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Functional renormalisation group
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FRG (2)

o (Exact) Wetterich equation
&l = %STr [(PS’ +Rk)_18kRk}
e Regulator Ry ensures correct integration limits
T, F2A g T, 2%

e In practice, truncations are needed

— Derivative expansion for a scalar field

L= [t [U6?) + 32(62)(0,0)" + 3Tl)(69,0)" + ..



Quark-meson model in LPA



Quark-meson model in LPA

e The quark-meson model is a low-energy effective model for
two-flavour QCD

e Ansatz for the effective average action

Ty = / d*x (w(a — o +hEs)y + %(%)2 + Ur(¢?) — co)

S5 = (o +iys77), ¢ = (0,7)"



Why go beyond LPA?
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[R-A. Tripolt et al., Phys. Rev. D 97, 034022 (2018)]
0.001
e Pion curvature and pole
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[J. Wambach et al., PoS CPOD2017, 077 (2018)]



Quark-meson model in LPA’




Quark-Meson Model in LPA’

e Ansatz for the effective average action

I = /d4x (1/)(@ — wyo +hZs)y + %Zk (Qﬁb)z

1 2
+§n@@@ +mw%—w>
e Effective wave-function renormalisations

Zy = Zy + 02Yi

e Z, is neglected (usually found to be close to 1)



Zy in comparison to Z, and Z,

e Vacuum study of the quark-meson model

2.5
225}
2t
1.75 +
15}
1.25 ¢+

0 50 100 150 200 250 300 350 400 450 500
k [MeV]

[F. Divotgey et al., Phys.Rev. D99 no.5, 054023 (2019)]

— Zy, stays small in comparison to Z, and Z,



Including a finite temperature

e Compactification of the time direction, Matsubara frequencies

1/T d4 d3
d4x—>/ dr/dsx /—p—>T /—p
/ Jo Gri T2 | @y
wn=27T-n (bosons)

vp = 27T - (n + %) (fermions)

e Ansatz for the effective average action

1/T
IMp, = / dr /d3 ( (3 nyo + hEs)’L/J T le Al (80¢>) T %Zk,i (agﬁ)z

+ 3 (6000)" + 3¥01 (600)° + U(6?) —co



Expectation (Yx = 0)

e Vacuum
Z¢ = Zk
e Finite temperature
T—0
Zo)| # Zo,1 Zo) = Zgp,L
e A 3-dimensional regulator induces an artificial splitting

— Is a 3-dimensional regulator suited?



Results (Yx = 0, 3d Litim regulator)
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Specifying the problem

e Possible reasons for the large splitting in the vacuum

e 3-dimensional regulator
e Error(s) in this calculation
o ...7

e Contributions to the flow equations in the limit T — 0

(OkZg,1)g T—0 1 (KZs,1)p 150, MG
(0Zo,)

2
(OZs,11) k
— |Is there an error in the derivation?
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Possible solution

e Including Z,, | and Zy, |
— (0kZy,)))p and (8kZy, 1)y get modified by
Z/z/z,H, Z¢7J_, Ny = —k&)k anw,J_

— OkZg, 1 and OkZy, 1 are mutually coupled

OhZy, 1

T—0 0
By 1 becomes possible
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Outlook




1T ~
Iy = /o dT/ {w(zw,mo(ao + 1) + Zy, 17i0; + i Xs)
1 . 9 1 G 2 1 G 2 1 . 2
+ EZk,H (Gog)” + EZR,L(dﬂz)) + EYk,H (¢B00)” + EYk,L (¢0:)

1 1
+ 5 X1 8 (009)° + S Xk, 197 (819) + Ui(¢%) — co

e Effective wave-function renormalisations

ZmH = Zkv“ + Uz(Xk7H + ka“) Z(-,_’L = Zk.,L + Uz(Xk’l + Yk,L)

Zo ) = Zn + 07X Zn1 = Zk1 + 0 Xie 1
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