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Double-heavy hadrons



Why double-heavy baryons? 

• Double-charm baryons are predicted in SU(4) 
quark model


• A heavy ‘double-star’ system with an 
attached light ‘planet’, much different from 
light baryons 


• Open a new window for QCD properties

De Rujula, Georgi and Glashow, 1975; 
Jaffe, J. E. Kiskis, 1976; Ponce, 1979
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Role of Decay in the observation  
• Two problems in the exp searches: Production and Decay


• Production problem was solved at the beginning of LHC running


• Decay properties are the key problem in the LHCb searches of doubly 
charmed baryons.


• Statistics requires: largest branching ratios and easily detected

σ(pp → Ξcc) ∼ σ(pp → Bc)
C.H.Chang, C.F.Qiao, J.X.Wang, X.G.Wu, 2005, 2006

X.G.Wu, Sci.China.PMA, 2020

N ∝ σ ⋅ BR

FSY, Sci.China.PMA, 2020
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(fs)

2. Longer lifetime ⇒ Higher efficiency to reject 
backgrounds in hadron colliders

Lifetime is important
1. Longer lifetime ⇒ Larger branching ratios

BRi = Γi ⋅ τ

Literatures 𝛯cc++ (fs) 𝛯cc+ (fs)

Karliner, Rosner, 2014 185 53

Kiselev, Likhoded, 2002 460±50 160±50

Chang, Li, Li, Wang, 2007 670 250

Cheng, Shi, 2018 250 45

• Large ambiguity in predictions

• But less ambiguity in the ratio

• Recommend  rather than Ξ++
cc Ξ+

cc
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Decay 
amplitudes

• Short-distance contributions: factorization
• Long-distance contributions: FSI rescattering

• Theoretical uncertainty is under 
control in the ratio of branching 
fractions of different processes

Topology: C quark exchange hadronic triangle

1703.09086

2102.00961



Ξ++
cc → Ξ+

c π+

July 
2017

July 
 2018
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Implications of  for hadron spectroscopyΞ++
cc
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Implications of  for hadron spectroscopyΞ++
cc
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Implications of  for hadron spectroscopyΞ++
cc

13



thresholds

MeV [Karliner, Rosner, 1707.07666]

DD BD BB

Weakly decay 
tetraquark

But difficult to 
observe by 


low production 

and decay rate 



Weakly decay

Weakly decay
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FSY, 1709.02571



Reduced masses of diquarks

MeV

D*D
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[Karliner, Rosner, 1707.07666]

DD



Fully reconstructed: T+
cc → D0D*+

fΛb
/ fBu

∼ 0.5

fΣ(*)
b

/ fΛb
∼ 1

final prod

primarily prod

LHCb Run 2: 1500 events of Ξ++
cc → Λ+

c K−π+π+

Br(Ξ++
cc → Λ+

c K−π+π+) Br(Λ+
c → pK−π+)

∼ Br(Tcc → D0D*+) Br(D*+ → D0π+) Br(D0 → K−π+)2

Ξ++
cc → Λ+

c K−π+π+Compared with u ↔ ūd̄

Production

Decay

100 events of Tcc 

fTcc

fΞcc

∼
1
4

1/2 2/3 (4%)2

10% 6%
one track more

1/3

⟶ Br(Tcc)/Br(Ξ++
cc ) ∼ 1/4

Qin, Shen, FSY, 2008.08026
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Discovery of TccAugust 20, 2020

Discovery potentials of double-charm tetraquarks

Qin Qin1

School of physics, Huazhong University of Science and Technology, Wuhan 430074,

China

Fu-Sheng Yu2

School of Nuclear Science and Technology, Lanzhou University, Lanzhou 730000, China

Abstract

Two open-charm exotic structures X0(2900) and X1(2900) have recently been

observed by the LHCb collaboration, which motivates us to study the discovery

potential of another type of open-charm structures, double-charm tetraquarks T {cc}
[q̄q̄0] .

We find that their production cross sections at the LHCb with
p
s = 13 TeV reach

O(10
4
) pb, which indicate that the LHCb has collected O(10

8
) such particles.

Through the decay channels of T {cc}
[ūd̄]

! D+K�⇡+
or D0D+� (if stable) or T {cc}

[ūd̄]
!

D0D⇤+
(if unstable), it is highly hopeful that they get discovered at the LHCb in

the near future. We also discuss the productions and decays of the double-charm

tetraquarks at future Tera-Z factories.

to cite 1710.02810 (Zhi-Gang Wang), 1903.11975, 1806.04447 and 2004.12079 (Kazem
Azizi)

1 Introduction

Recently, two new tetraquark structures X0(2900) and X1(2900) reported by the LHCb
in a analysis of the D

�
K

+ structure in the B
+
! D

+
D

�
K

+ channel [1]. Di↵erent from
all the previously observed XY Zc states that are hidden charming, it is for the first
time that open-charming structures are ever seen, and immediately attracts attention of
theorists [2–8]. Motivated by this observation, we also study a type of open-charming
tetraquarks T {cc}

[q̄q̄0] in this paper, which are however even more charming, i.e. the double-

charm tetraquarks. T
{cc}
[q̄q̄0] and similar doubly-heavy tetraquarks T

{bc}
[q̄q̄0] and T

{bb}
[q̄q̄0] have

drawn a lot of attention from theorists after the discovery of the first double-charm hadron
⌅++
cc [9]. Several studies of both heavy quark symmetry and lattice [10–16] suggest that

1
qqin@hust.edu.cn

2
yufsh@lzu.edu.cn

1

Qin, Shen, FSY, 2008.08026

• Correct discovery channel

• Correct signal yields



Implications of  for hadron spectroscopyΞ++
cc

?

