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Motivation

Unknown baryon wave functions

Failure of the conventional factorization approach

B(⇤+

c ! ⌃
+⇡0

)EXP = (1.24± 0.10)%

Measurements with higher precision in Belle and

BESSIII

B(⇤+

c ! pK�⇡+
) = (6.23± 0.33)%

C. Q. Geng, Y. K. Hsiao, C. W. Liu and T. H. Tsai, JHEP 1711, 147 (2017)
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Introduction of SU(3) Flavor Symmetry

|1i = |ui , |2i = |di , |3i = |si
|1i = |ūi , |2i = |d̄i , |3i = |s̄i

⇡+ = |21i = �i2�
j1 |iji = (⇡+)j

i
|iji

M = (M)j
i
|iji

(M)
j

i
=

0

@
1p
2
(⇡0

+ c�⌘ + s�⌘0
) ⇡�

K
�

⇡+ �1p
2
(⇡0 � c�⌘ � s�⌘0

) K̄
0

K
+

K
0 �s�⌘ + c�⌘0

1

A

ij

,

where (c�, s�) = (cos�, sin�) and � = (39.3± 1.0)�.1

1
T. Feldmann, P. Kroll and B. Stech, Phys. Rev. D 58, 114006 (1998); Phys. Lett. B 449, 339 (1999).
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Introduction of SU(3) Flavor Symmetry

Invariant tensor

✏ijk |ijki �i
j
|j
i
i

Antisymmetric tensor gives us singlet

1p
2
(| "#i � | #"i) ,

1p
6
(|rgbi � |rbgi+ |gbri � |grbi+ |brgi � |bgri)

Same thing happens in color states of mesons

1p
3

�
|r ri+ |ggi+ |bbi

�
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Introduction of SU(3) Flavor Symmetry

Anti-triplet charmed baryons

⇤+

c = |udci� |duci = |12iBc
� |21iBc

= ✏ijk�k3 |ijiBc
⇠ �k3|ki

(Bc)i = (⌅0

c ,�⌅+

c ,⇤
+

c )i

Octet Baryons

B = Bijk |ijki = (Bn)
i

l
✏ljk |ijki
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ljk
) |ijki

(Bn)
i

j
=

0

B@

1
p
6
⇤+

1
p
2
⌃

0
⌃

+ p
⌃

� 1
p
6
⇤� 1

p
2
⌃

0 n

⌅
�

⌅
0 �

q
2

3
⇤

1

CA

ij

Chia-Wei Liu (National Tsing-Hua University Advisor: C. Q. Geng)Anti-triplet Charmed Baryon Weak Decays with SU(3) Flavor SymmetryJune 29, 2019 6 / 18



Introduction of SU(3) Flavor Symmetry

Sextet charmed baryons
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Charmed Baryon Weak Decays

E↵ective Hamiltonian for c transition

He↵ =
GFp
2
(c�O� + c+O+) .

O� =
1

2

X

q,q0=d ,s

VuqV
⇤

cq0
�
(ūq)(q̄0c)�(q̄0q)(ūc)

�
,

O+ =
1

2

X

q,q0=d ,s

VuqV
⇤

cq0
�
(ūq)(q̄0c)+(q̄0q)(ūc)

�
,

where (q̄q0) ⌘ q̄↵�µ(1� �5)q↵.
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Charmed Baryon Weak Decays

E↵ective Hamiltonian for c transition
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Charmed Baryon Weak Decays

The process Bc ! BD(spin-3/2) M

M = hBDM |He↵ |Bci = iqµw
µ
BD
(P � D�5)uBc

,
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) = �2P0 � P1
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Charmed Baryon Weak Decays

We omit O+ for two reasons

Factorizable part

hBD |jµ(A)|Bci = 0

flavor symmetry

Nonfactorizable part:

hB2|O+|Bpi = 0

color symmetry Figure: Factorizable diagram
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Charmed Baryon Weak Decays

We omit O+ for two reasons

Factorizable part

hBD |jµ(A)|Bci = 0

flavor symmetry

Nonfactorizable part:

hB2|O+|Bpi = 0

color symmetry Figure: Baryon pole
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Charmed Baryon Weak Decays

The process Bc ! BD(spin-3/2) M
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Numerical Results

Decay width and up-down asymmetry

� (Bi ! Bf + P) = |pc |3mi (mf +Ef )

6⇡m2

f

�
|P |2 + |D|2

 

↵ =
2 Re(PD

⇤)
(|P|2+|D|2)

Table: Experimental data of the up-down asymmetries and branching ratios.

channel 103Bexp ↵exp

⇤+
c ! �++K� 10.7± 2.5

⇤+
c ! ⌃0+⌘ 9.1± 2.0

⇤+
c ! ⌅00K+ 5.02± 1.04 �1.00± 0.34

⌅0
c ! ⌦�K+ 4.2± 1.0

⌅+
c ! ⌃0+K

0
1.0± 0.523

⌅+
c ! ⌅00⇡+ < 0.123

2
J. M. Link et al. [FOCUS Collaboration], Phys. Lett. B 571, 139 (2003)

3
measured relative to B(⌅+

c ! ⌅
�
2⇡+

)
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Numerical Results

Fitting Results

P = P0fBcBDM
, D = D0fBcBDM

(P0,D0)pm = (3.2± 0.4,�5.1± 2.5)10�2GFGeV , RP0D0
= 0.70

Table: Our results of the up-down asymmetries and branching ratios.

channel 103Bexp ↵exp 103BSU(3) ↵SU(3)

⇤+
c ! �++K� 10.7± 2.5 15.3± 2.4 �0.86+0.44

�0.14

⇤+
c ! ⌃0+⌘ 9.1± 2.0 3.1± 0.6 �0.97+0.43

�0.03

⇤+
c ! ⌅00K+ 5.02± 1.04 �1.00± 0.34 1.0± 0.2 �1.00+0.34

�0.00

⌅0
c ! ⌦�K+ 4.2± 1.0 3.2± 0.7 �1.00+0.34

�0.00

⌅+
c ! ⌃0+K

0
1.0± 0.523 0 -

⌅+
c ! ⌅00⇡+ < 0.123 0 -

2
J. M. Link et al. [FOCUS Collaboration], Phys. Lett. B 571, 139 (2003)

3
measured relative to B(⌅+

c ! ⌅
�
2⇡+

)
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Summary

There is only two parameters in Bc ! BDM .

We find out

↵(⇤+

c
! �

++K�
) = �0.86+0.44

�0.14 ,

which could be tested by the future experiment in BESSIII

and Belle.

Through the experimental data, we predict the non-leptonic

decays branching ratios.
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