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Flows for complex systems

RG functionals

General flows for the Wilsonian effective action
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Flows for complex systems

RG functionals

General flows for the Wilsonian effective action

0
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Measure: P|¢] = o~ Sett[ 9]

Flow of field parametrisation: U|¢| ~ <atqgk>

Applications

choice of composite ggk [@]

choice of regulator

Wegner, J. Phys. C7 (1974) 2098

Gauge theories & gravity: T. R. Morris, Nucl. Phys. B 573, 97 (2000)

Review: O. J. Rosten, Phys. Rept. 511, 177 (2012)

Gradient fRG flows: Sonoda and H. Suzuki, PTEP 2021, 023B05 (2021)
Haruna, JMP, Yamada, in prep

Machine Learning & optimal transport: Cotler, Rezchikov, (2022), arXiv:2202.11737 [hep-th]
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Flows for complex systems

choice of composite @k [@]
RG functionals
choice of regulator

General flows for the 1Pl effective action
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JMP, AoP 322 (2007) 2831

Flow of field parametrisation: ¢ = <3t€13k>
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Flows for complex systems

choice of composite @k [@]
RG functionals
choice of regulator

General flows for the Wilsonian effective action
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General flows for the 1Pl effective action

) 1 8¢
(8,5 I / qb%) Fk[qb] = iTI' Gk[gb] 0: Ry + Tr Gk[qb] %Rk
Numerics for complex systems
Talks
General flow functional O, Nicolas Wink
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Adrian Kdnigstein
Franz Sattler
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1PT Flows for complex systems

(Bi-)linear emergent composites
Gies, Wetterich, PRD 65 (2002) 065001
Zero modes: Fu, JMP, Rennecke, PRD 101, (2020) 054032

Wetterich, Z. Phys. C 72, 139 (1996)
Florchinger, Wetterich, PLB 680, 371 (2009)

Applications and further developments mostly in QCD

Since ~one decade common practice/tool in QCD on a ‘daily basis’
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Goldstonisation: Lamprecht, JMP, Master work Lamprecht (2007) (le, §b2> . ¢1 + §b2 &

Isaule, Birse, Walet, PRD 98 (2018) 144502
AP 412 (2020) 168006

Flowing fields & optimised RG flows Essential RG: Baldazzi et al, SciPost Phys 13 (2022) 4, 085
. . Baldazzi, Falls, Universe 7 (2021) 8, 294
Talk Friederike Ihssen \ /
Expansion about ground state & optimisation I‘(2) [¢] i p2 i m?b(¢) Remove inessential operators
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Flows for complex actions

Complex couplings & fields

Lee-Yang zeros n

, N ) » € R
Simple example in d dimensions: Z[J] ~ /D@ 6—5[90]—% Jé&Rr o+ [ J¢ -
J €

12

Ihssen, JMP, 2207.10057



Flows for complex actions

Complex couplings & fields

Lee-Yang zeros A

@ € R
B I :
Simple example in d dimensions: Z|.J] ~ /Dgp e SlPl=3 J Rt [ T &
J e C
Complex effective action/potential
General flows for the Wilsonian effective action General flows for the 1Pl effective action
M Polchinski flow ¥ Wegner flow B Complex Legendre transform, no optimisation

kernel classical propagator kernel full propagator at minimum
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Flows for complex actions

Complex couplings & fields

Lee-Yang zeros A
9 R — ) » € R
Simple example in d dimensions: Z[J] ~ /ng e SlPl=3 J Rt [ T &
JeC
Complex effective action/potential
General flows for the Wilsonian effective action General flows for the 1Pl effective action
M Polchinski flow ¥ Wegner flow B Complex Legendre transform, no optimisation
kernel classical propagator kernel full propagator at minimum
& Integral = Integral IV n(@ID]
Re[Vayn(@1])] & Vgyn flow iy

5 Vint flow

5 Vint flow & 1PI flow

E 1Pl flow

0 12

Ihssen, JMP, 2207.10057
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Flows for complex actions

Complex couplings & fields

Lee-Yang zeros

Connelly, Johnson, Rennecke, Skokov, PRL 125 (2020) 191602
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Scaling at Lee-Yang-zeros: Talk Gr'egor'y Johnson
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Real time flows

Spectral representation

/O@ dA A pr(\, )

Gi(p) =
o T —|—p8

Non-equilibrium:  p ~ i ([¢(z), d(y)]) F~{é(x),0(y)})

15 Braun, Chen, Fu, GeiBBel, Horak, Huang, Ihssen, JMP, Reichert,
Rennecke, Tan, Topfel, Wessely, Wink, arXiv:2206.10232



Real time flows

Spectral representation

* i\ A pp(A,5)
Gk(p):/oo% A2 + p2

Non-equilibrium:  p ~ i ([¢(z), d(y)]) F~{é(x),0(y)})

15

fQCD, Reichert, arXiv:2206.10232



Real time flows

Spectral representation

* dA A (A, B)

Symmetry preserving regulators
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fQCD, Reichert, arXiv:2206.10232



Real time flows

Spectral representation

* dA A (A, B)

Symmetry preserving regulators

Lorentz invariance & Causality

Callan-Symanzik regulator

Ros = Zgk?

7_*

Finiteness lost
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fQCD, Reichert, arXiv:2206.10232



Renormalised renormalisation group flows

Idea
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Composite UV-IR fRG flow
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fQCD, Reichert, arXiv:2206.10232
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Renormalised renormalisation group flows

Idea
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fRG flow with flowing renormalisation
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fQCD, Reichert, arXiv:2206.10232



Renormalised renormalisation group flows

Poster Jonas Wessely

Spectral CS-fRG flow with flowing renormalisation

0:Tk[¢] = Tr Gy[p] k* — 0Set[¢)] Gulele) = [~ D AH0D)

Lo 2w VRERL
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fQCD, Reichert, arXiv:2206.10232
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Renormalised renormalisation group flows

Poster Jonas Wessely

Spectral CS-fRG flow with flowing renormalisation

O:Tk[¢] = Tr Gylo] k* — 8¢St (@] Guldle) = [~ 2 A2OD)

Lo 2w VRERL

Flowing on-shell renormalisation

lim T[4 = k2 lim & [r<2> 5 ] = —2k?
Adm Ly 0] (p) . Am | Iy 9] () -
Controlled UV-limit Controlled UV-limit

Similarly for wave function and coupling renormalisation
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fQCD, Reichert, arXiv:2206.10232
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Renormalised renormalisation group flows

Spectral properties of Lorentzian asymptotically safe gravity

Graviton spectral function
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Fehre, Litim, JMP, Reichert, PRL 130 (2023) 081501
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Renormalised renormalisation group flows

Spectral properties of Lorentzian asymptotically safe gravity
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Renormalised renormalisation group flows

Poster Jonas Wessely
Spectral flows in the scalar theory

4 Scalar spectral function s-channel vertex spectral function

0.10

th¢] | 19

Horak, Ihssen, JMP, Wessely, Wink, arXiv:2303.16719



DSE:

Renormalised renormalisation group flows

Spectral flows in the scalar theory

P4 (W) [Mpole]
A

Benchmark test with spectral DSE results

Vertex spectral function in the broken phase

Horak, JMP, Wink, PRD 102 (2020) 125016

0.14}

0.12f

— 0.10f
()

N O

0.02f
0.00f

20

Poster Jonas Wessely

s-channel vertex spectral function

w[Mpolel 8

Propagator spectral function in the broken phase
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Horak, Ihssen, JMP, Wessely, Wink, arXiv:2303.16719
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Complex frequencies
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Scalar spectral function
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