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Chiral transition for small quark masses and universal scaling

SU2)y @ SU(2)a ~ O(4)
For sufficiently small m; the chiral transition is governed by universal O(4) scaling
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Chiral transition for small quark masses and universal scaling

HISQ action, N, = 6 lattices

M = <ZL¢>/T37 M

_ hl/éfG(Z) + freg(T, mp), Jreg = (

Staggered quarks only preserve a subgroup of chiral symmetry of QCD:
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Chiral transition and spectrum of Dirac eigenvalues

Macroscopic

Y(m) = 2Te(PU] +m) ™

Chiral susceptibility
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Approaching the chiral limit
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Universal O(N) scaling of the cumulants of the chiral condensate:
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Calculating the spectral density of Dirac eigenvalues

e Commonly used method: Lanczos algorithm to calculate the individual
low-lying eigenvalues

e We use Chebyshev filtering technique with stochastic estimate of the mode
number:

Mode number for Hermitian operator A in interval [s, t]:

1
Nist] = Zﬁgh(A)ﬁk, Ny, #random vectors, h(A) = 1 inside [s, t], 0 outside

g5, are
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p
e Approximate h(A) by Chebyshev polynomials, T;: h(A) = Z 95715 (A)
j=0

For operator restricted to the interval [—1,1], To(A) = I, T1(A) = A,
DD — (AP!D | \D'Dyf /o

max min

TJ(A) = 2ATj_1(A)—Tj_2(A), ] > 2=use A =

(ABL2 + A0V /2
\) — L Nx—6x/2,A+67/2] Ding et al, PRL126 (2021) 082001
PU( ) 4 25\ Zhang et al, Lattice’19, arXiv:2001.05217

Cossu et al, Lattice’ 15, arXiv:1601.00744

gé? suppresses oscillations at the boundary D1 Napoli, Polizzi, Saad, arXiv:1308.4275



Lattice calculation of the cumulants
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HISQ action, N2 x N, lattices

N, =8, N, =32 —56

m;/ms = 1/27, 1/40, 1/80, 1/160
m, = 140, 110, 80, 55 MeV

T =135 —176 MeV

# conf: 1.4K-6.8K
# RV: 24 (high T)- 96 (low T)
Order of Chebyshev polynomials: 200K

Open symbols: dir. meas.



Chiral observables and spectrum of Dirac eigenvalues
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Chiral observables and spectrum of Dirac eigenvalues
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Breakdown of scaling at higher temperatures
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Breakdown of scaling at higher temperatures
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Why ?

Transition to instanton gas ?

11




Spectral density of Dirac eigenvalues and instanton gas

Instanton gas: p ~ m;

vs. O(N) scaling p ~mp*, n <2
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Spectral density of Dirac eigenvalues and

iInstanton gas
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Summary

e We establish a novel relation:

K, (Y1) = /[Pu()\l;ml)Pu()\Q;ml) o Py( Ay my)] ﬁ d\; = /Pn(/\)d)\

™~ ’ /
n'" cumulant of the n-point correlations
chiral condensate of quark energy spectra

e Obtained a generalization of the Banks-Casher relation:

i Kn () = Jim = (2m)"Ka lou (0)]

e Found a microscopic encoding of macroscopic universality:

Pu(A) =m0 (2) gn (M)

e Universal behavior of microscopic QCD Dirac eigenvalues (quark energy
levels) in the limit of vanishing quark masses also holds for the physical
value of the light quark masses =- an alternative method to study universal

O(N) scaling

e For T' > 160 MeV and sufficiently small quark masses we see the onset of

instanton gas like behavior, p(\) ~ m?
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