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Outline

= Non-strange light meson spectroscopy
o Early works on light mesons

o Study of light-meson resonances decaying to K{Km in the B - (K{Km)K
channels /PRD 111 (2025) 092009]

= Strange meson spectroscopy

o Studies of the resonance structure in D° - KtrtntnTdecays
[Eur. Phys. J. C 78 (2018) 443]
o Amplitude analysis of BT - Y (2S)K*n*n~ decays [JHEP 01 (2025) 054]

o Observation of new resonances decaying to J/WK™ and J/W¢ [PRL 127 (2021)
082001]

The precision understanding of the strange and no-strange hadron spectroscopy is
important for LHCb in the study of the heavy-flavour exotic states
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Light mesons

s Conventional mesons as color-singlet qq pairs (g = u, d, s) fit into
SU(3) flavour multiplets with quantum numbers:

]PC — O++, O_+, 1——, 1+i, 2++’ etc g
7, n, <
. . %
= QCD allows other formations called exotics: 7
o Glueballs (pure gluonic states) q AW,
o Hybrids (ggg) D ™
o Tetraquarks (qqqq or qgqq) O%g%

s Experimental signatures of exotic quantum numbers : :

0,0, 17%,2%,37 1, etc
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O pe n q u esltl 0 n s [PDG review “Spectroscopy of Light Meson Resonances’]

Mass spectrum of gg mesons

s Pseudoscalar n(1440) 1 -

o Possibly two states 1(1405) & n(1475) e fK(Zz%zé’of’
2R TR DYy 2y |
e o 2,(1700) | [',(1640) | [p,(1690) £ 0°E)
crp . i (3'5)) 163 K, (1980) K7e0) | 1620
s Difficulty accommodating known light - ) o 1050
scalars in lower gg nonets 2 o s | i | oo
1,(2020) M (1645) || ©
2 a9(980), K5(700), f(500), fo(980) | oo | i S
0] 1723 Z'('D) 1 {(°D)
. o RS TS o 25(?42303) 2?260) =
= Three observed isoscalars %) o | (| 1 |z |1 | =
Kia60) | | keiato)| © [&01528) | |f,(1420) 0|
Q f0(1370/1500/1700) ﬁ:ﬂiﬁ’m e & ey [ -
o The latter two proposed as glueball candidates o o] | nsts) | —
g{i's x4 u's) ’
. K . JPC(m25+12.) nonets
= The axial-vector meson f;(1420) has n el J

another candidate f;(1510) ¥ o 1 2 3

Orbital excitation 6
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The LHCb Experiment

s LHCD is a dedicated flavour physics experiment at the LHC

o >10% X larger b production rate than the B factories @ Y(4S)

) . p+ RO RO p+ A
0 Access to all b-hadrons: B¥, BY, B¢, B., b-baryons > All results based on full or part of run-1 and

s Can also study hadron spectroscopy and exotic states run-2 datasets
= Acceptance optimised for forward bb production

JINST 3 (2008) S08005

20
M5 — 2024 (13.6 TeV): 9.56 fb ™"
IJMPA 30 (2015) 1530022 vz M4 18 — 2023 (13.6 TeV): 0.37 fo”
SPDIPS  pycoqy M2 ) — 2022 (13.6 TeV): 0.82 fp-‘
Magnet ECAL = 16 — 2018 (13 TeV): 2.19 fb™
T T3 RICH2 . —2017 (13 TeV): 1.71 fb™"
— 2 = 14 — 2016 (13 TeV): 1.67 b’
THI 2015 (13 TeV): 0.33 fb™"
..... (
Vertex (

— 2011 (7 TeV): 1.11 fb”

1o —2012(8 TeV):2.08 fb”"

—5m

Integrated Recorded Luminosity (fb™)

| | | | |
2009 2011 2013 2015 2017 2019 2021 2023 2025

Year
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Light-hardon spectroscopy at LHCb

Strange production

s Amplitude analysis

o Direct production of light hadrons obviously happens but the 7
N . D-K'n u
multiplicity of tracks is so large that they are covered by 3
large background - % d’”
o Rather study resonances in heavy flavored particle decays e
(D, B(s-hadrons) :_i T @ K
o Bs-decays select pure quark-contents of the light hardon ) . )

Non-Strange production

B° - yo/p/f

¢ BY - ¢f
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Non-Strange Mesons



Early works on non-strange light mesons

Q

U 0O 0 O

LHCDb, "Resonances and CP violation in B? and BY — J/{K" K~ decays in the mass region above the
¢(1020)", JHEP 08 (2017) 037.

