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Overview

强相互作用的低能结构可以由夸克模型确定。

Ø 由四种味道(u,d,s,c)，可以构成JP =1/2+和
JP =3/2+的20重态。
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15. Quark model 13

Figure 15.4: SU(4) multiplets of baryons made of u, d, s, and c quarks. (a) The
20-plet with an SU(3) octet. (b) The 20-plet with an SU(3) decuplet.

of the spatial part of the state function in order to make the overall state function
symmetric. States with nonzero orbital angular momenta are classified in SU(6)⊗O(3)
supermultiplets.

It is useful to classify the baryons into bands that have the same number N of quanta
of excitation. Each band consists of a number of supermultiplets, specified by (D, LP

N ),
where D is the dimensionality of the SU(6) representation, L is the total quark orbital
angular momentum, and P is the total parity. Supermultiplets contained in bands up to
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LHCb observation of 

]2c) [MeV/++
ccΞ(candm

3500 3600 3700

2 c
C

an
di

da
te

s p
er

 5
 M

eV
/

0
20
40
60
80

100
120
140
160
180

Data
Total
Signal
Background

LHCb 13 TeV

4

LHCb,PRL119,112001

Searching for 𝚵𝒄𝒄++(𝒄𝒄𝒖)
• Expected to have longer lifetime than Ξ𝑐𝑐+ , higher sensitivity at LHCb
• Decay: Ξ𝑐𝑐++ → Λ𝑐+𝐾−𝜋+𝜋+, branching fraction up to 10% 
• Data sample: LHCb run II at 𝑠 = 13 TeV, ~1.7 fb-1

¾ Dedicated exclusive trigger ensuring high efficiency, full event reconstruction at 
trigger level

¾ Run I data (2012) also analyzed for cross-check
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Ξ𝑐𝑐++ → Λ𝑐+𝐾−𝜋+𝜋+

Refs. [56]

Discovery Potentials of Doubly Charmed Baryons,
F.S. Yu, H.Y. Jiang, R.H. Li, C.D. Lü, WW, Z.X. Zhao, arXiv:1703.09086
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decay modes
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Comparison with SELEX
• Large mass difference: 𝑚(Ξ𝑐𝑐++)LHCb −𝑚(Ξ𝑐𝑐+ )SELEX = 103 ± 2 MeV

¾ Inconsistent with being isospin partners

• Production:  𝑁(Ξ𝑐𝑐)/𝑁(Λ𝑐+) much smaller in LHCb result
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Large Isospin Symmetry Breaking?
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decay modes⌅+
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Large Isospin Symmetry Breaking?
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Resolving the SELEX–LHCb Double-Charm Baryon Conflict:

The Impact of Intrinsic Heavy-Quark Hadroproduction

and Supersymmetric Light-Front Holographic QCD

S. J. Brodsky1, S. Groote2, S. Koshkarev2, H. G. Dosch3 and

G. F. de Téramond4

1 SLAC National Accelerator Laboratory, Stanford University, Stanford, California

94309, USA

2 Institute of Physics, University of Tartu, 51010 Tartu, Estonia

3 Institut für Theoretische Physik der Universität, 69120 Heidelberg, Germany

4 Universidad de Costa Rica, 11501 San José, Costa Rica

Abstract

In this paper we show that the intrinsic heavy-quark QCD mechanism for the

hadroproduction of heavy hadrons at large xF can resolve the apparent conflict be-

tween measurements of double-charm baryons by the SELEX fixed-target experiment

and the LHCb experiment at the LHC collider. We show that both experiments are

compatible, and that both results can be correct. The observed spectroscopy of

double-charm hadrons is in agreement with the predictions of supersymmetric light

front holographic QCD.
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Topology
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Semi-leptonic decays
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Key point is to calculate form factors !

First try in the light-front quark model !
Wei Wang, Fu-Sheng Yu, Zhen-Xing Zhao, arXiv: 1707.02834!

2. Semi-leptonic decays !
!

l+! l+! l - !

ν! ν!

