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Introduction

s QCD describing strong interaction between quarks and gluons is not well
understood due to its non-perturbative nature at low energy scale

s Hadron spectroscopy provides opportunities to test QCD and its effective
models
o e.qg. lattice QCD, diquark model, potential model ...

s Exotic hadrons provide unique probe to QCD

o Predicted in quark model
o Recent results show strong evidence for their existence

EXOTIC

mesonic
molecule tetraquark pentaquark hybrid
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The LHCb Experiment

s LHCD is a dedicated flavour physics experiment at the LHC
o Larger b and c production rate
a Access to all b-hadrons: B*, BY, B2, Bf, b-baryons

Sm SPD/PS

M2
HCAL

vt
Locator _ Vertex res. op =20 pm
4 Time res. o, =45fs forB? - J/Ppor Dim~
Momentum res. Ap/p =0.4 ~ 0.6% (5-100 GeV/c)
"""" \| Mass o,, =8MeV/c? forB - J/PX
Hadron ID e(K->K)~95% mis-IDe(r— K) ~5%
s Muon ID eu-pn) ~97% mis-De(m->pu) ~1-3%
ECAL res. AE/E = 1% @ 10%/,/E (GeV)
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LHCDb detector ... upgraded!

s Five-fold increase in luminosity, more in yield!

o ~9fb'in Run 1+2 - 37 fb-! including Run 3!

Side View HCAL

ECAL

RICH2

SciFi

b

JINST 19 (2024) P05065

Recorded integrated luminosity [fb™]
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Total recorded luminosity — pp — 37.0 fb™!

Run 3 - 27.89/fb

2026 (13.6 TeV): 5.33/1b
2025 (13.6 TeV): 11.81/fb
2024 (13.6 TeV): 9.56/1b
2023 (13.6 TeV): 0.37/1b
2022 (13.6 TeV): 0.82/fb

b |

Run 2 - 5.90/ fb

2018 (13 TeV): 2.19/fb
2017 (13 TeV): 1.71/fb
2016 (13 TeV): 1.67/fb
2015 (13 TeV): 0.33/1b

Run1-3.23/fb
2012 (8 TeV): 2.08/fb

2011 (7 TeV): 1.11/fb
2010 (7 TeV): 0.04/fb

4.0x103%cm™%s™! (x5)
— 2.0x10%3cm™?%s7?
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LHCDb detector ... upgraded!

s Five-fold increase in luminosity, more in yield!

a ~9fb1in Run 1+2 = 37 fb-! including Run 3
o Removal of hardware trigger = vyield x 2~4 for hadronic final states

Total recorded luminosity — pp — 37.0 fb™!

gl 40
- — T T T T T - = Run 3 - 27.89 /fb b
S [ . J0.175 8 = JITC
& [ LHCD Preliminary HLT2 Turbo 1 < > 35 measeTevy 533/ (A RO |
~1.2 ] 5 = —_— 2025(13.6 TeV): 11.81/fb
1% - = 2024 HIt1(Two)TrackMVA 3 > @ ———— 2024 (13.6 TeV): 9.56/1b
i 0.150 2 8
s =< Run 2 LOHadron + Hltl1(Two)TrackMVA ] 3 g 30 ——— 2023(136TeV): 037/fb
8 1 0 . ST P ——————————— ‘5’_ é — 2022 (13.6 TeV): 0.82/fb
& - Pl e 90.125 8 =t Run 2-5.90/ b
R08 |- _— ] = ————— 2018 (13 TeV): 2.19/fb
Shaast —_ =0.100°7 s —— 201713 TeV): 1.71/fb
q = r = ] 5 g) 20 2016(13T:V): 1.67 /b
B = ————— 2015 (13 TeV): 0.33/fb
Run Oioiy = J0.075E £
r SLBLs = Run1-3.23/fb
L N = — 15
0 4 | — B n 8 8 — 2012 (8 TeV): 2.08/fb
4T = 0.050¢, ] ———— 2011 (7TeV): L11/fb
C —_— o ] = = ————— 2010 (7TeV): 0.04/fb o
02F _— BT — DO(K+7[ IZT o025 g " /s =7
i ] [
Run 2 0.0 -_: S S Sy | O S Sy Oy SO | S Oy GOy WO O | Oy o ] 0.000 3 LS1 — /
5 10 15 20 3. Chs P /
Transverse momentum, pr(B*) / GeVc™! 0 —
R RO R U R g