LHCDb, "Measurement of the resonant and CP components in B’ — J /Yt~ decays", PRD 90 (2014) 012003.
LHCDb, "Measurement of resonant and CP components in BY — J/ym*n~ decays", PRD 89 (2014) 092006.
LHCDb, "Observation of B?S) - J/Yf1(1285) decays and measurement of the f;(1285) mixing angle",

PRL 112 (2014) 091802.

Sheldon Stone and Liming Zhang, "Use of B — J /Y f, decays to discern the gq or tetraquark nature of scalar
mesons'', PRL 111 (2013) 062001.

LHCb, "Amplitude analysis and branching fraction measurement of BY — J/1K*K~", PRD 87 (2013) 072004.
LHCDb, " Analysis of the resonant components in B® — J/yr*m~", PRD 87 (2013) 052001.

Liming Zhang and Sheldon Stone, “Time-dependent Dalitz-plot formalism for Bg = J/Yh*h™",
PLB 719 (2013) 383-387.

LHCb, "Analysis of the resonant components in B? — J/yr*n~", PRD 86 (2012) 052006.
LHCb, "Observation of BY — J/if5(1525) in J/PK* K~ final states", PRL 108 (2012)151801.
LHCD, "First observation of BY — J /1 f,(980) decays", PLB 698 (2011) 115-122.

S. Stone and L. Zhang '"S-waves and the measurement of CP violating phases in B decays',
PRD 79 (2009) 074024.
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https://doi.org/10.1007/JHEP08(2017)037
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.012003
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.092006
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.012003
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.092006
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.112.091802
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.012003
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.112.091802
http://prl.aps.org/abstract/PRL/v111/i6/e062001
http://prd.aps.org/abstract/PRD/v87/i7/e072004
http://prd.aps.org/abstract/PRD/v87/i5/e052001
http://prd.aps.org/abstract/PRD/v87/i7/e072004
http://prd.aps.org/abstract/PRD/v87/i5/e052001
http://dx.doi.org/10.1016/j.physletb.2013.01.035
http://prd.aps.org/abstract/PRD/v86/i5/e052006
http://link.aps.org/doi/10.1103/PhysRevLett.108.151801
http://prd.aps.org/abstract/PRD/v86/i5/e052006
http://link.aps.org/doi/10.1103/PhysRevLett.108.151801
http://dx.doi.org/10.1016/j.physletb.2011.03.006
http://prd.aps.org/abstract/PRD/v79/i7/e074024

R? - KIK*n™ system in B* - R°K* decays

m The process b — s gluon has been suggested as possible source
of gluonium states [H. Fritzsch, PLB 415, 83-89 (1997)]

m However contributions from ss and uu

resonances are expected.
P s Pseudoscalar glueball:

@ @ o Phenomenological models: = 1.4 GeV

)
Bt % f@ o Lattice QCD: =~ 2.5 GeV
" %@< [J Phys G40 (2013) 043001]
. R K s Mass region (<1.6 GeV) can study:

o Two overlapping 1** states: f;(1420) and
T i W ; f1(1510)

u K" K*
. %%< . M @ o Two states n(1405) & n(1475)

ss resonance

NN

<
ISR
&)
o]
<
<

uu resonance
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[PRD 111 (2025) 092009]

K)K*n™ mass spectra

= Selection re-optimized in the K2K*n* threshold region
= Event yields for m(K{K*n) < 1.85 GeV

Final state Signal Events  Background Purity
BT - K¢KtTK~nt 10430 1454 87.8+0.3
Bt - K2KtK*Tn~ 12320 2180 85.0 0.3

s Complex superposition of resonances in the threshold region

.+ (ni

L — + 4 + —
S g0l LHCH @ Kmnmn'l 2 1500 LHCb & K'm
8 - 9! ¢ data = 91b
~ i # mmmm Bsidebands | o~
a 0 OF e ==, | @ = -
S 600~ b — DK o T 7
3 i 4y
8 400/ t 1+ {H'*i' ++++“++ +++++ #, 34t M{+++ # g “*+ o {
+ |
= i P © - ,+ e 1% i ,mmm‘m o gt oty
i . i 500
200/ _ i
0 e 0
1.5 2 25 15 2 25
m(KSK 7+) [GeV] m(KeK*m) [GeV]
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[PRD 111 (2025) 092009]

