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- Study the mass spectrum and properties of hadrons containing
heavy quarks (charm and beauty)
* Lattice QCD, phenomenological approaches...

- Understanding QCD in low energies, the strong force, and the
nature of exotic states such as pentaquarks and tetraquarks.

* Predicted in quark model, molecule, compact multiple quarks,
hybrid...
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Introduction
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New Particles
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LHCb Results on Heavy Hadrons
* Probing the nature of the x4 (3872) state using radiative decays (arXiv:2406.17006)

- New charmonium(-like) states in B* — D**D¥K* decays (arXiv:2406.03156)
- Amplitude Analysis of BY - D*~ Dfntt, arXiv:2405.00098

. CIObservation of the open-charm tetraquark state T, (2870)° in B~ - D~ D°K?
ecay

« Search for prompt production of pentaquarks in open charm final states (arXiv:
2404. 0713153

+ First observation of A9 — £(7** D)=k~ decays and measurement of their
relative branching fractlons PRD 110 (2024) L031104

Ove rV|eW - Observation of A — A} D(*)OK and A% — At D; decays, EPJC 84 (2024) 575

* Observation of exotic J/P¢ resonances in diffractive processes (arXiv:2407.14301)

- First determination of the spin-parity of the £.(3055)" baryons (arXiv:2409.05440)
* Observation of muonic Dalitz decays of y;, mesons (arXiv:2408.05134)

Not mentioned
- Observation of the B} — J/ymtn® decay, (arXiv :2402.05523)

- Observation of A2 — D*D~A[arXiv :2403.03586)
* E, baryon lifetime measurement (arXiv :2406.12111)
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The LHCb detector at the LHC :

" JINST 3 (2008) S08005 -
-/ / |JMPA 30 (2015) 1530022 v M
SPD/PS M2

10m 15m 20m

Vertex Locator Opy x/y ~ 10 um, opy , ~ 60 um
Tracking (TT, T1-T3) Ap/p: 0.4% at 5 GeV/c, to 0.6% at 100 GeV/c
RICHs (K — K) ~ 95%, mis-ID rate (1 — K) ~ 5%
Muon system m1-m5) e(u — u) ~97%, mis-ID rate (7 — u) =1-3%
ECAL oe/E ~10%/VE ©1% (E in GeV)
HCAL oe/E ~70%/VE ©10% (E in GeV)
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LHCb is a dedicated flavour physics experiment
at the LHC
 Accessto all b-hadrons:B™, B°, B, B}, b-
baryons
* Larger b production rate than B factories
(@ Y(45))
Intlumi:3 fb~1at7/8TeV, 6 fb~1at13TeV
Can also study hadron spectroscopy and exotic

states
Acceptance

LHCb MC
s =8 TeV

Acceptance optimised for forward
production 6
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Reference BB+_;.(XCL(3872)_).J/¢Y)K+
T. Barnes and S. Godfrey E 5.8 cC
T. Barnes, S. Godfrey and S. Swanson 69 2.6 cC
F. De Fazio 84]  (1.64 +0.25) T
B.-Q. Li and K. T. Chao 85 1.3 ct 4
Y. Dong et al. ﬁ 1.3-58 @ * Mesonmolecule: (3~4)x 10~
A. M. Badalian et al. 87 (0.8+0.2) cC . . .
J. Ferretti, G. Galata and E. Santopinto 38 6.4 cC * Contht Wlth hlgh
A. M. Badalian, Yu. A. Simonov and B. L. G. Bakker |89 24 cC ; _ i
S o 0 « production cross-section
- - F. Giacosa, M. Piotrowska and 5. Goito [71 5.4 ct/ve result
Rad Iatlve E. S. Swanson 81 0.38% DD* .
Y. Dong et al. 36 0.33% po- * Charmonium:1.5~15
D. P. Rathaud and A. K. Rai 91 0.25 DD ° ; i ; ; i ;
decays Of R. F. Lebed and S. R. Martinez 92 0.33% DD* Slgnlﬁcant 150pIN violation
B. Grinstein, L. Maiani and A. D. Polosa 03 3.6% pD- ¢ Molecule-charmonium mix:
3 8 7 2 F.-K. Guo et al. 82]  021(¢y/g2)*  DD*
X cl D. A.-S. Molnar, R. F. Luiz and R. Higa 83 210 DD* 0.5~5
E. Cincioglu et al o1 <4 PD™« Virtual companion pole ~5.5
S. Takeuchi, M. Takizawa and K. Shimizu 95 1.1-34 DD*
B. Grinstein, L. Maiani and A. D. Polosa 93 > (U.Qng:gé) ctaq

