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Outline

Ø Ξ! semi-leptonic decays from experiments and theory

Ø Interpretation by SU(3) breaking effect

Ø Ξ" − Ξ"′mixing from SU(3) breaking 

Ø Ξ" − Ξ"′mixing angle in LFQM

Ø Conclusion



Ξ! semi-leptonic decays
Deviation between exp & th
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Ξ! semi-leptonic decays

Belle: Phys.Rev.Lett. 127 (2021) 12, 121803

Alice: Phys.Rev.Lett. 127 (2021) 27, 272001

Lattice:

from
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Ξ! semi-leptonic decays
LCSR: Phys.Rev.D 104 (2021) 5, 054030

arXiv: 2103.09436 by Zhen-Xing Zhao

QCDSR:

Eur. Phys. J. A (2012) 48: 2 

https://arxiv.org/abs/2103.09436
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Ξ! semi-leptonic decays

SU(3) analysis:

(a). Equal masses of initial and
final baryons;

(b). Constant helicity amplitude

(c). transition form factors 
in the heavy quark limit

Chao-Qiang Geng, Chia-Wei Liu, Tien-Hsueh Tsai, Shu-Wei Yeh
Phys.Lett.B 792 (2019) 214-218
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Ξ! semi-leptonic decays

SU(3) analysis with SU(3) breaking:

Mass matrix:

Xiao-Gang He, Fei Huang, Wei Wang, Zhi-Peng Xing
Phys.Lett.B 823 (2021) 136765

No SU(3) breaking

SU(3) breaking
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SU(3) breaking → Ξ! − Ξ!′ mixing

Mixing angle

$𝟑 𝟔
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Ξ! − Ξ!′ mixing	to	match	experiments

Phys. Rev. Lett. 121, 162002 (2018) JHEP 05 (2022) 038

LHCb: 

To fit this ratio: 

Hong-Wei Ke, Xue-Qian Li, Phys.Rev.D 105 (2022) 9, 096011

from
Chao-Qiang Geng, Xiang-Nan Jin, Chia-Wei Liu
Phys.Lett.B 838 (2023) 137736

(≈ 24°)

From non-leptonic decays

From semi-leptonic decays

(LFQM)

(LFQM)
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Ξ! − Ξ!′ mixing	in	QCDSR

Eur.Phys.J.C 83 (2023) 10, 961

Heavy quark limit: 𝜽 → 𝟎
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Ξ! − Ξ!′ mixing	in	LQCD

Phys.Lett.B 841 (2023) 137941



Ξ! − Ξ!′ mixing	from	SU(3)	breaking
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Extracting Ξ! − Ξ!′ mixing	angle	

The Lagrangian can be decomposed into SU(3) conserving and 
breaking terms:

The same mass and charge for u, d, s,
SU(3) conserving

The mass and charge differences are attributed to the
SU(3) breaking terms
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Extracting Ξ! − Ξ!′ mixing	angle	

Hamiltonian:

The SU(3) conserving Hamiltonian is diagonalized by  Ξ!
"# and Ξ!$ :

The full Hamiltonian is diagonalized by Ξ! and Ξ!′ :

Transformation between doublets: 𝑆 = Ξ!
"# , |Ξ!$⟩

%
, 𝑃 = Ξ! , |Ξ!& ⟩

%
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Extracting Ξ! − Ξ!′ mixing	angle	

In the basis of 𝑆 = Ξ!
"# , |Ξ!$⟩

%
:

H =

𝑆 = 𝑈/|𝑃⟩
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Extracting Ξ! − Ξ!′ mixing	angle	

On the another hand:

Ξ!$ 𝐻' Ξ!
"# = 0

𝐻' conserves SU(3) symmetry

An unkown
matrix element

Mixing angle

Extracting 𝜽
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QCD contribution to Ξ! − Ξ!′

Calculate a three-point correlation 
function on lattice:

Hang Liu, Wei Wang, Qi-An Zhang, arXiv:2309.05432

https://arxiv.org/abs/2309.05432
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QCD contribution to Ξ! − Ξ!′
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The three-quark picture of LFQM

𝑝(

𝑝)

𝑝#

Light-cone 3-momentum

Light-cone 3-momentum conservation

Wave function

On shell:
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Three-quark picture in LFQM

𝑝(

𝑝)

𝑝#
𝒌𝟐 − 𝒌𝟑, 𝜷𝟐𝟑

𝒌𝟏, 𝜷𝟏

Spin:

Momentum:

Zhen-Xing Zhao, Fu-Wei Zhang, Xiao-Hui Hu, Yu-Ji Shi
Phys.Rev.D 107 (2023) 11, 116025
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LFQM Calculation

Contributes Vanishes Vanishes

The charm quark spin is changed by photon, a 1/𝑚! effect. 

Spin conserved
Spin changed

𝒎𝑸 ↑ 𝜃𝑸𝑬𝑫 ↓
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LFQM Calculation

𝑘(*
𝑘)*

𝑘′(*

𝜶

𝜷

𝑘(

𝑘)

𝑘′(

∝
𝑙3𝑙4

𝑙5
No IR divergence

The only possible IR region is 𝒍𝟐 = 𝟎
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Mixing Angle

Very small !
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Conclusion

Ø To match the measured semi-leptonic decay BF, the 
required Ξ" − Ξ"′mixing angle is around 10° − 30°

Ø QCD contributes only ~1°

Ø QED contribution is much smaller: 0.04°

Ø It seems that the Ξ" − Ξ"′mixing effect is too small to 
affect the Ξ" decays

Any other mechanisms to explain the gap between exp. & th. ?
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𝐾7 1270 − 𝐾7 1400 mixing

Yu-Ji Shi, Jun Zeng, Zhi-Fu Deng, arXiv:2310.20429

https://arxiv.org/abs/2310.20429
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Thank you for your attention !


