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I’d like to cover all the 14 states, 
which this talk is too short to contain
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§ New exotic hadrons 

§ Observations of new decays
§ 𝐵+ → 𝐽/𝜓𝜂′𝐾+ [arXiv:2303.09443]

§ 𝐵𝑠0 → 𝜒𝑐1 3872 𝜋+𝜋− [arXiv:2302.10629]
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§ Dedicated for precise and efficient heavy-hadron reconstruction
§ Single-arm and forward design
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JINST 3 (2008) S08005, Int.J.Mod.Phys. A30 (2015) 1530022
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LHCb MC
 = 14 TeVs

2 < 𝜂 < 5 range: ~25% 𝑏(𝑏 pairs in LHCb acceptance

§ Powerful particle identification
§ 𝜖 𝐾 → 𝐾 ∼ 95% with 𝜖 𝜋 → 𝐾 ∼ 5%
§ 𝜖 𝜇 → 𝜇 ∼ 97% with 𝜖 𝜋 → 𝜇 ∼ 1 − 3%

§ High momentum resolution
§ Δ𝑝/𝑝 = 0.4 ∼ 0.6% (5 − 100GeV/𝑐)
§ 𝜎!!~10MeV for 𝐵 → 𝐷M𝐷𝐾

§ High spatial resolution
§ 𝜎"#~20µm;	𝜎#$,&/(~10µm;	𝜎#$,)~60µm

https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta
https://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227


§ Run1: 3 fb!" 𝑝𝑝 collision @ 7, 8 TeV

§ Run2: 6 fb!" 𝑝𝑝 collision @ 13 TeV

§ Run3: started in 2022
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All analyses in this talk used 
the Run1 + Run2 dataset



Observation of pentaquark 
𝑷𝝍𝒔𝚲 (𝟒𝟑𝟑𝟖) in 𝑩$ → 𝑱/𝝍𝚲-𝒑

arXiv:2210.10346

http://arxiv.org/abs/2210.10346
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§ 𝐽/𝜓 → 𝜇(𝜇), Λ → 𝑝𝜋)

arXiv:2210.10346

𝑁!"#~4620

http://arxiv.org/abs/2210.10346
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§ 𝑃*+, 4338 -:     > 10𝜎
§ 𝑀$ = 4338.2 ± 0.7 ± 0.4 MeV

§ Γ$ = 7.0 ± 1.2 ± 1.3 MeV

§ 𝐽 = %
&

§ 𝑃 = −1 is favored

(+1 excluded at 90% CL)

§ Interesting facts:
§ Mass close to Ξ'(𝐷)

threshold and in S-wave

§ Mass similar to 𝑃*+(4337)

§ Same pattern as 𝑃*+, (4459) & 

𝑃*-(4457)

arXiv:2210.10346

Can fit in SU(3) flavor multiplets or 
are more likely a molecular state? 

http://arxiv.org/abs/2210.10346


Evidence of tetraquark 𝑻𝝍𝒔𝟏𝜽 𝟒𝟎𝟎𝟎 𝟎

in 𝑩𝟎 → 𝑱/𝝍𝑲𝑺
𝟎𝝓

arXiv:2301.04899

/d
Isospin extention of 𝐵( → 𝐽/𝜓𝐾(𝜙 analysis 
where 𝑐 ̅𝑐𝑢�̅� tetraquarks 𝑇*!%, 4000 ( and 
𝑇*!% 4220 ( were observed 

Phys. Rev. Lett. 127 (2021) 082001

http://arxiv.org/abs/2301.04899
https://doi.org/10.1103/PhysRevLett.127.082001
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§ 𝐽/𝜓 → 𝜇(𝜇); 𝜙 → 𝐾(𝐾); 𝐾.- → 𝜋(𝜋)

arXiv:2301.04899

𝑁!"#~1866

http://arxiv.org/abs/2301.04899


§ 𝐵- → 𝐽/𝜓𝐾.-𝜙 &	𝐵( → 𝐽/𝜓𝐾(𝜙 connected by isospin symmetry

§ Combined fit to 𝐵( & 𝐵- decays
§ All components  except 𝑇*!%, 4000 $ in 𝐵$ decay are constrained by those 

in 𝐵( decay
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arXiv:2301.04899