2.0 x 1033cm™2s71
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I d e a I I a b o rato ry fo r d i s Cove ry https://www.nikhef.nl/~pkoppenb/particles.html

11.5
11.0 A
10.5 1

1.5

o N
ul o
1 1

> 0 o
Ul o o o
1 1 1 1

Mass [GeV/c?]

Now Wk
Ul o o o
1 1 1 1

bc ccgq b
75 new hadrons at LHCb ® o @ ccqg W baq
® bLg @® cccc cqq
‘ q" o «c o < m ccq
- - - - - -
® cé(qq) ® cqqq B cdqqq
‘ /
TCECE(6900)
Q,(635
Np(6152)° Qp(634
Z(6227) 2 /\Z(6146)° b. 5(6227)° (63270
‘o [ | n =,(6333)° 2,(6095)°
A(5920)° =5(5955) o B;(5970) [ [ ] B-, c087)°
./\b(5912)° =, (5935) 'B,(5840)+° 2,(6097)F  AL(6070)° B (6114)°
%,(6097) ~ B.(6063)°
Xc0(4700) Xc1(4685)
P.:(4450)* .X‘ 0(4500) Pc:(4457)* .X (4630) .
:xu(4274> IPCC(4440)+ o .Pcfs(433s) . (4300)
Pec(4380)" Pec(4312)" ®, . 000 Tee1(4000)° o xc1(4010)
R ® P (] @},(4000) -
=+ Te(3875)y+ X(3960)
] ( )
D,(3000)*°
D;(3000)° @ D, (2860)" T..,(2900)° 5900
D,(2760)* L o Teso(2870)° .Tcsozzgooi
D,(2740)° g D3 (2760)° ®p,,(2590)" .
D)(2580)° 0

Results in this
talk mainly using
Run 1+2

Upgraded LHCb
> starts discovery
- of new particles!

2.0

patrick.koppenburg@cern.ch 2026-06-02

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

Date of arXiv submission

7/27


https://pdg.lbl.gov/2024/web/viewer.html?file=../reviews/rpp2024-rev-naming-scheme-hadrons.pdf
https://www.nikhef.nl/~pkoppenb/particles.html

Conventional meson spectroscopy



Orbitally excited B/ states

= BZ spectroscopy is rich, but only few excited states 7o

have been observed

o B.(2S)* have been discovered (ATLAS, CMS & LHCDb)

o ATLAS recently observed B;*
m Search for B.(1P)" states in B}y mass spectrum

using run1+2 data

Mass (MeV)

o using Bf -» J/Y (- utu~)n* decay and calorimeter photon

o There are four B.(1P)™ states, but six possible peaks

— B y: fully reconstructed peak
- B*+ (= BFX)y: partially reconstructed peak, mass shifted downwards by 6M = M(B;™) — M(B/")

(7572 7588 7565 7571 7563
7455 T4T5 T487 7563
472 7365 7376 7380 ]
(7250 7272 7372 7269 7276 7271]
7200 F 7122 J150 7164 7266
) 7145 7028 7041 7045 ]
(kssss 5887 ) = 703 @ ]
6768‘ ]
6800 P 706 5730 ’ _
[ \ 6741 x 1
2§ S~eo___-” _
6400 F o3 ip B_. Mass Spectrum
16271 =———
pm— *
[ B,
. 1
6000

's, ’s, P, P, P, °D, D, °D,

States 13P, 1P, 1P, 13P,
By Bly
Decays B:* (- BXy)y - - B:* (- BXy)y
B:* (= Bly)y | Be" (= BZy)y
H#peaks 1 2 2 1

3 3
F, F, °F,
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Orbitally excited B/ states

[PRL 135 (2005) 231902]
[PRD 112 (2025) 112003]

= A wide peaking structure is observed within the predicted mass range
o Good fit with two peaks, with free masses & widths dictated by resolution