* Observed two decades ago, x.1(3872) ‘s internal
BaBiar 2005 structure is yet understood, while study of
~ | Belle 2011 radiative decays provides a way to probe it
[arXiv: 2406.17006] | LHCh/Rund 204, Only evidence of x.1(3872) — ¥ (25)y was seen
10/20/2024 ~ieNFRzo022 BESHL 2020 experimentally before




Update at LHCb using B* — x.1K* decay with g fb~"1RUN1+ RUN2 data

M . 20—
L - + Data LHCb { L I+ Data LHCb {
% 100F [ Bt— Xe1(3872)K+ 9fh—! %“‘ 100F- 1 Bt — o1 (3872)K+ 91 - LHCb meetS TheOI’V
= B— P(25)K*X 1 = [ 00 Boy(2)KX ]
= 80- __  Combinatorial 7 = 80C __  Combinatorial E
P Total +’H; 4 @ 60 fotal ﬂ 3 X01(3872) - l/)(ZS)]/
= 40F ! < 40
I = : .. * Runi:40 + 8 (5.30)
200 20
SR SR * Run2:63 + 10 (6.70)
R ad I atlve % 5.1 52 53 54 375 3.84 3.93 4.02
o myesyr+  |GeV/e?] . MMy (28)y [GeV/e?] LHCb ave rage
—2a4X0 —_—— R —
deca S Of s L 4 Data LHCb{ = [ + Data LHCD 1
y = of O BYoxa@2)KT gt 2 0 Broxa@872KT gyt ]
= F B JX {1 2 FL B-Jux ] ' BaBar 2008
387 2 2 L6F _  xa(3ST2)K* 1 = 0sF _ ya(3872)K* ;
X Cl % F —— Combinatorial 1 5= [ -— Combinatorial 1 ™ * Belle 2011
2 120 . Total 1 £ 06p — Total o g
< 1 = R ] H—e— LHCh/Run1 2014
"E 0.3 = 04 & K} ]
= L ! i
S o4 E o2l : 1 [ BESIII 2020
¢ 87 3.8 3.9 4.1
| | T Teavetf e LHCb/Run1 2024
Il
— —_— [ — [ il
Ry 0.21 +0.12 4 0.04 ey na

0 1 2 3 4 5
: By — LX)y
[arXiv: 2406.17006] R PP
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https://indico.cern.ch/event/1423946/

Bt > DD K

TCSO/1(2900)I
l (3930

1

B* - D**D*K*

BY - D°Dim~

Bt - DS""DS_K$ T - (2900)°
X (3960 cs0
( ) Bt - D™ Din*

T.50(2900) " g B* > D* Dirm*

B> DDh

studies at
LHCb

B~ - D~D°K

- Bt - D*D~ K™ open an avenue for the study of Bt - DDh study in LHCb
* Huge family of topologically similar decays and abundantly produced at LHC

- Large samples anticipated for many B* - DDh decays
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*k
~= states

The puzzling x(2900)
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Candidates / (17.3 MeV/c?)
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5} LHCb Data 100
240 2 III 9 fh-! + Total fit 3 ol LH(EII‘) (b)
S — X(3960) S sof ot
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=30k == 1 (4260) g 0
:.;_.) -- ¥ (4660) b eor
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20F 13 w0l 40
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» SU(3)F partners? T,5,(2900)%/**[c5dii]/[cSud] and T,s,(2900)°[c5du]

- compact tetraquarks? D™ K(*)Molecular? Or just cusps, triangle singularities

2008.05993,2108.06222
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2008.11171

2008.07190, 2009.05352.
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* C-parity phase linked

allowing determination
of C-parities of
resonances

Az} = l%ﬁ Yl + 3 chj(:c)}
| iER(D**+D¥) jER(D*~ K+ ,DTK)
P 2 cxeA@+r Y aA)
2 | i€R(D**D¥) keR(D*+K+ D-K+)
I~~~ - 1 1 1 | 1 1
- d=a B* *+*D-Kt < 100 'l'
d=2a BT - D*"DK Xc2(3930)§ : .

