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Introduction: 重子CP破坏

• 1956, Parity violation in weak interaction 
• 1964, Observation of CP violation in Kaon 
• 1973, Kobayashi-Maskawa mechanism 
• 2004, Observation of direct CPV in B meson 
• 2019, Observation of direct CPV in D meson
• 2025, Observation of direct CPV in b baryon
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U-spin analysis of b-baryon decays

d       s

Different strong phase and weak phase

• The symmetry between u and (d,s) will change the structure of 
Hamiltonian

• The symmetry transformation of U-spin will not affect the 
generation mechanism of CPV: the weak phasedifference between 
tree level and penguin level.
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Omitting their Dirac structure 

The Hamiltonian can form a doublet 

U-spin analysis of b-baryon decays
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Taking triplet as an example

U-spin analysis of b-baryon decays
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U-spin analysis of b-baryon decays



omitting their Dirac structure 

Detail discussion can be found in [Phys. Rev. D 111, no.5, 053006 (2025)]

U-spin analysis of b-baryon decays
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Simple dynamic analysis



Nucl. Phys. B \textbf{657}, 229-256 (2003)

Simple dynamic analysis

HQET&SCET hard   hard-collinear    collinear    soft

QCD

SCETI

SCETII

See:Nucl. Phys. B 657, 229-256 (2003)



A. ISince the kinematic region of soft and collinear are different, the wave function of hadron containing both soft
momentum of the light quark in b-baryon should

be soft.
B. The strictly analysis of matrix element in SCET need consider the strictly matching between four quark operator

and several SCET operators in which the hard and hard-collinear gluon contribution will be integrated and
therefore the hard scattering kernel will introduced. However, since the hard and hard-collinear gluon line can

not be drawn in the topological diagram, we must omit the scattering kernel hand only analyze the contribution
of SCET operator in Eq.(23). That is the reason we called the dynamic analysis in our work is simply analysis.
C. The quark and anti-quark pair which come from the vacuum in Fig.1 are seen as soft quark and anti-quark

produced form a soft gluon in our work.

Simple dynamic analysis

HQET&SCET hard   hard-collinear    collinear    soft

QCD

SCETI

SCETII

A. In the rest frame of the b-baryon, the HQET indicates that the momentum of the light 
quark in b-baryon should be soft.

B. The strictly analysis of matrix element in SCET need consider the strictly matching 
between four quark operator and several SCET operators in which the hard and hard-
collinear gluon contribution will be integrated and therefore the hard scattering kernel 
will introduced. However, since the hard and hard-collinear gluon line can not be drawn 
in the topological diagram, we must omit the scattering kernel hand only analyze the 
contribution of SCET operator. That is the reason we called the dynamic analysis in our 
work is simply analysis.

C. The quark and anti-quark pair which come from the vacuum are seen as soft quark 
and anti-quark produced form a soft gluon in our work.
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The strategy of find the leading 
power topological diagram is 
choosing the suitable leading 
power Hamiltonian and making 
the quark field in light hadron are 
all soft or collinear.



A. ISince the kinematic region of soft and collinear are different, the wave function of hadron containing both soft
momentum of the light quark in b-baryon should

be soft.
produced form a soft gluon in our work.

Simple dynamic analysis

HQET&SCET

if we focus on the 
structure                             , only 
amplitude c1 have contribution 
and if we focus on the 
structure                       , only 
amplitudes c1 and c3 can have 
contributions.
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Numerical results and conclusion

Amplitude

Prediction

Power correction see: 
Phys. Lett. B 708, 119-126 (2012)
U-spin breaking see:
JHEP 08, 065 (2013)



A. ISince the kinematic region of soft and collinear are different, the wave function of hadron containing both soft
momentum of the light quark in b-baryon should

be soft.
produced form a soft gluon in our work.

Numerical results and conclusion

• Our work provides a U-spin analysis on b-baryon four body decay 
CPV

• To improve the predicted power of our work, we also perform a 
simple dynamic analysis

Prediction