Comparison of two decay modes

Dalitz plot for the two different B* decays for 1.3 < m(KJK*nt) < 1.85 GeV

B* - (KdK*m™)K*

B* - (K{K m*)K*

LT T T 1 o 1 | T
> >
D) L
<) o
"N N
K**K~ vs K*°K°® % H ~K+ vs K*ORO
S . K*"K" vs K™K
; : 33
P S T T S S S ST R E SO S P | P I TR
0.5 1 L5 0.5 i 13

m(K~1+) [GeV?] m(K*7) [GeV?]

s Asymmetric K**/K*0 distributions
s The Dalitz plots for BY - (KJK " n*)K* and B* - (KJK*n~)K* are different
= Neutral K*¥ and charged K** bands are somewhat inverted
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AmpltUde anaIYSiS [PRD 111 (2025) 092009]

: : 3 K)K+m~
m Decay chains via ay(980)m, = i
K*(892)K and direct K°Kn . !
= Resonant parameters are . ;
fixed to those from PDG | I

: 1'4 KK ) [GeV) : 1'4 KUK ) GV
m Reference amplitUde IS the L R o -t MY [ A P
JP¢ = 0~* n(1475) - K*K, o | e =
parameter fixed to BESIII g 1 3d K-m*
analysis on J /i —» yKOKIm© B

L i 0: P et 1 L i
[JHEP 03 (2023) 121] T T T

m(K~n*) [GeV]

)

\4

T (e) T

] ] ) PC é,1000__ . T ‘ffl})ml § i @ §800:— s
m 19 contributions include | : st | 2 o e 12 e
= g I ~ 600F J
—0-*t 1** 1t~ and g 5 00} ¢ _
=0~F, 1%, 1t and 1,(1645) K*m
100; 200:—
06 08 1 12,14 16 1 12 14, 16 86 os 1 12 14 162/26
m(K ) [GeV] m(KK*) [GeV] m(K* ") [GeV]



Fit results

[PRD 111 (2025) 092009]

B+ — KK~ m* K+ |

B+ — KK+~ K+

Contribution Decay Fraction [%)] Phase [rad] | Fraction [%)] Phase [rad]
n(1475) KK e di-111 0 103+11+14 0
ayT 1.4+04+04 3.18+0.19+0.15 1.8+041+04 292+0.14%+0.13
s 15:2--2:3 4+ 24 3.33+£0.10 £ 0.12 89+14427 357+0.114+013
Total 2741+241+24 - | 21.0+-181+3.1 -
n(1760) K*K 191+ 04103 SHESSEENNIGEEES 311+041+05 SEIGEEONSEEO2Y
apm 201+041+0.3 211 +0.15+0.20 1.7+041+03 3.06 £0.12+0.24
PS 119 184+2¢ 1.60£0.10£0.19 | 23.2+24+£5.1 1.92 + 0.07 +0.22
Total 158119127 - | 27.9+25+5.1 —
n(1405) K*K 3.5130.61+1.9 SEEEEEEE———— 231+051+0.7 =000 018
Ps 52+05£08 1.77£0.11 £ 0.28 6.4+051+09 1.96 +£0.13 +£0.20
Total 8.7+0.8+20 - | 86+0.7+1.1 E
f1(1285) agT 20+£02+02 -035+0.131+0.26 20+021+02 -047+0.11+0132
f1(1420) K*K 114307121 4.25+0.08 £0.23 660517 4.67x£0.10£0.27
hi1(1415) K*K|[9] 100£09+20 [459+008+:020| 186+1.2+35 1.57 £0.08 £0.55
K*K|[D] 33+£03+0.2 +£0:133+0.08=x0.16 24+03+0.2 —2.57+0.08+0.42
Total 13.31+1.0+2.0 = 21.04+1213.6 =
f1(1510) K*K 29104112 2.6 £0.31+2.7 EESSEEE
h1(1595) K*K|[9] 53+08+14 1.44+008+0.19 | 148+14+28 = 4.20%0.06+0.48
172(1645) K*K 161+021+08 2.2831-0.1031-0.09 08+02+0.2 2.15+0.124+0.09
PS 182+24+29 313+009+0.15| 25.1+26+50 2.85+0.07+0.16
! el 324+044+03 —0.8710.08+0.22 20£03+03 —-1.36+0.08+0.16
5 84+0.7+09 -0.86+0.07+0.19 28+044+10 08240071010
Sum 118.0+4.3+6.2 — 135.5 4.6 £ 9.7 -

For the two channels

m JPC=0"" 1" K*K
contributions are in
similar phase.