- - d=-1B* > D*"D*K* S
Amplltude g so
analysis: clear different :é -

interference behaviors —3F—T7t

B* - D*tDTK*

1++ I 01 (4010)

1+~ N 72,(4000)

0+ |—— n.(3945)

[Phys. Rev. Lett. 133 (2024) 131902]
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*
~= states

[Phys. Rev. Lett. 133 (2024) 131902]
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Candidates /(18 MeV)

L I 1 1 1 S\
75  LHCb9 fb! 3 275
: s
50 1 =50
L - w
L - 9 i
25 F 1 S 25
- g T T 2 f
ot o T T e o kL | 8 ol
2.4 2.6 2.8 3.0 3.2
M(D~K*) [GeV]

Property This work Previous work
T2,(2870)° mass [McV] 2914 4+ 11 + 15 2866 + 7
T2,(2870)° width [MeV] 128 4 22 + 23 57 + 13
T%,(2900)° mass [MeV] 2887 £ 8+ 6 2004 + 5
17.,(2900)° width [MeV] 92 4+ 16 + 16 110 + 12

B(BT — T%,(2870)°D™+) (4.5 708100 £0.4) x 1075 (1.24£0.5) x 107°
B(B* — Tx,(2900)°DW+) (38010 £0.3) x 107°  (6.742.3) x 107°
B(B*—T%,(2870)° D))
BT (2900 D7) 1.17 4+ 0.31 +0.48 0.18 £ 0.05

T%0(2870)° - D*~K*decay forbidden

M(D*K*) [GeV]

Tensions

v 110

Tgs‘0(1) (2900)°
Confirmed

B(T%:,(2900)° » D*K*) /B(T%,(2900)° > D*"K*)<0.21 @ 95% C.L.

ICNFP 2022
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Branching fraction

B+ - DDt

[JHEP 08 (2024) 165]
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Entries / (0.01 GeV)

500 ® Data (b) _: C%
Fit ] o,

00 === Fully rec. BT E {
------- Part. rec. BT o

o - -
300 — -~ Comb. backgr. ] c‘:g

* Detailed amplitude analyses reveal quantum numbers and decay dynamics.

- Measurement performed using the full LHCb dataset of g fb~!

%.O 5.1 5.2 5.3 6 8 10
m(D*~Dfrt) [GeV] m?(D*~7T) [GeV?]

lm(D*"Din*t) — m(B*)| < 30 MeV /c?
B(B* — D~ D*r+)

R — — 0.173 4+ 0.006 - 0.010
B(B° — D*-D7)
B(B+t — D* D*+n+
R+ BBT = ) 13240074 0.14

B(B+ — D*_D;I_TT+) 13


https://doi.org/10.1007/JHEP08(2024)165

5

= | =z sof
[} 3 o [
Resonance | J©  Mass [MeV]  Width [MeV] Z %} = wf
D1(2420) | 17 2422.1+0.6 31.3+1.9 Eg{}f Emi
Dy(2430) | 1T 2412 +9 314+29 2 | R
Dj;(2460) | 2t 2461.1 707 473 +£0.8 10f 20}
ok n-
Di(2600) | 1= 2627 +£10 141 £+ 23
Dy(2740) | 2= 2747 +6 88 £ 19 =T =
D3(2750) | 3= 2763.1 +£3.2 66 £ 5 o 80f & 100F
= 1 Z ol
S 60 = Y
. c f z oof
Amplitude fol )
= [ S
analysis of i | .
+ e + + 0 i Ettte et il
B H D DS 7T m(DFat) [GeV] m(D— D) [GeV]
— W = F
= | wLHCH (e) |. 1 = |
g SOf 9@ 1 =¥
= l| N
53] = i -] ‘E G0
A | I { =
4[}_* \-\-\ * + {J’ n 4[]:
_ 20} ‘M“--.__.f-"'/ - 20
- (a) Baseline fit with D**0 - D* "t | psnaima,
050 —o05 00 05 1o
¢ D0(2550) 65 o) cosflp .
. Dik (2600): 680 . Elz:ta —_ 31[2430) (L=2) —— Dy(2740) (L = 1)
— Fi ——= D%(2460) (L =2) === D3(2740) (L = 3)
[JHEP 08 (2024) 165] === Dny(2420) (L =10) —-= Dy(2550) (L =1) —-= Non-D backgr.
10/20/2024 ICNFP 2022 —-= Dy(2420) (L=2)  eeee DF(2600) (L = 1) Comb. hackeh

