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QCD and hadron spectroscopy
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» QCD dilemma: understanding the non-perturbative ! confinement
property of QCD at low-energy scale 04 - .
. . .. O, [ % F gz
v'There are no rigorous, first-principle treatments 03 %% X
except Lattice QCD, whose application is yet limited T ! .
» Color confinement: no analytic proof exists A ek
1 e\ | et metetic
. @ (o] t 0 ] I 1
up 8 charm top 0.001 0.01 0.1 1
“a Fa =4 T 1/Q GeV"  [Rev. Mod. Phys. 90, 15003 (2018)]
down strange bottom
mter-qu.ark =
potential —

Color
Confinement

HadroD

S

Mass spectrum

[

[=

- Decay
te) —=

hadronic decay

constants

2026/8/21

ol

intermediate
systems

2/31



A SCHEMATIC MODEL OF BARYONS AND MESONS

Exotic hadrons
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If we assume that the strong interactions of bary-
ons and mesons are correctly described in terms of
the broken "eightfold way' *9/, we are tempted to
look for some fundamental explanation of the situa-
tion. A highly promised approach is the purely dy-
namical "bootstrap" model for all the strongly in-
teracting particles within which one may try to de-
rive isotopic spin and strangeness conservation and
broken eightfold symmetry from self-consistency
alone %/, Of course, with only strong interactions,
the orientation of the asymmetry in the unitary
space cannot be specified; one hopes that in some
way the selection of specific components of the F-
spin by electromagnetism and the weak interactions
determines the choice of isotopic spin and hyper-
charge directions.

Even if we consider the scattering amplitudes of
strongly interacting particles on the mass shell only
and treat the matrix elements of the weak, electro-
magnetic, and gravitational interactions by means
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MODEL FOR STRONG

INTERACTION SYMMETRY

AND ITS BREAKING

ber n; - nf would be zero for all known baryons and where A denotes
mesons. The most interesting example of such a Prom, KA, ARAL ke

model is one in which the triplet has spin 3 and

an anti-ace,

)
Gt Zweig
CERN ~ Geneva she
product of three aces, AAA, but also from AAAAA, AAAAAAA, etec.,

Similarly, mesons could be formed

Por the low mass mesons and baryons we will

2 = -1, so that the four particles d-, s~, u® and b°
exhibit a parallel with the leptons.

A simpler and more elegant scheme can be
constructed if we allow non-integral values for the
charges. We can dispense entirely with the basic
baryon b if we assign to the triplet t the following

"deuces and treys'.

properties: spin 3, z = -, and baryon number 3. u d

We then refer to the members u%, d-3, and s-7 of S N e
he triplet as “gquarks' 6) g g e members of the U S

anti-triplet as anti-quarks q. Baryons can now be d

constructed from quarks by using the combinations

(aqq), (qqqqg), etc., while mesons are made out dibaryon

of (q@), (qgqaq), etc. It is assuming that the lowest

q
tations 1, 8, and 10 that have been observed, while
the lowest meson configuration (q q) similarly gives
just 1 and 8.

Gy

diquark + di-antiquark

assume the simplest possibilities,

AA  and

ud
s d

pentaquark

dimeson molecule

AAA, that is,

8 %g

glueball

52882 °

qq g hybrid
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Renaissance of hadron spectroscopy
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New exotic hadrons at the LHC

11.5 L -
11.0 24 new exotic hadrons at the LHC

cc(qq) @® cccc B ccqqq
ccqq ® cgqq

10.5 21 out of 24 were observed at LHCb
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LHCb experiment @ LHC

>The LHCb experiment is one of the four large experiments at the LHC, dedicated to heavy flavor physics

O Largest production cross-sections of b- and c-hadrons
v' o(bb) ~ 500 pb @ 13 TeV & o(cc) ~ 20xa(bb)

® A single-arm forward spectrometerin 2 <n <5
to effectively cover the dominant kinematic region of
heavy quark production

-

ECAL
SPD/PS

// LHCb Run1-2
/ /

b production

~
=

O Huge background contamination

£

& Excellent vertexing, tracking and particle
identification (PID) performance allowing for
effective detection and background suppression

b
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Recorded integrated luminosity [fb ']

[JINST 3 (2008) S08005]
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Run 3 - 22.56 / fb
ch

