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e Ua(1) symmetry:
Anomalous breakdown and
characteristic signal-quantities
Thermal evolution of signal-quantities
T-dependence of Kobayashi-Maskawa-'t Hooft coupling

@ Thermal behavior of the anomaly in an extended linear meson
model *
Interpretation of non-monotonic behavior of KMT coupling

@ Conclusion and Outlook

*arXiv:2112.14903, Phys. Rev. D105 (2022) 096007
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Ua(1) anomaly and signatures of its restoration

@ The Ua(1) anomaly

Oyusy(x) = 2imspse(x) — 2Nrg?q(x),

. - - 1 .
Jsp = wa’m%wf, ps = Veysr,  q(x) = @TI“FWFW-
F

@ Topological susceptibility

X = / Px(q* (x)9(0)

@ Topological mass splitting (chiral limit, mgoidstone = 0)

2,2

_ Fr O(1/N
X_W+ (1/Nc)
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Ua(1) anomaly and signatures of its restoration

@ Instanton-induced 2N¢-quark interaction

Viemr = —K [detyp Py + detp P_)]

At high temperature:
exponential suppression of KMT-coupling due to suppression

of instanton density

Kt = Koexp (_)‘T2)> A~ g(”Rsize)2
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Ua(1) anomaly and signatures of its restoration

o Characteristic patterns of mass degeneracy
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e Similar pattern in meson susceptibilities: xo = [ (®(x)®(0))
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Ua(1) anomaly and signatures of its restoration

@ Monotonic decrease of x with increasing temperature
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Combined effect of chiral symmetry restoration (f;) and

. . 2
suppression of anomalous singlet mass (mnO)

Lattice: Bonati et al. (2016), Borsanyi et al. (2016)

U(3) ChPT: Gémez Nicola et al. (2019)
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Ua(1) anomaly and signatures of its restoration

@ Non-monotonic T-dependence of KMT coupling
Leading large N. expression of x
in Nambu—Jona-Lasinio model (Fukushima et al. (2001))
Fixing Kt by requiring accurate agreement with lattice data.
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Physical interpretation?
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't Hooft coupling with condensate backreaction

Effective S+P Meson Model:
= / (Tr [0;Mt9;M] + V[M]), M = (s, + ims) T2

Ur(3) x Ur(3) symmetry — V = Vi, [M]
depends on group invariants

p=Te(MIM), 7= Tr (MM — Tr(MIM)/3),
p3 = Tr (MM — Tr (MTM)/3)°.

Anomaly represented by KMT-determinant: A = det Mt 4 det M
Ansatz for the full effective potential (with linear explicit breaking
fields H = ho T? + hg T® and backreaction on couplings through p):
Voym = U(p) + C(p)7 + D(p)ps,

V(p, 7, p3,A; H) = Veym + A(p)A — Tr (H(M + MT)),
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't Hooft coupling with condensate backreaction

Momentum scale (k) dependent couplings due to
meson-fluctuations below hadronisation scale A ~ 1GeV

Ok Vi = Ok Uk(p) + Ok Ci(p)T + OkAk(p) A + 0k D(p) p3

Set of RGE derived for Uy, Ck, Ak, Dx and integrated k € (A — 0)
Initial functional (in principle determined by QCD dynamics)

Un(p) = m*p+g1p>,  Calp) =82 Dalp) =0
Anomaly suppression at very high T:

Anlp) = a [@(TO — T)+ e (R (T=T8Q(T — Tp)

m?,g1,82,a determined from observed T = 0 pseudoscalar spectra
(m2, mi, m3, m?,); PCAC determines ho, hg through condensates

1 2 2 2
ho = %mivn—s + \/;m%(Va hg = %mﬁ-vn—s - %mivs,
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't Hooft coupling with condensate backreaction

Results: A) T-independent Ay = a
T.: crossover temperature from inflection of

@ Vnon—strange = % (\@<50> + <58>) — 158MeV,

@ Vstrange = % (<50> - \@<58>) — 148MeV,
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't Hooft coupling with condensate backreaction

