TR

LHCb3E3E EREHS R F SRR
Liming Zhang (7K %2 8R)
(7w KF)

FABLHCDAT & A4
Jul 27 — 31, 2024




Introduction

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

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

= EXxotic 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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Advantages for spectroscopy study at LHCb

= Large statistics in LHCb acceptance PID from Cherenkov
a ~6x10*bb per second @ 13 TeV § - - Zzz
a ~ 20 X yield for cc compared to bb i 180

160
—1140
120
100

c

= All kinds of hadrons can be produced
u Ab'EbJZbJ‘Qb'BS

30F-

Cherenkov Ang

N

(%))
[-3
o

s Dedicated design of detector 20 0
o Powerful particle identification BBE L o m a e sal 0°
RICHK — 7 separation:  €(K - K) ~95% mis-IDe(r > K) ~ 5% N 10 102
m o €(lt > 1) ~ 97% misAD €(r = ) ~ 1 — 3% Momentum (GeV/c)

IJMPA 30 (2015) 1530022

o Good momentum, mass resolution

m Momentum: Ap/p = 0.4~ 0.6% (5 -100 GeV/c)
Mass : 0, = 8 MeV/c? for B — J /X (constrainted my )

o Very precise vertex resolution
s op = 20um to detect long-lived D and B decays


https://arxiv.org/abs/1412.6352

LHCDb collected luminosity

Integrated Recorded Luminosity (1/fb)

LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2024
2024 (6.8 TeV): 4.06 /fb

2023 (6.8 TaV): 0.37 fb
2022 (6.8 TeV): 0.82 /b
2018 (6.5 TeW): 2.19 /fb
2017 (6.5+2.51 TeVi: 171 b+ 010 b
2016 (6.5 TeV): 1.67 /b
2015 (6.5 TeV): 0.33 fb
» 2012 (4.0 TaV): 2.08 fb
[ 2011356 TV 1,11 fb
2010 (3.5 TaV): 0.0+ fb

....................................................................................
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——This i1s Run3

Run3: Hope to collect ~15 fb-!
physics data in 2024&2025

Statistics ~2 X runl+2

Trigger efficiency 2 x for
hadronic final state

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Year
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New particles in a glance

= 67 new hadrons discovered by LHCD!

https://www.nikhef.nl/~pkoppenb/particles.html

11.5 1 1 1 1 1 1 1 1 1 1 1 1 1
bg cécc b
1104 67 new hadrons at LHCb ¢ b9 ¢ < W baa
: ® ccC ® a cqq
- cé(qq) ® cgqq B cdqqq
1054 . o L
7.5 -
7.0 A .Tc&c&(6900) L
‘ R R
5 _ Ab(6152)° Qp - . L
i S R O ML Ec
6.0 (5920 =5(5955)0 g (597017 m " m 9 W=,(6087)° .
A(5912)° -, (59353 .B,(5840)+'° ébﬁggg;; Ab(6070)° B, E6114§0
—_ b - B. (6063
~ 5.5 1 L
)
-~
2 5.0 -
O X(4700) X(4685)
= Pec(4450)* X(4500) Pe(4457)* X(4630)
ce( ) ,
n 4.5 X(4274) [J7-aa40r Tomta220y  mre4338) h(4300) [
[9))] + + cesl
g 40 Pcz(4380) P(cg(844321)2) Tees1(4000)* Tees1(4000)° %51(401?)
.0 1 Y (4000
=t o e X(3960)
= Tee(3875)
327 S 033271 i
3.0 gj((;ggg))l)‘ D;;(2860)* A(2860)* 85882833 Z(2939)° T250(2900)° .
-V 1 c = csl - ++ o
Dj*(2760)+ [ ® 0,(3050)0 2c(2923)° ®75(29000° '?f"gggg;o
2.5 D;(2740)° D5 (2760) Qc(3000)° ‘ ®p,,(2590) “
2] Dy(2580)° s L
2.0

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Date of arXiv submission

Exotic hadron naming convention: PDG2024 Z.-TY 7.7 PP,

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

Selected topics

= Amplitude analysis of BY - D**DTK*  [arxiv: 2406.03156]
m EXxotic J/Y¢ resonances in diffractive processes in pp collisions [arxiv: 2407.14301]
= Amplitude analysis of B - Y (2S)K*n*tmw™ [arxiv: 2407.12475]

s Study of radiative decays of y.;(3872) [arxiv: 2406.17006]
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B* - D*tDTK™*: signal yields