- Dn(2430) (L =10)


https://doi.org/10.1007/JHEP08(2024)165

Amplitude

analysis of
BT -» D* Dfm™

[JHEP 08 (2024) 165]
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» (b) Fits incorporating DS m*amplitudes

. Data

_ . T == DBaseline fit
* best fit: T;5,(2900) ™"+ nonresonant vector ——  Fit with NR D7+ and T

cs0
* Upper limit of fit fraction 2.3(2.7) % at 9o (95)% C.L. === NR Dr«*(L =0)
with2.6 o —:= NR D}=nt(L=1)
...... NR D;'”rr"'(L — 2)
—— T,(2900)t

(2900)*+

LHCb (b) ]

g

Entries / (0.06 GeV)
i)
=

9.0 25 3.0
m(Dfn") [GeV]

- m(D* 1) > 2.5GeV

* (c) Fits incorporating
D} D*~amplitudes
* none provides a physical description

o5
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T(0(2870)

120 1 ~140¢ ———————— S —
) . - 1 - E
‘S g LHCD Preliminary k “; 120 LHCb Preliminary . § 350F { Data
8 100 9 fp! | 8 9 fh! § 3005_ — Total fit
- sob | ® 1 o 100 SE B DDKY
8. ] 8 80:— :_/2505_ - Background ]
S 12 8 200F 2
T 1% 60F 3 150E LHCb Preliminary -
2 2 ¢ = o ! :
E 12 20/ : :
8 S a i (3 X :
.‘- ¥ __.G':"i-.lr-"—-_“‘-,f__ — e I ‘_‘ = hws - ;----I.'..I---..I-.--!‘-l Pl P L n
3 0 _""*“‘“1 — 4“5m - 0 5250 5300 535E) /524]00
) : m,. MeV/c
Moo [GeV/c?] m, . [GeV/c?] D DKy
"5240" —
—~ | LHCD Preliminary —+ Data
% 2009 g, — Fitw/ T.(2870) 1
3 O, Fit wio T..(2870)" |
160+ — - Background ] .
S L D57y : Resonance J" Mass (MeV/c?) Width (MeV)
Sk VN D, (27007 N N _ n 0.7
N 0 A T D,(2860) 1 2(2573) 2 2569.1 £ 0.8 16.9 + 0.
A X P o S NR (S-wave) b
*% 80 S\ NR (Pawave) 7 M (27[]0)_ 1~ 2714+ 5 122 + 10
= o A s sy :
Z ©(2860)" 1 2859427 160 = 80
g 40 § sl
@) O: =
2.5

10/24/2024 ICNFP 2022 16



e [Individual:

T* (2870) 5.30 M(T9) = 2883 + 11 4 7MeV/¢?
T*(2900)1.8 07 amion
. Combfriéf:l: 180 F(T;so) — 87_47 + 6 MeV

T/0(2870)+ T71(2900): 6.1 0

Triangle Singularities? Threshold enhanced ?

Ri(T) = B(B~ — D-D'K")FF(T:® — D°KY) Should = 1 required by
We /" B(B- = D DK )FF(T — DYK ) isospin symmetry

Rpp(DKY) = FF(T?9 — D°KQ)/FF(T:% — D°KQ) Should equal to D¥K™

Observable Result
Ry(T7,(2870)") 33 £11 £11 =+£1.1 supports
Ri(T*,(2900)°) 0.15 £0.15 +£0.05 +0.05 Not support

Ryp(D°KS/DTK™) 0.044 £ 0.035 £ 0.020

Conclusion: Triangle Singularities or spin-1 state does not have a definite isospin
Arxiv:2009.05352
10/24/2024 ICNFP 2022



