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&ZDZ — contextualization
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[Schon et al 2000]“.
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[Andersson 2023] =+ ++ (phenomenology ) - -| - QCD, o
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quantum
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[Farrell et al. 2023a; [Farrell et al. 2023b]
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string
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The model - two-dimensional
Quantum Chromodynamics
(QCD,)
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Euclidean microscopic action

/d2 (v D, +m)1/)—|—22tr(F Frv)

* covariant derivative D, = 9, —i A,
+ gauge coupling g of positive energy dimension

+ gauge fixing with background field method, Faddeev-Popov method with
(anti-)ghost fields
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The method — the Functional
Renormalization Group (FRG)
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ﬁea of the FRG

* given: microscopic action S
- wanted: quantum effective action I"that includes all quantum fluctuations

- strategy: continuous interpolation between S and I"via the effective
average action I,

[Gies 2012]
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The Wetterich equation

central tool is an exact Renormalization Group equation weterich 1993} iMorris 19945 [ltwanger 19941

Iy, =Tr|(5 OLRy,) <F1§2) + R, =

- key ingredient is the regulator function 72,
* initial condition givenby I, , =S
+ obtain approximate solutions with an ansatz for /', by means of truncations
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Choice of the regulators

utilize mass-like Callan-Symanzik-type regulators for all fields:

AS, = / 42 [ Ry 4 2 tr(a, k2 @) + 2t0(e k)

- properties: infrared regulation, scan of theories with different masses
- linear split A = A + a into background field A and fluctuation field @
« invariance under background field gauge transformations

- regulator function independent of A, preserves many symmetries
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A minimal ansatz
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Minimal truncation

ansatz in resemblance to gauge-fixed microscopic action:

r

A a9, 9,¢,) = /dQ (7# Dy +m) § + 55 t1(F,, F*) +

+ & (D, [4]a") (D, [A] ")) — 2t(Z D (4] D, [4] )|

“recal: A=A +a
- scale-dependent quantities: ¢, 172, Z,, (absorbed into ¢ and 1))
- calculations in Feynman-'t Hooft gauge: £ = 1
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gsults

on all scales: Zy =1

8 0.60
6 0.45 A
< <
S 4 2 0.30 1
>
2 0.15
O . T T T T T T 000 b T T T T T T
0 1 2 3 4 5 0 1 2 3 4 5
rescaled RG time ¢, rescaled RG time ¢,

Landau pole in flow of the gauge coupling at RG scale k ~ g ,.
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Adding (local) four-fermion
interactions
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Diagramatic expressions

i f P

(i Yrv

16 + 18 + 3 = 37 diagrams
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atended truncation

- one flavour, Ny = 1, from now on
+ add to the previous ansatz the term

— [ a3 g G024 % gy 9902 4 X gy (Bt +
FAL DT 02 4+ A (T CTE ) (PCTE gT) + .

+ dimensionless couplings A;, @ = 1,..., 9, initialized at zero at k — oo

« interaction channels are all compatible with the symmetries of the model
but form a Fierz overcomplete basis

[ Wetterich equation can be used to determine a Fierz complete ansatz.
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Numerical results

’ all diagrams
box + triangle diagrams
- 27 box diagrams
~<
1 -
0 -

0 1 2 3 4 5
rescaled RG time ¢,

(contribution of four-fermion coupling to fermion mass ignored)
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Erely fermionic dynamics

set ¢ = 0 assuming that fermion dynamics dominate the flow

24 4 24 4 000
154 184 ~0.75

< 124 < 124 < ~1.50
6 6 —2.25

0 01 —3.00 4

; T T : . : ; : T T T T T
0.0 0.5 L0 00 25 50 75 100 0 25 50 7100
rescaled RG time £, rescaled RG time ¢, rescaled RG time £,

- for QCD,-like initial conditions: diverging four-fermion couplings
< mesonic bound state resonance

- in principle also possible to reach a fixed point

FRIEDRICH-SCHILLER-
UNIVERSITAT Oevermann, Eric 16
JENA



Outlook & Summary
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altlook

* include non-local four-fermion interactions in the truncation

Y1

+ improve truncation in gauge sector
+ reproduce 't Hooft solution
- finite temperature and quark chemical potential
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Summary

* derived flow equations for g, m and Z,, within a minimal truncation which
exhibits a Landau pole at k ~ g(k — o0)

- added local four-fermion interactions to the truncation where the Wetterich
equation tells about Fierz completeness

- divergence of four-fermion couplings signals resonance in the formation of
mesonic bound states

[BNL 2021]
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Flow equations minimal truncation I

Extract flow of m, Z, from

) ¢,H cwil _ Y é ;&1 4 Yu % ;1/_11

Extract flow of g from

0, 0002000, = -
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Flow equations minimal truncation II

The flow equation for the gauge coupling reads

(- n ) K3
94 N Nf EETa (m+k)3

k? ﬁ(l— 15~ Ve k2)

_kak(QZ) =27

FRIEDRICH-SCHILI:ER-
UNIVERSITAT Oevermann, Eric
JENA

24



Results multiple flavours

INe /N A

T

0.0

2 4 6 8
rescaled RG time ¢,

- fermions have a screening effect

+ fluctuations of the massive fermions are suppressed at low scales in
contrast to fluctuations of the massless gauge field
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a)taining flow equations

1. take functional derivatives on both sides of the Wetterich equation
2. close open indices with projectors
3. solve the resulting matrix-vector equation for the couplings

M (O +2m0y Ay e, OpAg + 21, )T =0,

non-invertibility of M signals Fierz overcompleteness
Fierz complete basis consists of 3 bilinears for the present symmetries
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