[arXiv: 2406.03156]

Using the full LHCb dataset of 9 fb™1: D*~ > D%(» K*n & Ktm n n)n~

Foip G R i UL I LN L
Q 1 o
> 40F LHCb 3 fb! : BN signal 3
%’ B+ — ' B background 1
© DitDK* : T o :
o 30 Kx i &
= ! Nyig=187%14 ]
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é 20 : -
| ]
g ! (@) 1
S 10 | i
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g9 [ 1 :
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B* - D**DTK*: amplitude analysis

= Amplitudes of B* - R(D**D7)K* and Bt - R(D*D*7)K™ linked by C-parity
= allowing determination of C-parities of R resonances

p

Alz) = 1%“ >,

| JER(D*£DF)

=} 1;2d < Z @X CjAj(iL’) -+ Z )ClAl(iB)}

| JER(D*:D¥) leER(D*+ K+, D-K+

cjA;j(z) + > CkAk(l')}
D+K+)

keR(D*— K+,

v d=1forB* > D*D* " K*;d =—1forB* > D**D"K*

OR resonances with J¥ = 17: S-wave & D-wave

Frsyplm) = Lo
R,S/D m3 — m? — imo[v2ls(m) +~v5Tp(m)]

OOther resonances: Breit-Wigner

ONonresonant contributions to D*¥D ™ :
4 2
fa(m) = e@tBOM*=m5) f5r NR _.: otherwise fr(m) = 1

9/7/24 Liming Zhang
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Bt - D*t*DTK™: fit results

[arXiv: 2406.03156]

s All components in baseline fit have significance > 5o
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v'clear different interference behaviors
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EFF++ 11+
1.(3945) 0—F
X2(3930) 1 2+
h(4000) 1+
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1(4040) T 1
h(4300) 1+
Tr, (28701 0"
T%,(2900)° 1 1~
NR;,-(D*TD%) 1
NRo--(D*¥D%) 07—
NRy++(D*FD*) 1+t
NRo-+(D*¥D%) 0=+

.
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o

Liming Zhang

M(D**K*) [GeV]

*Fit fractions in paper

9



B+

D**DYK*: D*D* system

+ Daa —— 7a(3930) —— Y(4040) T;,(2870)° T5(2900)° > 80F __ un ]
—_— e . N £, Zel 7 he 1++ N == Reference fi ]
Total fit EFF N £.(4000) M (4010) w2z he(4300) NR S L }3 fi " ftb h(4300) and oth N } d 4010
......................... 3 - nterference between /. and other contributions (not including ., -]
Background NR)-- NRg- NRq-- Reference fit f 60 [ === Interference between 4.(4000) and other contributions (not including §[|(4010))

§\ F— T~ T 17 17 77 7T 1T 77T 77T §\ F— T 17 717 T T T T T T TS =~ [ ==+ Interference between #1(4010) and other contributions
> i LHCb 9 fb-! 1 [ LHCDH 9 fb! A~ 40 | N\ T5(2870)° and 77(2900)° ]
2 100 I (a) i 2 100 r (b) Q | ///. Other contributions ]
0:0‘/ : : % : )_‘Q 20 — . BDZ;T(ground _:
S| 15 | S ]
3 50 8 50 ] %Il-u oF ]
= 18 | R E
U 0 A RN O R L, . U 0 3 | Ty S L 3 | — L J
40 42 a4 a6 as 40 a2 ad a6 ag 3B 4oL ;
M(D*~D*) [GeV] M(D*+D") [GeV] C T ]
—60 F LHCb 9 fb-! ]
— —80'—..J[..................—'

. . . * _l_ _l_

] (_ ) x 4.0 42 4.4 4.6 48
Four charmonium(-like) are observed decaying to D**D D (G

