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Introduction

- Hadron spectroscopy:

a probe of non-perturbative QCD

« Masses, widths, quantum numbers:

tests of the strong interaction

« Conventional and exotic hadrons:

a growing spectrum

PRL 91 (2003) 262001

PRL 115 (2015) 072001
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https://pdg.lbl.gov/2025/reviews/rpp2025-rev-qcd.pdf
https://doi.org/10.1103/PhysRevLett.91.262001
https://doi.org/10.1103/PhysRevLett.115.072001
https://arxiv.org/abs/2609.21921

LHCDb detector JINST 3 (2008) S08005  IJMPA 30 (2015) 1530022

Single-arm, forward spectrometer designed

for heavy-flavour physics.
LHCb Run 1&2 detector

- Excellent tracking and vertexing
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https://doi.org/10.1088/1748-0221/3/08/S08005
https://doi.org/10.1088/1748-0221/3/08/S08005
https://doi.org/10.1142/S0217751X15300227

LHCDb Upgrade detector

LHCDb Run 3 detector

JINST 19 (2024) P@5065

All subdetectors have readout rate at the
full 40 MHz collision rate.

A fully software-based trigger ditching
the hardware Level-0 trigger.

The VELO switched from strip to pixel,
to improves primary-vertex and impact-
parameter measurements.

The upstream tracker (UT) and SciFi
tracker provide fast, precise tracking at
higher instantaneous luminosity.
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https://doi.org/10.1088/1748-0221/19/05/P05065

Hadrons discovered by LHCb
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76 new hadrons at LHCb

https://www.koppenburg.ch/particles.html
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https://www.koppenburg.ch/particles.html

Meson results shown in this talk

EAﬁer ;V[EN U 2023 - New meson states
E. o (6750)* » New charmonium states:
} E p67007 h.(4000), y.1(4010), h.(4300) PRL 133 (2024) 131902
7)0 !
2 l;iiggg?;o » New orbitally excited states:
5 0>’ Bf (1P) PRL 135 (2025) 231902
§ » New charm-strange state:
E Dy (2933)", JF = 1% arXiv:2604.21257
b (4338 § b 4300) » New beauty strange state:
i o 30(5700) arXiv:2609.25178
po 4000 - ?Q”gc . Exotic-structure tests
; » Updated radiative-decay study:
o O(zgoo)i o3 X(3872) JHEP 11 (2024) 121
T.:0(2900)4 » The T,;1(4430) state in hidden and open charm channels:
; PRD 113 (2026) L071101
LHCb-PAPER-2026-033 (prelim.)

2023 2024 2025 2026 2027
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https://doi.org/10.1103/PhysRevLett.133.131902
https://doi.org/10.1103/fc8j-tb8k
https://arxiv.org/abs/2604.21257
https://arxiv.org/abs/2609.25178
https://doi.org/10.1007/JHEP11(2024)121
https://doi.org/10.1103/rcfs-ynh2
https://lhcb-glance.cern.ch/alcm/analysis/details/3991

Simultaneous fit to Bt —» D**DTK™ channels

Open-charm tetraquarks confirmed in a
new channel

« Most obvious in D™ K™ spectrum:
» TZ,(2870)": 110 significance
+ TZ,(2900)": 9.20 significance
- Explicitly exotic: |csud]
- First observed in B¥ - D"D™K™
PRL 125 (2020) 242001

Bt - D*"D*K"*

PRL 133 (2024) 131902

Bt - D**DK*

+  Data — %2(3930) n:(3945)  —— (4040) T=,(2870)0 T2:1(2900)0
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https://doi.org/10.1103/PhysRevLett.125.242001
https://doi.org/10.1103/PhysRevLett.133.131902

Three new charmonium-like states PRL 133 (2024) 131902

« Simultaneous fit: three new BT — D*DTK™ BT - D*D KT
contributions R = N o ST S ik {29008
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https://doi.org/10.1103/PhysRevLett.133.131902

Orbitally excited B mesons

o Previously: 25 excitations

> ATLAS: first candidate PRL 113 (2014) 212004
» CMS / LHCDb: two resolved peaks
PRL 122 (2019) 132001 PRL 122 (2019) 232001