𝐵(

𝐵$

Significance: 4𝜎
(would be 5.4𝜎 if assuming isospin 
symmetry for 𝑇𝜓𝑠1𝜃 4000 0 )

http://arxiv.org/abs/2301.04899


Observation of tetraquarks 
𝑇) ̅+,
- 2900 ../, in 𝐵 → -𝐷𝐷+.𝜋./$

arXiv:2212.02717
arXiv:2212.02716

http://arxiv.org/abs/2212.02717
http://arxiv.org/abs/2212.02716
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arXiv:2212.02717
arXiv:2212.02716

- 𝐷) → 𝐾(𝜋)𝜋); - ;𝐷- → 𝐾(𝜋), 𝐾(𝜋)𝜋(𝜋); - 𝐷+( → 𝐾(𝐾)𝜋(

l Signal yields:
- 𝐵( → 𝐷)𝐷+(𝜋( : ~3751
- 𝐵- → ;𝐷-𝐷+(𝜋) : ~4008

𝐵( → 𝐷)𝐷!(𝜋(𝐵$ → K𝐷$𝐷!(𝜋)

l Clear vertical band at 𝑀& K𝐷𝜋 ~6 GeV& : 𝐷&∗(2460)
l Faint horizonal band at 𝑀& 𝐷!𝜋 ~8.5 GeV&: new tetraquark candidates

http://arxiv.org/abs/2212.02717
http://arxiv.org/abs/2212.02716
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arXiv:2212.02717
arXiv:2212.02716

𝐵$ → K𝐷$𝐷!(𝜋)

𝐵( → 𝐷)𝐷!(𝜋(

§ Isospin symmetry -> combined amplitude analysis to the two channels  
§ 𝑇' ̅!$

4 2900 ((/$ :  > 9𝜎;      𝐽6 = 0(

http://arxiv.org/abs/2212.02717
http://arxiv.org/abs/2212.02716
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arXiv:2212.02717
arXiv:2212.02716

§ 𝑇/+̅-1 2900 (( & 𝑇/+̅-1 2900 - in isospin triplet
§ Where is 𝑇' ̅!$

4 2900 (? -> be searched for in 𝐷!(𝜋$

§ 𝑇/+̅-1 (2900) & 𝑇/+- 2900 have similar masses
§ Are they SU(3) flavor partners?  
§ Where are other states in the SU(3) multiplets?

𝑇'!$ 2900 ≡ 𝑋$(2900)

Remain to be revealed in future studies

http://arxiv.org/abs/2212.02717
http://arxiv.org/abs/2212.02716


A near-threshold 𝐷𝑠+𝐷𝑠− structure 
in 𝐵+ → 𝐷𝑠+𝐷𝑠−𝐾+

arXiv:2210.15153
arXiv:2211.05034

?

http://arxiv.org/abs/2210.15153
http://arxiv.org/abs/2211.05034
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arXiv:2210.15153
arXiv:2211.05034

𝑁!"#~360

𝐷!± → 𝐾∓𝐾±𝜋±

http://arxiv.org/abs/2210.15153
http://arxiv.org/abs/2211.05034
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l Two new states with 𝐽ST = 0UU : 
- 𝑋 3960 :	to	describe the near-threshold peak      > 12𝜎
- 𝑋- 4140 : to account for the dip at ~4.14 GeV via interference  > 3𝜎

arXiv:2210.15153
arXiv:2211.05034

Background
subtracted

RBW mass lineshape for all resonances

http://arxiv.org/abs/2210.15153
http://arxiv.org/abs/2211.05034
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l Γ 𝑋 → 𝐷(𝐷) < Γ(𝑋 → 𝐷+(𝐷+)) -> exotic 
l Conventional charmonium predominantly decays into 𝐷(∗)K𝐷(∗)