2025 (13.6 TeV): 11.81/fb

2024 (13.6 TeV): 9.56 / fb

2023 (13.6 TeV): 0.37/fb

2022 (13.6 TeV): 0.82/fb

Run2-5.90/fb

2018 (13 TeV): 2.19/fb

2017 (13 TeV): 1.71/fb

2016 (13 TeV): 1.67/fb

2015 (13 TeV): 0.33/fb

Run1-3.23/fb

2012 (8 TeV): 2.08/fb

2011 (7 TeV): 1.11/fb

2010 (7 TeV): 0.04/fb -

/ LS2 ~
/ Ls1 -
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Exotic hadrons at LHCb

At prod. Charm Beauty
03 cqqq
ccqq ccqqq bbqq
ccqq
QQ +QQ
cccce
A}~ [J /¥ pIK - D°Dm*
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[(PRL 122 (2019) 222001] [Science Bulletin 65 (2020) 1983]  [Nature Physics 18 (2022) 751] ™b'or [GeV/e?]

2026/8/21 27 X1 24 [Nature Comm. 13 (2022) 3351] 7/31



Looking beyond

At prod. Charm Beauty Charm + Beauty
00 cqqq €qqqq/cqqqq bqqq | bdqqq/bqqqq
ccqq ccqqq bbqq bbqqq
ccqq cgcqq bbgq bgbqq bcGg | bcqqq/bcqqq
QQ + QQ cccq cccqq bbbg bbbqq bgcq bgcqq
cccc bbbb | T | .
® cccq?

® Single-b multiquark states: within reach?

® bc-like exotic states: decay modes for some of them are experimentally more friendly than
higher excited states, e.g. B} + p/K*/n®

® Pentaquarks other than ccqqq: single-c/b may be accessible if exist

® Hexaquark states?

® Weakly decaying exotic hadrons: T;; widely recognized, but far from reach; Tj,.?

2026/8/21
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Looking beyond

At prod. Charm Beauty Charm + Beauty
00 cqqq €qqqq/cqqqq bqqq | bdqqq/bqqqq
ccqq ccqqq bbqq bbqqq
ccqq cgcqq bbgq bgbqq bcGg | bcqqq/bcqqq
QQ + QQ cccq cccqq bbbg bbbqq bgcq bgcqq
cccc bbbb | T | .
® cccq?

® Single-b multiquark states: b-counterpart of D;,(2317)" & D¢1(2460)7

® bc-like exotic states: decay modes for some of them are experimentally more friendly than
higher excited states, e.g. B} + p/K*/n®

® Pentaquarks other than ccqqq: single-c/b may be accessible if exist

® Hexaquark states?

® Weakly decaying exotic hadrons: T;; widely recognized, but far from reach; Tj,.?
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D:,(2317)" and D,1(2460)7 (I)

> According to Heavy Quark Effective Theory, Qg systems can be classified with J? = J, + 3, withJ, = 3, + L
q qa T 5Q q = °q

>D§0(2317)J—r is a paradigm breaker with a 160 MeV mass deficit wrt quark potential model
> Its spin partner Dy (2460)™ exhibits a coherent mass gap

Dsl (2460)+ ;‘ 3400 F | | | | 1 | | I

D (2317)* R s TC R 7 (] S— :

s0 " (a) —Data | > —— .

450 F } 20} — Fit I;‘ 3000 - D,, (3040) —]

“0 400 [ i A - ]

S350 £ } . | S 2800 D’ (2860) D’ ,(2860) —

= 300 £ Sl L10p 1 = E = .

0 250 [ ht ABN 2 2600 — "¢ —
~ g ++++} SN L R [ Dy2590) | =5 05 esmy- - A 'R

©200 = Myt f 0 0 2400 E- T D, 2460) 3
5150 £ gt T " z [ (b) : = . 1 bk

© 100 it S 20k [PRD 68 (2003) 032002] - 2200 E- B =

58 é_ P 1 1 1 1 | 1 Il 1 1 | 1 1 1 1 | 1 1 ! 1 : : 2 : T: PrEdiCtions from _:l

21 2.2 2.3 2.4 25 10p - 000 ) S. Godfrey & K. Moats .