 This work: first orbitally excited 1P signal
- Cascade decay:
B.(1P)" - Bty
S By
= J/yr
» Soft y, undetected
— shifted reconstructed B y; mass

40— PRL 135 (2025) 231902
20 S o LHCb 9fb?
00 2_5’4_ j_j;(gjtilJ/wﬁ —— Data
80§ Bk — Total
60F & o - Background L Background
40 j—o g : B Peok 1
20F T B Pk 2
ooF
80f
6o |Significance
a0f >0
70| o

0 C

1 L | L ! !
200 400 600 800
M(BZy) - M(B{) [MeV/c?

Two effective peaks in Bc+ Y1

external
stat. syst. ~mpt uncer.
M; = 6704.8 +5.5 +2.8 +0.3 MeV/ c¢?
M, = 67524 +9.5 +3.1 0.3 MeV/ ¢?

Four 1P levels unresolved
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https://doi.org/10.1103/PhysRevLett.113.212004
https://doi.org/10.1103/PhysRevLett.122.132001
https://doi.org/10.1103/PhysRevLett.122.132001
https://doi.org/10.1103/PhysRevLett.122.232001
https://doi.org/10.1103/fc8j-tb8k

A new charm-strange state: D;(2933)"
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» Full phase-space 5D amplitude analysis on

the decay channel: B — DTD™K* 7~ using

LHCb Run2 data, totally 5.4fb~! at 13 TeV
« Discovered a new charm strange state at
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T goE [Background 3
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. Angular dependence determines ( J¥ = 1%,

not only a mass-spectrum excess.

« Compatible with a conventional DS(ZP{)Jr

state, the first radial excitation of the P-wave

D, system.
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https://arxiv.org/abs/2604.21257

A new beauty-strange state: B (5700)" arXivi2609.25178

400 |

IIIIIIIIIIIIIIIIIIIIIIII llllllllllll Illl . NarrowpeakinBoﬂo
LHCb 9 fb~! + Data 1 stat.  syst.

— Towlfit m=5698.9 £1.5 +0.6 MeV / ¢?

Runl + Run2 B,(5700)° 3
----- Background 3 I' < 9.8 MeV at 90% CL
« Below both BYK~ and B°K? thresholds, and much
lighter than conventional quark-model expectations
- Interpretations:
» 0" analogue of the D(2317)" state, or
» 1T state which decays through B;'z°, with the

= 250
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S
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M(BOx%) [MeVi/c?] photon undetected
. B? reconstructed via three decay modes
» B - Dyt | CONFERENCE |
O - -
> Bs > J/ W’ Discovery of a beauty-strange particle

» B - Dyntata
where Dy > K"K "z, J/Y - py*p~ and ¢ —
KtK~

with unexpected properties
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https://lhcb-outreach.web.cern.ch/2026/08/01/discovery-of-a-beauty-strange-particle-with-unexpected-properties/
https://arxiv.org/abs/2609.25178

X(3872): radiative decays constrain structure JHEP 11 (2024) 121

« Analyzed decay channels: 120
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=
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! ey hon ] < Y "~ Lich |
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> B Xc1(3872)( ]/lﬁY)K = o Total H» 13 o Total ]
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https://doi.org/10.1007/JHEP11(2024)121

X(3872): interpreting the radiative ratio JHEP 11 (2024) 121

....................

BaBar 2008

I Belle 2011

Previous measurements are confusing
Updated Run 1 + Run 2; improved systematics i LHCb/Run1l 2014
Large &, despite smaller /(2S)y phase space

> , . - BESIII 2020
 Pure-molecule predictions disfavoured in the
models tested
. . p—e—! LHCb/Run1 2024
A sizeable compact component is favoured, though
the precise composition remains model-dependent i LHCb/Run2 2024

0 1 2 3 4 5
7 — DxaB8T20008)y
Hoy =1

Xe1 (3872 JAby
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https://doi.org/10.1007/JHEP11(2024)121

