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Hadron spectroscopy for QCD
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| eclear indication from both experiments and Lattice QCD

| eDbelieved to be related to increase of a, at low energy, but
molecule gluebal hybrid never demonstrated analytically

~exotichadrons /e Exotic states provide inputs for further understanding of QCD

P. Li (UCAS) | sz B2 F&MMdS | a2 | 2026.08


https://www.nature.com/

Timeline of heavy exotic hadrons
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L HCb detector

LHCb MC

e Daughters of b & ¢ hadron decays: pr ~ O(1 GeV/c), flight distance L ~ 1 mm (s =14 Tev
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Radiative decays of y,.{(3872) ez

PRD109(2024)074009

» Ratio of the partial radiative decay widths into w(2S)y and J/yy < 1 for a pure DD* molecular
e 7.1(3872) — yy(2S) observed for the first time in BT — y.,(3872)K™ with 9 fb~! pp collision data

* Inconsistent with pure DD* molecular hypothesis but agree with many others:
conventional cc charmonium, ccqq tetra quark, molecules mixed with a sizeable compact component
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» Simultaneous search of y,.,(3915)

Observation of y.,(3872) — J/yu*u~
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Search for BT — y. (3872 ,eccmns

» The compact-tetra quark interpretation of y.,(3872) predicts enhancement of B(B." — y.,(3872)x™)

« ATLAS reported significant enhancement of y..;(3872) production from B.", assuming short-lived

contribution of non-prompt y..;(3872) to arise from B, decays
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StUdy of TcE1(443O)+ PRD 113 (2026) L 07110

» No consensus on the T..,(4430)™ nature since the first observation by Belle PRL100(2008)142001

. First full amplitude analysis of BY — y(2S)Kz™ with 5.4 fb~! LHCb data

 Both model-independent and model-dependent approaches tested
'-1(4430)" needed, both BW & Flatte parametrisation considered

Model independent

Model dependent
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Search for 7,..(4410)~

EPJC 86 (2026) 537

« Evidence (3.20) of T7.:(4410)™ was found in B - n (1)K 7z~ with 4.7 fb~! LHCb data

« M = 4096 £ 2070 MeV, ' = 152 £ 58+5) MeV

—35

. Amplitude analysis of B — n.(1S)K™ 7~ using 9 fb~! Run 1 + 2 data
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EPJC/78(2018)1019

I'..(4410)" is slightly preferred in the amplitude model, but significance less than 3¢ when
considering systematic uncertainties
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Puzzle in D" spectroscopy
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Puzzle in D" spectroscopy
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I .- states at LHCb
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Study of D;(2460)" - D 'n™n~

Sci.Bull. 70(2025)1432-1444
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Study of DS1(246())Jr — DSJr T

Sci.Bull. 70(2025)1432-1444

Two models describe data equally well!
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u-tagged D ,(2460)7/D (2536)7

DS1(246O+(D(*) — uvX,) predominately
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o D+(2536)Jr was assumed to be either a conventional ¢s meson or D*K molecule

» Branching fraction of D(2536)™ — Dz~ measured for the first time w.rt D7 (2536)" —

B0 (530 = D)
B(D.(2536)T — D+K+7r—)

= ac T 00s

U090 1y

1240 £ 60 D,2460) ~ Dl

(1

Entries
ek
Ot
S
|

LHCb
941

Entries / (1 MeV)

Lt A

3125 2450 2475 2500 2535 9550 2575
PLi(UCAS)E

m(Dgr ™) [MeV]

- - g Y el S - q wtl I 0w YT -

—)
Ot
(s

-
-
-

Ot
G

— D

arxiv:2608.10826

D K rn™

1125 +60 D*(2536)" — Dirtn

B LN L N L O L B R ML BN R R LR
-  LHCbH ® Data -
E e | o Y '
=<~ Backeroumd
- | .
[ (b) '
R T o
RATROWMNMWE O T OB

2425 2450 2475 2500 2525 2550 2575
m(Dfntn™) [MeV]

16


https://www.nature.com/
https://arxiv.org/pdf/2608.10826

u-tagged D ,(2460)7/D (2536)" - D"~

arxiv:2608.10826

° suggests differences in the internal structure of the two states
D (2460)" - Dfr*n~

