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FOLLOWING FIXED POINTS THROUGH

gravitational higher-curvature theory space

Exact Renormalization Group
David Dullaway - Department of Physics and Astronomy - University of Sussex 1-5 September 2026 - University of Sussex

Horizontal scans across higher-curvature operators
give further support to the Asymptotic Safety conjecture

K&L: general f(Riemann) gravity | MSB PRICE: one running coupling per curvature order

UV-ATTRACTIVE DIRECTIONS AT R* / QG

B Bo B~ B«
HOMOTOPY

3 a 3 sixth order: R” sixth order: QG
1 1

fourth order sixth order 0.8 - 0.8 |- -
= 0.6 0.6
New sixth-order eigendirection .
: 0.4 0.4
95-99% Kk - UV-repulsive
0.2 - 021 .
0 0
2 3 4 1 2 3 4

Same principal branch, tracked continuously. 1
Evidence—not proof—of a stabilising 3D projected
critical surface.

participation

critical direction critical direction

Sixth-order eigendirection participation at R* and QG

QUADRATIC BENCHMARK CUBIC EXTENSION WIDER THEORY SPACE

Regulator + operator robustness Folds, detours + branch tracking Alternative roots—none as robust as P




Constructing UV- critical Hypersurfaces
using Machine Learning

Stijn Hennissen

Radboud University
Nijmegen, Netherlands

Collaboration with F. Saueressig and A.
Silva

Hypersurface approximation by neural
network adapted to FRG flow equations

Simplest model already efficiently constructs
physically interesting regions

Conclusion: It is worth developping a more
advanced model architecture!

Beyond the paper: Rigorous functional
analysis treatment



Which QED truncations control Borel singularities?

Edwyn Tecedor
LPTHE ¢ Sorbonne Université ¢ CNRS ¢ [PSA

o Ward closure in QED o Tensorial Mellin reduction o Ward test

F“=A7”+Bi—2ﬁ, B=2DA M(sy)=S(zy) [de;y)wﬂmm,y)"‘:—f] Af,y) = Hy(z,y) - 2Hclz,y) #0

Two tensor structures must match. The QED numerator produces two reduced Mellin coefficients. Not a Ward violation: a truncation diagnostic.

Here A(a,1) = G™'(o,L), with S'(p)=$G"(a,L). = Poles: x = 1, y=1, x+y=-=2, x==2, x=2 At linear order, f,=-2y = multiplication by —2z

G(a,L) =1- Y51 m(@)L",  L=log(p®/u?).

AWhy this matters e o 1
(3[,-—,80{':)(; :ﬁ—l-:)?*G—I-/@’*(fG)

Resurgence asks which missing WSD terms change the leading Borel singularities, and which only enter at higher orders.

Come to the poster: QED Mellin coefficients, Ward closure and Borel-plane RG



Towards understanding driven many-body steady-states

Floquet steady-state functional RG for the driven Anderson impurity
OPTIMAL
FOR5750
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FRG- 2PT.

Drive one correlated impurity: Sidebands follow the Hubbard bands

e(t) = Vg + Acos Qt

to Vg = Q + U/2, not the Kondo peak.

01 02 03 04 05 O0¢

Beyond quantum dots: memory is
the limit — vertex compressed as
low-rank tensor train.

Poster #4

Jan-Niklas Herre, Dominik Chudy (RWTH Aachen University) — with C. Karrasch, D. M. Kennes



WEYL (GAUGED (GRAWVITY

What if Scale Invariance is the fundamental approach to Quantum Gravity?

Weyl Geometry Weyl Gauged Gravity =
Renormalizability &

{gp/w = ng/w Possible AF
S, =S5, -0,InQ) i | A

P =—C?+— R+ — W2

Q = ¢ 5 21 £ 4o
Scale Invariance

Sﬂ decoupling Interplay with SM

ZLwe > ZEH
low energy

( Luca Parente - University of Pisa ) (Fabrizio Chicconi - University of Pisa)




% st TOWAards recovering effective universalit
in AS gauge-gravity systems”
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Juan Fernandez Molinero

uan.fernandezmolinero@ru.nl work with Frank Saueressig, Marc Schiffer

and Marieke Postma.
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Multi-criticality and BMB phenomena of scalar fields in
lower dimensions

» What is the structure of the multicritical fixed points in lower dimensions?

