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Ø Overview of doubly charmed baryons

Ø Golden(Discovery)decay modes：𝚵𝒄𝒄, 𝛀𝒄𝒄

Ø Semi-leptonic decays: form factors

Ø Non-leptonic decays: SU(3) Analysis

Ø Summary and Outlook
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Quark Model
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Quark model
• In1964, Gell-Mann and Zweig proposed a way to construct the numerous

hadrons using three fundamental particles: quarks

• Quarks treated equally Æ hadrons form SU(3) multiplets
¾Uniform quantum number 𝐽𝑃 in a multiplet
¾Symmetry broken mainly because of constituent quark masses, hadron mass 

hierarchy well predicted: 𝑚𝑛 ≈ 𝑚𝑝 𝑚Ξ −𝑚Λ ≈ 𝑚Λ −𝑚𝑛
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Mesons Baryons

Doubly Charmed Baryon (Hang Yin)

ØIn 1964, Gell-Mann and Zweig proposed a way to build the 
numerous hadrons out of three fundamental quarks.
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Ø Extending to SU(4) and SU(5) would include new quarks: 

ü charm and bottom

Ø Mesons with charm and/or bottom have been well established 

Ø For baryons with four flavors u,d,s,c，a 20-plet for JP =1/2+

and JP =3/2+,respectively
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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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JP =1/2+
JP =3/2+

Searching for doubly/triply charmed baryons would be 
important for the spectroscopy and QCD studies.

Quark Model



Ø Many models have been applied to calculate masses: 

quark models or QCD sum rules
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Masses
• Many models have been applied to determine masses of ground state and 

excitations: (non-) relativistic QCD potential models, triple harmonic-
oscillator potential model, QCD sum rules, bag model or quark model …
¾Predicted Ξ𝑐𝑐

+,++ masses in range 3.5 − 3.7 GeV, 𝑀 Ω𝑐𝑐
+ ≈ 𝑀 Ξ𝑐𝑐 + 0.1 GeV

¾Mass splitting between Ξ𝑐𝑐+ and Ξ𝑐𝑐++ only a few MeV due to 𝑢, 𝑑 symmetry

• Lattice QCD computations:
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𝒄

𝒒

diquark

𝒄

HQET: two charm quarks considered 
as a heavy diquark, doubly heavy 
baryon similar to a heavy meson 𝑄𝑞

𝑀 Ξ𝑐𝑐 ≈ 3.6 GeV,     𝑀 Ω𝑐𝑐
+ ≈ 3.7 GeV

Doubly Charmed Baryon (Hang Yin)

Refs.[1-30]

Refs.[31-46]

ü Predicted Mass: 

m(𝜩𝒄𝒄**)~m(𝜩𝒄𝒄* )~(𝟑. 𝟓 − 𝟑. 𝟕)GeV

m(𝜴𝒄𝒄) ∼ m(𝚵𝒄𝒄* ) + 𝟎.1GeV

ü Mass splitting between 

𝜩𝒄𝒄** and 𝜩𝒄𝒄* is a few MeV

Ø Lattice QCD Calculation:
m(𝚵𝒄𝒄) ∼ 3.6GeV,	m(Ω<<) ∼ 3.7GeV

References can be found in 1703.09086

Doubly charmed baryon spectrum 
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Experimental Search before 2017
Ø SELEX(Fermilab E781) collides high energy hyperon beams (𝚺>, 𝒑) with 

nuclear targets, dedicated to study charm baryons

Ø Observed 𝚵𝒄𝒄* 𝒄𝒄𝒅 in 𝚵𝒄𝒄* → 𝚲𝒄*𝑲>𝝅* and 𝚵𝒄𝒄* → 𝒑𝑫*𝑲> decays

ü Signal yield: 15.9(𝚲𝒄*𝑲>𝝅*) and 5.62(𝒑𝑫*𝑲>) 

ü Short lifetime: 𝝉 𝚵𝒄𝒄* < 𝟑𝟑𝒇𝒔@𝟗𝟎%	𝑪𝑳

ü Large production: R=
𝝈 𝚵𝒄𝒄P ×𝑩(𝚵𝒄𝒄P →𝚲𝒄P𝑿)