[PRL 90 (2003) 242001] | IHPMJWH | . | _ 1800 - [PRD 93 (2016) 034035] 3

100 200 300 400 500 600 u ]

M(DSYJ'CO)—M(DS'\{) (MeV/Cz) 1600 l l | | l | | l | l

2%+, = s, s, °p, P, °P, °D, D, D, °F, F, °F,
JP= 0 1" 0F 1Tt 2 1= 2= 3= 2t 3+ 4*
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https://doi.org/10.1103/PhysRevD.93.034035
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» Anomaly of the (D%,(2317)%, D¢;(2460)%) doublet

D:,(2317)™ and D, (2460)™ (II)

M.-L. Du et al. [PRD 98 (2018) 094018]

 significant mass deficit compared to quark potential model predictions
- m(D},(2317)%) < m(DS(ZSOO)) i.e. cii/cd heavier than c§

» m(Ds1(2460)%) — m(D3(2317)%) = m(D*) — m(D)

« D, (2317)% decay ~100% through the isospin breaking mode D r°

Dt D

o | J" M [MeV]

0~ 1869.66 + 0.05 1968.35 + 0.07
Yz 1” 2010.26 + 0.05 2112.2 + 0.4

0t 2343 £ 10 2317.8+ 0.5
1/2

1+ 241249 2459.5 4+ 0.6

1% 242214 0.6 2535.11 £ 0.06
32 2t 2461.1%37 2569.1 + 0.8

4

O (DK,D"K) molecules?
v’ can naturally explain the mass anomaly
v supported by Lattice QCD calculation
O driven by chiral symmetry? e.g. chiral doubling theory
v' D?,(2317)* and DY form a chiral doublet
v' Mass splitting governed by chiral condensate

rather than orbital excitation — universal
O mixture?
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» Observation of the D;,(2317)*
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Observation of D,(2317)~

Total signal significance = 10.1 o

Belle:N =712 + 69

N ¢ Belle Data Total Fit
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i [ | p** sideband

I T
L 1 1 1
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= [7.14 £+ 0.70(stat) + 0.23(syst)]%

>|<+y

[PRL 136 (2026) 241901]

— D&ty decay using 980.4 fb~! Belle data + 427.9 fb~! Belle Il data

P

® s state

- N
o

Molecular state
*  Exp:7.13[0.74

Experimental band

Branching Fraction Ratio (R) [%)]
||||I|I||II| |III|I|I'\|JIIITIIIE|;III|]||’IH

Gogr, HKe Bqy, Faege, Fu Luty o Luty
fr [ [t 67] deen /2 jsS/e [ [ 42] SO/ [43]80/ 2 [ 43] ment

v Above molecular prediction;
Below quark-model expectation;
= a mixed configuration?
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Prospects on B,

H.-L. Fu et al. [EPJ A58 (2022) 4, 70]

Heavy quark flavour symmetry (HQFS) allows one to
estimate the masses of the bottom partners of the D}, and
Dy, independent of the model assumptions for their internal
structure. One finds

Mp: =M+ A, C+(MD* —M):n—CNS7IGeV
b

) %~ 576 GeV,
mp,

vs. M(BK)~5.77 GeV

Mg, =M.+ Ay_+ (Mp,,

Decay channel EC MM CT  Full result
O- o« .

Decay channel Loops 7°-n mixing  Full result By — Bly 5348 21203 002 5048
B}, — Bn’ 1542 22+3 15+6 By — By 70410 4146 0.02 220431
By —>B}‘7r0 16+2 2343 7167 Bs1 — By 11015  0.20£0.02 0.03 100+ 15

B — By — 0.03+0.01 ?

Z.-Y. Zhou & Z. Xiao [EPJ C81 (2021) 6, 551]
oz — 2ot — vz o it —uaos

(13 Py) DK 2.48 2.48 =7 3
:/T/IT: ‘_)32? () 6’ “(‘)} ‘) xl7i() 0005 __ 0. ()()’;8'0 U(Wh gﬁ?j@lMLHCb
bia(13 Py) Br 5.76 5.76 51 = 5.85 — 0.26i A 1&(7%?53 %DJ
52 = 5.62 —0.13i AL
b3(13 Py) BK 5.83 5.83 5 =611 02— I 1 =<
/55 = 5.12 W\?Dso (2317);
&3 Py) DD* 3.95 395 /5 =3.99 —0.05i Xc1(4010) 4.012 + 0.031 GeV iR
J55 = 3.84 X (3872) 3.87169+0.00017

Talk by E%8 & [link]
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v’ Measurement of B}