Reinvestigation of T,;;(4430)" PRD 113 (2026) 1071101

. Argand motion consistent with resonant phase variation
« 4D amplitude fit: & P

o T T T x 1 — T T T T T
0 Q450 LHCb, 5.4 b} 1 < o3 E
B+ — lﬁ(ZS)KS 77,'+ 2 400F TData : 1 E ook LHCb, 5.4 fb™3
+ O g0f ~Fit (Model ind.) E “F 5
« T.5(4430)" confirmed: S 300f ~Fit (K** only) R 3
o g . . 5 250 E OF g
> 160 statistical; > 90 incl. systematics Sk L ;
» supported by Argand motion S 150f | ook ;
. 100F E 3
« Multiple models tested: o i  -o3f :
» Baseline: Relativistic Breit-Wigner O a2 e [éBV/ 2] AT 0 0z
. . . . m,, . [GeV/c Re A
» Triangle-singularity model also describes v X
the data but within a large statistical error ~_ *f = wco. 54! 1 e HCE 54! ]
» Flatté parameterization: constrains the S 400F _r 1 S 4 1 1
L [ . . ] L [ . . ]
coupling to a near by open-charm 3 J0p ~preit-Wigner 5 300 Bl Wiener ]
coupling,. S 200} 1 S of ]
E 100F 2 * Baseline fit 1 % 100k 2 Fitwith full Z 1
o’ ] = b :
N N
m, . [GeV/c?] m,. [GeV/c?]
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https://doi.org/10.1103/rcfs-ynh2

TcEl (443())_ in open charm LHCb—PAPER-2026-033 (preliminary)

« First open-charm observation :

T.z1(4430)" — D* D% in B® » D* DK™, % . | + Daa |
4 ) . S 500 Reference fit LHCb 9 fb!
» Reference fit: known Dy contributions o | — Total fit
alone miss the dip near 4.4 GeV g 4005' - f;é}ﬁ“ffﬁmbuﬁoni ~
» Adding T(4430) gives a 5.30 significance % 300 Interference, 7y il
including systematics. S |
e . S 200f
« Preferred J© = 1" fitted mass and width O
are consistent with the /(25)7™ 100y
measurement. 0
 The open/hidden partial-width ratio is near ool
unity, but its uncertainties are large. This 40 42 44 46 a3

. k O
ratio offers a test of molecular versus m(D"~D") [GeV]

compact models.
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https://lhcb-glance.cern.ch/alcm/analysis/details/3991

Baryon results shown in this talk

1 After MENU 2023
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Beyond the meson sector, these baryon results
complement LHCb’s broader hadron-spectroscopy
programme:

« New charmed baryon:
— + —_ —
2,(2923)" - Efn " PRL 135 (2025) 161901

« New exc1ted charmed baryons

>.(2900)° and =,(3200)" arXiv:2607.10595
« New doubly charmed baryons with Run 3 data:
Q;FC — Qlyt arXiv:2609.21921
B > AJK n™ PRL 137 (2026) 021902
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https://doi.org/10.1103/gghl-m6fm
https://arxiv.org/abs/2607.10595
https://arxiv.org/abs/2609.21921
https://doi.org/10.1103/dmv6-7gdv

New charmed baryon: =.(2923)
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PRL 135 (2025) 161901

- First observation of the charged
5.(2923)" in the Ef n 7t spectrum.
« Measured mass/width:

+

stat syst E; mass

m=2922.8 +£0.3 +0.5 £0.2 MeV

53+0.9+14 MeV

 Consistent with the isospin partner of
the previously observed EC(2923)0.
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https://doi.org/10.1103/gghl-m6fm