𝝈(𝚲𝒄P)
~𝟐𝟎%

ü Mass (combined): 3518.7±𝟏. 𝟕MeV

Ξ𝑐𝑐+ → Λ𝑐+𝐾−𝜋+ PRL 89 (2002) 112001

Studies of 𝚵𝒄𝒄 by SELEX experiment
• SELEX (Fermilab E781) collides high energy hyperon beams (Σ−, 𝑝) with 

nuclear targets, dedicated to study charm baryons
• Observed Ξ𝑐𝑐+ (𝑐𝑐𝑑) in Ξ𝑐𝑐+ → Λ𝑐+𝐾−𝜋+ and Ξ𝑐𝑐+ → 𝑝𝐷+𝐾− decays
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¾ Signal yields: 15.9 (Λ𝑐+𝐾−𝜋+) and   5.62 (𝑝𝐷+𝐾−)
¾ Short lifetime: 𝜏 Ξ𝑐𝑐+ < 33 fs @90% CL

¾ Large production: 𝑅 = 𝜎 Ξ𝑐𝑐+ ×BF(Ξ𝑐𝑐+ →Λ𝑐+𝐾−𝜋+)
𝜎(Λ𝑐+)

∼ 20%
¾ Mass (combined): 3518.7 ± 1.7 MeV Refs.[1-30]

SELEX Ξ𝑐𝑐+

Ξ𝑐𝑐+ → Λ𝑐+𝐾−𝜋+ PRL 89 (2002) 112001
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¾ Signal yields: 15.9 (Λ𝑐+𝐾−𝜋+) and   5.62 (𝑝𝐷+𝐾−)
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Experimental Search before 2017
Studies of 𝚵𝒄𝒄 by BaBar and Belle
• 𝑒+𝑒− colliders working at Υ(4S) mass 𝑠 = 10.58 GeV
• Large Λ𝑐+ yields: ≈ 0.6 M at BaBar, ≈ 0.8 M at Belle 
• SELEX-like Ξ𝑐𝑐+ signal not confirmed in Ξ𝑐𝑐+ → Λ𝑐+𝐾−𝜋+ decays
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𝑅 = 𝜎 Ξ𝑐𝑐+ ×BF(Ξ𝑐𝑐+ →Λ𝑐+𝐾−𝜋+)
𝜎(Λ𝑐+)

< 2.7 × 10−4 (BaBar)   1.5 × 10−4 (Belle)  @ 95% CL

BaBar: PRD 74 (2006) 011103

SELEX Ξ𝑐𝑐+

Belle: PRL 97 (2006) 162001 

SELEX Ξ𝑐𝑐+

Δ𝑀(Ξ𝑐𝑐+ − Λ𝑐+) GeV/c2
𝑀(Λ𝑐+𝐾−𝜋+) GeV/c2

Doubly Charmed Baryon (Hang Yin)
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Doubly Charmed Baryon (Hang Yin)

Studies of 𝚵𝒄𝒄 by FOCUS
• FOCUS (Fermilab E831) studies charm hadrons produced in photon-nuclear

fixed target collisions
• FOCUS didn’t confirm Ξ𝑐𝑐+ observed by SELEX in Λ𝑐+𝐾−𝜋+decay
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SELEX Ξ𝑐𝑐+

• Other modes also studied: Ξ𝑐𝑐+ → Λ𝑐+𝑋, 𝐷0𝑋
𝐷+𝑋, no SELEX-like signal peak observed

Doubly Charmed Baryon (Hang Yin)

Nucl. Phys. Proc. Suppl. 115 (2003) 33

• LHCb searched for Ξ𝑐𝑐+ → Λ𝑐+𝐾−𝜋+ decay with 0.65 fb-1 of 7 TeV data
¾𝑁 Λ𝑐+ ≈ 0.8 M, requiring high-𝑝𝑇
¾No significant peaking structure observed with 𝑚 ∈ [3.3, 3.8] GeV
¾Experiment sensitivity strongly depends on Ξ𝑐𝑐+ lifetime

10/27/2017

Increased by ~40 from 100 fs to 400 fs
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Studies of 𝚵𝒄𝒄+ by LHCb

𝛿𝑚 = 𝑚 𝑝𝐾−𝜋+ Λ𝑐+𝐾
−𝜋+ −𝑚 𝑝𝐾−𝜋+ Λ𝑐+ − 𝑚(𝐾−) − 𝑚(𝜋+)

SELEX Ξ𝑐𝑐+ SELEX Ξ𝑐𝑐+

𝑅 = 𝜎 Ξ𝑐𝑐+ ×BF(Ξ𝑐𝑐+ →Λ𝑐+𝐾−𝜋+)
𝜎(Λ𝑐+)

< 0.013 for 𝜏 = 100 fs,

< 3.3 × 10−4 for 𝜏 = 400 fs @95%

JHEP 12 (2013) 090 

LHCb:JHEP12(2013)090

ØSELEX results are not confirmed by FOCUS(2003), Babar(2006), 

Belle(2006) and LHCb (2013) searches. 