» What is the fate of the Bardeen-Moshe-Bander phenomenon?

WF+Gaussian WF-+Gaussian WF+4Gaussian WF-+Gaussian

+n-critical +Pentacritical +Tetracritical +Tricritical
+ I + I + 7 +BMBV
WF + C WF+ o WF4+ ot WF4+ ot WF+
Gaussian ' Gaussian ' Gaussian ' Gaussian ' Gaussian
2 2n_ 5 8 3 d
n—1 2 3

Find me at the poster session

lason Vakondios — University of Patras }Ewmwm
Daniel Litim — University of Sussex




Dark Matter Production in Quadratic Gravitg!

L 1 We |

Vatsalga Vaibhav

With

| atham Bogle and Neil Turok

Can the radiation era extend back to the Big Bang? Rethinking dark matter
production and graviton thermalization in quadratic gravity

Latham Boyle,"»? Neil Turok,"? and Vatsalya Vaibhav!

L Higgs Centre for Theoretical Physics, James Clerk Mazwell Building, Edinburgh EH9 8FD, UK
2 Perimeter Institute for Theoretical Physics, Waterloo, Ontario N2L 2Y5, Canada

Naive estimates based on Einstein gravity with Lagrangian %Mgl (R — 2A) suggest that, if the

radiation era extended back to the

Big Bang (i.e. as far back as the classical spacetime background

makes sense), this would result in an over-production of dark matter and a relic cosmic background
of thermal gravitons. Here we revisit these conclusions in quadratic gravity, the minimal renormal-
izable completion of Einstein gravity, whose Lagrangian also includes the terms % fo 2R? - % fo 202,
Assuming the radiation era does extend back to the bang, we find a novel constraint relating the
coefficient f; and the dark matter mass mgm, needed to obtain the correct dark matter abundance.
This is an elegant gravitational production mechanism for dark matter (e.g. stable right-handed
neutrinos). Moreover, the presence or absence of the relic graviton background (detectable by
forthcoming CMB experiments via its small imprint on Neg) will place new constraints on fo, fa.

ST - oot - s S

=wtend Radiation Era to the E)ig Bang?




Functional Perspectives in Strong-Field QED

Gabriel Weigert Holger Gies

Friedrich-Schiller-Universitat Jena

QED under perturbative control

Ritus-Narozhny conjecture:

/3

g = ax’

Euclidean calculations % relevant Minkowski strong-field physics
p
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The Fermion Sector of the SMEFT from Asymptotic Safety

Astrid Eichhorn, Moritz Gessner and Shouryya Ray arxiv:2607.18398

* Use the FRG to flow from asymptotically safe UV fixed point to experimental scales

SSMEFT = Ssm + Z Z D 1 /d433 Oip O (YTa" ) (¥T5,1) with SU(2)r x U(1)y Weyl fermions

D>4 i
A
Standard Model effective field theory (SMEFT) Asymptotic safety
Functional renormalization
& < -
I= Collider energies : SM coupling
S i
S
O Higher order
SMEFT couplings
/ i
f >

electroweak scale Planck scale energy



Conformal Invariance Constraints in the Functional Renormalization Group

Jorge Ibaihez - Gonzalo De Polsi - Matthieu Tissier

Critical regime Functional RG Derivative expansion Conformal constraints

Interactions occur at all Fluctuations are integrated A practical truncation, but Scale and conformal symmetry
scales. scale by scale. regulator dependent. are imposed at the fixed point.