Kolomeitsev:2003ac
Altenbuchinger:2013vwa

Torres-Rincon:2014ffa

Albaladejo:2016ztm o

Dmitrasinovic:2012zz -

and BY,

and BY

is highly important to

constrain the theoretical models

Matsuki:2006z0i @
Woolee:2006kdh @
Lakhina:2006fy -
Ebert:2009ua
Sun:2014wea
Godfrey:2016nwn

Lu:2016bbk Potential model

Lattice QCD
Chiral symmetry driven

Koponen:2007nr
Gregory:2010gm 4
Lang:2015hza
Wurtz:2015mqga
Hudspith:2023loy -
Bardeen:2003kt
Nowak:2003ra -
Colangelo:2005gb -
Badalian:2007yr

Hadron molecule

With hadron molecule component

*<4OP>HO

Tetraquark

Colangelo:2012xi

Wang:2015mxa o
Alhakami:2020vil
Gandhi:2022nnk -

Guo:2006fu
Cleven:2010aw

Du:2017zvv
Fu:2021wde
Gu0:2021rjv 4

@

Ortega:2016pgg -
Zhou:2020moj +
Yang:2022vdb

Ni:2023lvx
Zhang:2024usz +

T T
5550 5600

T
5650

T T T
5700 5750 5800

B., mass (MeV)
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https://indico.ihep.ac.cn/event/24788/contributions/182375/

Charged tracks vs Photon ()

» Reconstruction and selection £(K — K)~95% @ misiD rate (7 — K)~5%
>~,1'04:_'"'I""I""I""I_: s 14r———T——T——T"1T" T+
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> Resolution

Charged tracks

Photons

2026/8/21

Charged tracks vs Photon (II)
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Although challenging, photon and w° modes are accessible at LHCb
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Figure made by Yuhao Wang Bending Pl Muon Detector
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fromete™ 1 X Worse mass resolution @36 pb .

x reconstructed as @‘ LT e !
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€ Theory-independent fit
v' The visible width is ~37 MeV/c?
v’ Width of a single peak is ~20 MeV/c?
= a minimal effective two-peak model
O *T'(B.(1P)")~0(100 keV) negligible
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[PRL 135 (2025)

Observation of B.(1P)™ via Bl y

= 220 F

LHCb 9 fb!

231902]

EE
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f_ gIObaI > 7 g Background
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RSy .
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2 = 6752.4 + 9.5(stat.) + 3.1(syst.) £ 0.3(Bf) MeV/c? I| v/ consistent with BcVegPy calculations
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for pr(BF) < 20 GeV/c, 2.0 < y(BF) < 4.5 at+/s = 13 TeV

(3]
(=] S
T T

€ Theory-constrained fit

v' masses and relative yields of six peaks fixed
according to predictions
= verification of various QCD models

10

LHCb 6 fb’!

[ Vs=13TeV
: Lattice QCD

200
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[Comput. Phys. Commun. 197 (2015) 335]



https://doi.org/10.1016/j.cpc.2015.07.015
https://doi.org/10.1103/fc8j-tb8k
https://doi.org/10.1103/fc8j-tb8k
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Search for B3 in B spectrum
[LHCb-PAPER-2026-021]

> Dataset in preparation

(not repeated hereafter)
v'Runl & 2 data at LHCb corresponding to 9 fb~*

» Signal decay modes
vBY > D;n*,Df > K'K m~ | e
VBY S [/, ]/ — utu” | cc?mblned.wnh T > Yy
0 b4 b using calorimeter photons
vB » D;n*n n~,D; > K"K™n

—

» Trigger
v'Hardware stage: at least one hadron with large Et or muon with high py

v'Software stage
BY - Dyt &D;wrmtm™: multi-track displaced vertex consistent with b-hadron decay
By — ] /y¢: dimuon forming a good vertex with invariant mass consistent with J /i

» Simulation
v'B: — B2m° for all three decay chains with M(BJ3) = 5707 MeV /c?