m JPC =17 K*K
contributions are shifted
by = m

s [hese phase
differences are
responsible for the

observed “inversion” of
the Dalitz plots
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Partial waves contributions PR 111 (2025) 092009

Candidates / (6.5 MeV)

» Significant 0% signal has been established, comprising n(1405), n(1475) and n(1760).

s The concurrent observation of these states in both J /vy radiative decays [BESIII, JHEP 03
(2023) 121] and B* decays implies potential commonalities in their production
mechanisms.

s Presence of f;(1420) and f;(1510), both with I = 0, J°¢ = 1** challenges their physical
interpretation, as they both compete for identification as the ss member of the axial-vector
nonet

iy T T T T T

o8}
=
=}

T
L (b)

T —~ T T T T ] — T T T T T T T T T T
" @ 4+ 3 13000 () +.— 20 @ ]
- LHCb M K sK'm .2 | LHo Mﬁ 1 | LHO P& H# Ky sK'm & g P&#W + # i
-9 fb gt ofy 1 F 9fb M'} c 2 #Hbf} W
- ¢ data w < 200 —ny(1415) HW { { } 1 200k — n(1475) #W#F#? 7 2001 Jl‘ ((Jlgéi)) t + H# #*##? +—
[ — n(1475) pr* + 8 [ /f128) HW b | TF on1409) & [ - (1420) } H#*
- 1(1405) + W E e f (1420 ¢ } [ (1760 ﬁ+ S ffl 510) # l
i 7(1/60)\2‘+ oS [ i\' +#” I # -------- S - hy(1595) 1
19 1 | 100 b 4 “ 100 -
ﬁ’ { 4 : B Yo J’*.:"rl b i e i #* ¢¢’¢* i’?;\ e e
ool o ; B o;a?‘ .”.-. e pees ();a?. ‘.!"3: e ]
2 14 16 1.8 . , 18 12 14 16 16s: 12 14 1.6 18
m(KSK t¥) [GeV] m(KSK t) [GeV] m(KOK ) [GeV] m(KOK ) [GeV]

N
. T T T T
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Strange Mesons



D 0 RN K$ Tti Tti Tl-$ decays 7 8TeV: 3 fb-1 [EPJC 78 (2018) 443]

ap  ~0.9M@ > 99.9%

[ * ) e
= Poor known higher K* resonances IR e &
= s S |3
3 Ok 1%
2D, 2D, g 120 + RS data E §
— & 3 C - DV Krtrtn— 2 =~
% 2200 = ; _'?EF_ _I‘F” %100 C | Combinatorial E %
2 oS T, 2B & TR = g 8¢ EE
~ 2000 -0 713p 0F=1 2180 3 C ]
. Ol S S o I'F, S 60 F 1
Prediction [ Godfrey-Isgur model E 1800~ g = 2 é ?‘? _1,=_3 2 E i 3 = <
Confirmed F <7 &m0 ZWEE[E % S E 18
1600 23— o S S C ]
Not-confirmed 1 et = 20 F o
o ST o ha [y 2 o - et
oo & 2 =5 _5 < 140 145 150
et TV Ev'_;—ffoi Am [MeV/c?]
1000 " ol B —~ann B ' ' =
E 5= Z LU P LHCh
F < <500 F ~3k@ > 80%;
600 __lls . 2 E + WS data E
: 1 (I)=I l 1 L 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 d 400 :‘ = DU - I\'+7l__l_l_ﬂ-+——
400 = = ; ;
0 1 2 3 L S E (\f,'l(iszlisgmtonal E
T i T d09 18 8ron €300 ‘ -
< B n
. o C ]
m Strategy: P E
. . 3 C ]
o Purity sample selected with double tag © 100 F - . &
E + + p
0 s+ - x4 0.+ pprtr  l ]
— — P
B D**u~v, where D D°m . e -

Am [MeV/c?]
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D° - K—ntntm™ AmAnN results

[EPJC 78 (2018) 443]

Entries/ (0.02 GeV?/ct)

Entries/ (0.02 GeV?/c?)