CONFORMAL DERIVATIVE EXPANSION
4
O(9?) O(d%)
0632 0.640————— DE CDE
: ‘ Dl"?’m) =0 ‘ — IDF"(:n m) ’
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Chiral Quantum Phase Transition in Moiré Dirac Materials at
finite density

A. Garcia-Page, F. Rennecke, K. Fraboulet, L. Classen TI_ITI i

1 57
: MAX PLANCK INSTITUTE FOR 0',3’
SOLID STATE RESEARCH
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e— inhomogeneous phases?
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Spatial Coarse-Graining Impedes the Ability to Classify Message-Passing Algorithms
Carter M. Goldman, Ryan Singh, Christopher L. Buckley

University of Sussex

TAP and MF Message-Passing

Supporters of the Bayesian Brain Hypothesis argue that the brain maintains Marginal Probabilities Over Iterations of TAP and MF
a generative model of the environment and inverts this model to infer the b4 I[jjgﬁ;i",)
states of the world.

Message-passing is one class of algorithms that performs this computation
tractably. While there is some evidence that the brain uses specific forms of
message-passing, such as mean-field variational inference, other algorithms '

remain plausible candidates but have yet to be thoroughly considered. ’ 7

In this study, we investigate the measurement requirements for comparing
message-passing algorithms as alternative explanations of data.

We examine how the spatial precision of neural recordings would affect
the ability to determine which message-passing algorithm the brain
implements.

Iteration N
G Index

TAP vs Algorithm Inferred from Coarse TAP Data MF vs Algorithm Inferred from Coarse MF Data

] X True G (TAP) X True G (MF) L[]
® Inferred G (TAP, coarse) @ Inferred G (MF, coarse)

We performed mean-field (MF) message-passing and Thouless-Anderson-
Palmer (TAP) message-passing on a probabilistic graphical model with 5
binary nodes .

Using the renormalization group, we calculated an effective energy function
for this model after decimating 2 nodes (see figure below).

We then used this effective energy function to attempt to infer the form of
the message-passing algorithm performed on the original model.

mi=0 (Z J,Jmi) mi=a (Z [2Ji,jm; + 47;(1 = 2m;)m; (1 — m,)]) °
3

7 4

MF TAP G Index G Index

Spatial coarse-graining procedure

* For the specific class of algorithms considered, it appears that
fine-grained measurements may be necessary to draw
conclusions about how the brain could implement Bayesian
inference through message-passing.

The true and inferred message-
passing algorithms are shown
above as a vector G:

mi = 0(3 Gupelymims)

a,b,c

Spatial coarse-graining prevented us from inferring the true
algorithms used to generate the data.

Both algorithms inferred from the coarse data included higher order J|* Future studies should examine alternative models, message-
terms in the update. passing algorithms, and ways to coarse-grain data that align with
neural recording technology currently available.

* However, it may still be possible to distinguish MF and TAP.

However, only TAP includes higher-order terms, which serve to
account for the covariance between nodes without modeling * For instance, researchers could attempt to recover message-
po——————— p— prr——— covariance explicitly. passing algorithms using the average of neighboring nodes in a
%:(inzhh\swdndiavvvesSWa\kev ‘Thermodynamic functions and critical properties from a cluster-decimation approximation. Journal of Physics A: Mathematical and General, 18(8):1275, Iattlce_shaped Boltzmann maChIne, analogous tO EEG l,-ec()r.dlngs

Rajkumar Vasudeva Raju, Zhe Li, Scott Linderman, and Xaq Pitkow. Inferring inference. arXv preprint arXiv:2310.03186, 2023,




Diffeomorphism-Invariant Approachto - oo
Asymptotically Safe Quantum Gravity

F.lhssen, B.Knorr, S.Mezger, ). M. Pawlowski, Paul P. Sprenger

I I OW d o yo u Institute for Theoretical Physics, Heidelberg University - sprenger@thphys.uni-heidelberg.de
THE QUESTION . . . . . . .
C 0 n S ru C How do you account for diffeomorphism invariance in metric quantum gravity?

o Motivation

o, How to Compute the Correction
= regulator in the ERGE breaks diffeomorphism symmetry

a diffeomorphism-invarian
ﬂ ow in q uantu m g raVity? R erminata RS—

. R R R Workflow

= how to construct a diffeomorphism-invariant flow?