EIM1:
DMZZ

6704.8 + 5.5 + 2.8 + 0.3 MeV/c?
67524 + 9.5 + 3.1 + 0.3 MeV/c*

= Fit data with inputs from various theory predictions

o Measure relative production cross-section of B.(1P) states compared to ground-state:

o R=0.20+0.03+0.02+0.03(pr<20GeVicand 2<n<4.5)

)
NS TN N1
(SN
(=R -}

Candidates / (20 MeV/c?
S

|||||||||||Il||||
Candidates / (5 MeV/c2)

sE + Data LHCb 9 fb™!
aF — Total
: [ [T1Bi—»J/yn* —+— Data
* N Esesoxe — Total
2 B Background
) - [ Peak1
. J‘L . ,\ IIIIIIIIIIII B Peak 2

6200 6300 6400 6500

N=182+25
>70

M(BY) [MeV/c?]
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M(B(y) - M(B.) [MeV/c?]

The 1st observation of two orbitally excited B} states
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D S in B 0 - D T D K T T [arXiv:2604.21257]

= Longstanding puzzle of D;,(2317)" and its spin partner D ,(2460)™
o 100MeV below quark model expectation for P-wave D.: tetraquark? 8

= Studies in B® - D*D~K*r~ allows search for D, resonances in DY K*n~
a Previous LHCb amplitude analysis in partial phase space m(K*n~) < 750 MeV
o Discrepancy continues with discovery of D,,(2590)"

)

o
B~
)
)

= I -
> - = ] 70;‘ """"""""" T =
L 3200 —— — —— ~ 6ok LHCb (a) —— Data 1 —1600
% n ] % - — Fit ] 2 10
— 3000 = —_— E ssob f 00— D2590)" 1 Z1400
%) C , = P - D,(2536)" 1 ~
§ 2800 — D ,(2860) D, ,(2860) — Q 40k g ke
= D, (2700) _: \\/ g %
2600 C D@80 . T S en; 257) 1pk é 30¢ 10
2400 — D, (2460) | = —9 20:
- = . B8 Tt
2200 F = S oLl
= = 5 S 107
ZOOO—T — b e 3y
1800 e = 26 28 3 32 34 2600 2800 3000 3200 3400
: . My [GEV] m(D*K*7) [MeV]
1600 PRL 126 (2021) 122002
By = 1So 3S1 31)0 Py 3Pz 3D1 D, 3D3 °E 2 Fy, °F 4

JP= 0" 17 0T 1t 2t 1= 2= 3~ 2t 3+ 4t 13/27



DSl(2933)+ in BO — D+D_K+Tl,'_ [arXiv:2604.21257]

. . . S\ 800 :_ | LS S P N O REELI N N R _;
= Amplitude analysis in full phase space = 00 ey 4 iow
600 3
s D,(2590)* confirmed = soof e
S 400F v 3260 E
= Anew state D.,(2933)* observed (>100) 2 s00f 8
© 200F 3
a JP = 1% determined with > 50 100f ;
. . . . ok i SR R T i
o 1st observation of a radial excitation of P-wave Dy states .. .
o Mass still lower than potential model predictions S B S S S B
Y 3200 — ——
mo = 2933 72 (stat) 75 (syst) MeV, < 2000 =
FO = 72 tig (Sta‘t) tlg (SySt) Mev7 % 2800 :_ M%) D, (2860) D, (2860) —E
D;L3(2860) :g E D, ,(2700) 3
—1600 ——T————T "1 T 2600_,,2590” — - .
e = % 220E 4D | LHCb 5.4 fb! 2 ey T W 1D K
21400 LuCb 5487 p_ (2933 = e 2400 oo f e PO DR
(SN = S 160 ~De20" . 2200 - =
LF g MOE iy F o :
= 2 120 - — D}y NR E 2000 = =
1000 - 10 < 100F - D) NR 3 - D .
g 80F- W Background 3 1800 -
800 - 8 4618%: :E - ] ] ] ] ] 1 1 ] ] ] :
600:— - 28;_' ‘ u — -_ =il 1So 3S1 3130 ¥y 3Pz 3Dl B, 3D3 3Fz K 31:4
[ 2500 3000 3500

