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mq: fundamental parameter in SM, but cannot be directly measured, and can

be only determined in an indirect way!
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PDG ® 2020 Review of Particle Physics.
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m = (mu = md)/2
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1 DOMINGUEZ 2019: determine the quark mass from a QCD finite energy

sum rule for the divergence of the axial current.

2 YUAN 2017: determine m, using QCD sum rules in the isospin I=0 scalar
channel. The result is clearly larger than other determinations !



QCD sum rule



(¢?) = i / d'zet (QIT{js(x), 15 (0)}0)

QCD: OPEL, instanton Phenomenology:
(isoscalar scalar case ), resonance (mass,
nonperturbative condensates width), background

We focus on
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OPE + instanton
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Running of a; and m, upto four-loop order
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Phenomenological spectral functions

1 oo
RiERsE) (. S0, Myg) = — / e~ ST ImITFPe) (5) ds

T Jam?2

— R(Res) (T,80) + R(ESC)(’T, 50, Myq)

Im M(s) = 3 pi(s) F{()P0(s = 51

2.,(s) = (01gA,q|PQ) pils) = 5 s

( scalar form factors of the PQ mesons)

« The most important theoretcial input in our study
is the scalar form factor of an



Resonance dynamics and spectral functions
from Chiral EFT



Chiral EFT calculation [ZHG et al., PLB'12, PRD'12]
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All the unknown FF parameters

1.2

are fixed by scattering data
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Parameter-free predictions of the scalar form factors
[ZHG et al., PLB'12, PRD'12]
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Results from SVZ QCD sum rule
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Monte-Carlo QCD sum rule
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Key objects of QCD Sum rule:
R(QCD) (7 ) = R\Fhen) (7, 80, Mq)

To quantitatively impose the equivalent condition between QCD and phenomenology:
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» Random samples of QCD parameters with 10% uncertainties

» Large samples are also generated for the hadron spectral functions
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3.2

3.4

5(GeV?)

We repeat the minimization procedrues hundreds of thousands of times with the
large random samples of the QCD parameters and the hadron spectral functions.
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Systematical uncertainties are estimated by taking a different

hadron spectral function. Our final result is

so =3.10+0.11 £ 0.16 GeV?

mq = 3.44 +0.14 = 0.32 MeV

(SVZ: m,(2 GeV) = 3.461925+0.33 MeV )

Both results are nicely compatible with PDG average

[Yin, Tian, Tang, ZHG, EPJC'21]
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Summary

» We demonstrate that the light-quark mass resulting from the
isoscalar and scalar QCD sum rules is compatible with the
determinations from other approaches.

» Chiral EFT provides a more sophisticated way to calculate

the hadron spectral functions, beyond the simple pole +
background method.

» We foresee that the strange quark mass can be determined in
a similar way.

Thanks for your attention !