Entries/ (0.03 GeV?/c?)

x10°

T3] ~A0F . . —=
LHCh 3F % E LHCbh 7
] =~ = =
(N E
E S 305 + RS data E
33 B - D0 Kontrte S
_E % 2 E Combinatorial _E
4 E F E
1 £ 15 e
4 H E E
3 10 £ 3
ENEY:

L 0 )

2.5 0.5 1.5 2 2.5
SK—n+ [GeVz/c“] - [GeVQ/c]
T 3 X:'lO? T T T T3
rach 4 % E
1 2 E
1% E
94 O =
1 3 3
1 e E
E =
1 — =
4 ¢ E
1 & 3
1 = =
d = 3
] 6 E
E 3
E 9 3
1 I 1 0 1 I I 13
0.5 1 1.5 0.5 1 1.5 2
swrn- [GeV?/cl] Sremtn |GV /]

3

:'le, _— -
3 LHCb § % 3
E S =
= iz 3
E 1 O 3
E -4 ™ E
E ERR= E
3 ER 3
- g =
£ 3¢ 3
E ] = E
E 4 = -
E ERSS) E
3 R E

Fit Fraction (%] lg| arg(g)[]

[K*(892)°p(770)°] il 7.34£0.084+047 0.196+0.001 £0.015 —2244+04+16
[K*(892)°p(770)°] bt 6.03+£0.05+0.25 0.362+0.002+0.010 —1029+04+1.7
[K*(892)°p(770)°] =" 8.47 + 0.09 + 0.67
[p(1450)° K*(892)°] = 0.61+£0.04+0.17 0.162+0.005+0.025 —86.1+1.9+4.3
[p(1450)°K*(892)°] “~ 1.98+0.03+£0.33 0.643+£0.006£0.058  97.3+0.5+28
[p(1450)°K*(892)°] = 046 £0.03+£0.15  0.649+0.021 £0.105 —156+2.0+4.1
p(770)° [K~x+]*=° 0.93+0.03+£0.05  0.338 £ 0.006 + 0.011 73.0+08+4.0

Q32 1.073+£0.008 £0.021 —130.9+0.5+1.8
K*(892)° [x+n—]"=° 2.35 + 0.09 + 0.33

o 0.261 +£0.005+0.024 —149.0+0.9+2.7

B 0.305 &+ 0.011 £ 0.046 65.6 £ 1.5+4.0
ay(1260) K~ 38.07+£0.244+1.38  0.813+0.006 £0.025 —149.24+ 0.5+ 3.1
K;(1270)~ =t 4.66+0.05+£0.39 0.362+0.004+0015 114.2+0.8+36

K1(1400)~ [K*(892)°7~] =+ 1.15+£0.044+0.20 0.127+0.002+0.011 —169.8+1.1+5.9
K3(1430)~ [K*(892)°7—] #* 0.46+0.01+£0.03  0.302+0.004£0.011 —77.7+0.7+2.1
K(1460) =+ 3.754+0.10+£0.37 0.122+0.002+0.012 172.7+2.2+82
[K—a+)"=" [a*+a—]"=° 22.04 + 0.28 + 2.09

g 0.870 £ 0.010 £ 0.030 —149.24+0.7+3.5

oy 2.614+0.141 £0.281 —19.1+24+ 120

B 0.554 & 0.009 + 0.053 353+07+16

A 0.082 4+ 0.001 £ 0.008 —147.0+0.7+2.2

3
SK-mtn— {GeVZ/c“]

SK-mtnt {GeVZ/c“]

Sum of Fit Fractions

xX*/v

98.29 + 0.37 £ 0.84
40483/32701 = 1.238
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Strange resonances in D° > K mwtm " ercsos s

H K1(1270)_

K1(1270)~ mp = 1289.81 £ 0.56 & 1.66 MeV/c?; I'p = 116.11 £ 1.65 % 2.96 MeV/c?

Partial Fractions [%] lg| arg(g)[°]
p(T70)° K~ 96.30 + 1.64 + 6.61
p(1450)°K - 49.09 £ 1.58 £11.54 2.016 £0.026+ 0211 —119.5+0.9+23
K*(892)°z~ 27.08£0.64 +2.82  0.388+0.007+0.033 —172.6+1.1+6.0
[K-x+]"=" =~ 2290 £0.72+1.89  0.554£0.010+0.037  532+11+19
[K*(892)°%]"""  347+£0.17+£031 0.769+0021+£0.048 —193+16+6.7
w(782) [t~ | K~ 1.65+£0.11£0.16  0.146 = 0.005 + 0.009 90+21+57

s K(1460)~

Q

The presence of this resonance is further justified by the Argand diagram from the
Model Independent Partial Wave Analysis