3000 3200 3400 | m(D*K* 1) [MeV] JP=0 1" 0t 1t 2t 1= 2= 3~ 2t 3t 4t
m(D*K* ) [MeV] 12/27
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Charmonium(like) states



Muon Dalitz decays y.1(3872) - J/Yyu*u-

_ _ _ [PRD 113 (2026) 072019]
m x.1(3872)/X(3872) as well known, is the first hidden-charm exotic state

o Extensive experimental studies, yet nature still disputed:
compact tetraquark? D*Dbar molecule? or a mixture with charmonium? ...

= First observation of y.,(3872) - J/yYu*u~ using LHCb Run 1+2 data

o BRadds input to understand its nature
B(xc1(3872)— JipuTp™)

N
()

~ 25 e~ 40 e e e e

S | e % e T B(xe (3872) - Jfmta)

> 2oL 3fb! -- Signal K S 77t ofb ]

7 ey ] 2P| E 5) % 10-3

St Ceooy ] poast E =168 40,82 04h) e 10

g E —Total fit ] —§ 205_ _

g 10 I ’ ’ ':‘% 15f L ¢ * ][ i Consistent with theoretical prediction

O B J © 1o i Iy " as y.1(2P) [arXiv:2512.17672]
lw T 7[ . .l o .l. 13 S‘ ﬂl:': | ]l b . ._ The vector p°& w — u*u~ contribution

3850 3900 3950 4000 4050 0773850 3900 3950 4000 405 at level of 1/10 calculated using
M- [MeV] My v~ [IMEV] B(p°/w - utu=)~0.05x1073
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TCZ'l (4430)"’ in B+ RN 1/)(25)1{211’"’ [PRD 113 (2026) L071101]

"= First four-dimensional amplitude analysis of B* — y(25)Kdn* is performed using 5.4 fb~! Run2 data

a related via isospin symmetry to B® — ¢ (2S)K 't where the first charged charmonium-like state
Teer (4430)+(ZC(4430)+,]P = 1%) was seen [PRL 100 (2008) 142001] [PRL 112 (2014) 222002]

v discrepancy resolved by adding Y (2S)r*
component showing resonant behavior

N =9600 £+ 100

I . ':

& i Model independent ;
~ -1 i —r —r —r —r —r —T1— —T —T — |
LHCb, 54 tb RPN ' ' ' ' 1 n2E ' ' I

> 12450 F LHCb, 5.4 fb) 1 < 03¢ ] |
O + Data i 400 TData 1 5 o0af 6 ~ LHCD.54f3 .
~ : ' 2 E —Fit (Model ind.) E F 1
S — Fit 12350 I 11
< ---- Signal :S 300 —Fit (K" only) F 1 ] i
=2 ---- Background - OF 1 i
- S o0 E E : ER
2 19200 i -0.1f el
5 i 150 1 ook i

> i 3 I - 11

i L 100 : : 3 ]!
L 50E 1 —03f 1

1 - 4 - 1 1

: 'l S T T [N T TR T NN TN ST T T T TR T NN S T T _04 [ L | 1 L 1 | L 1 1 | L :

5 35 P 0 4 42 44 46 0.2 0 02 ]

. : ) ]

mo. [GeV/e?] m,, [GeViel] Re Ay |

S 1 1



TCZ'l (4430)"’ in B+ RN 1/)(25)1{211’"’ [PRD 113 (2026) L071101]

Model dependent

L, e _ .
Breit Wigner: € Molecular scenario

_ 0.055 | | _
M = 4.452 +0.01625033 GeV  F|att¢ model to take into account opening of D(2600)°D*
I'=0.174 £ 0.01910983 Gev -

f = (3.7 +0.6549) P 1 91+ coupling to Pp(2S)m*
JP =1+ m2 —m? — i(p1g} + p2g3) 92 coupling to D; (2600)°D*
consistent with T, (4430)*

g, = 0.00 + 1.78 + 2.81 GeV/c?, |7 < 6.8 @ 95% CL i

1 i

® Triangle singularity mechanism §500:' gt HCD 54T 7
- v Amplitude obtained through ~ S400F _;g 1

integration over the triangle S 300k ~Breit-wigner El

diagram, leaving no free % : 1

parameter other than an EZOO;' 1

overall complex coupling 100F & T Baseline fi 1

v" A reasonable description is N AT, I

: 4 42 44 46 i

_________________________________________________________ B O e My IGEVI] |
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Amplitude analysis of B - n K*m™