Fermilab E831: 
photon-nuclear 
fixed target 
collisions 

7TeV
0.65𝑓𝑏>Y



Production X-Section at LHC
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𝑝[ > 4𝐺𝑒𝑉， 𝑦 < 1.5

J.W.Zhang, et.al. PRD83, 034026(2011)

C.H.Chang, et.al. PRD71, 074012(2005)

For details, see the talk by Prof. Xinggang Wu

ØTheoretical studies based on NRQCD found the X-

section is at 10nb-100nb level. 

ØBc	has	been	extensively	studied	by	LHCb, 𝜎(Ξ<<) ∼ 𝜎(𝐵<)

TABLE II: Total cross-section (in unit of nb) for the hadronic production of the (cb̄) meson at

LHC (14.0 TeV) and TEVATRON (1.96 TeV), where for short the |(1S0)1⟩ denotes (cb̄) state in

color-singlet (1S0) configuration, and so forth. Here mb = 4.90 GeV, mc = 1.50 GeV and M = 6.40

GeV. For the color-octet matrix elements, we take ∆S(v) ∈ (0.10, 0.30).

- |(1S0)1⟩ |(3S1)1⟩ |(1S0)8g⟩ |(3S1)8g⟩ |(1P1)1⟩ |(3P0)1⟩ |(3P1)1⟩ |(3P2)1⟩

LHC 71.1 177. (0.357, 3.21) (1.58, 14.2) 9.12 3.29 7.38 20.4

TEVATRON 5.50 13.4 (0.0284, 0.256) (0.129, 1.16) 0.655 0.256 0.560 1.35
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FIG. 1: Distributions in pt and y of the hadronic production of (cb̄) meson at LHC. The dashed line,

solid line, dash-dot line, dotted line represent the color-singlet 1P1, 3P0, 3P1, and 3P2, respectively.

The lower and upper shaded bands stand for the color-octet 1S0 and 3S1 states respectively, whose

upper limit corresponds to ∆S(v) = 0.3 and lower limit corresponds to ∆S(v) = 0.1.

In TABLE.II, we show the total cross-sections for hadronic production of the (cb̄) meson

at LHC and TEVATRON respectively, where the (cb̄) may mean in |(cb̄)1(1P1)⟩, |(cb̄)1(3PJ)⟩,

|(cb̄)8(1S0)g⟩ and |(cb̄)8(3S1)g⟩ configurations respectively, and the results of the |(cb̄)1(1S0)⟩

(the dominant component for Bc) and |(cb̄)1(3S1)⟩ (the dominant component for B∗
c ) pro-

duction are included for comparison. In the table, we take ∆S(v) ∈ (0.10, 0.30). One may

observe that the cross-sections of the color-octet S-wave states are comparable to those of

the color-singlet P -wave states, and they are in the same order in v2 expansion as expected

by NRQCD.

Bc(nb)

14
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TABLE VI. Comparison of the total cross section (in unit nb) for the hadronic production of Ξcc, Ξbc and Ξbb at
√
S = 7.0

TeV and
√
S = 14.0 TeV, where [3S1] and [1S0] stand for the combined results for the diquark in spin-triplet and spin-singlet

states respectively. In the calculations, we adopt pT > 4 GeV and |y| < 1.5.

- Ξcc Ξbc Ξbb

-
√
S = 7.0TeV

√
S = 14.0TeV

√
S = 7.0TeV

√
S = 14.0TeV

√
S = 7.0TeV

√
S = 14.0TeV

[3S1] 38.11 69.40 16.7 28.55 0.503 1.137

[1S0] 9.362 17.05 3.72 6.315 0.100 0.226

Total 47.47 86.45 20.42 34.87 0.603 1.363
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Theoretical estimate of golden decay 
modes of 	Ξ<<	and Ω<<	would be 
helpful for experimental searches.

