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XYZ for QCD
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tetraquark pentaquark dibaryon

v'clear indication from both experiments and Lattice QCD @\/

v'believed to be related to increase of a at low energy, molecule glueball hybrid

but never demonstrated analytically exotic hadrons

» Color confinement: L a
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Map of heavy exotic hadrons
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LHCb detector in Run1 & 2

» LHCb is a single-arm forward region spectrometer covering 2 < n < 5, with excellent vertexing, tracking and
particle identification (PID) performance

[JINST 3 (2008) S08005]
[IJMPA 30:07 (2015) 1530022]
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RICHs: efficient identification
of pions, kaons and protons

(K - K)~95%

@ misID rate (m - K)~5%

Liupan An

o 20— )
= T —2024(13.6 TeV): 9.56 fb
; 18 - —2023 (13.6 TeV): 0.37 fo’"
= C —2022(13.6 TeV): 0.82 b
B 16—~ —2018(13TeV): 219 fb!
o - —2017 (13 TeV): 1.71 fo
‘S 14 —2016(13TeV): 167 fo!
5 - 2015 (13 TeV): 0.33 fb'
J {of- —2012(8TeV):2.08fb’’
S - —2011(7 TeV): 1.11 fb’1
® —  —2010(7 TeV): 0.04 fo-
S 10 7Tew: Ls2 .~
§ 8 /
C 5 = /
3 JE / Cb
® C LS1
o 20— /
Q C
E 0 7 ! ! ! ! ! !
2009 2011 2013 2015 2017 2019 2021 2023 2025
Year
Muon system (M1-M5): 4 Run1(2011-2012):

efficient muon
identification and trigger

1fb~! @ 7 TeV &
2fb~1 @ 8 TeV

e(u - 1u)~97%

@ misID rate (m - u)~1—3%

€ Run 2 (2015-2018):
6fb~t @ 13 TeV

4/20


http://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta
http://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta

LHCb detector in Run 3

» LHCb is a single-arm forward region spectrometer covering 2 < n < 5, with excellent vertexing, tracking and
particle identification (PID) performance

€ Run 3: 10 fb~1+rapidly growing

Software-only trigger
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Exotic hadrons at LHCb
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X cl (3 8 7 2 ) [PRL 126 (2021) 092001]
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Radiative decays of y.1(3872)

ONature of y.1(3872) still under debate, while study of radiative decays provides a way to probe it
> v1(3872) - Y (25)y observed for the first time using BT = x.1(3872)K* decay with 9 fb~! data

[JHEP 11 (2024) 121]
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Search for BX — x.4(3872)m™ e 250320085

OThe compact-tetraquark interpretation of y.;(3872) predicts enhancement of B(B} — y.1(3872)n™)
[PR D71 (2005) 014028]

OATLAS reported significant enhancement of y.;(3872) production from BZ, assuming short-lived

contribution of non-prompt y . (3872) to arise from B decays [JHEP 01 (2017) 117]
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Puzzle in D spectroscopy

* + e
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> D%(2317)* and D44 (2460)T are considered candidates of (DK, D*K) molecules
v’ Their masses much below theoretical prediction

vm(D},(2317)%) < m(DO(ZBOO)) i.e. cii/cd heavier than c§
v'm(Ds;(2460)%) — m(D3(2317)%) =~ m(D*) — m(D)

% v'D},(2317)* decay ~100% through the isospin breaking mode D "
0(2317) e = As D*K molecule, a double-bump lineshape is expected in m¥7~ spectrum from the
D.,1(2460)* - Dfn*n~ decay [Commun. Theor. Phys. 75 (2023) 055203]
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T.s states at LHCb
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Compact multiquark [PRD 110 (2024) 034014]

S55(2335 £ 100) — DOKO, K+ KO~ (weak decay) S33 = X0(2900)

radial excitation

D?,(2317)*
T e L L LR R R R e R e
> Theories motivate search for potential existence of D ® structure
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Study of D¢;(2460) - DS ™

[arXiv:2411.03399]

> A combined amplitude analysis of Dy, (2460) - Dintn~ inB® - D D¢n*n~, Bt - D°Dfn*n~ and
BY —» D* DI ntm is performed using 9 fb~! data
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BY— D*~
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4+1 98.0 = 0.2
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~ 800 signal candidates in total
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Amplitude fits of D, (2460) » Dy ™

[arXiv:2411.03399]

Model ANLL The physical credibility with only 7t res. is doubted:
Chiral dynamics o X A large contribution from the tail of £,(1270)
K-matrix 77 5-wave 249.0 X Large destructive interference between f,;(500) and f;,(980)
fo(500) + fo(980) 245.2 X £5(500) mass and width different from before
Fo(500) + fo(980) + p(770)° 148.0
;02288; i i D e ) 0 _3°7 By adding exotic TCJ?/O — DIt contributions under isospin symmetry
; Sol980) & Sol1270) + 2(TTD) = v £,(980) and f,(1270) not significant
RN T as | ¥ fo(500) massand width agree withbefore
0(500) + K-matrix T.s(0") 0.0 3120 e 1 2 N LH'c_tl, I
£2(500) + fo(980) + RBW T.5(0+) 30 | ;0 g™ RN - oo '
f0(500) + p(770)° + RBW T.5(07) 11 | === féﬁiﬁgﬁound % o : + _______ 2 ; g
£o(500) + £>(1270) + RBW T.(0%) 4.3 Toalft 5 w0f | AR
£6(500) + RBW Tos(17) 62.9 + b Tar T T 13
ey TR
S33(2335 +100) — D°K° K+ K%~ (weak decay) m(rT ) [GeV] m(Df ") [GeV]
» Results on TCJ;-+/O
Siu T2 @ ST v" > 10 o significance vs. f,(500) + f,(980) model
N v M =2327+ 13 + 13 MeV/c% T =96 + 16717° MeV
v JP = 0% favored with 10 o significance

S11(2367£10) - Dyn~ | D}y (2317) S92(2367 £10) — Dy |
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T, states at LHCDb

csO (2870)0 051(2900)0

0 LHCb‘

50

Ss3 = X0(2900)

Bt - D™D KT
40;—
> First discovery of open-charm tetraquarks 7 %

with four different flavors [csud]!