[Eur. Phys. J. C78 (2018) 1019]

= An evidence of T.z(4100)" - n.m~ was reported .
by LHCb with 4.7 fb_l data (340) S ijﬁi_ 4.7 fb~1 h##LHCb

= Update with full 9 fb~! data
= 5000 signal yields ( ~2.5 of previous publication)

= Amplitude results: L |

o 3.60 (2.50) significance without (with) systematic
uncertainties

a JP =07 disfavoured by 3.20 compared to 1- (stat. only)
a m(T,) = 4106 + 23 MeV
a I[(T,;) =514 + 166 MeV

m T.:(4100) is not confirmed

I‘IllllllllllllllllII‘IIJIIIIIl

4.5 5
m(n (15)77) [GeV]

[Eur. Phys. J. C86 (2026) 537]

160 E_ LHCb 9 fb !

140
C *

120 K™+ T fit

100 -

80F

60 F
40 F
20

Candidates / (15 MeV)




Single/Doubly charmed baryons



Charm baryon spectrum

= Nice platform for nonperturbative QCD
o Heavy + light diquark
o A+ p mode excitation
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E** in B N A+pn [LHCb-PAPER-2026-001 in preparation]

n Y2 (cdd) experimental status limited
o X.(2455)°, ¥.(2520)° well established
o Mass of X.(2800)° in tension

BaBar: 2846 + 8 + 10 MeV PRD 78 (2008) 112003
Belle: 2801.932+21 MeV PRL 94 (2005) 122002

25 26 27 28 29 3.0 31 32 33 34

o Babar used the same final state, observed peak at 2846 MeV m, , (GeV/c?)

s LHCDb performed amplitude

& rTr ref T r e or " =
. S - L 10°
analysis in search for T ﬂ o 1%, iy ——
eXCIted Z' g*o — /12-_7-[— g 4000 |- Preliminary —;l:talAFit _ gl 95) t Preliminary
. S — BoApT 90 10°
0 Zc(2455)0 Studled Separately 23000 ...... Combinatorial bkg«] N§< 18F | "
o Region with threshold enhancement £ = ¢ 16 I
= ! 14
vetoed Fc% 1000 5 12
o Resonanceincludes 2, - A{r~ and © [ bered ' 10 ;
A —— — . . 5.1 52 53 54 5 10 15 20
A — pPTT excitations - [GeV/c2] m%ﬁ;r [GeVz/c4]

20/27



Z** in B N A+pn [LHCb-PAPER-2026-001 in preparation]