= At lease three of them are first observation

Component JF(©)
EFF,++ 1+
Ye2(3930) T o++
$(4040)t 1
NRi--(D*FD*) 1—=
NRg~- (D@Di) 0—-
NRy++(D*¥D*) 1+t
NRo- +(D*¥D:E) 0—+
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This work cc prediction [34]
X(3940)? 1.(3945) JPC =+ ne(38) JFC =0—"
mo = 394512437 T\ =130102 110 Img = 4064 T, =80
h.(4000) kel 2k 1 1
mo = 4000117 12 T = 184132 127 Imo = 3956 Ty = 87
new gt ) L .(2P) J7C =1+
(=R S R e el 1, — 3953 Ty = 165
h(4300) TR Lap 7

mo =4307.3 55 147 To=58%510; |mo=4318 To =75

Liming Zhang

= Significances for those charmonium(-
like) states >6.1c

= JPC for each state is determined to be
>5.70 better than other hypotheses

" ¥.1(4010) could be the partner of
Xc1(3872)
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B+

- D*tDTK*:

*s Sstates

[arXiv: 2406.03156]

9/7/24

» B" > D""D K™ » BT > D" DK™

N L A L L L R R - — T " T T T T
275; LHCb 9 fb~! ] Eloo- LHCb 9 fb! } po
=" @ Ht ] = -
=501 SN
g ,§50_
S25F =
U 0 henetty ) =1=! AR it e

24 2.6 2.8 3.0 3.2

M(D-K*) [GeV] M(D*~K*) [GeV]

Property This work
110 T%,(2870)° mass [MeV]

X0(2900) T%,(2870)° width [MeV]
—
9 20 T%,(2900)° mass [MeV] 2887 £ 8+ 6 2904 £ 5

X1(2900) T%,(2900)° width [MeV] 92 £ 16 4+ 16 ety == 11
B(B* — T24(2870)°D®+) (45108 o +0.4) x 1078 (1.24+0.5) x 105
B(B* — BL {20900)° D%} (.87 00 5 0:8) ¢ 10— (67 23) x 10
1.17 + 0.31 = 0.48 €=———b-0.18 + 0.05

B(B+—Tz,(2870)°D(*)+)

S

B(B+—Tz,(2900)°D™)+)

v'T},(2870)° - D*~K™ forbidden
v'B(T%1(2900)° > D*"K*)/B(T%;(2900)° > D™K*) < 0.21 @ 95% CL

Liming Zhang

Previous work (B+ — p*pD~K)
2914 11. 15 2866 £ 7 [PRL 125 (2020) 242001]
128+22+£23 _ 20 _ 57+13  [PRD102(2020) 112003]
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Central exclusive production (CEP)

= Study J/w¢ resonances in CEP

inelastic

3

single diffraction

v’ Experimentally clean even @LHC
v’ Spin-parity option narrowed down
X Much smaller rate

Y-pomeron pomeron-pomeron

double diffraction

1

CEP elastic

it

CEP inelastic

elastic

- T T I T~ T « B C I - e« T T

2

9/7/24 Liming Zhang
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Xin Bt > J/PpK*

[PRL 127 (2021) 082001]

X(27)
X (4150) 4.8 (8.7) 4146 £18+33 135+28730  20+0519%8
X(17)
X (4630) 5.5 (5.7) 4626 167 18 174277132 26405727
All X(07) 20511
X (4500) 20 (20) 4474+ 3+ 3 TT+6711 56+0.712¢
X (4700) 17 (18) 4694 + 47118 878118 8.9+12F%49
NR.J /o 4.8 (5.7) 28 + 8% 19
All X(17) 26 £37 5
X (4140) 13 (16) 4118+ 117132 162+£217123 17+£3+3°
X (4274) 18 (18) 429444713 53+ 545 28405708
X (4685) 15 (15) 4684 £ 7712 126+15F737  724+1.01570
All Z,(17) 25+57 13
Z5(4000) 15 (16) 4003+6F7 .4  131+£15+26 94+21+34
Z5(4220) 5.9 (8.4) 4216 £24 135 233 £52197 10+£4F1
9/7/24 Liming Zhang
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X - J/Yod in CEP

[arXiv: 2407.14301]

~100F—T—————— r= ~ g T T
> i 1 Data % { Data
S e ME. | 2T e
I [ 5 fb-l —- :Iagcr;(ag;round ] g 60 ---- Background
- = 50
:'2) § 40
2 Z 30
20
10
0
~— T
2 I Data
Q
= 70 LHClb —— Total fit
2 60 5fb" 2.40 --- ¥, (4140)
- 4.30 x,(4274)
P X, (4500)
g 40 == 1 (4685) + 1 (4700)
>
84 30
20

L
e N
L
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LV s e ik -
5000 5500 6000
Liming Zhang MJ/ vo [MBV]

N =989
purity = (93.0 + 0.5)%
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First exotic hadron measurement in CEP!

