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Hadron Spectroscopy at the LLHC
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1,,,(6900) observation m prompt di-J/y production

11.5 | | | | | | | | | | | | |
. . cc(qq) @ cccc B ccqqq
11.0 | 13 new tetraquark candidates since 2020 ® ccdd ® <c4qq
10.5;/
1.5
7.0 - .TW(69OO)
T,(6600)
6.5 - O
6.0 -
~ 5.5 -
U
>
8 5.0 A X(4700) X(4685)
~, Pl(4450)* X(4500) P, (4457)* X(4630)
n 2 X(4140) X(az74) Py (4440)" Teaa2200 @ 4338 Nc(4300)
(ZU 4 O | P{,Y(4380)+ P({UV(4312)+ Tgsl(4000)+ T551(4000)0
. ch%875)+ X(3960)
3.5 - i
3.0 ~ Tc0(2900)° a -+ -
oRE:  eTzu
2.5 - -
2.0 | | | | | | | | | | | | |
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 sumu,y,
patrick.koppenburg@cern.ch 2024-06-06 Date of arXiv submission ." 16‘\
. N .
- o ® .
. 4 o
x’ 3 K


https://www.nikhef.nl/~pkoppenb/particles.html

1,,,(6900) observation in prompt di-J/y production

Signal described with a Breit-Wigner lineshape

Near di-J/y threshold enhancements could be due to feed down 220
—F— Data

from heavier quarkonia decays or mixture of other four-quark states ™ : Toul i
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l v = Threshold BW
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Model I: no-interference fit .
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Weighted candidates / (28 Mg

Wy %%
- .
oot —
el ==
I »N
St e o
X i e o R SO IS K RIS O
B o S A S S S I X S o S R S O S SO
I
— T stat) =L S y st C 7 9
M .. (Me V/c )
di-J/ v

LHCb-PAPER-2020-011; arXiv:2006.16957

ully
"“ '0‘
16

L
.
4 n
|
N
N


https://arxiv.org/abs/2006.16957

1,,,(6900) observation m prompt di-J/y production

Model II: including interference with non-resonant di-J/y
production

—F— Data
20E YHCb  Model /] — e

180 w— Resonance
l 60 — = nterference

M (T,,,,(6900) ) = 6886 = 11 (stat) & 11 (syst) MeV

r <TW(69OO)> — 168 + 33(stat ) = 69 (syst) MeV 120

Interpreted as cccc state, further investigation determining
spin-parity quantum numbers necessary

Weighted candidates / (28 MeV/c?)
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Significance in both models > 5o

T,,,,(6900) also confirmed by CMS and ATLAS
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1,,(6900): Confirmed by CM5 and ATLAS
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TcsO(l)(29OO)O observation in BT — DTD~K™ Decays

Clean environment to study open-charm tetraquarks

Any resonance in the D™K™ channel has minimal quark
content cdsu
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Decay also allows to study cc¢ resonant structure in the 161
D™D~ channel 1l
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TcsO(l)(29OO)O observation in BT — DTD~K™ Decays M

Amplitude analysis reveals that data cannot be reasonably
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Charmonium(-like) States in Bt — D™ *D¥K* Decays
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Charmonium(-like) States in Bt — D™ *D¥K* Decays
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Charmonium(-like) States in Bt — D™ *D¥K* Decays
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Other J"'¢ quantum numbers are rejected with 5.7¢

The 77.(3945) agrees reasonably with the previously observed X(3940) state, the other states have not been observed  ,..--.,

[sospin not measured and while there are predicted conventional states nearby, exotic contribution are possible . .
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Confirming T* (2870)” and T* (2900)"
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Now confirmed in a different production channel Bt — D"t*D~K*
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And many others...
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Observation of new resonances Probing the nature of
decaying to J/Ap K and J/i¢ Observation of a J/ip A resonance 0 the xc1(3872) state using
consistent with a strange pentaquark Evidence of a J/ Y Kg structure in radiative decays
BY - J/zbqbK(S) decays

candidate in B~ — J/©» Ap decays
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July 27, 2023