A new peak seen at 3200 MeV (. I (S ——
.o . = 0! < o LHCb 9.0 fb! _
Large statistics show the 2846 peak is overlap |2 % o R S ]
of two resonances, 2.(2800)° and 2.(2900)° 2 S s Sop e .
_ ) S 500 2 s00F ]
but two fit solutions called group A and B 3 400 3 400 -
2 300 £ 00f ]
Observation of new states: S 200 g 2f L, ;
0 0 < 100 < - : 7]
a  2,(2800)° at BaBar resolved into X,(2800)° and \_ i [GCV/@ My [GeVIC)
2.(2900)°
o 2.(2800)° from Group A consistent with Belle, Parameter Group A Group B
Group B not M @so0[GeV/c] | 2.8192 = 0.0060 = 0.0020 || 2.8483 + 0.0037 = 0.0055
- o T's, (2000 [GeV] 0.0326 £ 0.0068 = 0.0080 | |0.0990 £ 0.0072 = 0.0209
*x0 +
R(E+0) = FR[B™ — 137 (= A;n™)) _ s, @oo0p[GeV/c] | 2.9077 +0.0048 + 0.0087 | |2.9143 + 0.0032 = 0.0081
FF[B~— X(2455)°(— Afm~)p] N 721 0.1754 4 0.0082 4 0.0225 | |0.0921 = 0.0061 = 0.0234
o . s, @000 GeV/c?] | 3.1859 % 0.0059 % 0.0144 | |3.1898 % 0.0054 % 0.0107
Possible interpretation: JP (A) JP (B) T'5. 33000 [GeV] 0.1331 % 0.0176 % 0.0267 | |0.1001 % 0.0154 + 0.0323
o X.(2800)°%: 1P or 2S (3/2)* (1/2)" R(£.(2800)°) 0.09 % 0.02 £ 0.05 0.86 % 0.07 = 0.42
0 £.(2900)%: 2S or 1P (/2 372" R(£.(2900)°) 1.68 £ 0.07 £ 0.29 0.50 £ 0.04 + 0.19
¢ o i ) R(Z.(3200)") 0.21 £ 0.03 £ 0.05 0.17 £ 0.03 % 0.05
o 2:(3200): 2P or 3S (3/2) (3/2) R(Z,(2520)°) 0.09 4+ 0.01 + 0.02 0.11 4 0.01 + 0.03
RUAF T )NRs—wave)|  2.19 £ 0.14 £ 0.22 2.23 + 0.11 + 0.30
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Doubly charmed baryons

s From the SU(4) multiplets, three weakly decaying doubly charmed baryons
are expected
o EXt(ccu) X (ced) N} (ccs)
o Their properties are extensively studied by theorists since 1970s

[JHEP 07 (2003) 0611 p\pa65 m(EET) ~ m(EL) ~ m(2L) — 100 MeV
[PRD 102 (2020) 054513] [ ifetime r(EET) > 1) ~ 150fs > 7(54)
[PRD 83 (2020) 034026] Production :jc+) ~ a(_cc) ~ 3-0(02%) and o(Hee)/o(He) ~ O(10~4)

~

f LHCb Run 1+2
established the ZF*
baryon successfully,

while searches for 5.

and 27, remained

inconclusive...
\_ J

++
D

E+
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Experimental status before LHCb Run 3

s [SELEX] First experimental claim on Z%. and £}
o m(gr./EX*T) =3520/3460 MeV, 17(5}.) < 33 fs at 90% CL

s [LHCDb] Searched for 5. in 5. - AYK~n* /EXn~n*and

o Not confirmed by other experiments
[LHCb] Observation of the £}

ot

o EZXT firstobserved in X - AYK ntnt and

confirmed in £}, - Zfn*

o0 m(EXT) = 3622 MeV and t(EF*) = 256 fs

+ i~ Ot ot =t

o No significant signal is observed

- LHCb

150 SCPMAG64 (2021) 101062

Candidates / (5 MeV/c?)

—
200 + -a Data —
-1 Q — Total
B 54 1fb cc . Signal
Background

3900

m(E;K ) [MeV/c?]

Candidates per 5 MeV/c?

Local p-value

107
107¢
1077

3400

180
160
140
120
100
80 |
60

40

PRL 119 (2017) 112001

20

LHCb 13 T

—+ Data
— Total

eV

3600
m_ (55 MeV/c?)

I 3700 I
SCPMA63 (2020) 221062

JHEP 12 (2021) 107

- — -1
Zr. > Elnnt,5.41b
— = =
El. > AK ©+,91b
—— Combined

LHCb

3500

PR R [ T T
3600

L 1 "
3700
m (Z+) [MeV/c?]