- It is harder to excite an 𝑠�̅� pair from vacuum compared with 𝑢R𝑢(𝑑�̅�)

l 𝑋(3960): 𝑀$ = 3955 ± 6 ± 11 MeV; Γ$ = 48 ± 17 ± 10 MeV; 𝐽6; = 0((
l 𝜒'$ 3930 : 𝑀$ = 3924 ± 2 MeV; Γ$ = 17 ± 5 MeV; 𝐽6; = 0((

l Are they the same particle? If yes
Phys.Rev.D102(2020) 112003, Phys. Rev. Lett. 125 (2020) 242001

ℱℱ: Fit fractions in
the two 𝐵. decays

arXiv:2210.15153
arXiv:2211.05034

l What can we do in the future?
- Precision measurements of 𝑋(3960)/𝜒'$ 3930 properties  -> to see if they are 

really the same particle
- 𝑋(3960)/𝜒'$(3930)/𝜒'$ 3915 → 𝐽/𝜓𝜔 -> more input to help reveal the 

nature of this state
- E.g. 𝐵 → 𝐽/𝜓𝜔𝐾

𝑇*<$
= (39𝑥𝑥)

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.112003
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.242001
http://arxiv.org/abs/2210.15153
http://arxiv.org/abs/2211.05034
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The default model:
dip@4.14GeV modelled
by a new resonance,
𝑋$ 4140

Can also be described by
considering 𝐽/𝜓𝜙 → 𝐷!(𝐷!)
rescattering in the 𝐾-matrix
formula

No definitive conclusion on existence of 𝑋$(4140)

Background subtracted

arXiv:2210.15153
arXiv:2211.05034

http://arxiv.org/abs/2210.15153
http://arxiv.org/abs/2211.05034


Observation of 𝑩. → 𝑱/𝝍𝜼3𝑲.

arXiv:2303.09443

Opportunity to investigate exotic resonances in 
𝐽/𝜓𝜂2 and 𝐽/𝜓𝐾( systems

http://arxiv.org/abs/2303.09443


§ 𝐵U → 𝐽/𝜓𝜂W𝐾U, 𝐽/𝜓 → 𝜇(𝜇)

§ 𝜂2 → 𝜌-(→ 𝜋(𝜋))𝛾
§ 𝜂2 → 𝜂 → 2𝛾 𝜋(𝜋)
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arXiv:2303.09443

𝑁!"#~1110 𝑁!"#~228

http://arxiv.org/abs/2303.09443


No	hint	of		exotic		in	𝑚(𝐽/𝜓𝜂W) or	𝑚(𝐽/𝜓𝐾U)
But	let’s wait for more data !! 25

arXiv:2303.09443

Background subtracted

Flat

𝐾 $,&
∗ 1430 , 𝐾∗ 1680 ? ?

http://arxiv.org/abs/2303.09443


Observation of 𝑩𝒔𝟎 → 𝝌𝒄𝟏 𝟑𝟖𝟕𝟐 𝝅+𝝅−

arXiv:2302.10629

http://arxiv.org/abs/2302.10629


§ Prompt: multiplicity dependence
§ Compact scheme is favored by the 

𝜎 𝜒/0 3872 /𝜎(𝜓(2𝑆)) trend

§ B decays:
§ Puzzling difference in ℬ(𝐵( → 𝜒'% 3872 𝐾() and ℬ(𝐵$ → 𝜒'% 3872 𝐾$)

§ But similar ℬ(𝐵$ → 𝜒'% 3872 𝐾$) and ℬ(𝐵!$ → 𝜒'% 3872 𝜙)

§ The above two phenomena could be explained by a compact-tetraquark 
interpretation

27Let’s investigate more 𝐵-hadron decays!

Phys. Rev. Lett. 126 (2021) 092001

1.1 ± 0.4 ×10)?2.1 ± 0.7 ×10)?