= preserve the correct relevance counting of operators

= computational accessibility via heat kernel methods [1] 92,8 || @+ ];H obtain relevance-preserving Fy |——|

reparameterization [2] = ATyl = -Tr {G OBy G%(rqu[.{/] + (5
9

os Results

= rectified breaking terms for the cosmological constant = 9,\y

\
\,
SO

A @ = gauge-invariant flow equation

. 1
Olylg] = 5Tr

1
rlg) + Rilg)
@ = Fy acts as a driving force

= restores the correct relevance of operators

N\

\
N\
1

7\
B\
\\)\#

ORilg]| + Falg]-
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—
P

/{/l/(
IR
i

7
7
i

7
/ /)
/]

= rectifies the changes from \/gR;[g] — \/gRi[g]

7
/

o; Two Invariant Actions

AR Y

(e os Outlook

= rectify terms for \/gR to obtain the correct dgx.o

= de Sitter phase possible? (nature of A, = 1/2 singularity)
= = stability of gravity-matter systems: minimally coupled scalars and fermions (WIP)
= include all relevant operators: /g i’ /5 C* (?)

o

= o Ask me about

the different effective actions I'[g. 1] vs. I's[g, 0] vs. I's[g]

how to use different strategies to get an error estimate on the results

-
' {g}i
Ao the role of the ) — 1/2 singularity
g2 gs i N

Nielsen and ylor identities come into play

I a u I ] I u S p re n g e r {;\I;:Otrzn:)mplete the background field approximation and elevate it to a diffeomorphism-invariant flow.




Universal Thermodynamics of the Two-Dimensional Bose Gas:
a Non-Perturbative Renormalization Group Approach

Yaniss Rabahi (University of Lille, France), Ivan Balog, Adam Rangon.

Second sound velocity: hallmark of superfluidity
e High-precision approach based on a second-order

derivative expansion Lo & Cowbridge|
e Equation of state, superfluid density, and BKT 075
transition across interaction regimes .
e ERG as a gold standard for characterizing the 2D
Bose superfluid 025 |
0.00 - ] ) L o 4 ' ‘.
0.50 0.75 1.00 / 1.25 1.50

Thank you for your attention


https://indico.global/event/16125/contributions/164666/
https://indico.global/event/16125/contributions/164666/

Spontaneous black-hole scalarization in asymptotically safe
quantum gravity

Pedro Fernandes Astrid Eichhorn Gustavo De Brito Lidia Marino

uv , Not compatible with asymptotic safety

Asymptotically safe
guantum gravity

Scalarized

Example on how quantum gravity
theories can discriminate between
different modified gravity models

[arXiv:26~]

Scalarization in
Black Holes

Scalarized BHs
.~ compatible with
' AS
10° 10% 10% 10"
= 2
| 29) | : Mp

o s s e R e | Together, they can reduce the
* i e e cnsCra e o e ; freedom in both directions!

Scalar Gauss - — 10

Bonnet Gravity Example on how phenomenology

A {~~=4 can discriminate between different

1 - o [arXiv:2603.05064] § ,‘ quantum gravity theories
I 9 ! e e SR S

Phenomenological
IR interest

10'10°10°107 10°
102.4 102.6 102.8




Scalar Matter in Lorentzian Quantum Gravity

e Asymptotic safety in the Lorentzian signature must

® The spectral-fRG provides direct access to real-time
P b / be compatible with matter:

Lorentzian objects such as the graviton spectral function

pr(A) =

Transverse
Traceless
graviton
spectral
function

Zp,

[ 2m6 (A2 — m3

)

6151-,5617,}7,)

+0(N° — 4my,) fh grav
B 9()\2 — 4k2)fh,scalar]

~

0

.
S =
.

Rowan Packer

r~ N
. Q-
p \
/ \
(. \ l
N /
~ ’/
— _J

Incorporating Scalar
matter!