New excited charmed baryons 26(2900) and 20(3200)

arxXiv:2607.10595

- Amplitude analysis of Gsoof T T Cugl T ST —
2 '_ LHCbOfb™*  — Tota fit 1 > S
800 |
A+ JPias 8 i 20 108 B g0l LHCb9fb™? ]
B — C P7T . o 700 2428000 1§ S >2.5GeV/c2
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J St (32000 | S S /400 M, >4.0 Gev/c? .
8 >00p - (/(‘123)2N)R suae | g G 300] -
g4 ~Zgen- | B B 1
53001 ~4@170” | B S 200 i
8200 - - ackground . (% 5 100 L ]
100[ 3 I
0 R R R 0 |
25 3 35 4 1 15 2 2 5
m,. [GeV/c] [GeV/cZ]
ggoo L L 4'7 Dlatal T _] (’\lg (’\‘2\600 ‘_ T T T T T ]
= 800k LHCbOfb™ - Total fit 1 = S
et S0 108 S el LHCh9fb™
o700 S(28000 -« < 200 ' -
S 600 x00)  1§ 2 f m,.,>2.5 GeV/c
St 5(3200)° 1 S <400 m,.;>4.0 Gev/c? -
goor B4 S 300}
] 400} 3 1232 | & g _
C 71600 ] -
L 1 5300 B i - 200 ]
15 20 g 200k — Background _] § § |
mfrﬂ_ [GCVZ/ C4] 100 ] 100 I h
¢ 0 SR g L R e Y - : Fiaseuriaa R 0 aeitdd® Vo erge et 2 I
. . : 25 3 35 4 . 5 1 15 2 2 5
Candidates within the red - [Gevic] m, [Gevica . Gvica
AT e

box are considered for the | Ty, gi5 panels show two equally good solutions: Group A (top)

amplitude fit has a narrow 22(2800) and broad 22(2900), while Group B (bottom)

gives them similar widths.
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https://arxiv.org/abs/2607.10595

First Run 3 baryon observation: =, PRL 137 (2026) 021902

—_
L 4000 -
- . —+ Data
z [ Vs=13.6TeV — Total fit
2 L 691b - - = Signal
<+ 3000 B> A Kt Background
‘h..,_‘ =
% C \ &
= 2000 5 e —
3
S
- —+ + 77—t -
1000 T S>SATK 1
CC C
1 1 'l 1 I 1 'l 1 1 1 ‘I-u. 1 I 1 Il L L
3500 3550 3650

- LHCb

3700

Meynd ( E:c) [MeV/c?]

Decay channel: =, — ATK ", using 6.9fb™!
13.6 TeV collected in 2024 (Run 3).
First new particle observed with the LHCb Run 3
detector; significance exceeds 70.
Mass and isospin splitting (Am = m(E¢,) — m(E%")):
7(Ec)
m =3619.97 £0.83 £0.26 "199 MeV/ ¢?
Am= —1.77 £0.84 £0.15 T332 MeV/ ¢?
Nearly equal masses: consistent with the predicted

stat. syst.

balance of strong and electromagnetic effects.
PRD 91 (2015) 094502
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https://doi.org/10.1103/PhysRevD.91.094502
https://doi.org/10.1103/dmv6-7gdv

New doubly charmed baryon: Q.(ccs) arXivi2609.21921
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 Decay chain:
QF - Q0 7t
N pK K~ n*
. using 6.3fb! at 13.6 TeV collected in
2024 (Run 3)

« Mass:

external
stat. syst. lifetime masses

37259 +£1.0 £0.2 0.4 0.6 MeV/C
« Width measurement is consistent with
detector resolution.
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https://lhcb-outreach.web.cern.ch/2026/06/03/observation-of-the-doubly-charmed-baryon-ωcc/
https://arxiv.org/abs/2609.21921

Completing the spin-1/2 baryon multiplet
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Summary and outlook

« New results since MENU 2023:
» Meson spectroscopy:
— Three charmonium-like states, h,(4000), y,;(4010), h.(4300), with measured J'¢
— First orbitally excited B signal, with four 1P levels still unresolved
— New D31(2933)Jr state with J¥ = 17, and tentative spectroscopic assignment
— Unexpectedly light and narrow B(5700)"
» Exotic-structure tests:
— Confirmed T2,(2870)° and TZ,(2900)"
— X(3872) radiative decays challenge a purely molecular interpretation in the models tested
— Z(4430) in hidden and open charm: revisited in /(2S) and first observed in D*D
» Baryon spectroscopy:
~ New ZJ and 3! states; Run 3 observations of Q. and =},
« Outlook with Run 3: a much larger dataset and many ongoing analyses promise more spectroscopy
results in the near future.
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