F.S. Yu, H.Y. Jiang, R.H. Li, C.D. Lü, WW, Z.X. Zhao, arXiv:1703.09086
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literature 𝚵𝒄𝒄** 𝚵𝒄𝒄* 𝛀𝒄𝒄*

Karliner, Rosner,
2014

185 53

Chang, Li, Li, Wang, 
2007 670 250 210

Kiselev,
Likhoded,2002 460 ± 50 160 ± 50 270 ± 60

Kiselev, Likhoded, 
1998 430 ± 100 110 ± 10

Guberina, Melic, 
Stefancic, 1998 1550 220 250

Lifetime
Ø Large uncertainties: differ by a factor of 4~8
Ø 𝜏(Ξ<<**) ≫ 𝜏(Ξ<<* )~𝜏(Ω<<)



Lifetime

Ø Larger lifetime:

ü higher efficiency of identification at 

hadron colliders

ü smaller width, larger branching fractions

Ø It is better to search 𝜩𝒄𝒄**	first 

rather than 𝜩𝒄𝒄* and 𝛀𝒄𝒄

11
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Golden modes

Ø Charged final states with high 

efficiency @LHC

Ø Large branching fractions

ü CKM favored

ü Leading power in 1/mQ？

Criteria:
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c s

u d̄

c u
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T

c

C C ′

B E P

Color-Allowed Tree Color-Suppressed Color-Commensurate

W-ExchangeBow-Tie Penguin

Decay Amplitudes



Decay Amplitudes

Ø QCD expansion, not work well:

✖	𝛼�
�<
�

~1

Ø Heavy quark expansion, not work well: 

✖		Λ/(�<
�
) ∼ 1

✖ 	𝑇~𝐶 ∼ 𝐶�~𝐸~𝐵

Ø No Suppression: 

𝐶
𝑇 ~

𝐶�

𝑇 ~
E
T ~

B
E ~1, P~0

14

It is difficult to calculate charm quark decays. 
Inspired by D decays
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Golden modes

Ø Charged final states with high 

efficiency @LHC

Ø Large branching fractions

ü CKM allowed

Criteria:
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LHCb,PRL119,112001(2017)

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]

Golden modes

Talk by Mat Charles 



Ø	Ξ<<**> Ξ<<* >Ω<< since	𝜏(Ξ<<**) ≫ 𝜏(Ξ<<* )~𝜏(Ω<<)

Ø	Ξ<<**:
üΞ<<** → Λ<𝐾>𝜋*𝜋*: discovery channel by LHCb

üΞ<<** → Σ�*𝐷*, …

Ø	Ξ<<* :
üΞ<<* → Λ<𝐾>𝜋*, channel used by SELEX 

üΞ<<* → Ξ<*𝜋*𝜋>,…

Ø	Ω<<:
üΩ<* → Ξ<*𝐾>𝜋* …

17

Golden modes



Semi-leptonic decays

18

9!

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!

Form factors

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

Ø Doubly heavy baryon decays: 𝑸𝟏𝑸𝟐𝒒 → 𝒒𝟏� 𝑸𝟐𝒒

üWeak transition 𝑸𝟏 → 𝒒𝟏� ; spectator 𝑸𝟐𝒒

üFor simplicity, treat 𝑸𝟐𝒒 as a loosely 

bounded diquark, 𝑱𝑷 = 𝟎*, 𝟏*

üConsider the ground state: L=1



Form Factor: A model estimate

20
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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
ü 𝚵𝒄𝒄, 𝛀𝒄𝒄	search
ü test theory

|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

c s

u d̄

c u

s d̄

T

c

C C ′

B E P

Color-Allowed Tree Color-Suppressed Color-Commensurate

W-ExchangeBow-Tie Penguin
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Non-Leptonic decays:SU(3) Analysis
Ø Charm decays are induced by the 𝑐 → 𝑞Y𝑞�𝑞�
Ø SU(3) decomposition: 

ü Initial state: triplet
ü Final state: light meson an octet

charmed baryon antriplet
ü Operator 3⨂3& ⨂3�� = 3⨁3⨁6&⨁15

c s

u d̄

c u

s d̄

T

c

C C ′

B E P

Weak Decays of Doubly Heavy Baryons: SU(3) Analysis

Wei Wang, Zhi-Peng Xing ⇤, and Ji Xu †

INPAC, Shanghai Key Laboratory for Particle Physics and Cosmology,

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

Motivated by the recent LHCb observation of doubly-charmed baryon ⌅++
cc in the

⇤+
c K

�⇡+⇡+ final state, we analyze the weak decays of doubly heavy baryons ⌅cc, ⌦cc,

⌅bc, ⌦bc, ⌅bb and ⌦bb under the flavor SU(3) symmetry. Decay amplitudes for various

semileptonic and nonleptonic decays are parametrized in terms of a few SU(3) irreducible

amplitudes. We find a number of relations or sum rules between decay widths and CP asym-

metries, which can be examined in future measurements at experimental facilities like LHC,

Belle II and CEPC. Moreover once a few decay branching fractions are measured in future,

some of these relations may provide hints for exploration of new decay modes.

