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1. Introduction

1. The flavor SU(3) symmetry plays an important role in the conventional quark
model, which classifies hadrons into various of irreducible representations.

2. Although the assumption of perfect flavor SU(3) symmetry succeeds in most
of phenomenological analysis on hadron decays and spectrums, its breaking
effect still cannot be neglected.

3. One of the physical effect due to the flavor SU(3) breaking is the hadron
mixing.
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1. The electric charge difference among the u, d, s quarks, which 
involves the QED effect.

2. The mass difference between u, d and s quarks, which only 
provides QCD contribution to hardon mixing.

There are two sources of the flavor SU(3) breaking.

the QED effect is expected to be tiny! 

QEDQCD
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Mixing angle is very important!

Physical states

Flavor SU(3) breaking: 
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Flavor statesMixing matrix



Sensitive to new physics !
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B

𝒍!

𝒍"

b s

q

𝑲, 𝑲∗ , 𝑲𝟏⋯
0!, 1!,  1"

Mixing in axial vector kaons

Real process only 
happen for hadrons: 

FCNC process:

1. Introduction

FCNC decays: 𝑩 → 𝑲 𝒍"𝒍#

An indirect method of measuring 𝜃#$ in D meson decays was proposed
by P. F. Guo, D. Wang, F. S. Yu in Ref. [Nuclear Physics Review, 36, 
125 (2019)]. 
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the mass eigenstates of the 
full Hamiltonian H:

the mass eigenstates of the 
SU(3) conserved Hamiltonian H0:

SU(3) conserving term: The same mass for u, d, s:

SU(3) breaking terms: The different mass for u, d, s: 

Full Hamiltonian:
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Phys.Lett.B 841 (2023) 137941.

This method was firstly proposed in the study of Ξ$ − Ξ$′ mixing :
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Transformation between doublets:
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Same 3-momentum!

Only 𝑭𝟏 is necessary!
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Hadron Level:
insert complete sets

Quark-gluon Level：
OPE calculation

Quark-hadron duality

➕
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Hadron Level:

To remove the irrelevant form factors we operate the following projection on the correlation function
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Hadron Level Quark-gluon Level
Quark-hadron duality

Form factor 

OPE calculation 

𝒔𝟏,𝟐𝒕𝒉 : the threshold of first excited state
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dim-0 dim-3: ⟨'𝒒𝒒⟩

dim-4:
⟨𝑮𝝁𝝂𝒂 𝑮𝒂𝝁𝝂⟩

Vanish
dim-5dim-3

 (d), (e) are suppressed by m_s^2; (f) is suppressed by m^2.
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dim-5: ⟨'𝒒𝒈𝒔𝝈𝝁𝝂𝑮𝝁𝝂𝒒⟩

The diagrams (b), (c), (e) and (f) vanishes under double Borel transformation.

 (d) vanishes under the 
projection
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dim-0 dim-3 + dim-5 

dim-4

dim-5
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Threshold:

𝒔𝟏𝒕𝒉

𝒔𝟐𝒕𝒉
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The continuous spectrum contribution must be smaller than the pole contribution！

𝒔𝟏

𝒔𝟐

𝑚%&
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Demand:

The contribution from higher dimension less than lower dimension!
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However, instead of the physical region, QCDSR calculation establish 
on  the deep Euclidean region result: F1(q2 ≪ 0) is known. 
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Consistent within the error



4. summary
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Ø Divide the Hamiltonian into the SU(3) conserving and breaking terms.

Ø Relate sin 𝜃(! with kaon matrix element.

Ø QCD sum rules calculation for the kaon matrix element.

Ø Determine the appropriate Borel parameters.