® Scalar matter makes a positive
contribution

® The spectral function remains
positive - compatible with
unitarity

US

UNIVERSITY
OF SUSSEX



Two-Component Bose Mixtures:
Mean-Field Theory and Functional

Renormalisation Group

Oskar Stachowiak Pawel Jakubczyk
Institute of Theoretical Physics, University of Warsaw, Warsaw, Poland

The Wetterich equation

-1
o,.[[g] = L TPIp]+R,) R .
2 k

3D Quantum LPA \ 2D, classical DE(2)

LPA with field expansion DE(2) with field expansion. Defining p, = |¢;|* and j; = ¢ Ve, — ¢,V $7,
) 2 2
. Y Zij Yik Yiok Wik, .
r,= dejddxl; é; (a, - %>¢,~ + Uilp1, ) I, = L d’x|Up,, p) + ; ( - IV + ?(Vpi)z =V Vo ==
Field expansion of U Field expansion of U
S Aik ., Mok 2 o ik 2, Mok )
Ulp1>p) = Z ?(Pi — Kt T(ﬂl K0P K, =gl Udpr,py) = Z ?(Pi — K+ T(P1 K0Pk, =gl

i=1 i=1

Questions Questions

Stability of the phase diagram
* BKT fixed pint

Critical Exponents o
* Critical Exponents

Mass-imbalanced and interaction-imbalanced mixtures .
* Super-fluid drag

Miscibility Condition beyond mean-field theory



Critical behavior of isotropic magnets with
screened dipolar interactions

Max Fornovillel2, K. Frabouletl, M. M. Scherer3, L. Classen?:2

% = Lo +
2 2

Y S P Divw
2(0#51') + m¢i+4(gbl.)

"

/// \\)/\ y V \
Simplest example: Dipolar antiferromagnet QZF Outlook: Electronic nematicity in Dirac fermion systems

A
Sk

0.00 0.00
-0.01 -0.01
4 _0.02k -0.02 -
b=
-0.03 -0.03
ya(d=3)=—-0.033085 d=2)=-0.035368
-0.04 —/ -0.04 / ba ) .

1 1 1 1 1 1 1 1
KZ.S 3.0 3.2 3.4 3.6 3.8 4.0 1.8 2.0 2.2 2.4 2.6 2.8)

1 Max Planck Institute for Solid State Research, 70569 Stuttgart, Germany, 2 School of Natural Sciences, Technische Universitdat Miinchen, 85748 Garching, Germany, 3 Theoretische Physik Ill, Ruhr-Universitat Bochum, 44801 Bochum, Germany
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HYPERDIFFUSION SOLUTION FOR THE QDM

Johannes PoepLau’, Ashutosh Dasa' & Dirk H. Riscuke!?

! Institute for Theoretical Physics, Goethe University, Max-von-Laue-Str. 1, D-60438 Frankfurt am Main, Germany
? Helmholtz Research Academy Hesse for FAIR, Campus Riedberg, Max-von-Laue-Str. 12, D-60438 Frankfurt am Main, Germany

1. Abstract

«The low energy sector of strong-interaction matter is described by effective models, which
emerge from gluon dynamics. First-principles QCD calculations capture this e.g. via
dynamical hadronization. Therefore first-principle ions require a good
ing of the low energy models.

« A previous study' solved the QDM and encountered strong oscillations during the flow of
the derivative of the effective potential.

* We show that these oscillations are a model feature, which can be traced back to a negative
diffusion coefficient during the flow.

+ Advection-Diffusion equations with negative diffusion are ill-posed and require
specialized methods, as e.g. adding a regularization term, which converts the flow
equations into a well-posed equation.

II. Quark-Diquark Model in the FRG

« Lagrangian of the Quark-Diguark Model (QDM) with a 2SC color superconducting phase?
. LY N PRI im0
L=1 (a - 7";14) v+s (Aﬂwa TP + AT’ Cy z,wT)

+;(a‘, —210,0) AT (0 + 2 ")A + U(AA)

+ LPA Flow Equation for the effective potential with the Litim Regulator:

QU =Q+F+S. M_
&
fo=Eulmd, M3, 1),
« & depends on m%, M3 and p in a non-trivial way.
« It was found? that the flow equation for the effective potential can be written in the form of

a conservative advection diffusion equation by taking a A derivative and writing it in terms
of u = d,\U:

Bu(d) = %Q(A, w, D) + %F(A, W) + S(A).

