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• It is important to study 


• We propose an inclusive approach to find 


• We will show it is feasible and timely for LHCb

Ξbc

Ξbc
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The quark model

Murry Gell-Mann

1969 Nobel Prize for physics

• Old myth


• New life
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Three new milestones

• Observation of tetraquarks


• Observation of pentaquarks


• Observation of a double-charm baryon Ξ++
cc

国家科技部“2017年度中国科学⼗⼤进展”

The Physics World 2015 “top-10 breakthroughs”

The Physics 2013 “Highlights of the Year” (rank 1st)

[LHCb, Phys.Rev.Lett. 115 (2015) 072001]

[BESIII, Phys.Rev.Lett. 110 (2013) 252001]

[LHCb, Phys.Rev.Lett. 119 (2017) 112001]
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“Periodic table of the hadrons”
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… D B

p, n, 
…

X(2900) X(6900)

: a new period


, X(6900): a new main group

Zc, Pc

Ξcc

  ηb

 
 π, K,   ηc   Bc

  Λc   Λb   Ξcc   Ξbc   Ξbb

  Zc

  Pc

  Tcc   Tbc   Tbb



Beyond stamp collecting

• Because of color confinement, properties of quarks are studied via 
hadrons


• New types of hadrons provide new visual angles into QCD and 
also electroweak dynamics

b c

q

analogous to a heavy meson, but also different: bosonic, sizable 
heavy element

e.g., doubly heavy baryons have a unique structure, resembling a 
‘double star’ with a ‘planet’ attached

e.g., the doubly heavy tetraquarks help us probe the nature of 
exotic hadronic states, cusps or true resonances
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Who is to be shot next?
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: [QQ,Shi,Wang,Yang,Yu,Zhu,2108.06716]Ξbc

    

… D B

p, n, 
…

X(2900) X(6900)

  ηb

 
 π, K,   ηc   Bc

  Λc   Λb   Ξcc   Ξbc   Ξbb

  Zc

  Pc

  Tcc   Tbc   Tbb

Two targets in the talk @Nankai, 2nd May 2021.

: [QQ,Shen,Yu,2008.08026]

       “Discovery potential of double-charm tetraquarks”
Tcc

Three months later ——  discovery was reported 

by LHCb on 28 July 2021.

Tcc
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Discovery of Tcc

• Correct discovery channel 
• Correct signal yield

August 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

[QQ,Shen,Yu,2008.08026]

@ European Physical Society Conference on high energy physics 2021

Ns = 117 ± 16

[LHCb,2109.01038;2109.01056]



Who is to be shot next?

37 nb at 14 TeV LHCb σ(Ξbc) =
    


… D B

p, n, 
…

X(2900)

  ηb

 
 π, K,   ηc   Bc

  Λc   Λb   Ξcc   Ξbc   Ξbb

  Zc

  Pc

  Tcc   Tbc   Tbb

: [QQ, F.S.Yu,2008.08026]


: this talk

Tcc

Ξbc

[X.G.Wu, et al 1101.1130]

Trillions of  will be produced @ LHCb Run3.Ξbc
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Difficulties in experimental searches for Ξbc

• Detection efficiency —— small exclusive branching ratios 

[W. Wang, F.S. Yu, Z.X. Zhao, 1707.02834]
[LHCb, 2104.04759]

σ(Ξ0
bc)

σ(Λ0
b)

B(Ξ0
bc → Λ+

c π−)
B(Λ0

b → Λ+
c π−)

< [0.5,2.5] × 10−4

σ(Ξ0
bc)

σ(Λ0
b)

B(Ξ0
bc → Ξ+

c π−)
B(Λ0

b → Ξ+
c π−)

< [1.4,6.9] × 10−3

• First experimental attempts
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σ(Ξ0
bc)

σ(Λ0
b)

B(Ξ0
bc → D0pK−)

B(Λ0
b → D0pK−)

< [1.7,30] %

[LHCb, 2009.02481]

(LHCb, 13 TeV, ~ 5 fb )−1

(B(Λ0
b → Λ+

c π−) = 4.9 × 10−3, σ(Λ0
b) ∼ 10 μb, σ(Ξ0

bc) ∼ 40 nb)

< [0.6, 3] × 10−4



A novel approach —— 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
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Calculation of Ξbc → Ξcc + X

• First important fact:    =   


• Regarding the heavy diquarks  and  as point-like particles, 
the decay at the quark-diquark diquark level is 


• By making use of OPE, the inclusive decay rate is expanded by 
powers of  within the Heavy Diquark Effective Theory 


• At the leading power 

Ξbc → Ξcc + X Ξbc → Hcc + X

χbc χcc

1/MQQ′ 

It is reasonable because  [e.g.,Brodsky,Guo,Hanhart,Meissner,1101.1983]rQQ′ 
∼ 1/(mQv) ≪ 1/ΛQCD

 include excited states of , which still decay into Hcc Ξcc Ξcc

χbc → χcc+ℓ−ν̄, χcc+q̄q′ 

[Y.J.Shi, W.Wang, Z.X.Zhao,Meissner,2002.02785]

B(Ξbc → Ξcc + X) = B(χbc → χcc + ℓ−ν̄, χcc + q̄q′ ) + 𝒪(1/MQQ′ 
)
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Calculation of Ξbc → Ξcc + X

• The key issue is the 2-diquark-2-fermion interaction vertex, i.e. the 
 diquark current χbc → χcc

