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Measurement of the ratio of branching fractions B(B} — Bdn*) /B(B} — J/y n™) [2210.12000]
Search for prompt production of pentaquarks in open charm hadron final states [in preparation]
Observation of the BY — y.,(3872) n*m~ decay [2302.10629]

Observation of the B — J /1 n’K™ decay [2303.09443]
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[detector, performance, event display]

The LHCb experiment
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https://inspirehep.net/literature/796248
https://inspirehep.net/literature/1335135
http://clangenb.web.cern.ch/clangenb/

B decays
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[LHCb, JHEP 07 (2023) 066]
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https://doi.org/10.1007/JHEP07(2023)066

[LHCb, JHEP 07 (2023) 066]

Which heavy quark decays first

Standard weak decay, muon lifetime a7t

5 3 . 2
[,evy ~m;, (where m; matrix element, m; phase space)

For quarks, m; > m32. So, does b decay shortly? - no % q

~ 1073 makes b-quark long-lived

—~120 F H [based on Kiselev review]

+ 3
S 80

~ g0 £91 £+ 10 (stat) £ 8 (syst) & 3 (B).

T a0k ]
_CQQ 20 é_ ! .

S— | 1 1 1 1 1 1 1 1 1 1

A LHCb Kiselev et al. Abd El-Hady et al. Chang et al. Anisimov et al.
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https://arxiv.org/pdf/hep-ph/0211021.pdf
https://doi.org/10.1007/JHEP07(2023)066

More on B/
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[LHCb-PAPER-2023-039]

[LHCb-PAPER-2023-046]
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https://arxiv.org/pdf/2402.05523.pdf
https://arxiv.org/pdf/2312.12987.pdf
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N D Pentaquarks P
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S [ — background
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(1D) [LHCb, PRL 122 (2019) 22, 222001]
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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

Pentaquark states seenin /Y p
must leave traces in
Zg*)++D(*)_
2(*)+ QL
ZE*HD(*)_
E(g*)o DIGL
AFDM-
AFDI0

New search in prompt production is
performed in many systems of

AFD

combinations
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[LHCb-PAPER-2023-018, in preparation]
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https://cds.cern.ch/record/2878333/files/PentaquarksinOpenCharmStatesImplications2023.pdf?version=1

Search for pentaquarks: XD
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Candidates / (10 MeV/c?)

Candidates / (10 MeV/c?)
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[LHCb-PAPER-2023-018, in preparation]
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https://inspirehep.net/literature/1846689

Search for pentaquarks: A} D

[Meng-Lin Du et al.]
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No obvious peaks
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https://inspirehep.net/literature/1846689

Search for pentaquarks: AFD m
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[LHCb-PAPER-2023-018, in preparation]
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https://inspirehep.net/literature/1846689

A+ DY in b-decays

The decays A) —» A} D°K~ are
observed.

Dalitz plot is populated by
« DY (- D°K™),and
© (- AKT)

states

Searches for pentaquark
contributions are ongoing.
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[LHCb-PAPER-2023-034]

Data

Full model

A)— ATD°K~

A= ATKTn K~

Ay — AF [Dn%) o K~

A AF [D%] 0 K

Ay — [AGn7] $o(2455)+ DK~

Combinatorial background
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https://inspirehep.net/literature/2725948
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Studies of charmonium in (J/y n)  [BESIN 2020

80
70E- “XYZ data”
605—
Charmonium states 1)(4040), ¥ (4160), ¥ (4360), 50
~ 40
observed in (J /Y n) decays by Belle and BESIII f./_ WwE
’5_ 2o§—
te > I/ 3
77 . S o
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https://arxiv.org/pdf/2003.03705.pdf
https://arxiv.org/pdf/1210.7550.pdf

[LHCb-PAPER-2022-054]

First look by LHCb
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First observation of the decay mode!

B(B* = Jhn' K+)
B(BT = ¢(2S)K™)
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= (4.91 £0.47 £0.29 £0.07) x 1072,



https://inspirehep.net/literature/2643022

Projections B™ —» J/Y n’'K™

No significant contributions from charmonium or
charmonium-like resonances.