1.1 ± 0.4 ×10)? PDG2022

Phys. Rev. D102 (2020) 034017 

https://doi.org/10.1103/PhysRevLett.126.092001
https://pdglive.lbl.gov/Viewer.action
https://doi.org/10.1103/PhysRevD.102.034017


§ Signal yield determined 
from 2D mass fit
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arXiv:2302.10629

𝑁!"#~1300

𝑁!"#~155

Three times of the ratio: 

JHEP 02 (2021) 024 

http://arxiv.org/abs/2302.10629


§ Similar to 𝐵+- → 𝐽/𝜓𝜋(𝜋) and 𝐵+- → 𝜓 2𝑆 𝜋(𝜋)

§ Observation	of		𝐵+- → 𝜒/3 3872 𝑓-(980):  > 7𝜎

29

arXiv:2302.10629

+ Phase space contribution 

Background subtracted

Amplitude	measurement	urges	for	more	data	!!

http://arxiv.org/abs/2302.10629


§ Recent exotic candidates at LHCb
§ Observations of new 𝐵 decays show potential for 

future exotic studies
§ 𝐵( → 𝐽/𝜓𝜂@𝐾(

§ 𝐵!$ → 𝜒'% 3872 𝜋(𝜋)

§ More LHCb data will provide new opportunities

30Thank you for your attention!



Backup slides
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arXiv:2206.15233
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𝑇'!$,%(2900) → 𝐷)𝐾(: first 𝑐𝑠R𝑢�̅� tetraquarks
● Some models predict its SU(3) flavour partners, e.g. 𝑇' ̅! → 𝐷!𝜋?

Phys.Rev.D102(2020) 112003
Phys. Rev. Lett. 125 (2020) 242001

𝜒'$(3930) → 𝐷(𝐷): 
● It is suggested to be the same particle as 𝜒'$ 3915 → 𝐽/𝜓𝜔
● Some theories suggest that it is a 𝑐 ̅𝑐𝑠�̅� tetraquark candidate

Search for 𝜒'$ 3930 → 𝐷!(𝐷!) in 𝐵( → 𝐷!(𝐷!)𝐾(

𝑇!"#,%(2900)
𝜒!#(3930)

arXiv:2204.02649

JHEP 06 (2021) 035
Sci. Bull., 2021, 66: 1413

PDG 2020

Searched for in 𝐵 → K𝐷𝐷!𝜋

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.112003
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.242001
https://arxiv.org/abs/2204.02649
https://link.springer.com/content/pdf/10.1007/JHEP06(2021)035.pdf
https://www.sciencedirect.com/science/article/abs/pii/S2095927321002358?via%3Dihub
https://pdg.lbl.gov/rpp-archive/index-2022.html
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arXiv:2212.02717
arXiv:2212.02716

Spline and BW models both go anticlockwise
->
Support the resonant nature of 𝑇' ̅!$

4 2900

http://arxiv.org/abs/2212.02717
http://arxiv.org/abs/2212.02716
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arXiv:2212.02717
arXiv:2212.02716

http://arxiv.org/abs/2212.02717
http://arxiv.org/abs/2212.02716
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arXiv:2212.02717
arXiv:2212.02716

𝑚 K𝐷𝜋 > 2.7 GeV

http://arxiv.org/abs/2212.02717
http://arxiv.org/abs/2212.02716
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l Spin-parity tests:
- 𝑋(3960): 0(( favored; 1)) and 2(( rejected by at least 9𝜎
- 𝑋-(4140): 0(( favored; 1)) and 2(( rejected by at least 3.5𝜎

arXiv:2210.15153
arXiv:2211.05034

• Fixed parameters taken from PDG 2018/2020
(𝜓(4260) is 𝜓(4230) in PDG2022)

l ℱ: fit fraction
l 𝒮 : significance

(numbers in brackets don not include systematic effect)

http://arxiv.org/abs/2210.15153
http://arxiv.org/abs/2211.05034
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Large
uncertainties.
Larger data
sample is
needed

arXiv:2210.15153
arXiv:2211.05034

http://arxiv.org/abs/2210.15153
http://arxiv.org/abs/2211.05034
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arXiv:2303.09443

http://arxiv.org/abs/2303.09443

