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Measurement of the ratio of branching fractions B(𝐵!" → 𝐵#$𝜋") / B(𝐵!" → 𝐽/𝜓 𝜋") [2210.12000]

Search for prompt production of pentaquarks in open charm hadron final states [in preparation]

Observation of the 𝐵#$ → 𝜒!%(3872) 𝜋"𝜋& decay [2302.10629] 

Observation of the 𝐵" → 𝐽/𝜓 𝜂’𝐾" decay [2303.09443]

Content
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The LHCb experiment
[detector, performance, event display]

https://inspirehep.net/literature/796248
https://inspirehep.net/literature/1335135
http://clangenb.web.cern.ch/clangenb/
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𝐵!" decays

Rock garden, Chandigarh



𝐵!" decays
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𝜋! 𝐽/𝜓

𝜋! 𝐵"#

o  2𝑏 quark decays: → 𝐽/𝜓𝜋"

o  𝑐 quark decays: → 𝐵#$𝜋"
§ 𝐵!" → 𝐷!#	𝜋$ (bottom right) 

§ 𝐵!" → 𝐽/𝜓	𝜙  (bottom left)

[LHCb, JHEP 07 (2023) 066]

https://doi.org/10.1007/JHEP07(2023)066


Standard weak decay, muon lifetime

• Γ'→)*++ ~𝑚'
, ( where 𝑚'

- matrix element, 𝑚'
. phase space)

For quarks, 𝑚/
- ≫ 𝑚!

-. So, does 𝑏 decay shortly? – no

𝑉/!. ~ 10&- makes b-quark long-lived

Which heavy quark decays first
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[based on Kiselev review]

[LHCb, JHEP 07 (2023) 066]

𝑞

𝑞’

𝜋&

𝑉''’

https://arxiv.org/pdf/hep-ph/0211021.pdf
https://doi.org/10.1007/JHEP07(2023)066


More on 𝐵!"

𝑩𝒄&→ 𝑱/𝝍 𝝆& 𝑩𝒄&→ 𝝌𝒄 𝝅&
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[LHCb-PAPER-2023-046]

[LHCb-PAPER-2023-039]

https://arxiv.org/pdf/2402.05523.pdf
https://arxiv.org/pdf/2312.12987.pdf
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Pentaquarks

Rock garden, Chandigarh



Pentaquarks 𝑃! ̅!
"

in Λ$% → 𝐾&(𝑝 𝐽/𝜓)

Near threshold

𝛴!
∗ "?𝐷 ∗ $ / 𝛴!

∗ ""𝐷 ∗ &

Multiplicity matches
threshold-states spin algebra

No observation in
other final states so far
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(1D)  [LHCb, PRL 122 (2019) 22, 222001]
(AmAn) [LHCb, PRL 115 (2015), 072001] [naming scheme for hadrons, PDG2023]

https://inspirehep.net/literature/1728691
https://inspirehep.net/literature/1382595
https://pdg.lbl.gov/2023/web/viewer.html?file=../reviews/rpp2023-rev-naming-scheme-hadrons.pdf


New search of Pentaquarks in open-flavor decays
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[courtesy G. Robertson (LHCb)]

Pentaquark states seen in J/𝜓	𝑝 
must leave traces in

𝛴$
∗ !!𝐷 ∗ &	
𝛴$
∗ !/𝐷 ∗ #

𝛴$
∗ !𝐷 ∗ &

𝛴$
∗ #𝐷 ∗ #

𝛬$!𝐷 ∗ &

𝛬$!/𝐷 ∗ #

New search in prompt production is 
performed in many systems of

𝛬$!/𝐷	𝜋±

combinations

[LHCb-PAPER-2023-018, in preparation]

𝛴$∗!!

𝛴$!!

preliminary

[X] : too small statistics for limit setting

https://cds.cern.ch/record/2878333/files/PentaquarksinOpenCharmStatesImplications2023.pdf?version=1


Search for  pentaquarks:  𝜮𝒄,𝑫 ∗
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[LHCb-PAPER-2023-018, in preparation]

[Meng-Lin Du et al.]
𝛴!∗"𝐷

𝛴!∗𝐷∗

prompt

prompt

𝛴!"𝐷

𝛴!"𝐷
prompt

prompt

Statistically limited

preliminary

preliminarypreliminary

preliminary

https://inspirehep.net/literature/1846689
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[Meng-Lin Du et al.]

[LHCb-PAPER-2023-018, in preparation]

No obvious peaks

Search for  pentaquarks:  𝜦𝒄",𝑫

preliminary

preliminary

preliminary

https://inspirehep.net/literature/1846689


Search for  pentaquarks:  𝜦𝒄",𝑫 𝝅
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[Meng-Lin Du et al.]

[LHCb-PAPER-2023-018, in preparation]

preliminary

preliminary

preliminary

Some peaking structures
that might become pentaquarks
with more statistics

https://inspirehep.net/literature/1846689


𝜦𝒄"𝑫𝟎 in 𝒃-decays
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[LHCb-PAPER-2023-034]

10560	 ± 300

𝜦𝒃𝟎 → 𝜦𝒄!/𝑫𝟎𝑲&

4010	 ± 70

The decays 𝜦𝒃𝟎 → 𝜦𝒄"?𝑫𝟎𝑲& are 
observed.

