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• Introduction

Charm Quark  媚夸克

媚



History for Charm in Theory

In 1956, Sakata model: 

Lepton-Baryon symmetry In 1959 and 1962, Marshak: Kiev symmetry 

In 1962, Sakata et al (Nagoya); Katayama et al (Tokyo): 

In 1964, Bjorken & Glashow: Proposed a 4th quark and invented the name “Charm” 

In 1970, Glashow, Iliopoulos and Maiani (GIM): GIM mechanism
B.J. Bjorken and S. Glashow, Phys. Lett. 11 (1964) 255.

S. Glashow, Iliopoulos and Maiani, Phys. Rev. D2 (1970) 1285.

︸0

R. Marshak, rapporteur talk at 9th International Conference on High Energy Physics, Kiev, Ukraine, 1959.
R. Marshak, rapporteur talk at 11th International Conference on High Energy Physics, CERN, July 1962.



The 1974 November Revolution of HEP: Discovery of a new QUARK —  Charm (c) 

At the East coast of US: Received by PRL on Nov. 12, 1974
Brookhaven (Proton Synchrotron)

At the West coast of US: Received by PRL on Nov. 13, 1974

SLAC (e+e- collider)

J

𝝍

丁肇中

B. Richter

J/𝝍 = cc

Nobel Physics Prize 1976

苏联⼗⽉⾰命（November 1917) 44年前(1974) 
11月10,11日

Nov. 10, 1974

Nov. 11, 1974  
Ting and Richter met at 

SLAC



• BESIII at the Beijing Electron Positron Collider (BEPCII)

A uniquely clean background  
to study Charm Baryons

Recent experimental developments in charmed baryons:

Many newly measured  charmed baryon decays.

• LHCb discoveries pentaquark-like charm baryons Pc (uudcc) and 
the doubly-charmed baryon 𝜩cc by the Chinese group (中国团队）++



Extensive recent theoretical studies on weak decays 
of charmed baryons (cross-strait 海峽兩岸):

• H.Y. Cheng et al in 1990s and recently:
H.Y. Cheng, X.W. Kang and F.R. Xu, ``Singly Cabibbo-suppressed hadronic 
decays of  Λc+,’'  Phys. Rev. D97, 074028 (2018)

• C.D. Lü, W. Wang,  F.S. Yu ……. :
C.D. Lü, W. Wang and F.S. Yu,``Test flavor SU(3) symmetry in exclusive Λc decays,'' 
Phys. Rev. D93, 056008 (2016)

D. Wang, P.F. Guo, W.H. Long and F.S. Yu, ``KS0−KL0 asymmetries and CP violation  
in charmed baryon decays into neutral kaons,’' JHEP 1803, 066 (2018)

W. Wang, Z.P. Xing and J. Xu,``Weak Decays of Doubly Heavy Baryons: SU(3) Analysis,'' 
Eur. Phys. J. C77, 800 (2017)

Z.X. Zhao,``Weak decays of heavy baryons in the light-front approach,'' 
Chin. Phys. C42, 093101 (2018)

… … … … …

F.S. Yu, H.Y. Jiang, R.H. Li, C.D. Lü, W. Wang, Z.T. Zhou, ``Discovery Potentials of 
Doubly Charmed Baryons,''  Chin. Phys. C42, 051001 (2018)

See Talk by F.S.Yu

See Talk by F.R. Xu



• C.Q. Geng, Y.K. Hsiao, Y.H. Lin and L.L. Liu                     
``Non-leptonic two-body weak decays of Λc(2286),''         
Phys. Lett. B776, 265 (2017).

• C.Q. Geng, Y.K. Hsiao, C.W. Liu and T.H. Tsai,                  
“Charmed Baryon Weak Decays with SU(3) Flavor 
Symmetry,” JHEP 1711, 147 (2017).

• C.Q. Geng, Y.K. Hsiao, C.W. Liu and T.H. Tsai,                           
“Anti-triplet charmed baryon decays with SU(3) Flavor Symmetry,” 
Phys. Rev. D97, 073006 (2018).

• C.Q. Geng, Y.K. Hsiao, C.W. Liu and T.H. Tsai,            
“SU(3) symmetry breaking in charmed baryon decays,”          
Eur. Phys. J. C78, 593 (2018).

• C.Q. Geng, Y.K. Hsiao, C.W. Liu and T.H. Tsai,                        
“Three-body charmed baryon Decays with SU(3) flavor symmetry,” 
arXiv:1810.01079 [hep-ph].