 π, K

  J/Ψ, Υ

  Λc, Λb

  Ξcc

  Zc(3900)   Pc(4312)

  Tcc

2夸克 3夸克 4夸克 5夸克

 p, n, Λ

 D, B

纯轻

单重Q

双重QQ

双重QQ

 a0(980)

 Tcs̄(2900)

 Λ(1405)?

 Λc(2940)?
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LHCb 2013 LHCb 2019 LHCb 2026 
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Double-charm baryons: Ξ+
cc

LHCb, 2603.28456

Ξ+
cc → Λ+

c K−π+

Ξ+
cc → Λ+

c K−π+ is the most promising 
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Double-charm baryons: Ξ+
cc

Ξ+
cc → Ξ+

c π−π+

L.J.Jiang, R.H.Li, et al, 1810.00541

Ξ+
cc → Ξ0

cπ+

BR(Ξ+
cc → Ξ0

cπ+) ∼ 5 % J.J.Han, F.S.Yu et al, 2101.12019

Xiao-Hui Hu, et al, 2403.09511
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Double-charm baryon: Ω+
cc

Lifetimes:

H.Y.Cheng, C.W.Liu, 2604.10939

Ω+
cc → Ξ+

c K−π+

Ω+
cc → Ω0

cπ+ BR(Ω+
cc → Ω0

cπ+) ∼ 6 % J.J.Han, F.S.Yu et al, 2101.12019

L.J.Jiang, R.H.Li, et al, 1810.00541

Ω+
c → pK−K−π+

Xiao-Hui Hu, et al, in preparationBr(Ω+
cc → Ξ+

c K*0) = (2.5 ± 0.7) %

Br(Ω+
cc → Ω+

c π+) = (6.8 ± 1.3) % Xiao-Hui Hu, et al, 2403.09511
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Double-charm baryon: Ξ+
bc

Ξ+
bc → Ξ+

c J/ψ

LHCb, 2204.09541:  local significance 4σ

Xiao-Hui Hu, et al, 2512.09705 :

Lifetimes:
Dulibić, et al, 2605.04967

Controlled by Λ0
b → ΛJ/ψ
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Large data samples in  Ξ++
cc → Λ+

c K−π+π+

LHCb, 2603.28456

See Jibo’s talk

Total events in Run 1+2+3: 30000.    From Jibo.

Run 2 

5.6 fb−1
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Amplitude analysis of  Ξ++
cc → Λ+

c K−π+π+

Intermediate states

Σ++
c ( → Λ+

c π+) K*0( → K−π+)

Ξ*+
c ( → Λ+

c K−π+)

Might be easier due to identified π+

Two-body decays are more interesting in theory
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Excited state:  Ξ*++
cc → Ξ++

cc γ

Bc(1P)+ → B+
c γ

LHCb, 2507.02149

LHCb, 2603.28456

Production in heavy quark symmetry:
Ξcc(1/2) : Ξ*cc(3/2) = 1 : 2

Ξ*+
cc → Ξ++

cc π−Similarly



Proposal: inclusive  searchΞbc

• Generally, inclusive decays have (1) larger branching ratios but 
(2) lower detection efficiencies


• However, for , the efficiency can be large by 
making use of the inform of displaced vertex


•  is (almost) the only source for displaced ’s


• The  decay is highly suppressed

Ξbc → Ξ++
cc + X

Ξbc Ξcc

Bc → Ξ++
cc + X

Inspired by the proposal to search for  via  
[Gershon,Poluektov,1810.06657]

Ξbb Ξbb → Bc + X

Basically impossible at hadron colliders

31

Qin, Shi, Wang, Yang, FSY, Zhu, 2108.06716B(Ξ+
bc → Ξ++

cc + X) ≈ 6% ×
τΞ+

bc

400fs
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Decay asymmetries of  Ξ++
cc → Ξ+

c π+
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Cabibbo-suppressed decay: Ξ++
cc → Λ+

c π+

Motivation: CP violation

X.H.Hu, C.P.Jia, Y.Xing, FSY, PRD2025
Br(Λ+

c → pK−π+) ∼ 10 Br(Ξ+
c → pK−π+)
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Semi-leptonic decay: Ξ++
cc → Ξ+

c μ+νμ

Many other similar predictions
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Summary

•The decade-long search for doubly charmed baryons has led to 
significant progress in particle physics.


•With the large statistics of LHCb Run 3, more and more important 
results can be anticipated.

Thank you!
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