Key point: form factors
WW, F.S.Yu, Z.X.Zhao, arxiv:1707.02834
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Semi-leptonic decays

Weak Decays of Doubly Heavy Baryons: the 1/2 ! 1/2 case

Wei Wang1 ⇤, Fu-Sheng Yu2 †, and Zhen-Xing Zhao1 ‡

1
INPAC, Shanghai Key Laboratory for Particle Physics and Cosmology,

School of Physics and Astronomy, Shanghai Jiao Tong University, Shanghai 200240, China

2
School of Nuclear Science and Technology,

Lanzhou University Lanzhou 730000, People’s Republic of China

Very recently, the LHCb collaboration has observed in the final state ⇤+
c K

�⇡+⇡+ a res-

onant structure that is identified as the doubly-charmed baryon ⌅++
cc . Inspired by this

observation, we investigate the weak decays of doubly heavy baryons ⌅++
cc , ⌅+

cc, ⌦
+
cc, ⌅

(0)+
bc ,

⌅(0)0
bc , ⌦(0)0

bc , ⌅0
bb, ⌅

�
bb and ⌦�

bb and focus on the decays into spin 1/2 baryons in this paper. At

the quark level these decay processes are induced by the c ! d/s or b ! u/c transitions, and

the two spectator quarks can be viewed as a scalar or axial vector diquark. We first derive

the hadronic form factors for these transitions in the light-front approach and then apply

them to predict the partial widths for the semi-leptonic and non-leptonic decays of doubly

heavy baryons. We find that a number of decay channels are sizable and can be examined

in future measurements at experimental facilities like LHC, Belle II and CEPC.

TABLE I: The cc sector: decay widths, branching ratios and �L/�T ’s for semi-leptonic decays, with lepton

mass neglected.

channels �/ GeV B �L/�T

⌅++
cc ! ⌅+

c l
+⌫l 1.15⇥ 10�13 5.25⇥ 10�2 9.99

⌅++
cc ! ⌅0+

c l+⌫l 1.28⇥ 10�13 5.84⇥ 10�2 1.42

⌅+
cc ! ⌅0

c l
+⌫l 1.14⇥ 10�13 1.73⇥ 10�2 9.99

⌅+
cc ! ⌅00

c l
+⌫l 1.27⇥ 10�13 1.93⇥ 10�2 1.42

⌦+
cc ! ⌦0

c l
+⌫l 2.55⇥ 10�13 10.5⇥ 10�2 1.42

⌅++
cc ! ⇤+

c l
+⌫l 1.05⇥ 10�14 4.81⇥ 10�3 8.52

⌅++
cc ! ⌃+

c l
+⌫l 9.60⇥ 10�15 4.38⇥ 10�3 1.28

⌅+
cc ! ⌃0

c l
+⌫l 1.91⇥ 10�14 2.91⇥ 10�3 1.28

⌦+
cc ! ⌅0

c l
+⌫l 8.06⇥ 10�15 3.31⇥ 10�3 8.84

⌦+
cc ! ⌅00

c l
+⌫l 9.34⇥ 10�15 3.83⇥ 10�3 1.28

⇤ Email:wei.wang@sjtu.edu.cn
† Email:yufsh@lzu.edu.cn
‡ Email:star 0027@sjtu.edu.cn

|Vcs|2～1

|Vcd|2～0.04
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Weak Decays of Doubly Heavy Baryons: the SU(3) Analysis
WW, J. Xu, Z.P.Xing, 1707.06570



SU(3) Analysis
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upper indices, H6, and a traceless tensor symmetric in upper indices, H15. As we will show in the

following, the vector representation H3 will vanishes as an approximation.

For the c ! sud̄ transition, we have

(H6)
31
2 = �(H6)

13
2 = 1, (H15)

31
2 = (H15)

13
2 = 1, (30)

while for the c ! dus̄ transition which is doubly Cabibbo suppressed, we have

(H6)
21
3 = �(H6)

12
3 = sin2 ✓C , (H15)

21
3 = (H15)

12
3 = sin2 ✓C . (31)

For the transition c ! ud̄d, we have

(H3)
1 = 1, (H6)

21
2 = �(H6)

12
2 = (H6)

13
3 = �(H6)

31
3 =

1

2
,

1

3
(H15)

21
2 =

1

3
(H15)

12
2 = �1

2
(H15)

11
1 = �(H15)

13
3 = �(H15)

31
3 =

1

4
, (32)

with all other remaining entries zero. The overall factor is V ⇤
cdVud ' � sin(✓C). While for the

transition c ! us̄s, we have

(H3)
1 = 1, (H6)

31
3 = �(H6)

13
3 = (H6)

12
2 = �(H6)

21
2 =

1

2
,

1

3
(H15)

31
3 =

1

3
(H15)

13
3 = �1

2
(H15)

11
1 = �(H15)

12
2 = �(H15)

21
2 =

1

4
, (33)

with all other remaining entries zero. The overall factor is V ⇤
csVus ' sin(✓C). With both the c ! ud̄d

and c ! us̄s, the singly Cabibbo-suppressed channel has the following e↵ective Hamiltonian:

(H6)
31
3 = �(H6)

13
3 = (H6)

12
2 = �(H6)

21
2 = sin(✓C),

(H15)
31
3 = (H15)

13
3 = �(H15)

12
2 = �(H15)