® |m; — m,| — 167MeV

f
1200 | 0
Ko*
1000 N
= ul ~
2 800 T
3
g ™ %
£
400 | K :
(¢
200 [
Y
0 L L L L
0 50 100 150 200 250

T [MeV]
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't Hooft coupling with condensate backreaction

|Ak=0(p, T)| and the backreaction of condensate evaporation
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't Hooft coupling with condensate backreaction

Results: B) T-dependent Ap
Instanton motivated T-dependence sets in for T > Ty
To = 143MeV (leaves T, from Vnon—strange unchanged)
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't Hooft coupling with condensate backreaction
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Ua(1) related mass differences vary non-monotonically

Gergely Fejos and Andras Patkés Backreaction of mesonic fluctuations on the axial anomaly at fi



Conclusion and Outlook

Conclusion

Phenomenological non-monotonic temperature dependence of the
KMT coupling first established by Fukushima et al. (2001) is
reconstructed with FRG method in a linear meson model with
extended effective potential to result from

@ non-perturbative backreaction of the chiral condensate on the
RG-evolution of the field dependent coefficient of the 't Hooft
determinant;

@ instanton motivated explicit T-dependence introduced into
this coefficent at the cut-off scale.

Results confirm results of earlier less complete investigations of
Fejés and Hosaka (2016)
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Conclusion and Outlook

Outlook

@ Linearizing the effective potential only in 7 and allowing
general dependence on the 't Hooft-determinant

V(p,7,8) = U(p,A) + C(p)T

brings in effects of higher charged topological configurations
(Pisarski, Rennecke, 2019);

@ Introducing #-term into the effective action of the linear
meson model provides access also to the topological
susceptibility;

@ Wave function renormalisation effects are expected to have
modest influence.
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Technology
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FRG equations of A, and Uy

Ok Uk(p) = %Tzn 5/((8 log Dg + log Dy),

OAK(p) = QT X, 0| & (Alw? + K2 + Up) + 20CeA + A i)
+ 35 (@A, + pAD (W3 + K2+ U}) + U (pA, — 3A4) )|

with

Dg = (w2 + k> + Up) (w2 + k* + Uj + 3pCi) — 30A%,

Do = (w2 + k2 + Uy ) (w2 + k* + U}, + 2pU}) — 3p(Ax + pAL)>.
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FRG equation of Cj

HC=QTY, ak{ - (2C) (W2 + K2+ Up) + 4pCiCl +2C2)
+D (3Ch(w2 + K2 + Up) + 1pCi G, — 2AAL)
—%(A +%pC£+4Ck(wg+k2+U,'())2

(

235 (3G + P2 + K2 + Up) + 3AL (A + pAY) + pCLUY)

302 (16’41 + 5ARCE + 3P Cl(wh + K + UL)(Ai + %PCE> Cx

+2(w2 + K2+ U,’<)2Ck2> —~
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FRG equation of Cy contd.(1)

~DoDs ((w%+k2+UL)2(f’2 C2+ (U +30CL2+ 3 CulUp+40CL) )

(2 K2+ U) (3o CR(UL +5C)) + 35(Uf + $0C)(A
—~4pAA), — 40P A2) + S5(3A2 — 42 AR) )

+50° UL G} — 5pCR(AL — pAKAY = 20° A7) — 3pCALUY

— 577 CkCL A A + pAL) — G5 (A + pA) (A — 402/\22))

2
oty (ACk(W2 + K2 + Up) - A2)

(Wa+K24U) )2 A2

+ 4Dy D2

(43 + oA + $02AZ = SpCi(Uy — 3C))
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FRG equation of Cy contd.(2)

w24-k24+U!

2Ak(w + R4+ UV - 2C)

+(AL + SPAAL + 5 2“'2)(4[)3%;i —3(U; - %Ck))>
(AkAk + AR (4 - LR
w2 2 /
) (Ai(zck +UY) — 4pAAL (U — 2C)

+4p? AZ(UY + %Q))) },
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