B FESEL S, FEES N, ) B S
LHCb S

** 54 b

A, S S, P L P L,
m(mT7~) > 0.36 GeV | LHCh

B “ 5.4 fh—1

-
(o)

ok
@)
-
| | | | I 1
*_
o

N
-
|

100 -

&y
S
|
e u—
e —
——
——
——
e —
——
——
P u—
| :
Weighted entries / (0.01 GeV)
DO
(o
|
——
e —
——

Weighted entries / (0.01 GeV) |

(0 | 2 tal gt
O;.:..ml----l----’.l..._- O_J...Ul *I*
0.3 0.4 0.5 2.1 2.2 2.3
m(ntn~) [GeV] m(DTnt) [GeV]

D1 (2536)" — D n"

| |‘||

5.4 fb—1 ]

Q0
O

w+7r y o 36 GeV‘ LHCb

o)
O

40

i*}

N
O
*

Weighted entries / (0.014 GeV)
Weighted entries / (0.014 GeV)

20 — f - 0
(e * :
0 -_d.-' Lo o v a1l g .. 1 0 | | ' el
| i = a0 0 0.3 0.4 0.5 2.1 2.2 2.3 2.4
P. Li (UCAS) | m2( D) [GeV? 202 m(m T m(DInT) [GeV]


https://www.nature.com/
https://arxiv.org/pdf/2608.10826

u-tagged D ,(2460)7/D (2536)" - D"~

arxiv:2608.10826

* A simultaneous amplitude analysis of D ;(2460)" and D,,(2536)" — Dn*n~

* Baseline model same as in previous analysis of B > DDrnxn e o e 8 D e
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u-tagged D ,(2460)7/D (2536)" - D"~

arxiv:2608.10826

» Evidence of exotic contributions to the D 7™ channel with the pole below DK threshold

* Favour scenarios of D,;(2460)™ decay containing a sizeable near-threshold D 7 component
consistent with a DK molecular configuration

* Less strong in D (2536)™ but still disfavour a single 7z — S amplitudes
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» Observe D£(2933)O — DYKtn~ from B - DYD " K*n~

Observation of D*(2933)"

o JP = 17 preferred

» Compatible with a conventional state DS(2P1(9)+, the first radial excitation

of P-wave D, system (D ;(2460)™/D,,(2536)™), but mass lower than

potential model predictions
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Discovery of narrow beauty-strange state B;’B(57OO)O

LHCb-PAPER-2026-021 in preparation
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Pentaquark studies at LHCDb
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Search for more pentaquark
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Search of pentaquark via open charm modes

PRD112 (2025) 052013
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Search of hexaquark states b 1 oo 012012
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Very active analyses with Run 3 data
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New RICH1 optics + new PMTs
and readout RICH 1 & 2
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Major upgrade of all sub-detectors and readout .
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The LHCb Upgrade | arXiv:2305.10515

Fully new detector with purely software-based trigger system
2~4x increase In efficiency of hadronic decays

Run3: 27.89 tb™

: (3x than Runs 1+2)

Great potential for further understanding of these exotic states
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Summary

e LHCDb provides huge pp collision samples for study of heavy exotic states
¢ Charmonium-like states:

e Radiative decays and search of new decays of y,.(3872)
e Observation and searches of various 7. states

e Open-charm tetraquark states: further study of D (2460) and D,(2536) decays

e Continuous searches of pentaquark & hexaquark states

e LHCb Run 3 collected 3x more data than Runs 1+2, providing great potential for
further investigation of the various exotic states

stay tuned!
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credit: lvan Polyakov [arXiv:2410.06923]
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Thank you for your attention!
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Study of H, — DY Dh(h)
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Observation of D*(2933)" - D*K*zn~

arxiv: 2604.21257
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u-tagged D ,(2460)7/D ,(2536)" - D n"n~

arxiv:2608.10826

Table 2: Lineshape models used for 777~ and DI 7= amplitudes.

Channel Resonances Lineshape models
[ fo(500), fo(980), fb(1270) DBreit—Wigner (baseline)
fo(500) Quasi model-independent
g o Scattering-length approximation (baseline)
o D*K and DK™ triangle diagrams
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oy = L ¥/ = (i g = (a = mip)’ L . T
PAB 167 o ’ Dsl b :K D;_l 1 L)
: . ) . . —)_<~ Y . e — + 1
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1 .. states at LHCb
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Observation of T* (2870)" — DK}
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