21
2 = sin(✓C). (34)

A. Decays into a charmed baryon and a light meson

With the above expressions, one may derive the e↵ective Hamiltonian for decays involving the

anti-triplet heavy baryons as

Heff = b3(Tcc)
i(T c3̄)[ij]M

k
l (H6)

jl
k + b4(Tcc)

i(T c3̄)[jl]M
k
i (H6)

jl
k + b5(Tcc)

i(T c3̄)[jk]M
k
l (H6)

jl
i

+b6(Tcc)
i(T c3̄)[ij]M

k
l (H15)

jl
k + b7(Tcc)

i(T c3̄)[jk]M
k
l (H15)

jl
i . (35)

For the sextet baryon, we have the Hamiltonian

Heff = b10(Tcc)
i(T c6){ij}M

k
l (H15)

jl
k + b11(Tcc)

i(T c6){jl}M
k
i (H15)

jl
k + b12(Tcc)

i(T c6){jk}M
k
l (H15)

jl
i

+b13(Tcc)
i(T c6){ij}M

k
l (H6)

jk
l + b14(Tcc)

i(T c6){jk}M
k
l (H6)

jl
i . (36)

Feynman diagrams for these decays are given in Fig. 4.
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FIG. 4: Feynman diagrams for ⌅cc and ⌦cc decays into a charmed baryon and a light meson.

Expanding the above equations, we will obtain the decay amplitudes given in Tab. V for the

antitriplet baryon and Tab. VI for the sextet. Thus we have the following relations for decay

widths:

�(⌅++
cc ! ⇤+

c ⇡
+) = �(⌅++

cc ! ⌅+
c K

+), (37)

�(⌅+
cc ! ⌅+

c K
0) = �(⌦+

cc ! ⇤+
c K

0
), (38)

�(⌦+
cc ! ⌅0

c⇡
+) = �(⌅+

cc ! ⌅0
cK

+). (39)

For the decays into the sextet, we have:

�(⌅++
cc ! ⌃++

c ⇡0) =
1

3
�(⌅++

cc ! ⌃++
c ⌘), (40)

�(⌅++
cc ! ⌃+

c ⇡
+) = �(⌅++

cc ! ⌅0+
c K+), (41)

�(⌅+
cc ! ⌃++

c ⇡�) = �(⌦+
cc ! ⌃++

c K�), (42)

�(⌅+
cc ! ⌃0

c⇡
+) = �(⌦+

cc ! ⌦0
cK

+), (43)

�(⌅+
cc ! ⌅0+

c K0) = �(⌦+
cc ! ⌃+

c K
0
), (44)

�(⌦+
cc ! ⌅00

c ⇡
+) = �(⌅+

cc ! ⌅00
c K

+). (45)

B. Decays into a light octet baryon and a charmed meson

The e↵ective Hamiltonian for the decays of Tcc into a light octet baryon and a charmed meson

is given as

Heff = c4(Tcc)
lD

m
✏ijk(T8)

k
l (H6)

ij
m + c5(Tcc)

lD
m
✏ijk(T8)

k
m(H6)

ij
l + c6(Tcc)

lD
i
✏ijk(T8)

k
m(H6)

jm
l

+c7(Tcc)
iD

l
✏ijk(T8)

k
m(H6)

jm
l + c8(Tcc)

lD
i
✏ijk(T8)

k
m(H15)

jm
l + c9(Tcc)

iD
l
✏ijk(T8)

k
m(H15)

jm
l .

(46)

In the above Hamiltonian we find the following relatios:

(Tcc)
lD

m
✏ijk(T8)

k
l (H6)

ij
m = �2(Tcc)

iD
l
✏ijk(T8)

k
m(H6)

jm
l ,
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Ø LHCb observation will play an important 

role in the study of doubly charmed baryons

Ø :Large Isospin symmetry breaking? 

Ø Semi-Leptonic decays: theoretical models?

Ø SU(3) analysis

⌅+
cc
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Prospects 
• Searching for Ξ𝑐𝑐++ with more channels: Ξ𝑐+𝜋+,
Λ𝑐+𝜋+, 𝑝𝐷+𝐾−𝜋+…

• Measurement of the Ξ𝑐𝑐++ lifetime
• Measurement of the production cross-section
• Confirming its spin-parity: ½+

• Searching for its isospin partner Ξ𝑐𝑐+ in a larger sample than the 
previous measurement

• Searching for Ω𝑐𝑐+

• Doubly heavy baryons with bottom quark: Ξ𝑏𝑐, Ω𝑏𝑐, Ξ𝑏𝑏 …
• The excited states?
• And new systems for CP violations
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A long list of programs
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请批评指正！


