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Introduction

l Mass
l Lifetime
l Transition form factors
l Decay modes
l …

Properties
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Quantum	numbers	and	quark	content



l 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]
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l Lattice	QCD	Calculation

6(.##) ∼ 3.6GeV,	6(Ω99) ∼ ���GeV
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Doubly charmed	baryon	spectrum	

Introduction
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lLarge	uncertainties:	differ	by	a	factor	of	4~8
l:(Ξ<<

++) ≫ :(Ξ<<
+ )~:(Ω<<)

literature .##
$$ .##

$ >##
$

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

☹
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dimension-1

dimension-3

l Lifetime
l Transition form factors

l Ξ99, Ω99	

l ΞFF, ΩFF	

l ΞF9, ΩF9	
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l Mass	spectrum
l Decay	constants
l Transition form factors
l Mixing	matrix	elements	of	K-meson	and	B-
meson	systems

l …

Applications of QCDSR



QCD sum rules study
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QCD sum rules study

The	interpolating	current

The	correlation function
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QCD sum rules study

Hadronic level

only 1/2+ are considered

OPE level

Sum rules
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QCD sum rules study
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QCD sum rules study

QCD	Sum	rules	with	the	negative	parity	baryon

Hadronic level

1/2+ 1/2-

Taking G⃗ = 0

D.	Jido,	N.	Kodama and M.	Oka,	Phys.	Rev.	D 54,	4532	(1996)

A + B ⇒ M$
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QCD sum rules study

Taking G⃗ = 0

OPE level

weight function

A + B NO + NP

New sum rules



Numerical results
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Numerical results
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Numerical results

19
QRS
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TX
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Summary	and	outlook
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Summary and outlook

l QCD	sum	rules
l Ξ99, Ω99, ΞFF, ΩFF, ΞF9, ΩF9	

l Decay	constants
l Positive	parity	and	negative	parity

l Lifetime
l …
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Subscript[\[Gamma],	m0]	=	-4,	
Subscript[\[Beta],	0]	(f	=	4)	=	25/3,	
Subscript[\[Gamma],	m0]/(2	Subscript[\[Beta],	0])	=	-6/25


