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Motivation

 Dynamics of critical phenomena is a central problem across high-energy and condensed-matter physics

Florio, Grossi, Soloviev and Teaney, PRD 105 (2022) 054512
Rajagopal & Wilczek, Nucl. Phys. B 399 (1993) 395

Son & Stephanov, PRD 70 (2004) 056001
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Critical dynamics

T ~o gz Dynamic critical exponent

Approaching the critical point critical slow dynamics: Correlation length
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Critical dynamics

T ~o fz Dynamic critical exponent

Approaching the critical point critical slow dynamics: Correlation length
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Critical dynamics

T ~o gz Dynamic critical exponent

Approaching the critical point critical slow dynamics: Correlation length

Hohenberg, Halperin, Rev. Mod. Phys. 49, 435 (1977) Slow variables for chiral phase transition

. » Meson field Order parameter
Theory of dynamic critical phenomena
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« Momentum
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Critical dynamics

Approaching the critical point critical slow dynamics: 7T ~~ gz Dynamic critical exponent

Correlation length

Hohenberg, Halperin, Rev. Mod. Phys. 49, 435 (1977) Slow variables for chiral phase transition
o » Meson field Order parameter
Theory of dynamic critical phenomena
P. C. Hohenberg » Chiral charge
Bell Laboratories, Murray Hill, New Jersey 07974
and Physik Department, Technische Universitat Mit'nchen, 8046, Garching, W. Germany
B. |. Halperin* ° Energy Conserved
Department of Physics, Harvard University, Cambridge, Mass. 02138

quantities

« Momentum

In this work: Purely dissipative non-conserved order parameter (Model A)
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Critical fluctuations can relax or propagate

Two types of slow modes for slow variables
Roth & von Smekal, JHEP 10 (2023); Roth et al., PRD 111 (2025)

‘Relaxational mode ~ exp (—Xt) -Propagating mode ~ exp (—Xt + ¢()t)
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Both can appear in microscopic or effective theories: relativistic scalar theory, ...
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Critical fluctuations can relax or propagate

Two types of slow modes for slow variables
Roth & von Smekal, JHEP 10 (2023); Roth et al., PRD 111 (2025)
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Both can appear in microscopic or effective theories: relativistic scalar theory, ...

Which behaviour controls the infrared when both are present?
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Langevin equation

Zinn-Justin, Quantum Field Theory and Critical Phenomena

Statics: Landau-Ginzburg

U) ,
. . -
Propagation \
1 OH
—0%¢p + X0, =
Cz t ¢ t¢ 5¢ €
™~ /
Dissipation & Noise
(€€') = 2XT?
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Langevin equation

Zinn-Justin, Quantum Field Theory and Critical Phenomena
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Zinn-Justin, Quantum Field Theory and Critical Phenomena

XC — OQO 2od,G — 2 [6_2] = —2
Overdamped (Model A)
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Fixed-point structure

Dissipation Xc

Overdamped
Xc — o0

Propagating coupling
Xe—0 g WF
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Fixed-point structure

Dissipation Xc

Overdamped
Xc — o0

stability?

Propagating coupling
Xe—0 g WF
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Fixed-point structure

Dissipation Xc

Overdamped
Xc — o0
coarse-graining generates dissipation?
stability?
Propagating Coupling
Xc — 0 G WE
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Fixed-point structure

Dissipation Xc

Overdamped
Xc — o0
coarse-graining generates dissipation?
stability? _' dynamic exponent
Propagating Coupling
Xc — 0 G WE
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Superspace formulation

Canet, Chaté, and Delamotte, J. Phys. A: Math. Theor. 44, 495001 (2011)
Sahu et al., arXiv:2605.24029 (2026)
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Superspace formulation

Canet, Chate, and Delamotte, J. Phys. A: Math. Theor. 44, 495001 (2011)
Sahu et al., arXiv:2605.24029 (2026)

> Superfield: ®(t,x,0,0) = ¢(t,x) +0c(t,x) + c(t,z)0 + 00 ¢,(t, )
/\ -> Response field
Classical field Ghost fields Grassmann coordinates
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Superspace formulation

Canet, Chate, and Delamotte, J. Phys. A: Math. Theor. 44, 495001 (2011)
Sahu et al., arXiv:2605.24029 (2026)

> Superfield: P(t,2,0,0) = o(t,x) +0¢c(t,z) +c(t,x) 0 + 00 ¢.(t, x)
/\ -> Response field
Classical field Ghost fields Grassmann coordinates