—12F ' ]
S | LHCh ]
1 - = .
E T K(1460)~ mg = 1482.40 + 3.58 + 15.22 MeV/2 ; Ty = 335.60 & 6.20 + 8.65 MeV/c2
0.8 -
5 Partial Fractions [%)] lg| arg(g)[°]
0.6 - . =
: K*(892)°%z~  51.30+1.00+ 1.71
4F i [rta " K- 31.23+0.83+1.78
0.2F m=114 Gev/e | o 1.810 +0.059 + 0.180 —80.8+ 2.2+ 6.6
ok E By 0.8134+0.0324+0.136 112.9+2.6+9.5
pobmeletgee, Bo 0.315+0.010+£0.022 46.7+1.9+3.0

Re (A) 18/26



D° - Kttt AmAnN results

[EPJC 78 (2018) 443]

= 3-body resonances parameters fixed to RS fit
s Largest fraction from K

Fit Fraction [%]

lg] arg(g)[°]

[K*(892)°p(770)°] "
[K*(892)°p(770)°) !
[K*(892)°p(770)%) =2
[p(1450)°K*(892)°]“=°

9.62+1.58 +1.03
8.42 + 0.83 £ 0.57
10.19 £ 1.03 £0.79
8.16+1.24 +£1.69

0.205 £ 0.019 £+ 0.010
0.390 £ 0.029 <+ 0.006

0.541 £ 0.042 £ 0.055

—85+4.7+44
—914+471+4.1

—21.8+6.5+5.5

K1(1270) 7~
K1(1400)* [K*(892)° 7] 7~

18.15+1.11 £ 2.30
26.55+1.97 £ 2.13

0.653 & 0.040 = 0.058
0.560 & 0.037 = 0.031

—110.7+£5.1+4.9
208+4.21+46

[K*ﬂ‘]L':O [7r+7r_]1‘=0

20.90 = 1.30 £ 1.50

0.686 & 0.043 = 0.022

—1494+43+29

Q3o
By 0.438 + 0.044 + 0.030 —132.4+ 6.5+ 3.0
2 0.050 + 0.006 + 0.005 TA8+75+53
Sum of Fit Fractions 101.99 +2.90 + 2.85
X>/v 350/239 = 1.463
Do— Km'mrmtt u Do— K u
CF d DCS S
W
v >
c = S Cc - d
T - . u U . ; « U

B
=
(=)

Entries/ (0.05 GeV?/c*)

Do
oS
o

ot

=}

(=)
T

w

(=3

(=)
TTT

100 F

2.5

Sg+a- [ GeV¥/cl]

LHCb

)

=

o

=]
T
|

RN LHCbh ]
2350 3
% F ]
2300 & + WS data E
g 250 D’ - Ktn—r— 7t 3
= E Combinatorial E
E 200 E Mistag =
150 F E
100 E E
50 =
0 4 4 1
0.5 1 1.5 2 2.5
SK+x+ [GeVz/c“]
200 ' ' ' '
<
<180

A I T T P A e e |

3
SK+g—mt [ Gev2/04]

1 2 3
Sicta-n- | GeVZ/ ]
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B+ N ]/II)¢K+ decays [PRL 127 (2021) 082001]

= 24k BT signal and purity 96% in signal
window (+15 MeV) Z [ceus| (> ] /oK )d -

= Dalitz-plot in the signal region shows 4 . -~ X(cess| (o wikt | L -
structures in J /¢ mass and an obvious ~ ~ /e

J/YK™ band J/WK**[5ul(~ K*d)

» Amplitude analysis is performed to study
various resonant contributions

& 5000 [T o T T T . 16 ”
S - LHCb t Data ] %4.5 i . e LHCb 14 20
AN L . r O s i' oo 9fb" 18
N C 9 fb—l — Total fit ] 34 y B -E.: = _:.-:ta:; e = . 12 16
g 300 0 s Background ] '\‘Eﬁ B 1-'-:_ -l"._il' -j: L HA i 10 14
= : B Ry 12
= ] 35F A walt AEAn s £ THELS S IS 10
S 2000 - ) . - S e T w3
: 24k signal ] 3 e AR L 8
1000 - 1 ot A '_3}._%' ; oisee 1 4 6
- - RS o Lt TR e b 4
- ] 2.5F el 1 2 2
b Peeouensoncoponnsanpant T Lk o b il i
. 0
5250 5300 o [15\/3[2({/ : o 55 5 : 0
i m2,,, [GeV’]
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Amplitude results [PRL 127 (2021) 082001]