+ @ acts as a diffusion term — applying the derivative w.r.t. A on @ results in the diffusion

coefficient D.
dQ
dA

2Q

2 . _
Dd\u + Edzu + G, Di(?(ihu)'

et 6oV

k=0.075 GeV/
*In the green region, the diffusion coefficient is positive and the hashed regions indicate the
regions excluded by convexity restoration. A white, non-hashed region exists, in which
the diffusion is negative. This region is not excluded by convexity restoration.

References Based on

* [111. Stoll, N. Zorbach, and J. Braun, arXiv:2510.01066 arxiv:2608.20196
* [2JF.R. Sater, The Phase Diagram of QCD at High Densities

« 41T, Witeiki, Shocks in nonlinear difusion, Applied Mathematies Letters , 27 (1995) L]

=

.de
_grankiVT’
poeptan®? i
Contact’

IV. Negative Diffusion

o) reauarzed 0 requiarizes

- A 1071Ge)
- (G

s

@ not requiarzed @ not reauarzed

- A 0-IGer)
s 6oV

s

+ Negative diffusion can be understood by considering the heat equation with a constant
diffusion coefficient for the Fourier transformed u(A) = 3 ¢,¢2, for a single mode ¢,
7

ey =-Dq’e,
« For a negative D, all modes ¢, will grow exponentially, causing the problem to be
ill-posed.
« This exponential growth can be regularized by introducing a hyperdiffusion-like term
C04u, which damps the high ¢ modes*
ey =—Dg’c,— Cq'e,.

« With the regularization, the oscillations, during the flow, vanish.

0.1 03 04

03 02 0.
ulGev

0.2

iGev)

« Negative diffusion occurs in high-z: low-7 region and grows with the Yukawa coupling: (a)
compared to (c).

5(c) = |-

« The regularization term can be systematically removed with a fit:
M2(c) = a+ B /e.

V. Applications

* Models with complex scalar field and a chemical potential

« Especially truncations in these models which require higher derivatives
of u, e.g. LPA’

+ high density, low temperature sector of QCD (2SC, CFL phases)




Multi-scattering processes and spectral properties

22

of low-energy QCD

Konrad Kockler - Institut fiir Theoretische Physik, Universitat Heidelberg

broadened sigma onsets

quark and meson
spectral functions:

e direct real-time
e Lorentz invariant
e RG-self-consistent

Lowest m—3m scattering onset

0.0

> [
Cq.; _2:-
’< E

Qualitatively new behaviour due to
feedback of momentum dependence




Analytically continued FRG for dissipative open quantum systems

Authors: Patrick Niekamp, Johannes Roth, Lorenz von Smekal

® Goal: Investigate an Euclidean approach to critical dynamics

® Open system: Euclidean formulation of dissipation

2 ,E Euclidean FRG

Real-time FRG

e

1 1

e Analytically continued Euclidean computations can be favorable to real-
time

IR, 0) = = lim T (w, — —i(w + i€), 0)

e—0

JUSTUS-LIEBIG-
UNIVERSITAT
ﬁ GIESSEN CRC-TR2n



Cosmology from Asymptotically Safe Proca Theories @,,;;;f%@

X
....J .g. 2 a;XOIWVO () ...3
- :. ..g:.. o .J’
Carlos Pastor-Marcos ft. L. Heisenberg, A. Pastor-Gutiérrez, J. M. Pawlowski, M. Reichert @:;:!: g

THE GOAL
“Study the UV completion of EFTs for Cosmology — We start with V-T QFTSs”

— Or how to constrain the set of possible IR scenarios from UV-informed EFTs —

How: Within Asymptotic Safety! Using a vertex expansion in the fluctuation fields.
We solve for 6 coupled flows, including cubic and quartic self-interactions.

Why: Proca theories are massive V-1 theories with many
applications in cosmology! E.g., modelling dark energy, late-time
cosmic acceleration, growth of structure... &

Relevant

The findings: A very rich fixed point structure! Evidence for
non-perturbative renormalisability of V-T theories.