> Dynamic action:

S[p, da,c, €] = / da (Cizaqu — V¢ + U’(qs)) + X (019 — Tp) — c(c—lz.af + X0, — V* + U”(¢)) c|
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Superspace formulation

Canet, Chate, and Delamotte, J. Phys. A: Math. Theor. 44, 495001 (2011)
Sahu et al., arXiv:2605.24029 (2026)

> Superfield: ®(t,x,0,0) = ¢(t,x) +0c(t,x) + c(t,z)0 + 00 ¢,(t, )
/\ -> Response field
Classical field Ghost fields Grassmann coordinates

> Dynamic action:

S[¢, ¢, ¢, €] = / Pa (isz —- V% + U’(qs)) + X¢o (06 — Tha) — c(izaf + X0, — V* + U”(¢)> c|

C C

BRST + KMS allow supersymmetric form
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Two-point vertex

+ T+ T

1loop 2loop

I1(2) _ F(z)

Oloop
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Two-point vertex

Overdamped (Model A) Propagating
. 2
r® 4= _2x(1 = % f(e,é)) + (p* + m?) (6, 0) Iﬁge,pmp — ( ‘;’2 - p” +m2> h(6,0)

i

Oloop 1loop 2loop
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Two-point vertex

Overdamped (Model A) Propagating
1w _ _ w? _
F’Exz'e):e,od — _2X(1 - 7f(6’ 0)> T (p2 T m2)h(6’, 0) ]li(:zge,prop - ( . | p2 ™ m2> h(@, ‘9)
2) _ (2 (2) (2)
I - FOloop T Plloop T F2loop
Tadpole
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Two-point vertex

Overdamped (Model A) Propagating
. 2
r® | = —2X(1 5 f(0,§)> + (p* + m*)h(6, 0) gfge,pmp — ( °:2 - p +m2> h(6,9)

——

r@ _p@ L p@ | p®

Oloop 1loop 2loop

Taotpole Double-bubble Sunset

Q = %Tlh(é’,g) 8 = g:TlT2h(0a 0)

o g2B(w, p)h(e, g)

~A(,p) (1= 51(6,0))
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Two-point vertex

Overdamped (Model A) Propagating
. 2
r® | = —2X(1 5 f(e,é)) + (p* + m*)h(6, 0) I;ggge,pmp — ( °:2 - p +m2> h(6,9)

——

r@ _p@ L p@ | p®

Oloop 1loop 2loop

Taotpole Double-bubble Sunset

Q = ngh(e,é) 8 = 942T1T2h(07 0)

— 92B(w7 p)h(@, g)
: 1w _
Only static sector —g°A(w, p) (1 > f(6, 9))
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RG flow: statics & overdamped

Static sector = GL theory

ng?;t — /dél d91 lim F(z)
w,p—0
4
Tl — / dd;ds; lim T®
stat g p1,p2,p3—0
® R P coupling
Gaussian Wilson—Fisher

Zinn-Justin, Quantum Field Theory and Critical Phenomena
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Overdamped dynamics = Model A

9 :
I‘gﬁl: 7 XEX(l I;f(H,g))
0 __
A(0,0)

l

6log(4/3) — 1
Zod,WF = 2 g(5i1 ) e’ + O(e)

reproduces the known two-loop Model A exponent

Hohenberg, Halperin, Rev. Mod. Phys. 49, 435 (1977)



Propagating exponent

Propagating structure

F6.8)) ~ B ph(6.0) + (-5 + 5"+ m? | (6,0

I‘c(ii,)n = —9°A(w,p) (1
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Propagating exponent

Propagating structure

1w _

f(e,e)) — ¢*B(w, p)h(6,0) +( “’22 : pz—l—m2> h(6,8)

e

., cos(cw,. |t|) cos(cw,.|t|) csin(cw_,. .. |t
B0y [ o Solcenlt) cosoup i) cointenp )
t,P1P2 W, W, 2W_p, —p,
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Propagating exponent

Propagating structure

1w _

' — —gA(w,p) (1 > f(9,9)) — ¢°B(w,p)h(6,0) +( wj Ip2+m2>h(9,9)

e

., cos(cw,. |t|) cos(cw,.|t|) csin(cw_,. .. |t
B0y [ o Solcenlt) cosoup i) cointenp )
t,P1P2 W, Wy, 2W_p, —p,

T

Computed using Hankel representation
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Propagating exponent