]

o
III|IIII
—e—

LHCb -
9fb! -

s Observed four new tetraquark candidates

s Confirmed previous
observed four X — J/Y¢

= Main systemetics from ™
non-well known high-mass K*

)
e}
TTT

e 2
o O
TTTTTTTTT

Candidates / (10 MeV)
N W A W N N
S S

o
TT

2 700F

Tetraquark Mass [MeV] Width [MeV] % 600E
Z.5(4000)" 4003 + 67,4 131 + 15 + 26 < soof
7,.(4200)" 4216 + 24743 233 + 52797 éﬁ :22
X(4630) 4626 + 16*18, | 174 +27+134 8 200f
X(4685) 4684 + 7113 126 + 15*3] 100f




Strange meson results

[PRL 127 (2021) 082001]

s Default resoance model included 9 K* E 600~ e’ + LHCb -
" ----- Background &
. C— KO + -
= Measured the mass and widths of three K* S . z
: 7 400 K% e
o Parameters of other well known K* are fixed to PDG g :
values g Vp T ew E
: : S W0Ee s E
= Extended model included more higher mass K*as = = .A
systemetic uncertainty T e
1.4 1.6 1.8 2 2.2
My [GeV]
J° Contribution Significance (o) M, (MeV) 'y MeV) FF (%)
1+ 21p, K(17) 4.5 (4.5) 1861 £ 1018 149 4+ 411231
2°P, K1) 4.5 (4.5) 1911 £37+2 276 507 5
1%p, K1(1400) 9.2 (11) 1403 174 15+ 343
2" 1'D, K,(1770) 7.9 (8.0) 1773 186
1°D, K,(1820) 5.8 (5.8) 1816 276
1- 1°D, K*(1680) 4.7 (13) 1717 322 {dsk 2322
2%, K*(1410) 7.7 (15) 1414 232 38+ 5341
2- 2P, K3(1980) 1.6 (7.4) 1988 + 22739 318 + 821151 2340.54+0.7
0" 215, K(1460) 12 (13) 1483 336 10.2 &+ 1.27}9
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B - Y(2S)K "t~ : amplitude anaIyS|s

[JHEP 01 (2025) 054]

Can study K" *n~ system, crucial for NP ésmg_ 30'1(' T g
- 3 - ¢ Data .
studies of B - K (y /uu) S omf / i -
. . . § T~ Background 7
Can also study charmonium-like exotic states £ ™} - e Sk
S 2000 —
With ~1000 signal decays, Belle only studied 1000~ 3

+ - . ]
the K™m™m system [PRD 83 (2011) 032005] s e o 350 S

m(y (2S)K*m+m-) [MeV]
LHCDb performed the first full amplitude

_ _ Decay channel Fit fraction [%)]
anaIyS|S on this decay Bt — xo(4475) K+ 18.45 &+ 1.31 £ 2.92
Bt — ¢)(2S) K*(1680)* 8.15 4 1.31 £ 3.51

: : : : Bt — (2S) K,(1270)* 7.60 £0.85 4 1.35
Baseline fit contributions BH{P] o 1(28) K, (1270)* a5 1 G 14 8
B*[D] — (29) K,(1270)* 6.8140.45 + 1.18

o 6 K'T states B — 1(2S) K,(1400)* 5.78 + 0.62 4 0.92
Bt — 1(2S) K (1460)* 5.26 + 0.48 4 0.87

: _ Bt[P] — T,:1(4200)" K*(892)°  4.60 +0.54 + 2.17

o 11 exotic states: most are very broad Bt 5 T (46000 10 QR
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Fit

projections

[JHEP 01 (2025) 054]

= Fit quality is acceptable, 7D y?/ndof = 1.2

s Resonances are generally broad
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Exotic contributions

[JHEP 01 (2025) 054]

m 3 new T, = Y(2S5)Kn states are observed

O
@0

s P(25)K mass above Z.,(4000)*, only tail of Z.,(4000)* can contribute

new

Resonance J= mo [MeV] I'o [MeV] Res. PDG mo [MeV] I'o [MeV]
X 0 (4475) I 44754+ 7 +12 231419432 X 0 (4500) 447444 T ie
Xe1 (4650) 1t 4653414427 227426422 Xc1(4685) 46847115 126440
X0 (4710) ot 47104+ 4 +5 644+ 9 +10 X0 (4700) 469471 16 g 15
ne1(4800) 17 47854374119 4574934157 X (4630) d6g6n 24,  d7an 150
T (4055)™ 1~ 4054 (fixed) 45 (fixed) T.z(4055)T 4054+3.2 45413
T.z1(4200)% 1t 4257411417 308+20+32 T.z1(4200)T 4196 52 o 100
T.z1(4430)T 1 4468421480 251442482 T,.z1(4430)T 4478118 181431
| (o0 1t 4578410418 133+28+69