[arXiv: 2407.14301]

T T T T T T

o T >
> 80 I Data & 700
[
b= 70 d LHCI —— Total fit E
Q60 1 5tb  --- x,,(4140) = 600
N X, (4274) ~ 500
— 50 c1
- xw(4500) 8
*g 40 | —m )ri I12(4685) + ,,(4700) _‘g 400
230 : S 300
<
20 + + O 200
of foo T f L ; 100
AP S IR oo Ao MR WE 5.2 s e e | WL N1 M AN
POOO 4500 5000 5500 6000 0

M, s [MeV]

= Mass & width measurements: slightly higher

mass of X(4500)

Parameter (MeV)  This Letter Ref. [12
M., (1274) 429846 +9 4294 + 47
[y (a270) 92122 457 53+545
M, (a500) 4512.57004+3.0 4474 £3+3
[y .0(a500) 65150 £32 77T+ 610

9/7/24

Liming Zhang

[PRL 127 (2021) 082001]

F 1+ ] '
b _)+]/¢¢K LHCb
b 9 fb!

Cross-section measurements:

Oy (a140) X B 1Y = (0.80+0.15 +0.28) pb,
Oy, azray X B ™ = (0.7340.08 £0.17) pb,
Tyo(as00) X B = (0.42%0:99 +0.06) pb,
O 1 (4685)+X0(4700)
x B (00 FxenaldT00) — (0. 14+0.9% £0.06) pb,
onr X BNt = (0.431035 £0.20) pb,

15



BT - ¢Y(2S)K* ™ amplitude analysis ..o

s Can study K*wtm~ system, crucial for NP > o moemt
. z 5000 30k )
studies of B - Knm(y/uu) o F J;aml E
— - z ] S1igna .
= Can also study charmonium-like exotic states £ =} j:;g“’““d s
. . . T;s 2000 - Z 3
= With ~1000 signal decays, Belle only studied & & :
the Kt'mtn~ SyStem [pro s3 (2011) 032005] Of :
5200 5250 5300 5350 5400
s LHCDb performed the first full amplitude Y @HETTT) (MeV]
anaIyS|S on th|S decay Decay channel Fit fraction [%]
BT — x0(4475) KT 18.45 4+ 1.31 = 2.92
m Baseline fit contributions BT — p(28) K*(1680)" 8154131 £351
Bt — 1)(28) K,(1270)F 7.60 4+ 0.85 +1.35
o 6 K'T states B [P] — (2S) K,(1270)* 7.52 4 0.60 + 1.08
_ BY[D] — (2S) K1(1270)* 6.81 4 0.45 4 1.18
o 11 exotic states: most are very broad B+ —s (29) K, (1400)* 578 4 0.62 L 0.0
- - 2 Bt — 1(2S) K (1460)* 5.26 + 0.48 + 0.87
o Exotic states improve y4p/ndf from 2.05 to 1.21 B{P] > Ton (4200)" K*(802)° 460 % 0.54 4 217
BT — Toes (4600)°7r+ 442+ 098 + 2.17

9/7/24 Liming Zhang 16



Fit projections

= Fit quality is S T S o e
= o f LHCOI b Z 007 LHCbO b J 2 006 LHCb 9 fb! 3
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20.025F 2 o002 3 Soos 3

& 002F o015 {1 58°*® E
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E o0l = 1 2 om 3

: =] E [~} | srler et = =] _ 3

B'— p(2S)[K (1270)"/K (1400)'] BT [r'r] Uo.005F 0003 ] Q000sE f/ o _ 3
- 42 44 4.6 4.8 38 4 42 4.4 4.6 38 4 42 44 4.6

m(y(2S)r ) [GeV] m(w(28)r*) [GeV] m(y(2S)7) [GeV]