3800
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https://doi.org/10.1007/s11433-021-1742-7
https://doi.org/10.1007/s11433-019-1471-8
https://doi.org/10.1007/JHEP12(2021)107
https://doi.org/10.1103/PhysRevLett.119.112001

Observation of =,

[arXiv: 2603.28456]

g} > AYK~n* decay mode is used with LHCb 2024 data (6.9 fb')

o Aclear peak observed with local significance > 7o, consistent with LHCb previous searches

m(Z}) = 3619.97 + 0.83 (stat) + 0.26 (syst) 7130

(1) MeV/c?
+1.90 2
—1.77 £ 0.84 (stat) £ 0.15 (syst) ";'530(7) MeV/c

a =XF yield per fb! = 1262 (285) at 2024 (Run2) data = improved by a factor of 4

H

m(=1) —m(ELT) =
N [ LHCb | | 1%
i 4 ~
S 2000 Vs=13.6 TeV ~1-Data ! ~
) - 6.9 fb-! — Total fit 1 &
2 . B - - Signal i 2
@ L e T AcK A A S Background T S-/
—~ 1500 1 <
W 7]
S ] &
k= - 13
= 1000 R gt T =
=R £

O B ; ]
sool : Ngig = 8712 £ 160 O

B i L L L.} L ey L L L L L i

3550 3600 3650 370

M a(Eec) [MeV/c?]

T A T R B B R RN N
4000 [ ]
[ LHCb —+ Data - §
: s=13.6 TeV — Total fit : /I:l
[ 6.9fb! - - Signal 4 ia
3000 B =, A:K Tt e Background ] S
2000 n
i 13
- 1 1
' 1=
1000 - N51g =915+ 120 .
i il -l 1 | B 1 -l 1 L L 12 1 s 1 = - | 1 I ]
3500 3550 3600 3650 3700

m_,_(Ze) [MeV/c?]

-4

Contributions to M(E}.)— M(E:+

N

mqg—m,y
3
StrHF
3
EMHF
TH .
* T MK&JR ]
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Observation of 2/,

[LHCb-PAPER-2026-022, in prep.]

0 - 0%, 0 - pK~ K~ nt decay is used with 2024 (6.3 fb™") data

—~++
~“cc

- Efn*, EF - pK~nt decay as control mode

A clear peak observed with global significance 8.7c

m(Q1) = 3725.9 + 1.0 (stat) & 0.2 (syst) + 0.4(7) + 0.6(ext) MeV/c?

m(QL) —m(EXT) = 104.3 £ 1.0 (stat) £ 0.2 (syst) £ 0.4(7) % 0.5(ext) MeV/c?

The peak remains significant after a tight requirement on the decay
time t > 170 fs, indicating weakly-decaying nature
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Precise measurements of
the lifetime and production

are underway with the full
LHCb Run 3 data
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Summary

Conventional spectroscopy %ﬁgg

= B.(1P)— 1st observation of two orbitally excited B, states [ .
at 6705 and 6752 MeV via B,y

= D.(2933) —new 17 state observed in BY - D*D " K*n~, S

first radial excitation of P-wave D; meson
m 27— X.(2900)% and Z.(3200)° observed in B~ - Afpn~,
resolving long-standing ¥.(2800)° puzzle 2

m Doubly charmed baryons with Run 3 data — £, and Q.
first observed

115 . . . .
11.0 1 75 new hadrons at LHCb

cc, s, sl
Exotic states i T
’ 82000
= First observation of y.,(3872) — J/yu"p~ —adds crucial .| ... g ACIC M
branching fraction input to understand its nature 5
S 4.5 i : f-: 4;); .74‘ Pes(4338)°  _p.(a300)
s T.z(4430)" confirmed in B® - y(25)KJn*via 4D LA R LS
: . P a4 . . -
amplitude analysis, /* = 1 o BER g GEL emmom
s T.:(4100) in B® - n. K7 not confirmed 0
patrick.koppenburg@cern.ch 2026-06-02 Date of arXiv submission
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Prospects

Run 3 data: a very rich dataset
= 37 fb~' obtained by LS3 — ~4x Run 1+2 luminosity
m  Software trigger — x2—4 efficiency for hadronic final states

More to come
= lifetime and production measurements of =7. and /. with full Run 3 sample underway

= Several analyses still in progress (excited A./2., ...)
= More decay modes and amplitude analyses of exotic states

Run 4 & Upgrade |l

= 300 fb~'target — order-of-magnitude leap in statistics
s Open doors to: excited doubly heavy baryons (=, 27.)
= doubly bottom hadrons, full spectroscopy of exotic multiplets

Stay tuned — the best is yet to come!
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