Candidate selection () - B

Cut-based preselection

v’ kinematic requirement; good vertex & track quality; displaced vertex of D or J /Y and ¢
v particle identification (PID) responses compatible with the kaon, pion or muon hypotheses

— peaking backgrounds from D~, D? and A} rejected dedicatedly
BDT classifier employed separately for each mode
v'Signal: simulated sample & Background: high-mass sidebands of B mass distribution

v/ Input variables: quality and displacement of B? vertex, pointing of B2 momentum to primary vertex,
kinematic, impact-parameter and PID of intermediate states and final-state tracks

v Threshold: to maximize S/v/S + B in B2 signal mass window

N = (2.96 + 0.02)x10° N = (4.16 + 0.01)x10° N = (1.06 + 0.01)x10°
x10° x103 x10?
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2026, . 19/31



Candidate selection (Il) - BY7"

Cut-based preselection
v photons: loose shower-shape and cluster-quality criteria
v 0: sufficient pp and invariant mass compatible with °

BDT classifier employed separately for each mode
v’ Signal: simulated sample & Background: m%-mass sidebands
v/ Input variables: kinematics of BOm® and n%; properties of photon

v Threshold: to maximize Punzi figure-of-merit S/(5/2 + \/_) in predicted signal mass region
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A new resonance consistently presents across three channels and is robust against all checks
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Bd1® mass fit

> A simultaneous extended unbinned
maximume-likelihood fit is performed to
M (B27°) for all three channels

v'Signal: relativistic Breit-Wigner ®

resolution of Gaussian kernel with tails

— validated by At r°

x10%
2.5 -I T T I T T T I T T T I T T T I T T T I T T T I T T T I T T T i
! <. -1 i
[ preliminary LHCb 5.4 fb i
20 |- i
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= . e i
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15t order polynomial
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Mass and width measurement

> A new resonance is established in the Bom? spectrum with global significance > 7o

400 N L I LI I LU I LU L L I L L L I LU I LU L L I | B O L I LI i 16 [ T T T T l T T T T " T :' T T I T T T .
: LHCb 9 fb~! Data ] - -1 ; ; o ]
350 |- .. i Total > 14 [ LHCb 9o .| preliminary -
. preliminary ota ; - | | ]
L300 F B}(5700)° 3 nE 90% CL :
N Background L - 95% CL
S 250 F - 10 F
2. f S f
g - I
Tg 150 - 6 —
k= - -
Lc:)s 100 4
50 F b
5500 5600 5700 5800 5900 6000 6100 6200 6300 6400 00 ' ' P — 1'0 B— T — 0
M(B27%) [MeV/c?] I [MeV]

M = 5698.9 + 1.5(stat) + 0.6(syst) + 0.1(ext) MeV/c?
[' < 9.8 (11.8) MeV at 90% (95%) confidence level
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Interpretation of the new state ()

» A state decaying to two pseudoscalars must have a
natural spin-parity J* = 0%,17,2%, ...

: L|j P Stat Dominant D
»The JP = 27 state has already been observed in B™WK Ja_|J e orinant pecays

—~ 1000 —— 0~ B, | .
S - LHCbH ﬂBsﬁBK 500 011/2 — -
2 S0OF 1 B Bsy
T 600 —B,—>BK .
P - ’ ] 0" B lfsyo
5 400:— 5 10 15 20 25 30 353 sT
2 2001 M 1/2 Byy
© e 1 17 ;1 B;y

OF BimY
£ LK R R 1 Y 1* | B5;(5830) B*K

e 3/2
0 20 40 60 80 100 120 140 160 180 200 27 | B:,(5840) BK, B*K
[PRL 110 (2013) 151803] m(B'K) - m(B") - m(K') [MeV/c?]
20

= Natural interpretation is the /¥ = 0% state, named
B,(5700)°
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Test of theoretical scenarios

»Analogous to D,(2317)%, the mass of
B:,(5700)" is significantly below
potential model predictions

— 6400

Black: Theory (Phys. Rev. D 93, 034035)
===== Colored: Experiment (PDG 2025, LHCb-PAPER-2026-021)
1 1 1

5200- 1 1 1 1
1S() 331 3P0 P 3P2 3D1 D, 3Dg

JP= 0" 1~ 0* 1 2% 1~ 2" 3~

B.(5850) B (5830)°
5800 T §;<K
- B,(5840)° 7
I B,(5700)° 1
5600f o ;
I Figure made by Chen Chen
5400] — ]
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M(B:(5700)%) — M(B?) = 332.0 + 1.5 + 0.6 MeV
M(D%,(2317)%) — M(DF) = 349.2 + 0.7 MeV
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Chiral symmetry driven L . E—