All other K'— K'n*m B'—>T _ o —_ — —
i o = L E = F T 1 T T - E LA B AL | T
P $0035 LHCbO b 3 20035 LHCHo b 2 004 1 HCho !
E 003 Gy Vip=124  F 003 x5/ vip=11 50-0355- %y Vip=07
B'->XK* Background 50.025 4  ZSoosE g 00
"o E G 3 Eo.025E
w 002 - w 002F n E
o EI £ S 00mF
7] 5 — [+ = [+ E
r e Foois ] oo Sooist
, @ = 001 4 Zomf E o0if
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Exotic contributions

s 4 X% > (28t~ states are identified
a Main decay mode is ¥(25)p°

o Similar but broader that the states observed in B* - J/yp¢pK™

o They might not be the same, ¥ (25)p° has I1=1, ] /¢ has 1=0

9/7/24

States in
_ Bt >

JIpeK*

Resonance Jr mo [MeV] I'o [MeV] Res. PDG mqo [MeV] 'y [MeV]

X 0 (4475) 0T 44754+ 7 +12 231419432 X0 (4500) 447444 77+ 12 ]
X1 (4650) 1T 4653+14427 227426422 X1 (4685) 4684712 126+40

X0 (4710) ot 47104+ 4 +5 644+ 9 +10 X0 (4700) 469471 16 g7+ 18

ne1 (4800) 17 47854374119 4574934157 X (4630) 4626777, 174750
T*.,(4055)T 1~ 4054 (fixed) 45 (fixed) T,.z(4055)T 4054+3.2 45413
T.z1(4200)T 1T 4257411417 308+20+32 T.z1(4200)% 419671 33 3707129
T,.z1(4430)T 1T 4468421480 251442482 T.z1(4430)" 4478715 181431
T,.z51(4600)° 1T 4578410418 133+284+69

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

T* _,(5200)° 1~ 5225+86+181  226+76+374

T.es1(4000)T 17T 4003 (fixed) 131 (fixed) Tees1(4000)T 400317, 131430

Liming Zhang
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Exotic contributions

= 3T - (25)7 states are identified

o Confirmed Z,.(4430)* seenin B® - y(2S)n*tK~

a Confirmed Z,.(4200)* seenin B° - J/yrn*K~, and J¥ = 1" is determined for the 1st time
o T.z(4055)" seeninete™ -» Y(2S)n*n~ is also needed

9/7/24

Resonance Jr mo [MeV] I'o [MeV] Res. PDG mqo [MeV] 'y [MeV]

X0 (4475) ha 44754+ 7 +12 231419432 X0 (4500) 447444 77+ 12

Xe1 (4650) 1T 46534+14427 227426422 X1 (4685) 4684712 126+40

X0 (4710) ot 47104+ 4 +5 644+ 9 +£10 X0 (4700) 469471 16 g7+ 18

ne1 (4800) 17 47854374119 4574934157 X (4630) 46261721, 1747 30
' T*.,(4055)T 1~ 4054 (fixed) 45 (fixed) T,.z(4055)T 4054+3.2 45413

T.z1(4200)T 1T 4257411417 308+20+32 T.z1(4200)% 419671 33 3707129

T,.z1(4430)T 1t 4468421480 251442482 T.z1(4430)" 4478715 181431

T,.z51(4600)° 1T 4578410418 133+284+69

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

T* _,(5200)° 1~ 5225+86+181  226+76+374

T.es1(4000)T 17T 4003 (fixed) 131 (fixed) Tees1(4000)T 400317, 131430

Liming Zhang
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Exotic contributions

m 3new T.:: = Y(25)Kn states are observed

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

new

9/7/24

Resonance Jr mo [MeV] I'o [MeV] Res. PDG mqo [MeV] 'y [MeV]
X0 (4475) ha 44754+ 7 +12 231419432 X0 (4500) 447444 77+ 12
Xe1 (4650) 1T 46534+14427 227426422 X1 (4685) 4684712 126+40
X0 (4710) ot 47104+ 4 +5 644+ 9 +£10 X0 (4700) 469471 16 g7+ 18
ne1 (4800) 17 47854374119 4574934157 X (4630) 46261721, 1747 30
T*.,(4055)T 1~ 4054 (fixed) 45 (fixed) T,.z(4055)T 4054+3.2 45413
T.z1(4200)T 1T 4257411417 308+20+32 T.z1(4200)% 419671 33 3707129
T,.z1(4430)T 1T 4468421480 251442482 T.z1(4430)" 4478715 181431

| T,.z51(4600)° 1T 4578410418 133+28+69
T,.z51(4900)° 1+ 4925422447 2554+55+127
T* ., (5200)° 1~ 5225+86+181  226+76+374