A connection btw. Quantum Gravity & Cosmology!!

-05.09.2026 Carlos Pastor Marcos | ITP Heidelberg ERG Sussex 2026



Line of leed Points in a 3D NJL-type Model
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Probability distribution of order parameter in O(N)

models

Ivan Balog, Adam Rancon, Bertrand Delamotte and Lovro éaravanja

Objective

We want to find:
x /DS is——

FRG method

Introducing effective probability action:
)= 3 et - -
2
- Z soO(@) Ri(z — y)o(y)

Fﬂ»ﬂkw +1In PJ

Ldz¢

Obtaining flow equation:

1 ( 1
Ol v i) = 52 O R (. y) <F(\Z[)k + RM.kr) (y, z)

Ty

Real effective probability distribution is given by: I'x[¢] = limy; o0 s 1[0

LPA asnsatz:
Careld] = /, (V¢TW + I [fﬁ(w)z}

2

For N — oo LPA approximation is exact and furthermore it is possible
to find analytical solution for flow equations.

, Hrzz

Croatian Science
Foundation

x

Analytical solution for N — co

In limit N — oo flow for probability potential reduces to:

8;‘R1,
Olilp
klilp Ldzq 2+ Rylq +I’H

Solution to probability potential can be given in form:

Ld 2

LI[p]/N = / da F7la + A

where A is parameter dependent on distance from criticality (at criticality it
is equal to 0), while function F'is given by:

1 [~ .
Fla] = —5/0 du (ef“ae(u)d — ud/2>

MC simulation and comparison with FRG

8 10
o 7
{ 8
0 w
—14 6
g 4 =
= =
=L &
= 2 gttt ] — \C, L=64 S,
—— NG, L =9
0.8 10 12 — MC, L=
0 0 0
exp.
o -2
- Wett
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Figure 1: Comparison of MC data for different sample sizes and LPA approximation for different regulators, at criticality



Naturalness with Relativistic Luttinger Fermions
Tim Eckert and Holger Gies

Luttinger—Yukawa model

o= [ o' [—ZMGW@“M + 220,00"6 — hoTot + U(7)

Natural flow from symmetric to broken regime
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Naturalness: marginal mass parameter — no fine-tuning

Self-organized criticality



‘_ 2) LPMMC Unlversne Grenoble Alpes and CNRS
& 3 LAMPS Université de Perpignan

T gregorio.tibone @univ-cotedazur.fr

e \ [ N
Dispersive shallow water equations Different observed scaling regimes
Oih = —0"(hu') High Re Low Re
> Low Ds High Ds
o) = —u'0'u! — g0’ h + vAW’ —I—[goA(?tuJ]—l— FJ Eg ~ p_2 EI’; ~ p—%
\ ] U y

Analytical

&= )\

Group
= : ~UNIVERS|TE
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N 4 Grenoble Alpes

(Functional Renormalization)

m9§4

( Wave Turbulence )




Generative Modeling with Inverse Renormalization Group Flows
Kanta Masuki and Yuto Ashida, The University of Tokyo

B Generative modeling (diffusion model, flow matching, etc.)

Langevin diffusion

Machine Learning technique to generate complex data

Use probability flow connecting “UV” data distribution
to noise distribution

Cf. Stable Diffusion, 2025

Main Challenges: high computational cost
» Noise schedules are important but are determined heuristically
» Computational cost grows rapidly with system size (=image size) L

B Generative modeling based on the exact RG flow
(Conceptual figure)

— forward diffusion: RG Effective theory in the Polchinski RG

MICro . .
- generative flow: inverse RG /

We construct generative model that uses probability flow in the exact RG, i.e., p,[¢p] o< e ~Sal®].

v" Based on the inverse RG flow, the models create data from outline to detail.
v Noise schedules are determined by the RG theory, which improves efficiency/quality
v The quasi-locality and scale separation of the RG enable scalable computational cost.