g I T ) 1t 4925422447 2554+55+127

T (5200)° 1~ 5225486+181  226+76+374

Tozs1(4000)T 17T 4003 (fixed) 131 (fixed) Terzy (4000)T 400371, 131430
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Summary

m LHCb has great potential to study strange and no-strange
hadrons with different decay final state

m \We have studied the X resonances from B — J /1) X decays
o More final states, such as B - J /Y KJ{Km, to be tried

s More studies are preformed from D decays

m \We also have a good start with light hadrons final state
such as B - (K{Km)K decays

m For higher K* states, we can also try with B radiate decays

The precision understanding of the strange and no-strange hadron spectroscopy is
important for LHCb in the study of the heavy-flavour exotic states
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Exotic contributions

[arXiv: 2407.12475]

O
00

s 4 X0 > y(2S)ntn~ states are identified

a Main decay mode is ¥ (25)p°
o Similar but broader that the states observed in B* - J/jp$pK™

o But they might not the same, ¥ (25)p" has 1=1, J /)¢ has |=0

Resonance J= mo [MeV] I'o [MeV] Res. PDG mo [MeV] I'o [MeV]

X c0(4475) i 44754+ 7 +12 231419432 X 0 (4500) 447444 T ie B _
Xe1 (4650) 1t 4653414427 227426422 Xc1(4685) 46847115 126440 i thtf "
X0 (4710) ot 4710+ 445 644+ 9 +10 X0 (4700) 469471 16 g 15 /K
Ne1 (4800) 1~ 47854374119 4574934157 X (4630) 4626728, 174715° |

T (4055)™ 1~ 4054 (fixed) 45 (fixed) T.z(4055)T 4054+3.2 45413

T.z1(4200)% 1t 4257411417 308+20+32 T.z1(4200)T 4196 52 o 100

T.z1(4430)T 1t 4468421480 251442482 T,.z1(4430)T 4478118 181431

T,.z51(4600)° 1t 4578410418 133428469

T.z51(4900)° 1t 4925422447 2554+55+127

T (5200)° 1~ 52254864181  226+76+374

Tozs1(4000)T 17T 4003 (fixed) 131 (fixed) Terzy (4000)T 400371, 131430
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Exotic contributions

[arXiv: 2407.12475]

= 3T - y(2S)n states are identified 00
a Confirmed Z.(4430)" seenin B® - v (2S)ntK~ (d, Y
a Confirmed Z,.(4200)" seenin BY - J/Yn*K~, and J¥ = 1% is determined for the 1st time
a T.z(4055)* seeninete™ -» Y (2S)n*n~ is also needed

Resonance J= mo [MeV] I'o [MeV] Res. PDG mo [MeV] I'o [MeV]

X 0 (4475) I 44754+ 7 +12 231419432 X 0 (4500) 447444 T ie

Xe1 (4650) 1t 4653414427 227426422 Xc1(4685) 46847115 126440

X0 (4710) ot 47104+ 4 +5 644+ 9 +10 X0 (4700) 469471 16 g 15
_ 7c1(4800) 1~ 47854374119 4574934157 X (4630) aeper 2.  W7AtE°

e (0S5 1~ 4054 (fixed) 45 (fixed) T.z(4055)T 4054+3.2 45413

T.z1(4200)% 1T 4257411417 308+20+32 T.z1(4200)T 4196 52 o 100

T,.z1(4430)T i 4468421480 251442482 T,.z1(4430)T 4478118 181431

T,.z51(4600)° 1t 4578410418 133428469

T.z51(4900)° 1t 4925422447 2554+55+127

T (5200)° 1~  52254+86+181 2264764374

Tozs1(4000)T 17T 4003 (fixed) 131 (fixed) Terzy (4000)T 400371, 131430
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Introduction

r fm

s Hadron spectroscopy provides opportunities to =
study QCD in the non-perturbative region s |
o Extensive and precise spectroscopy combined with “ul
a thorough theoretical analysis, will add substantially
to our knowledge of QCD : gt
T Rmmattic Hardon size
= Exotic hadrons provide unique probe to QCD o :

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

CONVENTIONAL

mesonic
molecule ? tetraquark ? pentaquark ? hybrid ?

baryon
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