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Does the U(1), anomaly
disappear/survive above T_7?

« Above T, chiral symmetry breaking via (gq) disappears
=How about U(1), symmetry breaking?

An “order parameter” is, for example,

Ap_g5 = food4x [ ()m® (x) = 8%(x) 8% (x)]
0

U(1)a breakingJ

Temperature




JLQCD’s finite T project
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Summary of N.=2 results

(by JLQCD publications in 2012-2021)
« At a~0.1fm, the results for axial U(1) susceptibility with
Mobius domain-wall fermion and overlap fermion are

Inconsistent: precise chiral sym. is crucial.

At T>=T_, U(1), and topological susceptibilities are

strongly suppressed near the physical quark mass [PRD103
074506 (2021)]

At 220<T<500MeV, SU(2)., (and SU(4) ) symmetry

emerges. [Glozman 2015, Glozman and Pak 2015, 2017, Rohrhofer et al2017,
2019, 2020]
=Related talk in Nf=2+1 by D. Ward [Mon.]

 Signal of Chiral susceptibility is dominated by U(1)a
anomaly [PTEP 023B05 (2022)] =Related talk by H. Fukaya [Tue.]

This talk: Preliminary N=2+1 results near Tc




Lattice setup

Nf=2+1 Mobius-DW / (reweighted) overlap fermions +
Symanzik gauge action

« 1/a=2.453GeV (a~0.08fm)
L=32 (2.58fm), 40 (3.22fm), 48 (3.86fm)
1=204MeV (1.3Tc), 175MeV (1.1Tc),

m,= (mass reweighting from 5 MeV),

q
(phys. pt. sim.), 9, 17, 29MeV

m.=100MeV (phys. pt.)
Simulation codes : Irolro++ (https://github.com/coppolachan/irolro)

Grid (https://github.com/paboyle/Grid)
Bridge++(https://bridge.kek.jp/Lattice-code/)



https://github.com/coppolachan/IroIro
https://github.com/paboyle/Grid
https://bridge.kek.jp/Lattice-code/
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Dirac spectrum and QCD physics
at different scales
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Dirac spectrum at T = 204MeV (1.3Tc)
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Nf=2, JLQCD, 2011.01499
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Dirac spectrum at T = 175MeV (1.1Tc)
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Dirac spectrum atT = 153MeV (~Tc
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Dirac spectrum at T = 136MeV (0.9Tc)
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Lowest bin of Dirac spectrum

Ni=2+1
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U(1), susceptibility

food4x [T2 ()T (x) — §%(x)6%(x)]
0

2

oo
2m .
f dA p(A) Low mode contribution is
0 (42 + m%)? enhanced by the factor of 1/1*

2m
A2 4+m?2

Cf.) Banks-Casher relation: (gq) = limo fooo dA p(A1)
m-

Sensitive to violation of Ginsparg-Wilson relation of
the lowmodes.

Gives a dominant contribution to connected chiral
susceptibility (Fukaya, Tuesday)
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U(1), susceptibility
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Topological susceptibility and zero
mode of Dirac spectra a
L- hand R-hand
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Topological susceptibility

Nf=2+1
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Topological susceptibility divided by m?*
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This gives a dominant contribution to disconnected
chiral susceptibility (Fukaya, Tuesday)




Volume dependence and OV vs. DW
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Summary

We simulate N=2+1 QCD at high temperatures with chiral
fermions at physical quark mass point.

0.9T, Near T,

p(0) or
SU(2)xSU(2) Nonzero
breaking

suppressed
in the chiral limit

suppressed

U(1), susceptibility Nonzero L s

Top. Ne b0 suppressed
susceptibility/m? in the chiral limit

SU(2) xSU(2)g and U(1), are correlated very much.
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