpin, LC, N. Wschebor, Phys. Fluids 30 (2018), LC, J. Fluid Mech. Perspectives 950 (2022)

Fontaine, Vercesi, Brachet, LC, PRL 131 (2023), Gosteva, Tarpin, Wschebor, LC, PRE 110 (2024)



Exact asymptotic solution at large wavenumbers
for inviscid Burgers fixed point

» fixed-point solution at large p (UV) from FRG:

exp E —ao (Ipl)” + O(pIL)) £ <7

C s :CO,
(t.p) (p)x{ —ase PRIt/ +O(pIL)) £ 7

exp
m proof of z =1 scaling at small t in all d (|p|*t = |p|t)

m exact analytical form of the scaling function

m prediction of a crossover at large t



Exact asymptotic solution at large wavenumbers
for inviscid Burgers fixed point

» fixed-point solution at large p (UV) from FRG:

exp E —ao (Ipl)” + O(pIL)) £ <7

C s :CO,
(t.p) (")X{ —ase PRIt/ +O(pIL)) £ 7

exp

m proof of z =1 scaling at small t in all d (|p|*t = |p|t)
m exact analytical form of the scaling function

m prediction of a crossover at large t

» comparison with numerics in d = 1:

* numerics

— FRG asymp

log (tiy)

0 1 2 3 4 5 °t
log (kiky)
Cartes etal., Phil. Trans. A 380 (2022)

pt
Fontaine, Vercesi, Brachet, LC, PRL 131 (2023)



Exact asymptotic solution at large wavenumbers
for inviscid Burgers fixed point

» fixed-point solution at large p (UV) from FRG:

exp E —ao (Ipl)” + O(pIL)) £ <7

op ((— ace bt + O(pIL)) £33

C(t,p)=C(0,p)X{

m proof of z =1 scaling at small t in all d (|p|*t = |p|t)
m exact analytical form of the scaling function
m prediction of a crossover at large t

» comparison with numerics in d = 1:

* numerics

— FRG asymp

log (tiy)
!

0o 12 3 e e
Tog (Kky) L
Cartes etal., Phil. Trans. A 380 (2022) Fontaine, Vercesi, Brachet, LC, PRL 131 (2023)
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Stochastic 3D Navier-Stokes equation
Model A of Forster-Nelson-Stephen

» Langevin dynamics for near-equilibrium fluids

Forster, Nelson, Stephen, PRL 36 (1976); Forster, Nelson, Stephen, PRA 16 (1977)
Bandak, Goldenfeld, Mailybaev, Eyink, PRE 105 (2022)
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8tv+)\o(v~V)v——;V7r+1/0Vv+ f , V-v=0
thermal noise

numerics:

FRG study:
FNS .

L. Gosteva, M. Brachet, L. Canet, Phil. Trans. Roy. Soc. A (2026)



Realm of the Inviscid Burgers fixed point

IB fixed point generically appears in :

» Kuramoto-Sivashinsky equation

Oth = vV2h+ 17V*h + \(Vh)?
m microscopic scale: v < 0

B macroscopic scale: KPZ dynamics veg > 0

— intermediate scales: vog ~ 0!
» complex Ginzburg-Landau equation
i) = iy + (e = YLy — (a = )V

> dynamics of the phase 6 maps in the

turbulence phase regime to the KS equation
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Vercesi, Poirier, Minguzzi, LC

Phys. Rev. E 109 (2024)




IB fixed point generically appears in :

» Kuramoto-Sivashinsky equation

Och = vV2h+ 7V*h + \(Vh)?
m microscopic scale: v < 0

m macroscopic scale: KPZ dynamics veg > 0

—> intermediate scales: veg >~ 0!

» complex Ginzburg-Landau equation

10w = iy + (e — )" — (c — ) V?0
> dynamics of the phase # maps in the

turbulence phase regime to the KS equation

confirmed using FRG
for Kuramoto-Sivashinsky equation

Gosteva, Wschebor, LC, in prep (2026)

Realm of the Inviscid Burgers fixed point
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Summary and perspectives

Unpredicted Inviscid Burgers fixed point

m non-perturbative side of KPZ even in 1D — 77
m exact closure of FRG equations P /s {/
based on extended symmetries h )
— generic scaling z =1 !
m relevant in many situations o e " )
Other variations on the same theme J

m FRG for coupled KPZ equations

m FRG for conserved KPZ equation
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