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

⇤
Email:zpxing@sjtu.edu.cn

†
Email:xuji1991@sjtu.edu.cn

See also Egolf, et.al. hep-ph/0211360

𝑐 → 𝑠𝑑̅𝑢:	𝑉<�𝑉 ¡∗ ~1
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c
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q

c

q

c c

c

q

c

c

q

c

q

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 ,

Weak Decays of Doubly Heavy Baryons: SU(3) Analysis

Wei Wang, Zhi-Peng Xing ⇤, and Ji Xu †

INPAC, Shanghai Key Laboratory for Particle Physics and Cosmology,

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

Motivated by the recent LHCb observation of doubly-charmed baryon ⌅++
cc in the

⇤+
c K

�⇡+⇡+ final state, we analyze the weak decays of doubly heavy baryons ⌅cc, ⌦cc,

⌅bc, ⌦bc, ⌅bb and ⌦bb under the flavor SU(3) symmetry. Decay amplitudes for various

semileptonic and nonleptonic decays are parametrized in terms of a few SU(3) irreducible

amplitudes. We find a number of relations or sum rules between decay widths and CP asym-

metries, which can be examined in future measurements at experimental facilities like LHC,

Belle II and CEPC. Moreover once a few decay branching fractions are measured in future,

some of these relations may provide hints for exploration of new decay modes.

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

⇤
Email:zpxing@sjtu.edu.cn

†
Email:xuji1991@sjtu.edu.cn

Non-Leptonic decays:SU(3) Analysis
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Non-Leptonic decays:SU(3) Analysis 9

TABLE V: Doubly charmed baryons decays into a cqq (antitriplet) and a light meson.

channel amplitude channel amplitude

⌅++
cc ! ⌅+

c ⇡
+ b3 � 2b4 + b6 ⌅++

cc ! ⇤+
c ⇡

+ (b3 � 2b4 + b6) (� sin(✓C))

⌅+
cc ! ⇤+

c K
0

b3 � b5 � b6 + b7 ⌅++
cc ! ⌅+

c K
+ (b3 � 2b4 + b6) sin(✓C)

⌅+
cc ! ⌅+

c ⇡
0 2b4�b5�b7p

2
⌅+
cc ! ⇤+

c ⇡
0 (b3�2b4�b6+2b7) sin(✓C)p

2

⌅+
cc ! ⌅+

c ⌘
�2b4+b5�3b7p

6
⌅+
cc ! ⇤+

c ⌘
(�3b3+2b4+2b5+3b6) sin(✓C)p

6

⌅+
cc ! ⌅0

c⇡
+ b3 � b5 + b6 � b7 ⌅+

cc ! ⌅+
c K

0 (2b4 � b5 + b7) (� sin(✓C))

⌦+
cc ! ⌅+

c K
0

b3 � 2b4 � b6 ⌅+
cc ! ⌅0

cK
+ (b3 � b5 + b6 � b7) sin(✓C)

⌅++
cc ! ⇤+

c K
+ (b3 � 2b4 + b6) sin

2(✓C) ⌦+
cc ! ⇤+

c K
0

(2b4 � b5 + b7) sin(✓C)

⌅+
cc ! ⇤+

c K
0 (b3 � 2b4 � b6) sin

2(✓C) ⌦+
cc ! ⌅+

c ⇡
0 (b3�b5�b6�b7) sin(✓C)p

2

⌦+
cc ! ⇤+

c ⇡
0 �p

2b7 sin
2(✓C) ⌦+

cc ! ⌅+
c ⌘

(�3b3+4b4+b5+3b6�3b7) sin(✓C)p
6

⌦+
cc ! ⇤+

c ⌘
q

2
3 (2b4 � b5) sin

2(✓C) ⌦+
cc ! ⌅0

c⇡
+ (b3 � b5 + b6 � b7) sin(✓C)

