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Motivation

ÅHadron spectroscopy studies the masses and decays of hadrons.

ÅThe properties of these hadrons are a result of quantum 
chromodynamics (QCD).

ÅQCD describes the theory of strong interactions between quarks and 
gluons, binding quarks and antiquarks into hadrons.
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ÅSU(3) multiplets of ground states contain the ( u, 
d, s) quarks.

ÅCan be extended to SU(4) by adding c quark .
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Motivation

Study structure of hardon

ÅQuark model 

ÅQuarks and diquark

ÅTightly bound or molecular

HQET : Heavy Quark Effective Theories

ÅCan be used to predict masses of heavy 
meson/baryon

Validate HQET by measuring excited states.
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Status

Beauty baryons

ÅExcited ɫᶻ states
Åɫᶻ ᴼɤ“
ÅPRL 122 (2019) 012001

ÅExcited ɱ states
Åɱᶻ ᴼɧὑ
ÅPRL 124 (2020) 082002

ÅExcited ɤ states
Åɤᶻ ᴼɤ““ ɤᶻz ᴼɤ““

ÅPRL 123 (2019) 152001 arXiv:2002.05112
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Charmed baryons

ÅExcited ɱ states
Åɱᶻz ᴼɧὑ
ÅPRL 118 (2017) 182001

ÅExcited ɧ states
Åɧᶻz ᴼɤὑ
ÅPRL 124 (2020) 222001

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.012001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.082002
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.152001
https://arxiv.org/abs/2002.05112
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.182001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.222001
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Masses prediction

5

ɧ“

ɤὑ“
ɤὑ

arXiv:1311.4806

P-wave

D-wave and radially

https://arxiv.org/pdf/1311.4806.pdf
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Detector & data

Å2016-2018 data at LHCb.

ÅIntegrated luminosity: 5.57 fb -1
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ÅLHCb designed for charmed and bottom hardon.

ÅExcellent vertex, tracking and PID performance. 
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Selection of ɤ

ÅSelect decays using multivariate boosted 
decision tree(BDT).

ÅInput variables based on decay topology and p T
and particle identification information of the 
children particles. 
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About 125M ɤ signal with purity of 93%.

Mass window: 
ὓ ɤ ςπ-Å6

BDTVal>- 0.56
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Selection of ὑ

ÅSelect decays using a 2 -Dimensional 
cut

ÅOptimizing selection simultaneously 
in particle identification response
of the bachelor kaon and the pT of 
the mother particle.
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After cut

LHCb LHCb

ɝὓ άɤὑ άɤ ά ὑ

Reject 95.25% background 
while keeping 35.15% signal.
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Mass spectrum of ɤὑ
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LHCb

ἰɝὓ άɤὑ άɤ ά ὑ

ÅAll currently known ɧ states (PDG) 
are marked if the mass bigger than 
threshold.

ÅYellow ɊNot been seen
Åɧ σπυυhas been observed
PhysRevD.89.052003

ÅRed ɊNot been seen in this decay

ÅGreen ɊObserved in this decay
Åɧ ςωσπis actually two states
ÅSome strange things in ɧ ςωχπ

╬

╬

╬

╬

╬

https://doi.org/10.1103/PhysRevD.89.052003
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Mass spectrum of ɤὑ

10

LHCb

ἰɝὓ άɤὑ άɤ ά ὑ

Partially reconstructed mode 
are considered:

Åɧᶻz ᴼɤὑ “ , 

Åɧᶻz ᴼɤὑ “ ,

then the pion is missing.

139 MeV