Propagating structure

1 2
rQ) = ~FAwp)(1- 5£60.0)) - PBw.phO.8) + (-5 + 5+ m* ) 1(6,0)
C
B( O)/wt/(cwplt)(ms(%t) CSin(Cw—pl—pz‘tD w?  9°2(3log2 — 2) ,
w,0)= e _ y L.
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Propagating exponent

Propagating structure

1w _

f(0,0)) — ¢*B(w, p)h(6,0) +( “’22 : p2—|—m2> h(6,8)

%  w? g°2(3log2—2)

., €os(cwy, [t|) cos(cwp,|t|) csin(cw_p,—p,|t|)

P1p2 W, W, 2W_p. 2 3(4m)*(4 —d)

Computed using Hankel representation

2 (17
Zprop, WF = 1 69 ( T 210g 2) -+ 0(63)

~ 1 — 0.00337 €

Dissipationless

couplin
surface Piing
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Does coarse-graining generate dissipation?

(2) _ ' _ _ 2
Layn = —g*A(w, p) (1 1;) f(9,9)) — 9°B(w, p)h(6,0) +( ~ P —I—m2> h(,

/ c

A(w,p) = / gt 080 1) c08(ct]) cos(Ey |t
t,p1P2 W, Wy, Wy s
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Does coarse-graining generate dissipation?

(2) _ ' _ _ 2
Layn = —g2A(w,p) (1 1; f(9,9)) — 9°B(w, p)h(6,0) +( ~ P —I—m2> h(8,

/ c

A(w,p) = / gt 080 1) c08(ct]) cos(Ey |t
t,p1P2 W, Wy, Wy s

Following the same steps as before

d—4 1 [|w
2
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Does coarse-graining generate dissipation?

2 i . ] _
Con = A, (1 250,0)) - #Burp)h(0,0) + (5 + 9+ m?)0,0)

/ c

A(w, p) = / it COS(C‘;’pl ) COS(C‘;’pz ) COS(C‘*;p—pl—pz 1)
t,p1P Wp, W, Wp—p1—p;
Following the same steps as before
d > 4 1 [lw
- Alw, q) = 6log2 —4
(w, q) (4 2 ) 0108 )
Cfr. Dissipative kernel
o No local dissipative term generated

—2X(1 : f(6, 0)) — A(w=0,p=0) — Invariant surface under RG
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Dissipationless surface: instability

Py D.D]

B8y
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Dissipationless surface: instability
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Dissipationless surface: instability

Dissipation

yx.g = 1 yxwr > 1

Static flow

Propagating
G
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Dissipationless surface: instability

Dissipation

=1
IX.G Static flow

Propagating

G

repulsive in both
directions
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Summary

Dissipation Xc

Z0d,G = 2 Zoa W ~ 2+ 0.01345 €2

Zorop, WF =~ 1 — 0.00337 €2 /A AL

WF

G

Outlook: . Critical dynamics of Model G, ..

* Nonperturbative RG crossover: functional RG
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Thank you
for your attention!

Eduardo Grossi



Backup slides



Effective action

Generating functional:

2191 = [Dv e | 5101+ [ 7(2)0(2)
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Effective action

> Generating functional: _ _
Z|J] :/D\If exp | —S[¥] /J(Z)‘II(Z)
_ Z _
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Effective action

> Generating functional:

Z|\J) = /D\If exp -—S[\Il]

[ 722

> One-particle Irreducible Effective action: introduce supersource

r(3] = / 7(2)8(2) —log 21T
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Effective action

> Generating functional: _ _
Z|T] :/D\I! exp | —S[¥] /J(Z)‘II(Z)
_ Z _

> One-particle Irreducible Effective action: introduce supersource

5"T[®)
5(Z,) - - - 0®(Z,)

[[®] = /Z J(Z2)®(Z) —log Z|T] r[®|(Z,,...,2Z,) =
> Two-loop expansion

['®] = S|®] +T'y|®] + o |®] + - -

— ~

1 1
['y[®] = 5 Trlog SO[@]  Tule] =< /12343(4)(1,2,3,4) As(1,2) Ag(3,4)
112 / 5®(1,2,3) S®(4,5,6) As(1,4) As(2,5) As(3,6)
1,...6
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Hankel representation

709 1 £
H, (x)=—=—— | dss " 2e (s ) Im s
(®) 271 /CH P 4s A
args = +m C+
Ho(x) = cosv/x Co
— . > Re s

sin /7 branch cut 0

NZ: args = —mr C_ H
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