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Introduction

Ihcb-outreach.web.cern.ch/2021/03/03/lhc-as-a-large-hadron-discovery-factory
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https://lhcb-outreach.web.cern.ch/2021/03/03/lhc-as-a-large-hadron-discovery-factory/

* Observation of the decay A} — Aft™ 7,
Phys. Rev. Lett. 128, 191803.

* Observation of two new excited Ej states decayingto AJK~m
Phys. Rev. Lett. 128, 162001.

« Study of the B} decays into charmonia and three light hadrons
JHEP 01 (2022) 65
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.191803
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.162001
https://link.springer.com/article/10.1007/JHEP01(2022)065

Observation of the decay
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arXiv:2201.03497
Published in Phys. Rev. Lett. 128, 191803.



https://arxiv.org/abs/2201.03497
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.191803

Observation of the decay A} — ALt v,

« R(D**) = B(BY - D**t~ vT)/@(BO - D*+u Vu) have been
measured by LHCb using 7~ — w7~ (w®)v;. [phys. Rev. D 97, 072013
(2018). ]

« R(AY) = B(AY > At V) /B(A) - Afp~ vﬂ) have very precise

theory predictions (R(A+) = 0.324 + 0.004) in SM frame. [phys. Rev.
Lett. 121 (2018) 202001. ]

» Normalization mode A), » Afm*m~m™ is used to determine the
ratio of branching fractions:

K(AJC“) = @B(A) > Aft™ v,)/B(A) > Afntn )

e Usingt™ -t ™ ("),
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.97.072013
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.121.202001

Observation of the decay A} — ALt v,

* 3D (g%, 7, BDT output) binned maximum-likelihood fit

to extract signal yield

Phys. Rev. Lett. 128, 191803.
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.191803
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.191803

Observation of the decay A} — ALt v,

1001~ LHCb Phys. Rev. Lett. 128, 191803.
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Phys. Rev. Lett. 128, 191803.
(Supplemetal)

* Results
« k(A}) =246 £0.27 £ 0.40
« B(AY > Aft™ V) = (1.50 £ 0.16 + 0.25 + 0.23)%

 R(AT) =0.242 +0.026 + 0.040 £+ 0.059, lower than but agree with SM
prediction
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https://journals.aps.org/prl/supplemental/10.1103/PhysRevLett.128.191803/main_supplemental.pdf
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.191803

Observation of two new excited

=y states decayingto A} Kt

arXiv:2110.04497
Published in Phys. Rev. Lett. 128, 162001.



https://arxiv.org/abs/2110.04497
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.162001

Observation of two new excited =;, states

* Several excited A(l’, states have been observed, leading to the investigation of
the excited Z; states due to their similar properties.

» Recently the LHCb collaboration reported the observation of the Z,(6227)~

[Phys. Rev. Lett. 121, 072002] and Zp, (6227)0 [Phys. Rev. D 103, 012004]

* Two 1D E) are predicted with decays dominated by the ZI(,*)K and £/’ modes
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.072002
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.072002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.012004
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.162001

Observation of two new excited Zp states

e Candidates with mass in a 2.50 window around the A} mass are
used to form A) K~ m*.

* To estimate the combinatorial background, the wrong sign
candidates are reconstructed with a ALK~ r* final state.!
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Phys. Rev. Lett. 128, 162001

6300 6 e a0 6300 B0 B 660 :
/(AQKW) [MeV] m(A)K*7-) [MeV]
Mg, (6327)0 = 6327.26X357 £ 0.08 + 0.24 MeV

Peaks modelled by relativistic Breit-
Mg, (6333)0 = 6332.67X773 + 0.03 + 0.22 MeV

Wigner function convolved with a
resolution function.
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.162001

Observation of two new excited Z states

* Resonance structures in excited Eg decays are studied by mass fits to data
samples in 5 MeV slices of the m(A%n+)

* Mass and width parameters of the two ZJ states are fixed to the nominal fit values.
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* Resonance structures consistent with the theoretical predictions of a doublet of 1D ZJ states with
JP =3/2% and 5/2% [Phys. Rev. D 100, 094032] [Phys. Rev. D 98, 076015]
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.094032
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.076015
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.162001

Study of the B decays into

charmonia and three light hadrons

arXiv:2111.03001
Published in JHEP 01 (2022) 65



https://arxiv.org/abs/2111.03001
https://link.springer.com/article/10.1007/JHEP01(2022)065

Study of the B — y3h

Only 3 decay modes of Bf — 13h are seen on LHCb previously
[Phys. Rev. Lett. 108, 251802] [Phys. Rev. Lett. 113, 152003] [JHEP11(2013)094]

* 4 decay modes of Bf — 13h are first observed
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.108.251802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.152003
https://link.springer.com/article/10.1007/JHEP11(2013)094
https://link.springer.com/article/10.1007/JHEP01(2022)065
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Study of the B — y3h

 Resonance structuresin Bf - J/Yyntn—n*
JHEP 01 (2022) 65
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* The obtained mass, width and fraction of R is consistent with those for
a,(1260)* - f,(1370)(» n*tm~)n* obtained by CLEQ Phys.Rev. D 61 (2000 012002

 Resonance structuresin BYf - J/YK*K n*
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.61.012002
https://link.springer.com/article/10.1007/JHEP01(2022)065
https://link.springer.com/article/10.1007/JHEP01(2022)065

Study of the B — y3h

* Ratios of branching fractions from this measurement are compared with theory and
previous experiments

Ratio

Value

Value [10_2]

Rt])(QS)K+K_ it
$(28)t et
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Ribin e
Romin n

0.37£0.15+£0.01
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0.185 +0.013 £ 0.006
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* The ratios of branching fractions agree well with theory and previous experiments
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Study of B decays to charmonia

and multihadron final states

LHCb-PAPER-2022-025
In preparation




Study of the B — Y)5h

LHCb-PAPER-2022-025 in preparation
 Bf - J/YK*K-n*ntn~ is first observed
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* Lots of new particles and excited states have been discovered at LHCb!

* Observation of the decay A) = Af1™ v,
« R(IAD) = B(AY - Ayt 7,)/B(A) > Afp~ V,) is determined and agree with
SM prediction

* Observation of two new excited Z} states decaying to A K m*

 New excited E} states Z,(6327)° and £,,(6333)° are consistent with the
theoretical predictions of 1D E} states with J* = 3/2% and 5/2%

* Study of the B} decays into charmonia and three light hadrons
* Serval decay modes of BCJ—r — 13h are first observed

* Study of the B} — )5h

B - J/YWK*K n*ntn™ is first observed

Thanks for listening
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