20

Candidates / (17.3 MeV/c?)

0f Si1 = D35 (2900)  Sy5, T3 Sz = D%(2900)

[PRL 125 (2020) 242001]
[PR D102 (2020) 112003]

[PRD 110 (2024) 034014]

m(D"K") [GeV/cz]

2020
Bt - D*'D K™

%75 a3 | LHCb 9 fb ! o | o _ Property B* - D*D K™ B* - D**D"K*
= gi 1 7 T2,(2870)° mass [MeV] 2014 & 11 & 15 2866 & 7
S50 T%,(2870)° width [MeV] 128+22+£23 26 57413
g T%,(2900)° mass [MeV] 2887 + 8 + 6 2004 £ 5
=Ral T, (2900)° width [Me\/] 92 + 16 & 16 110 & 12 . 0
5 0 i ligdasee | 1 B(BY — T5,(2870)°D™W+) - (45708409 +0.4) x 107> (1.2 £0.5) x 107° ¢s0(2870)

24 26 28@ 30 32 B(Bt — T%,(2900)°D™+)  (3.8797+1640.3) x 1075 (6.7+2.3) x 107° T:.1(2900)°

MK IGVE (1, (2570)°D ) 117 4 0.31 + 0.48 ——>0.18 = 0.05
B(BT—T,(2900)° D)) - - - - - %

[PRL 133 (2024) 131902]
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Observation of T%,,(2870)° - D°K¢

[PRL 134 (2025) 101901]

» An amplitude analysis of B~ — D‘DOKSQ is performed using 9 fb~! data
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=<  LHCb 2 NN
> L 9 fb- 1 —— Data ) o > 100 > -
[} L 91tb L Fit w/o T*,(2870)° - [} L o4 L
O 180 C (2) — Fitw 528700 ] O i O i
AR o DLOST3Y 0 80f FASE
] i Dy, (2700) () L S r
& 120k D’ (2860) 1 < =) _
~ 0 - NR (S-wave) ~— 60 3 ~ i
m -
4 i —  NR (P-wave) 2] i b i
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% 60 —  Background 7] '9 "9 r
= | 2 20 2 oof
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» Fit withonly B~ — D;‘]_(—> D‘KSQ)DO cannot describe D°K distribution
> T;= - D~ D? considered but no significant signal found
> T0(2870)° - D°KQ observed with 5.3 o significance
v'M =2883 + 11+ 8MeV/c?I' = 87722 + 17 MeV
v JP = 0% preferred
> No evidence for T (2900)° — isospin violation between D°KQ and DK~
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Pentaquark studies at LHCb

B~ - [l/tIJA]p

E; - [’/II)A]K_ 9180‘LHCb " eData -
) — Nominal ]
——— 2160_—9fb1 _Basehne E
. 3.10 L T
§ 60? 1 7] § 120F + B k d_
ﬁ 9 fb * i % 100:_ ac groun
RNV I -
= 20~ n 40E =
- H 0 = 7 r
L Peasol S S [ea3an ]
45 5.0 9,2 = 4.25 43 o 4.35
my,, 4 (GeV) UG
[Science Bulletin 66 (2021) 1278] [PRL 131 (2023) 031901] m(J/yA) [GeV]
”01S _018 22?2
>
0 —
Ay - [J/PplK
S | < 20 5p
‘E_ 700] (b) * LHCb = 1200
1 S : LHCb
£ 600 Qo — total fit i
|_?>jsoo “r mﬁ §1000 —backgrouhd
400 W § 800 :
P+(4-4-50) ‘*&* £
300 . >
3 600 ,
200 = ThY W“I +
o0 L‘,u || P 4420y ) Pc(43 12) %
O T T 200 PC(4?12) Pc(4440)+ PO
rep [GEY
[PRL 115 (2015) 072001] ™+ ®*" A N P_.(4457)* s
4800 4250 4300 4350 4400 4450 4500 4550 4600
2025/4/11 My, MVl |jupan An 16/20

[PRL 122 (2019) 222001]



Pentaquark studies via open charm modes
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> First observation of Z) — J/YE m*
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» Larger statistics needed for amp. study
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Peak luminosity [10* cm2s-1]

Prospects for Run3
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Summary

»The LHCb experiment maintains a strong momentum in exotic hadron — XYZ research

O Charmonium-like states
v'Radiative decays of y.1(3872)
v'Search for B - y.,(3872)n*

O Open-charm tetraquark states
v Amplitude analysis of D¢ (2460) » DIt~
v'Observation of B~ — Tz (2870)°(— D°K{)D~
CdPentaquark states
v'Pentaquark studies via open charm modes:
prompt production, A9 — AFD™OK = A — Zg*)++D(*)_K_
v'Measurement of 5p - J/YEZ"nt and A) - J/PYE~KY

Stay tuned!



Credit: lvan Polyakov [arXiv: 2410.06923]
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