Hadron molecule
With hadron molecule component

Tetraquark

Dmitrasinovic:2012zz
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Interpretation of the new state (ll)

> The observed structure is also consistent with
By, = BX°(-> B2y)rn® where the low-energy photon

is not reconstructed — it will not defeat its importance | ; o | State | Dominant Decays
»Under the Bg; hypothesis, it will have 0- B, | ...
0|1/2
M = 5748.3 + 1.5(stat) + 0.6(syst) + 0.2(ext) MeV/c? 1- B; Bsy
' < 9.8(11.8) MeV at 90% (95%) confidence level ot B, lfszo
>t could also be overlapping combination of B5,&Bs4 1/2 BSSV
v'this would imply a fine-tuning of M(Bg;) — M(B;g , 1* B, Bsy
to match M(Bs%) — M(BY) at 0(1 MeV) level B;m’
» The ambiguity can potentially be addressed via study of 3/2 17 | B51(5830) B'K
the By spectrum 2* | B, (5840) BK, B*K
O B:) - 5649.5 + 1.6 MeV/c? 2

O BY, - 57483+ 1.6 & 5698.9 + 1.6 MeV/c?



Prospects | - heavy-light system

> Non-stra nge B sector W. Bardeen et al. [PR D68 (2003) 054024]
. . M. Novak et al. [PR D48 (1993) 4370]
v'the lowest-lying (0%, 1) doublet undiscovered yet

v'Given universal mass splitting according to chiral doubling mechanism, we expect
O B, - 5611.5 + 1.6 MeV/c?

0 :l- broad, decay through B
O B - 5656.8 + 1.6 MeV/c?

»Doubly heavy baryons Talk by XUAPEA [link]
double heav_y diquark in anti-triplet color S Doubly charmed Pentaquarks [
— heavy antiquark | creras
: : . . . | eavy diquark-antiquark symmetry 0
v'chiral doubling mechanism implies S 3‘@3 “3‘ - e
I=1/2 Q. K Repulsive DK
O (1/2)" &, - (3952,3969) MeV/c?: - = Repulsive bR
T o = = Attractive, virtual pole K
broad, decay via =7 =9 L R E oE
I=23/2 B 7 Repulsive Dr
O (1/2)” ). - (4058,4075) MeV /c?: 1=0  [5.8 94 27 DK, Dy D%2317)
I=1 = K T
narrow, decay via isospin-violating mode Q}.7° Bt S LEL A
I=1/2 B, B, Q. K 22 Dr, Dy, DK Dg(2300)
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https://indico.ihep.ac.cn/event/29125/contributions/217270/attachments/102821/138265/talk_lattice.pdf

Observation of 2. at LHCb Run3

> Dataset: 6.3 fb~! LHCb Run3 data collected in 2024
> Decay chain: 0}, - Q27+, 02 - pK~K~n* to exploit the large T(22)~280 fs

[LHCb-PAPER-2026-022]
in preparation

. N =184 + 24
> Qi isobservedat >80  —F—————T——1
— final piece of the > P+ pu LHCb 631"
SU(4)f ] =1/2 20-plet = 100 —Fit is=BB6Tey 2
T OO Signal Preliminary
= Cpay & 80 :_+ = = Background _:
S 60f i —
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2 e
< 40 'l' T
- op ; —
Z+ O: PR T [T SN SN TN SR T (L S S [ ST SR ST SR S ] - |
3650 3700 3750 3800 —
mcand(Q:C) [MeV/Cz] -
M(0n}) =3725.9 + 1.0(stat) + 0.2(syst) + 0.4(7) + 0.6(ext) MeV/c? - = vt
M(QE) — M(ELF) = 104.3 £ 1.0(stat) + 0.2(syst)  0.4(7) £ 0.5(ext) MeV/c? L o

3550 3600 3650 3700 3750 3800 3850 3900
mgq,. [MeV]
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T:.0(2870)°,T:

Prospects Il

csl (2900)0

60 -
50 -
ol
0F

20E

Candidates / (17.3 MeV/c?)

10

LHCb E

0:

[PRL 125 (2020) 242001]
[PR D102 (2020) 112003]
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Candidates/0.014 (GeV)
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20

m(D"K™) [GeV/cZ]
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D
(=)
T

LHCb
9 fb!