- Study J/Yd resonances in CEP - LHCb
- Diffractive process of theformpp - p+ X +p

* Experimentally clean even @LHC, protons intact
* Spin-parity option narrowed down
* But Much smaller rate Single diffraction

/ p) p>\ (gap)
é o Double diffraction
Central ’ -

EXC| usive é pe X CEP elastic
: \ - P 0, )
production
Y-V Y-pomeron pomeron- (gap)
pomeron 1o
Elastic scattering
‘ (9ap) ‘
Inelastic CEP -5 -10-5 0 5 10 15
Pseudorapidity (17)

[arXiv:2407.14301]
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x->J\Wep in CEP

[arXiv:2407.14301]
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Events / ( 15 MeV )

Events / (25 MeV )

T L T 3 ~ 400 — I -
] Data . > E a E
: LH(_Zlb ! Tlmam § 350 LHC Bilkon E
10 E 5 fb == Background _? g 300 E_ 5 fb_l 2?;:::,-0“"" _E
- . 1— 250 E
10 i | 42 200 - =
3L THI PR L
- g I} 2 kb E
'E I I -,
N B .4 . “\lll'm i I : ik
2000 3000 4000 SE—— '
M. [MeV 1000 1050 1100 1150
uu IMeV] M, [MeV]
4.30  first observation of X — J /Y ¢ in CEP
%0 —————3 * five resonant and one nonresonant
Dat
70 i T:t:I fit components
60 Y- 7 21 e - _
< Sy 4274) Tape X B —p" ™) x B(¢ — KTK™)
R e SR — (2,52 £0.08 £ 0.12 £ 0.05) pb
40 I, xc1( ) xcu( )
30 Parameter [MeV] Current analysis  Ref. [13]
20 M, (a270) 429846 £9 4294 + 477
10 ; T\ (4274) 92132 £57 53+5+5
gl Lot LT T g e TR TR M, 04500 4512.5109 £3.0 4474 +3+3
000 5500 6000 T .o(4500) 65720 432 77T £67

2.40 My, [MeV]
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* The observation of new decay modes can shed light on the
binding scheme of the exotic hadrons

0

;D z:b*° Bl
< : :
%200;_ w- ( Search through
S [—data c open charm modes
Qo - — total fit N
51000'._— backgrouhd b > > ¢ (e
% i : A u > u
E 800- d > d
=
=y
(]
=

Pentaquark

molecular state
prediction is
likely in nature

tud o *
- s |

4900 4250 4300 4350 4400 4450 4500 4550 4600
Mo [MeV]
PRL 122 (2019) 222001

Proximity of 7 D% and 2} D*? thresholds to the peaks suggests they play an
important role in the dynamics
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- Inclusive search performed using 5.7 fb~1data from 2016-2018

» Reconstruction AY,D~, DY, Z:+(0)’ D*~

hidden-charm pentaquarks doubly-charmed pentaquarks & excited

S e a rC h fO r Hadron 1 Hadron 2 Charge I3 Yy C Lé]:t]t Hadron 1 Hadron 2 Charge I Y C Lé]jtlt
: Af D° +1 h 1 0 AF D° +1 -t 3 2
pentaqua rkS Vla AF D~ 0 -1 1 0 v AT D+ +2 1/ 3 2
Af D+ 0 - 1 0 v AF D+ +2 h 3 2
Tt D° +2 s 1 0 o D° +2 h 3 2 x
open charm R S B NI SR (R S S N .
s D +1 h 1 0 x bias D +3 3h 3 2 x
0 D’ 0 -2 1 0 by D 0 3% 3 2 x
0 D~ -1 3L 1 0 v z D+ +1 - 3 2 x
50 D+ -1 -3 1 0 «x by D +1 - 3 2 x
oD +2 3 1 0 oD +2 h 3 2
T+t D~ +1 Lo 1 0 v et D* +3 3/ 3 2 v
Tt D* +1 h 1 0 X D +3 33 2 x
0 o 0 ~1p 1 0 v 0 D° 0 -3k 3 2 v
0 D- 1 -3k 1 0 v xx0 D+ +1  —1h 32 v
50 D*- -1 -3p 1 0 v 20 D+t +1 —lh 3 2 x

10 modes too statistically limited to set upper limits

[Phys. Rev. D110 (2024) 032001]
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https://link.aps.org/doi/10.1103/PhysRevD.110.032001

—

E E T T U\/\ | T /\;/ T T h\ T | %

2+ r ]

> f\ Ile;

0L E / \ / .