Mass hierarchies from self-organized criticality Yunxin Ye, Holger Gies

Luttinger-Dirac-Yukawa model Seesaw-type mechanism
Y = / x| = 2ok XGuv DBy X + Zo s iy Dt 1 /
+ 224 9,6 9,6 + Ui(9) — |
— hy k@ XV11X + 1hy Kk @YY = |
. 1 N — |

» Luttinger fermions x + Dirac fermions 1, ; t
both Yukawa-coupled to a dynamical scalar

¢

» Dirac sector coupled to SU(N) gauge fields
(treated perturbatively, one-loop f3;)

My, <K Mg N/\F <K /\UV

Mass hierarchies without fine
tuning!



Nonperturbative News From the Conformal Window

Alvaro Pastor Gutiérrez

Full bosonisation: momentum dependencies and high-order chiral invariants

Self-consistent fRG prediction of a dSB free phase

Nonperturbative dynamics at the boundary: no walking nor Miransky/BKT

ITHE MYS RIKENs Symmetric mass gaps and confinement wo/ dSB?

RIKEN Center for Interdisciplinar: Junior Scientists
Theoretical and Mathematical Sciences



Non-Renormalization of Tt.-Characters under Finite ERG Satoshi Ohya® +  Taichi Tanaka®

1 Institute of Quantum Science

Transformations on Multiply Connected Configuration Spaces

Nihon University

o LIFT THE TOPOLOGY e CONSTRUCT THE FINITE KERNEL e CHARACTER AND LEVEL

universal cover Q
lift @

Every lift of the endpoint contributes once.
OnOm0
q vd
No N VAN

viF - " Ry nv|o, ¢ Z D(~ R/\,A’ [57 Y 5’]
‘p ) yer ) Dpny(7) = Darag(7)

base space Q = QIl

Dowker covering-space sum One character, two consequences

D(y): global Tt.-character non-renormalization
With lift-independent normalization D(y)=1:

R Iocal finite ERG kernel D global boundary condition

loop € on the universal cover carried by the winding sector D(’YM) . 6“(4) =1 = ](f) € 2n7

[~ m(Q) ) . . —
Composition law + simultaneous deck invariance level quantization

APPLICATIONS

d-dimensional nonlinear O(d+2) o model 3d SU(N) Yang-Mills Chern-Simons level

D (n) = e i2mkn W2ZW level k Explicit universal-cover kernel still faces the Gribov-Singer problem.



Work in progress w/ A. Held, A. Madrid, A. Platania

A tale of scales in Asymptotically Safe Quantum Gravity

What if ASQG is not fundamental?

Can it arise as an effective description of a more fundamental theory? Can we constrain the QG
scale using low-energy observables?
1707.01107 Eichhorn, Held
The top-quark mass provides a powerful constraint.

We identify the fixed point scale, a meaningful QG scale in UV completion and compatibility with experiments require
AS, and we study its interplay between other relevant scales that this scale be at least Planckian, ruling out weakly-
coupled string embeddings

And more...
* relationtospecies | | e
j ......... scale? |
” . "bumps" as T
signatures of ASQG? )
T = v M ek B e ]

@f UNIVERSITY OF
. COPENHAGEN
e



The moat regime under magnetic fields

Justin L.P. Mauldin, Kristina Totic, Johannes Poplau and Dirk H. Rischke

Particles are restricted to Landau levels

— dim. Reduction and (inverse-) magnetic catalysis

Ey=E]
B -
E, Ei = ElT

E1 = Eo
EU !

EU

0.25

0.20

u[Gev]

0.00

In the moat regime a particles ground state is at finite
momentum

B>0

T[GeV]

0.0 0.1 0.2 0.3 0.4 0.5
p[GeV]




Computing the Bubble Nucleation Rate
with Functional RG Methods

(Am‘/)my: Rory Phipps, Stephan Huber, and Manuel Reichert)

V(p)

The rate of bubble nucleation controls the

shape of the GW spectrum from a first-order
thermal phase transition.

l

fHow can we use the
fRG in practice to

obtain the nucleation

\ rate?

What questions can J

this help us answer?

Come and have a chat to find out more! S

UNIVERSITY
OF SUSSEX