CERN-EP-2021-165
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September 2, 2021

Observation of an exotic narrow
doubly charmed tetraquark First observation of a doubly charged
tetraquark and its neutral partner Rl "
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A Prospect for Exotic Spectroscopy: Semileptonic Decays

. ' ‘ The LHCb Public results —gg ===
Semileptonic decays comprise more than 10 % of all B decays —

Publications of the Semileptonic B decays Working
Group

Everything to do with semileptonic B decays

measurements, lepton ﬂaVOr universality e Search for CP violation in B mixing (A, determination)

e Studies of b — cuv transitions, particularly in By and A, decays, including form factor
measurements

So far used for ‘ V.,

teStS, CP asymmetry teStS, rare prOcesseS etC .. : Studies of b — uuv transitions, particularly By, — K(*)'uy and B = puv

Search for the decay B; — Bev
* Searches for excited particles produced in semileptonic B decays
« Measurement of the properties of B » D™zv decays

There are no complicated cross channel effects compared to Belle 1 B — Dar +I/f
typical LHCb Dalitz Analyses . |

PHYSICAL REVIEW LETTERS 126, 192001 (2021)

BY— D¢ty 120 [ Belle Bt —= D ntity,
100 |- === Total
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60 __ other D xt
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Candidates / (0.0075 GeV/c?)
Candidates / (0.0075 GeV/c?)

Where Is the Lightest Charmed Scalar Meson?

Meng-Lin Du ,1’* Feng-Kun Guo ,2’3’? Christoph Hanhart ,4’i Bastian Kubis ,1’§ and UIf-G. MeiBner®"*>!
'Helmholtz-Institut fiir Strahlen- und Kernphysik and Bethe Center for Theoretical Physics,

, Universitidt Bonn, D-53115 Bonn, Germany : e 1'0 — ‘ e . £ T

CAS Key Laboratory of Theoretical Physics, Institute of Theoretical Physics, Chinese Academy of Sciences, mA(D*7) . [GeV?] m(D°r) (GeV/c) m(D %) (GeV/c?)
Beijing 100190, China min
3School of Physical Sciences, University of Chinese Academy of Sciences, Beijing 100049, China
*Institute for Advanced Simulation, Institut fiir Kernphysik and Jiilich Center for Hadron Physics,
Forschungszentrum Jiilich, D-52425 Jiilich, Germany
SThilisi State University, 0186 Tbilisi, Georgia
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Exploit: Searches for exotic states in semileptonic B decays



https://cds.cern.ch/record/2205214
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.092003
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.192001

Summary Q& Further Prospects w

Many new tetraquark candidates have been observed in

LHC Run 2
un and others .. .

Exploit semileptonic decays in tetraquark searches

Thank you;

NO, 1TS A WALL

LHC Runl&2 — Run3&4: 10x statistics TS A —Th _ WHAT ?
sNawe! /7 §F ‘ T \T's A
° . \ ; . ; I. N l RDPE-

— Search for more tetraquarks and isospin partners 4 ¥ 6 >

— Study spin-parity quantum numbers and various
other properties of tetraquarks

Nature of multiquark states still highly debated = K.
— compact states, hadronic molecules?

Collaboration with theory colleagues important
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Backup - LLHCb Detector

Heavy hadrons are predominantly produced in beam direction

S —Mﬂ Calorﬁneters
Yk

— LHCD is built as a forward spectrometer

ES
G AN

e — —4-—.!_:—7

Multiple subdetectors for precise reconstruction of decay products

| P
e a1

1. VeLo for vertex tracking near the pp interaction point

2. RICH Cherenkov detectors for particle identification

3. Multiple tracking systems

4. Calorimeters for energy depositions

An excellent setup for spectroscopy of heavy hadrons RS