S f 20

. . . A2 | |

* No significant signals are found 107 ¢ (J

Np €A+ 3 30

. . . C C = =

- Upper limits set on R(A}) = = X 107 §

Af  €Pc L 4 LHCb

1o () 5.7fh '3

: 40

10_5 E_ 1 1 1 | \ 1 1 1 I 1 1 1 | _$

; ' ) 0 200 400 600

Largest sign ificant modes: AT Dl A () —m(D) [MeV/e?]

Width Lowest p-value Significance (g)  Q-value . . UL (x10-%)
Decay Mode v 14/ Local  Corrected Local Corrected (Mev/e) 8l Yield g or ™ gs0r oL

0 T4x1071 0.06 3.18 1.58 245 41.9+£13.7 2.87 3.06
At D 5 9.69x10-% 5.76x10-%  3.73 2.53 245 67.6 £19.2 3.22 3.35
“ 10 246x107% 1.12x10~%  4.06 3.06 245 916 £24.1 3.29 3.39
15 8.61%107% 3.11x107%  4.30 3.42 245 115.0 £ 285 3.30 3.40
0 1.6x10-1 0.01 3.59 2.21 225 416+ 126 3.95 4.19
A+t D- 5 3.03x107° 1.96x10~%  4.01 2.89 225 6471174 4.43 4.69
B 10 8.61x107% 4.44%10°* 430 3.22 225 B7.1+216 4.64 4.85
15 3.36x10°% 1.45x10-% 4.50 3.62 225 108.2 £ 25.3 472 4.90
0 48%1071 0.04 3.30 1.72 07 54.04+17.2 2.79 2.08
AP 5 0.65x10-% T.11x10-% 3.73 2.45 naT TREL21.9 3.02 3.20
el 10 271x10-% 1.63x10~% 4.04 2.94 297 104.0 £+ 26.3 3.15 3.30
15 9.50%10°% 4.83%x10~* 4.28 3.30 naT 128.54+30.4 3.20 3.33

[Phys. Rev. D110 (2024) 032001]
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https://link.aps.org/doi/10.1103/PhysRevD.110.032001

* First observation of A}, — Zg*)HD(*)‘K‘ in pp collision
* Four modes observed with overwhelming significance

* Provides insight into pentaquark searches in these modes.
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https://link.aps.org/doi/10.1103/PhysRevD.110.L031104

* First observation of A9 — AFD(*)0K -
* These decays can pave the way for future penta-quark search in
AFD™0 systems

* open-charm equivalent of / /ip
- D™0 s partially reconstructed with missing w°/y
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https://doi.org/10.1140/epjc/s10052-024-12752-3

- First determination of the spin-parity of £.(3050)"° using
5/ 5 E.(3050)*°.
* Hadron molecular state 1/2- or 3/2 —
* D-wave excitation 3/2+, 5/2+ or 25 excitation with ¥4+, 3/2+

* Using amplitude analysis to determine quantum numbers.

Ba l’yon * Important for understanding charm baryon spectroscopy.
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hidden beauty

spectroscopy

[arXiv: 2408.05134]

10/20/2024

* Y states

* Masses measured in 1990s (CESR, DORIS, VEPP), relied on photon
energy of Y(2S) and Y(3S)

* Standing tensions between CESR and DORIS on Y(2S) mass

* Shamov et al resolved by reanalysing the data with interference and
radiative corrections considered correctly

* Quoted errorin PDG 2024 forY(1S) decreased: 0.26 MeV — 0.1 MeV

* DORIS data is removed forY (2S), error increased: 0.31 MeV — 0.5 MeV

* Measurement of mass splitting are dominated by BarBar experiment

* Observe xb— Yu*tu~

* Exploit the low Q-value for these decays to
measure precisely xb masses State

* First observation of xb meson decays to

Measured mass [ MeV/c?]
PDG2024 PDG2022

YT(1S) | 9460.4+0.1 | 9460.30 & 0.26
T(25) | 10023.4 + 0.5 | 10023.26 + 0.31

* Precision spectroscopy of hidden beauty Y(35) | 10355.2+0.5 | 10355.2+0.5
states.

muonic Dalitz decays.