⌦+
cc ! ⌅+

c K
0 (b3 � b5 � b6 + b7) sin

2(✓C)

⌦+
cc ! ⌅0

cK
+ (b3 � b5 + b6 � b7)

�� sin2(✓C)
�

TABLE VI: Doubly charmed baryons decays into a cqq (sextet) and a light meson.

channel amplitude channel amplitude

⌅++
cc ! ⌃++

c K
0

b10 � b13 ⌅++
cc ! ⌃++

c ⇡0 (b10�b13) sin(✓C)p
2

⌅++
cc ! ⌅0+

c ⇡+ b10+2b11+b13p
2

⌅++
cc ! ⌃++

c ⌘ �
q

3
2 (b10 � b13) sin(✓C)

⌅+
cc ! ⌃++

c K� b12 � b14 ⌅++
cc ! ⌃+

c ⇡
+ � (b10+2b11+b13) sin(✓C)p

2

⌅+
cc ! ⌃+

c K
0 b10+b12�b13�b14p

2
⌅++
cc ! ⌅0+

c K+ (b10+2b11+b13) sin(✓C)p
2

⌅+
cc ! ⌅0+

c ⇡0 1
2 (�2b11 + b12 + b14) ⌅+

cc ! ⌃++
c ⇡� (b14 � b12) sin(✓C)

⌅+
cc ! ⌅0+

c ⌘ 2b11�b12+3b14
2
p
3

⌅+
cc ! ⌃+

c ⇡
0 1

2 (b10 + 2b11 � b13 � 2b14) sin(✓C)

⌅+
cc ! ⌅00

c ⇡
+ b10+b12+b13+b14p

2
⌅+
cc ! ⌃+

c ⌘ � (3b10+2b11+2b12�3b13) sin(✓C)

2
p
3

⌅+
cc ! ⌦0

cK
+ b12 + b14 ⌅+

cc ! ⌃0
c⇡

+ (b10 + b12 + b13 + b14) (� sin(✓C))

⌦+
cc ! ⌅0+

c K
0 b10+2b11�b13p

2
⌅+
cc ! ⌅0+

c K0 (2b11�b12+b14) sin(✓C)p
2

⌦+
cc ! ⌦0

c⇡
+ b10 + b13 ⌅+

cc ! ⌅00
c K

+ (b10�b12+b13�b14) sin(✓C)p
2

⌅++
cc ! ⌃++

c K0 (b10 � b13) sin
2(✓C) ⌦+

cc ! ⌃++
c K� (b12 � b14) sin(✓C)

⌅++
cc ! ⌃+

c K
+ (b10+2b11+b13) sin

2(✓C)p
2

⌦+
cc ! ⌃+

c K
0 � (2b11�b12+b14) sin(✓C)p

2

⌅+
cc ! ⌃+

c K
0 (b10+2b11�b13) sin

2(✓C)p
2

⌦+
cc ! ⌅0+

c ⇡0 1
2 (b10 + b12 � b13 + b14) sin(✓C)

⌅+
cc ! ⌃0

cK
+ (b10 + b13) sin

2(✓C) ⌦+
cc ! ⌅0+

c ⌘ � (3b10+4b11+b12�3b13�3b14) sin(✓C)

2
p
3

⌦+
cc ! ⌃++

c ⇡� (b12 � b14) sin
2(✓C) ⌦+

cc ! ⌅00
c ⇡

+ � (b10�b12+b13�b14) sin(✓C)p
2

⌦+
cc ! ⌃+

c ⇡
0 b14 sin

2(✓C) ⌦+
cc ! ⌦0

cK
+ (b10 + b12 + b13 + b14) sin(✓C)

⌦+
cc ! ⌃+

c ⌘
(b12�2b11) sin

2(✓C)p
3

⌦+
cc ! ⌃0

c⇡
+ (b12 + b14) sin

2(✓C)

⌦+
cc ! ⌅0+

c K0 (b10+b12�b13�b14) sin
2(✓C)p

2

⌦+
cc ! ⌅00

c K
+ (b10+b12+b13+b14) sin

2(✓C)p
2



Ø Golden channels with large BR: Ξ£<

Ø Relations:

Ø Global fit in future
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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 ,

Non-Leptonic decays:SU(3) Analysis
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Ø Golden decay modes of 𝚵𝒄𝒄**, 𝚵𝒄𝒄* , 𝛀𝒄𝒄

Ø Semi-Leptonic decays

ü diquark approximation & model calculation

ü QCDSR analysis in future

Ø Non-leptonic decays: SU(3) Analysis



Prospect
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Ø Study 𝜩𝒄𝒄** in more channels?