13
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1.0

q2 [GeV2]

a 0
,1
,2

γµPL

(a)

mbv
′ − k′

mQv
′ + k′

mcv − k

mQv + k

⟨χcc(v, ϵ) | c̄γμb |χbc(v′ , ϵ′ )⟩ ∝ − a0ϵ* ⋅ ϵ′ v′ μ− a1ϵ* ⋅ ϵ′ vμ+ a2ϵ* ⋅ v′ ϵ′ μ+ a3v ⋅ ϵ′ ϵ*μ

⟨χcc(v, ϵ) | c̄γμγ5b |χbc(v′ , ϵ′ )⟩ ∝ − ib0ϵϵ′ ϵ*v′ μ − ib1ϵϵ′ ϵ*vμ

a0,1,2,3(q2
max) = b0,1(q2

max) = 1

a2,3(q2) =
αs

2(1 − w)2 w

Nc + 1
Nc

1
m3

c
Rbc(0)R*cc(0)

• The large-recoil diquark current calculated via NRQCD 


• The small-recoil diquark current determined by heavy quark 
symmetry



Calculation of Ξbc → Ξcc + X

• Numerical result for the decay width


                       


• Lifetime 


                                93fs <  < 108 fs, 409 fs <  < 607 fs


• The branching ratio is 


                            


•  fragmentation suffers a factor of 1/2 


                           

Γ(Ξbc → Ξcc + X) = (1.9 ± 0.1 ± 0.3 ± 0.4) × 10−13 GeV

τ(Ξ0
bc) τ(Ξ+

bc)

B(Ξ+
bc → Ξcc + X) ≈ 14 % , B(Ξ0

bc → Ξcc + X) ≈ 3 %

Ξ++
cc

B(Ξ+
bc → Ξ++

cc + X) ≈ 7 % , B(Ξ0
bc → Ξ++

cc + X) ≈ 1.5 %

Uncertainties from quark mass, wave function at origin, scale dependence

[H.Y.Cheng, F.R.Xu, 1903.08148] 
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IP resolution of LHCb

•  is very promising.


    93fs <  < 108 fs, 409 fs <  < 607 fs

Ξ+
bc

τ(Ξ0
bc) τ(Ξ+

bc)

15

[Gershon,Poluektov,1810.06657]

[H.Y.Cheng, F.R.Xu, 1903.08148] 



Search for  with displaced Ξ+
bc → Ξ++

cc + X Ξ++
cc

• Estimated of signal signal events 


                            


                                                             


Three ingredients: 

1. Number of signals of 

2. Production ratio 

3. Branching fraction of inclusive decay of 

N(Ξ+
bc → Ξ++

cc + X) = Np(Ξ+
bc) ⋅ B(Ξ+

bc → Ξ++
cc + X) ⋅ ϵ(Ξ++

cc )

= Nd(Ξ++
cc ) ⋅

σ(Ξbc)
σ(Ξcc)

⋅ B(Ξ+
bc → Ξ++

cc + X)

Ξ++
cc

σ(Ξbc)/σ(Ξcc)

Ξ+
bc → Ξ++

cc + X

(The detection efficiency is identical to that of )Ξ++
cc
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Search for  with displaced Ξbc → Ξ++
cc + X Ξ++

cc

1.Number of signals of Ξ++
cc

J.B.He

• Data of 9  Run 1+2fb−1

Z.W.Yang

• Events estimated for 23  (Run III)

    

fb−1

7000
1600

× (1600 + 600) ≈ 10000
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Search for  with displaced Ξbc → Ξ++
cc + X Ξ++

cc

2. Production ratio σ(Ξbc)/σ(Ξcc)

σ(Ξbc)/σ(Ξcc) ≈ 40 %

[X.G.Wu et al, 1101.1130]
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• Final number of estimated signal events @ LHCb Run3


    


                  


                                                   


                                                   


• With possible efficiency lost, it should still be detectable @ LHCb Run3

N(Ξ+
bc → Ξ++

cc + X) = N(Ξ++
cc ) ⋅

σ(Ξ+
bc)

σ(Ξcc)
⋅ B(Ξ+

bc → Ξ++
cc + X)

≈ 104 × 40% × 7 %

≈ 280

Search for  with displaced Ξbc → Ξ++
cc + X Ξ++

cc
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p p

Ξ++
cc

Bc

Λ+
c

K−
π+

π+

Br(B0 → Ξ−
c Λ+

c ) = (1.2 ± 0.8) × 10−3

• The small phase space (0.18 GeV for ) only allows   
the processes of 

ΞccΞc

Bc → ΞccΞc, or ΞccΞcγ, or ΞccΞcπ, or Ξ*ccΞc, or ΞccΞ*c

Small possibility from  decaysBc

• Similar process but with a light spectator quark:

Br(B− → Ξ0
cΛ−

c ) = (0.95 ± 0.23) × 10−3

c̄ c̄
B−

c
Ξcc

(0.5 GeV phase space)
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Conclusion

• We propose to search for  via inclusive  with a displaced .


• We calculate .


• We estimate about 280 signal events to be observed @ LHCb Run 3.


• We hope it is useful.

Ξbc Ξ+
bc → Ξ++

cc + X Ξ++
cc

Γ(Ξbc → Ξcc + X) = (1.9 ± 0.1 ± 0.3 ± 0.4) × 10−13 GeV

Thank you!
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