T:50(2900)°

I
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30 32 -
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[PRL 131 (2023) 041902]
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Candidates/0.014 (GeV)
8 ) 8

33
(=)

S33(2335 £+ 100) — D°K°, K+ K%r~ (weak decay)

----- 523’T1

- single beauty tetraquarks

L. Maiani et al. [PRD 110 (2024) 034014]

Compact multiquark

Ss3 = X0(2900)

radial excitation

> S13,T% @ vnnnee

511(2367 £10) » Dyn~  \ D3 (2317) S2(2367 £10) — Dyt
+ secC

LHCb

- 9fb!

24 26 28 30 32 34
MD ) (GeV)

S11 = Ds_O_ (2900

I
|
|
|
|
|
1
|
|
|
|
|
1
|
|
|
|
|
1
|
|
|
|
state |
1

__________________________________________________

Hadron molecule

. @ (q D} (2317)* > DK |
e D, (2460)* - D*K |
i ~ Ti5(2900)°/** > D*K*

v’ b-counterpart also expected according to HQFS?
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New Upstream Trac
(UT) Silicon stri

New dataset - Run3 of LHCb

New RICHI1 optics

Muon: removed M1
new readout

@
8

New photodetectors and
readout for RICHI1 &2

3
8

D

Events/(15 MeV)
8

o
8

gEcar HCAL

M
New VELO /. -
Pixel detecto / T
Vertex)
Locator
[JINST 19 (2024) P05065] a
New SciFi1 Tracker
Scintillating fibres

> Luminosity: 9 fb~! @ Run 1-2 - 37 fb~! by Run 3
» Software-only trigger: efficiency of hadronic modes X2 to 4

2026/8/21

Calorimeters: removed PreShower (PS) and
Scintillating Pad Detector (SPD), new readout

Recorded integrated luminosity [fb™]

.6
[PRL115(2015)072001]
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[PRL 122 (2019) 222001]

Weighted candidates/(2 MeV)

Total recorded luminosity — pp — 37.0 fb’!

Run 3 - 27.90 / fb

2026 (13.6 TeV): 5.34/fb

— 2025 (13.6 TeV): 11.81/fb
— 2024 (13.6 TeV): 9.56/fb

2023 (13.6 TeV): 0.37/fb
2022 (13.6 TeV): 0.82/fb

Run 2-5.90/fb

2018 (13 TeV): 2.19/fb

e 2017 (13 TeV): 1.71/fb

2016 (13 TeV): 1.67/fb
2015 (13 TeV): 0.33/fb

Run 1-3.23/fb

2012 (8 TeV): 2.08/fb

————— 2011 (7TeV): 1.11/fb

2010 (7 TeV): 0.04/fb
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https://doi.org/10.1088/1748-0221/19/05/P05065

Looking beyond

At prod. Charm Beauty Charm + Beauty
00 cqqq €qqqq/cqqqq bqqq | bdqqq/bqqqq
ccqq ccqqq bbqq bbqqq
ccqq cgcqq bbgq bgbqq bcGg | bcqqq/bcqqq
QQ + QQ cccq cccqq bbbg bbbqq bgcq bgcqq
cccc bbbb | T | .
® cccq?

® Single-b multiquark states: b-counterpart of D;,(2317)" & D¢1(2460)7

® bc-like exotic states: decay modes for some of them are experimentally more friendly than
higher excited states, e.g. B} + p/K*/n

® Pentaquarks other than ccqqq: single-c/b may be accessible if exist

® Hexaquark states?

® Weakly decaying exotic hadrons: T;; widely recognized, but far from reach; Tj,.?

2026/8/21
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Summary

»The long-sought b-counterpart of D;;(2317)™ is observed at LHCb

M(BZ%,(5700)Y) = 5698.9 + 1.5(stat) + 0.6(syst) + 0.1(ext) MeV/c*
I'(B:,(5700)°) < 9.8 (11.8) MeV at 90% (95%) confidence level

»The mass measurement provides important input to theoretical models

»The discovery drives various prospects for the future RUEEIEIEEIEEEREUEUIR CIEULE LI SL
v'Study of the By spectrum SR
v'"More (potentially exotic?) excitations in heavy-light system
v'"More single beauty tetraquarks?

v'A broader range of spectroscopy utilizing ° modes

The importance of theoretical predictions in directing experimental efforts
is highly acknowledged!
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Thank you!