Dalitz plot is populated by

• 𝑫𝒔∗∗&(→ ?𝑫𝟎𝑲&), and

• 𝚵𝒄∗∗𝟎(→ 𝜦𝒄"𝑲&)
states

Searches for pentaquark 
contributions are ongoing.

https://inspirehep.net/literature/2725948
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𝑩" → 𝑱/𝝍 𝜼’𝑲"

Rock garden, Chandigarh



Studies of charmonium in  (𝑱/𝝍 𝜼)
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[BESIII, 2020]

“XYZ data”

“scan data”

Charmonium states 𝜓(4040), 𝜓(4160), 𝜓(4360),
observed in (𝐽/𝜓 𝜂) decays by Belle and BESIII

[Belle, 2012]

e!e& → 𝐽/𝜓	𝜂
No evidence 
for 
𝜓(4260),
𝜓(4415),
𝜓(4430)

https://arxiv.org/pdf/2003.03705.pdf
https://arxiv.org/pdf/1210.7550.pdf


First look by LHCb
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1110 ± 110

228 ±28

𝐵" → 𝐽/𝜓 𝜂’𝐾"

with
𝜂’ → (𝜌 → 𝜋"𝜋&)𝛾
𝜂’ → 𝜋"𝜋&(𝜂 → 𝛾𝛾)

First observation of the decay mode!

[LHCb-PAPER-2022-054]

https://inspirehep.net/literature/2643022


Projections 𝑩" → 𝑱/𝝍 𝜼’𝑲"
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No significant contributions from charmonium or 
charmonium-like resonances.

Dominated by K* resonances

K*(1430)

[ThreeBodyDecays.jl]

[LHCb 2023, JHEP 08 (2023) 174]

An example

https://github.com/mmikhasenko/ThreeBodyDecays.jl
https://arxiv.org/abs/2303.09443


𝐵#$ → 𝜒!% 3872 	𝜋"𝜋&

19Rock garden, Chandigarh



Puzzle with isospin ratio
𝐵$ → 𝜒!% 3872 𝐾$
𝐵" → 𝜒!% 3872 𝐾"

To understand better the production,
𝐵#$ → 𝜒!% 3872 ( 𝐾"𝐾&)5
we look at the 𝜒!% 3872 production current with 𝜋"𝜋&
𝐵#$ → 𝜒!% 3872 𝜋"𝜋&

𝜒!* 3872 in B decays
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[CMS 2021]

=	0.96	±	0.31 Using [CMS 2021] + [PDG]

[Belle 2023]

[Belle 2011]
𝜒!" → 	𝐽/𝜓	𝜋#𝜋$

𝜒!" → *𝐷%𝐷∗%

𝜒!" → 𝐽/𝜓	𝜋#𝜋$

𝜒!" → 𝐽/𝜓	𝜋#𝜋$

B𝑏

̅𝑐
𝑐

�̅�

𝑢, 𝑑,	𝑠 𝑢, 𝑑,	𝑠

~1 (naively)

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.152001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.152001
https://pdglive.lbl.gov/BranchingRatio.action?pdgid=S042.605&home=MXXX045
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.152001
https://arxiv.org/pdf/1107.0163.pdf


𝐵+% → 𝜒!* 3872 𝜋"𝜋&
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𝜒%& 3872

B 𝐵!" → 𝜒%& 3872 𝜋$𝜋# 	×	B(𝜒%& 3872 → 𝐽/𝜓	𝜋$𝜋#)
B 𝐵!" → 𝜓(2𝑆)𝜋$𝜋# 	×	B(𝜓(2𝑆) → 𝐽/𝜓	𝜋$𝜋#)

= 6.8	±1.1	±0.2	%

B 𝐵!" → 𝜒%& 3872 𝜑 	×	B(𝜒%& 3872 → 𝐽/𝜓	𝜋$𝜋#)
B 𝐵!" → 𝜓(2𝑆)𝜑 	×	B(𝜓(2𝑆) → 𝐽/𝜓	𝜋$𝜋#)

= 2.21	±	0.29	±	0.17	% [CMS 2021]

[this study]

[LHCb-PAPER-2023-015]

• First observation

• 𝜒!% 3872 → 𝐽/𝜓 𝜋"𝜋& is 
considered

• 𝜓(2𝑆) → 𝐽/𝜓 𝜋"𝜋& is a 
reference

𝜓 2𝑆

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.152001
https://link.springer.com/article/10.1007/JHEP07(2023)084
https://inspirehep.net/literature/2635083


𝑠�̅� drives the production 
current

The spectrum is consistent 
with strange-dominated

𝑓K resonances

𝐵+% → 𝜒!* 3872 𝜋"𝜋&
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𝑓"(980)

𝑓"(1500)
𝑓"(980)

𝐵"# → 𝜓 2𝑆 𝜋!𝜋&

[LHCb-PAPER-2023-015]

https://inspirehep.net/literature/2635083


Ramping up with Run-III

Vertex detector is successfully reinstalled

Downstream tracker is replaced
No calorimeter trigger (L0)

Schedule:

• 6 March: cavern closed
• 11 March: first circulating beam

• 3 April: first stable beams

• 12-25 April: intensity ramp up
• 25 April: start luminosity production

Goal: 120 days (2024) + 140 days (2025)
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LHCb pixel Velo LHCb SciFi

[LHCb Upgrade]

https://inspirehep.net/literature/2660905
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Future runs of LHCb
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Today
[W. Altmannshofer, F. Archilli, 2206.11331]

https://inspirehep.net/literature/2099988


Conclusion. Quiz

• Which quark in 𝐵M& decays faster?

• 𝐵NK → 𝐽/𝜓 4𝜋 which charmonium dominates 𝐽/𝜓 𝜋&𝜋O spectrum?

• Give an order of magnitude (10OP, 10OQ, 10OR)
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