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The doubly charm baryons
u  Two SU(4) baryon 20-plets with             and            , each contains a SU(3) triplet

      with two charm quarks:         (ccu)         (ccd)          (ccs).

u            expected to decay to            states via strong/electromagnetic interaction.

u            states decay weakly with a quark transformed to lighter quarks.
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Ø SELEX  observed       in                       and                     decay
Ø LHCb observed the         state in the                   decay
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  Kccc
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 cc

  Kc
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Ø Theoretical work that proposed the discovery channel

Ø A phenomenological model is employed
Ø Under this framework we calculated the        and     of Vccc BB BR 

Fu-Shenng Yu's report



      We focus on weak decays induced by the charge current               .

The contributing low energy effective Hamiltonian is given by
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Both short distance and long distance contributions are contained.
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VP
 pseudoscalar meson

 vector meson

factorization  hypothesis
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The long distance contributions are modeled as final-state 
interactions (FSIs) and calculated under the one-particle-
exchange model
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

H. Y. Cheng, C. K. Chua and A. Soni, Phys. Rev. D 71, 014030 (2005)





We adopt Optical theorem to calculate the imaginary part of triangle 
diagram , treat the intermediate particles 2 and 3 as on-shell.

H. Y. Cheng, C. K. Chua and A. Soni, Phys. Rev. D 71, 014030 (2005)

The absorptive part :

The dispersive part can be calculated via the dispersion relation:

We assume the absorptive part is dominating and neglect the dispersive 
part.
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To proceed, the Lagrangian for the strong couplings is necessary:
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Which corresponds to two 
depictions at hadron level Which corresponds to one depictions at hadron level
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t-channels-channel

Which with a resonance-
like structure is expected 
to be highly suppressed

t-channel contribution 
with a light meson 
exchange

ConsideredIgnored
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Cheng,Chua,Soni,PRD 
71, 014030(2005)
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The amplitude of                       is expressed by0
ccc  
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 Transition form factors  with scalar (0+)  and the axial vector (1+)  diquarks.

W. Wang, F. S. Yu and Z. X. Zhao, Eur. Phys. J. C 77, no. 11, 781 (2017) 20
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Ø The weak decay is induced at quark level by                . The      pair annihilates 
subsequently, and the weak transition is equivalent to a flavor changing neutral 
current                  . The same situation exists in               inducing decays. 

Ø Topologically, it looks the same as      or       operators in the low energy effective 
hamiltonian, which are purely loop effects and suppressed highly at short distance 
in the standard model. 

Ø However, it is the long distance contributions that are considered here, thus they
      are kept.

dudc  dd

susc 
7O G8O

Guc 



For lack of experimental data we use             in this work and range it from 1 to 2 for error 
estimation.

51.
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Ø The       of singly CKM suppressed decays range from order of         to        . The doubly CKM 
suppressed decays have the smallest       at the order of        . 

Ø Among decays in the same CKM mode, those with T contributions tend to have largest       . 
The C type decays are about several times smaller than the T type. The other types of decays 
are suppressed highly.  

Ø Checking the errors, one can find that the T contributions are not sensitive to the variation 
of    . However, the other types of contributions which increase or decrease rapidly as   
changes. 

Ø                                       have the largest       , whose values are around 16% (    may have a 

      low reconstruction efficiency in experiments ).
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Because there is no experimental data for lifetime of        . Instead of branching fractions we 
present the decay widths in unit of GeV.

cc

Ø Estimated with the                    ,the four largest branching fractions are given asfs45
cc
 

Ø Some pure W exchange decays which are highly suppressed at short distance.These decays 
are thought to be activated almost by the long distance effects.
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Ø Estimated with                   , the branching ratios of the three decays are given asfs75
cc
 

   KpKcc



Vccc BB 
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