ICNFP 2022 27



hidden beauty

spectroscopy

[arXiv: 2408.05134]
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Summary &&

Prospects

10/20/2024

* LHCDb keeps making important contributions to heavy hadron spectroscopy,
both for conventional or exotic hadrons

* Exotic hadron spectroscopy: pentaquark search; Radiative decays of x.1(3872);
B — DDh study, the Tcs puzzle; first exotic study in diffractive processes...

 Conventional hadron spectroscopy: y,spectroscopy;=

0/+
C/ ]P

* Improved detectors and software-only trigger system will allow more precise

measurements and discoveries.

* In Run 3, Expected to significantly increase the data sample for heavy hadron

searches.
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More data, more chances & challenges!
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Thanks for your attention!
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* Direct production in EE collisions
* Combine a heavy flavour hadron with one or more light
particles
* Pros: High statistics, in principle can study all states
* Cons: Large combinatorial background, hard to
determine quantum number J?
* Production by a heavier particle decay
* Usually with amplitude analysis

TWO methOdS for * Pros: Low background, Better determination of J°

* Cons: Low cross-section, limited mass range

spectroscopy

PV
o 0 ‘o
PV T+/°\‘ A,

*+/0 c
CCS D

10/20/2024 ICNFP 2022
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- First observation of with significance of 16
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Spectroscopy

10/20/2024

* First determination of the spin-parity of the Ec(3055)+,o baryons

LHCb-PAPER-2024-018, arXiv:2409.05440 (Charm

* Observation of muonic Dalitz decays of yb mesons and precise spectroscopy of hidden

beaut%
LHCb-PAPER-2024-025, arXiv:2408.05134 (B&Q)

* Observation of exotic J/Y¢ resonances in diffractive processes in proton-proton collisions

LHCb-PAPER-2023-043, arXiv:2407.14301 (QEE)

- Observation of new charmonium(-like) states in B+—D* = D+K+ decays

LHCb-PAPER-2023-047, arXiv:2406.03156 (B20C)

. Probil}%the nature of the yc1(3872) state using radiative decays

LHCb-PAPER-2024-015, arXiv:2406.17006 (B&Q)

- Amplitude Analysis of B+—D#*-Ds+Tt+

LHCb-PAPER-2024-001, arXiv:2405.00098 (B20C)

+ Search for prompt production of pentaquarks in open charm hadron final states

LHCb-PAPER-2023-018, arXiv:2404.07131 (B&Q)

* Observation of the Bc+—J/ym+mo decay

LHCb-PAPER-2023-046, arXiv:2402.05523 (B&Q)

* Observation of $\Lambda_b”o \to \Lambda_cA+\bar{D}*{()o} KA-$ and $\Lambda_b"o \to

\Lambda_c"+ D_s"{-}$ decays
LHCb-PAPER-2023-039, arXiv:2311.14088, EPJC 84 (2024) 575

- First observation of $\Lambda_b~{o} \to \Sigma_c”{()++} DA{()-} K {-}$ decays and

measurement of their relative branching fractions
LHCb-PAPER-2023-044, arXiv:2404.19510, PRD 110 (2024) L031104

ICNFP 2022
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* Rich opportunities for spectroscopy study in the new laboratory since
B — DDK (Belle PRL 100.092001 and LHCb PRL 125 (2020) 242001)

- charmonium(-like) states in D*D™), A.D™, A A,
- excited D°, D*, D{, A, state from D™h, A h
N ew - exotic states from D h, Ah .

- 1 - Adds to the growing list of potential exotic hadrons.
Charmonlum llke - search for tetraquark candidates (DK, D*VK)

States

BO, Bg' B+:/\b D(*)O, D+, D*+,Ac
S
B

K()*K-I-)’ K(*O), T[+, ¢’ K(S)'A

D

[Phys. Rev. Lett. 133 (2024) 131902]
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https://doi.org/10.1103/PhysRevLett.133.131902
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