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Heavy flavour production at LHC
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Approaches of new particle search

il

= Particles produced promptly in ~ «» Particles produced in b-decays

pp collision « Yield suppressed by b-decay BF
. FullY exploiting the large cross- « Background is generally clean
section at LHC due to effective b-selection
 Large combinatorial background « Mass, width and angular
« Only mass & width/lifetime distribution (hence quantum
. FEffective for long-lived particles numbers!)
* T>~DPS

Common features

« Most powerful for final states of all charged tracks:
« excellent momentum resolution and PID

« Possible with K2 or ¥ in the final state with reduced efficiency
. Partial reconstruction also effective with a soft y or 7% missing
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New particles in a glance

» 60 new hadrons discovered at LHCb!
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10.5 - 60 new hadrons at LHCb
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Selected highlights

Conventional states
« Charm baryons: =~
« Doubly heavy hadrons: 23,5/, BF

Exotic hadrons

. Tetraquark states: o |

X(3960), T%0(2900)**/0, T2, (4000)° WV
- Pentaquark states: P (4338)° o risonn
Full list:

https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/Summary_all.html

Exotic hadron naming convention: arXiv:2206.15233
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Z. baryon in B decay

w 56(2930)0 (CSd) foundin B~ - /T;AgK_
at BaBar, confirmed by Belle

= Resolved into £,.(2923)° and £.(2939)°
in prompt Af K~ search at LHCb

PHYS. REV. LETT. 124 (2020) 222001

al

» Confirmed by recent B~ - AZAFK~
study at LHCb arXiv:2211.00812
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=+ +
New decay mode of &, JHEP 05 (2022) 038

= LHCb opens a new era in doubly heavy baryon search where
Chinese groups have been leading the efforts

o Starting with observation of £}" in ATK n*n™
o Confirmedin Zfn™ decay  prL121(2018) 162002

PRL 119 (2017) 1120071

JHEP 05 (2022) 038

= Recently a new decay £.*n* found
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Search of &,

» First search for z), performed

° 5'I-Jl-c _>]/l/)50+

6571 MeV 6694 MeV

Local signficance 430 410
Global significance 280 240
e g o .
T; - 1o §
& 107 F | 0
= E 520 E
g 107 F ER.
— = = g
_3 i 130 72}
107 3 ‘g
F LHCb @
10 E 9 fb! 3
: Jio
107 B R 1 R |
6400 6600 6800 7000

m(J/y EY) [MeV/c?]

2022/12/11

arXiv: 2204.09541(submitted to CPC)
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B} decay BF measurement  _yi,.221012000 (submitted to JHEP)
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« First B weak decay to another beauty

- Branching fraction expected to be large,
and contributes to more stringent limit on

B} - v decay BF
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X(3960) arXiv: 2210.15153 (submitted to PRL)

arXiv: 2211.05034 (submitted to PRD)

» First observation of BY - DS DK™

B(BY->DI D K)
* B(B*>D*D-K)

» Near-threshold structure X(3960) (c¢ss) observed in DS D system (>120)
e m=3956+5+ 10 MeV

o I'=434+ 13+ 8 MeV
]PC=0++

= 0.525 %+ 0.033 £ 0.027 + 0.034

Evidence of X,(4140): tetraquark? Cross-channel effect?
« Evidence of ¥(4260) and y(4660)
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Tetraquark with open charm

arXiv: 2211.02716 (submitted to PRL)
arXiv: 2211.02717 (submitted to PRD)

First observation of doubly charged T%,(2900)** (cusd) and its isospin partner

T%,(2900)°(cusit) in B*/® - D~/0D}n*/~
- Amplitude analysis using the package TF-PWA

« Reminder: T..,(2900)° and T..;(2900)° with quark content (csiid) with J¥ = 0% and

1~ found in Dalitz analysis of the BY - D*D~K* decay
2.,(2900)° mass is consistent with T..,(2900)°, but width and flavour differ

¢® 1¢50

Assuming isospin symmetry:
m = 2908 + 11 + 20 MeV l

PRL 125 (2020) 242001
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Tetraquark with hidden charm

ml

(il

Z(4430)* or T£s(4430)+, a charged state with minimum quark content

(ccud) and JP = 1% was first observed in decay B® — ¥ (2S)K ™ by Belle
and confirmed by LHCb  pri 100 (2008) 142001, PRL 112 (2014) 222002, PRD 92 (2015) 112009

B* - J/Y¢K*: a zoo of exotic states
« Multiple exotic states found in J /1 ¢ system

« TwoZ in K m
0 Z states in J /YK syste PRL 127 (2021) 082001
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Tetraquark with hidden charm

LHCb-PAPER-2022-040

» Combined fitto B* - J/y¢K* and B® - ] /y¢K] find evidence (4.0 o)
of Z.5(4000)° or T,j, (4000)°, with quark content ccsd

« Assuming isospin asymmetry the significance is 5.4 sigma
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Pentaquark
arXiv: 2210.10346 (submitted to PRL)

T T T T

= A new pentaquark with strangeness
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Summary

= Thanks to the huge production rate at LHC and excellent detector

performance, LHCb has greatly extended our knowledge on heavy hadron
spectroscopy, both for conventional or exotic hadrons

= Chinese groups have been playing a crucial role, largely benefiting from
active interaction with theoretical community

= This trend will continue as Upgrade | close to completion and much more
data expected
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Doubly charmed tetraquark

= A narrow resonance T (cciid) discovered in prompt DDt
spectrum, just below the D**D° mass
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Fully charmed tetraquark

» Narrow resonance of X(6900) or T,,(6900) discovered with full
LHCb Run 1+2 data in prompt J/y] /1 pair spectrum
o First tetraquark with all-charm quark
« Recently confirmed by CMS and ATLAS
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Pentaquark

» Evidence of P}/ (4337)* in -~ » Firstevidence of
the BY - ] /ypp decay ~ @ LHCD { pentaquark with
z | 9fb“* { | strangeness
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