Ø lifetime? 

Ø 𝜩𝒄𝒄* ?

Ø 𝑱𝑷 = 𝟏/𝟐*?

Ø Semi-leptonic decay modes?

Ø CP Violation?

Ø …
A long long list…



FINAL RESULTS: LIFETIMES

(0.079± 0.020) ps�1

HQE works for D lifetimes! (roughly 30% precision) 
B+ and Bs lifetime ratios agree perfectly with experiment 
Confirmation from lattice very desirable

From Alexander Lenz’s talk

Lifetime

29

𝚵𝒄𝒄** 𝚵𝒄𝒄* 𝛀𝒄𝒄*

KR 185 53

CLLW 670 250 210

KL 460 ± 50 160 ± 50 270 ± 60

KL 430 ± 100 110 ± 10

GMS 1550 220 250

Large uncertainties: 4~8

30%

2%
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Colangelo, De Fazio, hep-ph/9604425

A simplification can be obtained for Λb, as noticed in [15], using color and Fierz

identities and introducing the operators

Õq
V −A = Q̄i

LγµQ
i
L q̄j

Lγ
µqj

L (13)

and

Õq
S−P = Q̄i

Lqj
R q̄j

LQi
R (14)

(i and j are color indices). As a matter of fact, the Λb matrix elements of the operators in

(10) can be expressed in terms of < Λb|Õq
V −A|Λb > and < Λb|Oq

V −A|Λb >, modulo 1/mQ

corrections contributing to subleading terms in the expression for the inclusive widths.

The matrix element of Õq
V −A and Oq

V −A can be parametrized as

⟨Õq
V −A⟩Λb

=
< Λb|Õq

V −A|Λb >

2MΛb

=
f 2

BMB

48
r (15)

and

< Λb|Oq
V −A|Λb > = −B̃ < Λb|Õq

V −A|Λb > (16)

with B̃ = 1 in the valence quark approximation.

For fB = 200 MeV and r = 1 eq.(15) corresponds to the value: ⟨Õq
V −A⟩Λb

= 4.4 ×
10−3 GeV 3. In ref.[16] the Λc matrix element of Õq

V −A has been computed using a bag

model and a nonrelativistic quark model; the results ⟨Õq
V −A⟩Λc ≃ 0.75 × 10−3 GeV 3 and

⟨Õq
V −A⟩Λc ≃ 2.5 × 10−3 GeV 3, correspond to r ≃ 0.2 and r ≃ 0.6, respectively. An

analysis using the model in [17] can also be found in [5].

Larger values of the matrix elements have been advocated by Rosner [18] using the

values of the mass splitting Σ∗
b −Σb and Σ∗

c −Σc, and assuming that the Λb and Σb wave

functions are similar: r ≃ 0.9 ± 0.1 taking M2
Σ∗

b
− M2

Σb
= M2

Σ∗
c
− M2

Σc
, or r ≃ 1.8 ± 0.5

using the Delphi measurement in [7].

It is worth supplementing the information from constituent quark models by estimates

based on field theoretical approaches, for example QCD sum rules. As a matter of fact,

a large value of r, namely r ≃ 4 − 5, would explain the difference between τ(Λb)

and τ(Bd) [15]. As we shall see, the application of the QCD sum rule method to the

calculation of the matrix element of an operator of high dimension presents a number of

disadvantages; nevertheless, interesting and quite reliable information can be obtained for

< Λb|Õq
V −A|Λb >.

5

Ø Calculate the 4-quark operator matrix element

Ø Leading order contribution: 3-loop

Ø Next-to-leading order contribution: 4-loops

Challenging but worthwhile!



Thank you for your attention!
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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

10/27/2017 18Doubly Charmed Baryon (Hang Yin)
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TABLE I: ccq decays: Typical branching ratios are a few percents.
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WW, J. Xu, Z.P.Xing, 1707.06570
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TABLE I: ccq decays: Typical branching ratios are a few percents.
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TABLE II: bcq: c quark decay. Typical branching ratios are a few percents.
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TABLE II: bcq: c quark decay. Typical branching ratios are a few percents.
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TABLE III: bcq: b quark decays. Typical branching ratios are 10�3.

channel amplitude
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