Studies of charmed baryons with SU(3)F flavor symmetry 



SU(3)F   Flavor Symmetry     

SU(3)F : 
SU(3)C : 3⊗3⊗3=10S⊕8Ms⊕8MA⊕1A

3⊗3⊗3=10S⊕8Ms⊕8MA⊕1A

SU(2)spin : 2⊗2⊗2=4S⊕2Ms⊕2MA

Light physical allowed states (q=u,d,s)

(SU(3)C, SU(3)F, SU(2)spin) (1, 8, 2)=Bn (1, 10, 4)

Totally antisymmetric states

Three light quarks: q=u,d,s

Space: L=0   Symmetric

spin=1/2 spin=3/2
 Antisymmetric  Symmetric

QCD SU(n)F 
Flavor Symmetry     

SU(3)C × SU(n)L × SU(n)R × U(1)B

q

q

3 n 1

3 1

1/3

-1/3n

      SU(3)C × SU(n)F=L+R × U(1)B

3 n

3

1/3
-1/3n



SU(4)F : 4⊗4⊗4=20S⊕20Ms⊕20MA⊕4AFour quarks: q=u,d,s,c

SU(3)C : 3⊗3⊗3=10S⊕8Ms⊕8MA⊕1A

SU(2)spin : 2⊗2⊗2=4S⊕2Ms⊕2MA (SU(3)C, SU(4)F, SU(2)spin)
Space: L=0   Symmetric

 Antisymmetric  Symmetric

(1, 20, 2)
spin=1/2

(1, 20, 4)
spin=3/2



anti-triplet (3) sextet (6)

Charmed Baryons (JP=1/2+) with SU(3)F

SU(3)F : 3     

SU(3)F: 3⊗3=3⊕6

SU(3)F : 8     

20-plet of SU(4)F with 8⊕3⊕6⊕3 of SU(3)F

spin=1/2



• Effective Hamiltonians for weak decays of charmed 
baryons with SU(3) flavor symmetry 

The effective Hamiltonian for the semileptonic c → q l+ νl transition with q=(d or s):

For the non-leptonic c → s u d, c → u q q and c → u d s transitions,

Cabibbo-allowed Cabibbo-suppressed doubly Cabibbo-suppressed



SU(3)F:

The Hamiltonian without QCD corrections:

The first order QCD corrections:

Summing up all orders:



• Semileptonic decays of charmed baryons 

Experimental Data   

Under SU(3)F flavor symmetry:

C.D. Lü, W. Wang and F.S. Yu,``Test flavor SU(3) symmetry in exclusive Λc decays,'' 
Phys. Rev. D93, 056008 (2016)



• Semileptonic decays of charmed baryons 

Experimental Data   

Under SU(3)F flavor symmetry:



• Two-body nonleptonic decays of charmed baryons 

Under SU(3)F flavor symmetry:



Assumption
Two reasons: 
1. (c-/c+)2 ~ 5.5;

2. is symmetric, whereas the baryon wave function is totally

antisymmetric in color indices. Vanishing nonfactorizable contributions

What is about the factorizable parts of H(15)?

the only term which leads to factorizable 
contributions to Bc → BnM 

Bc

Bn

Hij(15)
Mji

i

j



Cabibbo-allowed Cabibbo-suppressed



doubly Cabibbo-suppressed



The minimum 𝛘2 fit:

11 data points above to fit with 7 real parameters:

104B(Λc+→pπ0) = 0.80±1.36



BRs of Cabibbo-allowed decays



BRs of Cabibbo-suppressed decays



PoCA

0.75

10.6

7.18

14.4

12.8

2.66

Remarks on Λc → pπ0

H.Y. Cheng, X.W. Kang and F.R. Xu,  
``Singly Cabibbo-suppressed hadronic decays  
of  Λc+,’'  Phys. Rev. D97, 074028 (2018)

Our result of Br(Λc+→pπ0)=(1.3±0.7)×10-4 

is consistent with the data of <2.7×10-4 as well 
as that of 0.75×10-4 by PoCA.

See Talk by F.R. Xu

(<2.7)



BRs of DCS decays



• Three-body nonleptonic decays of charmed baryons 

Assumptions:

1. Consider only the S-wave (L=0) contributions from MM’ in the amplitudes. 

2. Neglect the effects from H(15).

3. Take the data with only the non-resonant parts.

Under SU(3)F flavor symmetry:









14 data points above to fit with 11 real parameters:



BRs of Λc → BnM1M2



BRs of 𝚵c → BnM1M2
+ BRs of 𝚵c → BnM1M2

0



♦ Rich physics for Charmed Baryons at BESIII, LHCb, BELLEII ……  

♥  We have studied the weak decays of charmed baryons  
       based on SU(3)F flavor symmetry.

More theoretical and experimental studies are needed. 

☞

♥  From the measured semileptonic decay of

• Summary

♥  For the two-body decays of  Bc → BnM, we have obtained a good fit for the 
      7 parameters without H(15). By including the factorizable contributions from H(15),     
      we have found that Br(Λc+→pπ0)=(1.3±0.7)×10-4, which agrees with the  
      current experimental upper limit of 2.7×10-4.

 we can predict other semileptonic decays of Bc, such as 

♥  By considering only the S-wave contributions from M1M2 and neglecting H(15) as well 
      as the nonresonant data points, we have systematically predicted the three-body decays  
      of  Bc → BnM1M2  for the first time.



Thank you!

謝謝！

! !