Dominated by K* resonances

An example

< 22¢ [ThreeBodyDecays.jl]
[}
2
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E
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[LHCb 2023, JHEP 08 (2023) 174]
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https://github.com/mmikhasenko/ThreeBodyDecays.jl
https://arxiv.org/abs/2303.09443




X-1(3872) in B decays

~1 (naively)

B(BY — X(3872)¢) * =/ /v .
3(1(30 Y X((3872))If0)) =0.96 + 0.31 Using [CMS 2021] + [PDC]
Puzzle with isospin ratio 0 -
BY — Xc1 (3872)K0 Bl?](sﬁs:;;((;:;zz))lfl; = 0.482 + 0.063 (stat) £ 0.037 (syst) = 0.070 (B). [CMS 2021]
B* - y..(3872)K™

B(B® — K°X(3872)) %~ /0
= 0.50 £ 0.14 (stat) &= 0.04 (syst [Bell |
B(B+ — KX (3872)) (stat) (syst)  [Belle2on

B(B° — X (3872)K®) xe1 > 00"
B((B+ R XE3872;K+)) = 1347030 (stat) T 1a(syst),  [Belle2023]

To understand better the production, i

BY - x:1(3872) (K*K )y

we look at the y.,(3872) production current with t+ 7~ 5 )

BY - y.,(3872) ntm™ 5
u,d,s u,d, s
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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

[LHCb-PAPER-2023-015]

B —» y.,(3872)ntm™

oo
(=
T

* First observation % :Xcll(l38:72) LHCH

e v.(3872) = J/pwtnTis 2 % U
considered % ; + + H

« Y2S) > Ypmtnisa 3 1 H
reference E ; ﬁﬂﬂ JHLWLHJFHJV :[

' il A 1 L 1 1 4 I l il 1 '
3.85 3.86 3.87 3.88 3.89 3.9

M yppmtn— [GeV/ 02]
B(BY - y.,(3872
(BS = xe1(3872)1 1) — 68+1.1+02% [this study]

B(Bs = $(28) " 1)
B(BS = xc1(3872)¢)
B(Bs' = ¥(25)¢)
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=22140294017% [CMS 2021]



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

[LHCb-PAPER-2023-015]

B —» y.,(3872)ntm™

sS drives the production

current BO - w(28)ntm™
~ N7 3 ~ 27 71 T 3
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https://inspirehep.net/literature/2635083

Ramping up with Run-lll Lico Upgrace] B BRI

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

\LHsb ixel Velo
L
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Goal: 120 days (2024) + 140 days (2025)


https://inspirehep.net/literature/2660905

[W. Altmannshofer, F. Archilli, 2206.11331]

V Today
Large Hadron Collider (LHC)

XN T R S R

High Luminosity LHC (HL-LHC)

7 TeV=— 8 TeV— 13 TeV 13.6 TeV 14 TeV
LHCb 9 fb-1 ———oi Upgrade | 35| fb-1 ——] Upgrade Ib Upgrade Il 300 fb-! =P GPD
ATLAS/CMS 190 fb-1 — —_ 3000 fb-! ——p
2011 [ 2012 | 2013 | 2014 | 2015 | 2016 | 2017 [ 2018 | 2019 [ 2020] 2021 | 2022 ] 2023 2025 2026|2027 2028 2029 | 2030] 2031 |2032| 2033] 2034] 2035[| 2038 [ 2039 [ 2040 l"»
Belle Il 400 fb-1 =] 7 ab-1 =—] 50 ab-! =—Ppp
] ] .
SuperKEKB
3 fb-!' @ Vs = 3.773 GeV 20 fb-' @ Vs = 3.773 GeV
BESIII 3fb-1 @ s = 4.178 GeV ——] 6 fb-1 @ Vs = 4.178 GeV —P
3 fb-1 @ Vs = 4.64 GeV 5fb-1 @ Vs = 4.64 GeV
BEPCI! 1ab-'@Js=3.773 GeX

STCF

Future runs of LHCb
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https://inspirehep.net/literature/2099988

Conclusion: Quiz

P
(S

Which quark in B} decays faster?

B — J /i 4w which charmonium dominates J /iy m7 7~ spectrum?

Give an order of magnitude (1072,1073,107%)

B(B* — Jhyn' K+)
B(BT = ¢(28)K )
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