' T.es1(4000)T 17T 4003 (fixed) 131 (fixed) Tees1(4000)T 400317, 131430

Liming Zhang
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Radiative decays of y.1(3872) forkiv: 2406.17006]

= Nature of y.;(3872) still under debate, while study of radiative decays provides a way to probe it

= Only evidence of x.;(3872) — ¥ (25)y was seen experimentally before
'%IIJY FXC] (3872)1(2S)y

Reference L Xe1 (3872 JAby
T. Barnes and S. Godfrey 627 5.8 éC
T. Barnes, S. Godfrey and S. Swanson 69 2.6 g6
F. De Fazio 84]  (1.6440.25) @ b deca
B.-Q. Li and K. T. Chao 85 1.3 C ' ' ' '
Y. Dong et al. > 1 @ 1.3-5.8 &6 / \
A. M. Badalian et al. ~ 87 (0.8+0.2) 56 Babar 2008
J. Ferretti, G. Galata and E. Santopinto 88 6.4 ¢E L
A. M. Badalian, Yu. A. Simonov and B. L. G. Bakker [89 2.4 ¢t
W. J. Deng et al. 00 1.3 é6 Belle 2011
F. Giacosa, M. Piotrowska and S. Goito i 5.4 cc/ve " ;
E. S. Swanson 81 0.38 % DD*
Y. Dong et al. 186) 0.33% IB1be
D. P. Rathaud and A. K. Rai K 1 [91] 0.25 DE* LHCb|2014
R. F. Lebed and S. R. Martinez 192] 0.33% DD*
B. Grinstein, L. Maiani and A. D. Polosa [9;3] 3.6% DD*
F.-K. Guo et al. 82) < 0.21(g5/g2)2 _DD*> BESIIl 2020
D. A.-S. Molnar, R. F. Luiz and R. Higa |83] 2 —10 DD* -
E. Cincioglu et al. mixed [94] <4 DD* . - . -
S. Takeuchi, M. Takizawa and K. Shimizu [95] 1.1-34 DD* 0 1 2 3 4 5
B. Grinstein, L. Maiani and A. D. Polosa 93] > (0.95%90;)  ctqq
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Radiative decays of y.1(3872) (cont.)

= Update at LHCb using BT - x.,(3872)K* decay with 9 fb~! Run1+Run2 data

LHCb meets theory workshop

120+ 120
b - + Data LHCb | % - + Data LHCb
3 100~ £ B* - xc1(3872)K* ofp~t 7 F 100 [ B* - xc1(3872)K* ofb™t
2 - L B- (Kt X ] 2 - L B- yw(29)K* X ] XC1(3872) - 1/)(25)]/
Q 80:* —— Combinatorial 19 80; —— Combinatorial B
g 6o # 1 g e @ } . Runl: N =40 £+ 8;5.30
2. U I :
=R =R ] Run2: N =63 +10;6.70
8 20 18 20 i ¥ g
Rasnasill T T T S e
5 51 5.2 5.3 54 3.75 3.84 3.93 4.02
mw(zs)YK+ [Ge\// Cz] mw(zs)v [Ge\// Cz]
A24'1‘03‘ N o ,\12']‘.0‘3 S — H————1| BaBar 2008
% F + Data LHCb - E [ + Data LHCb 1
3 20 B B* - xa(3872K* ofb™t 4 o 1~ B* - xa(3872)K* 9fb~1 - - * Belle 2011
s [ B- Jyx 1 = P L B- JyXx .
O 16 —— Xa(3872K* 4 9 08 __ xa(3872)K* i h—e—H LHCb/Run1 2014
Q.. —- Combinatorial 1 E - __ Combinatorial 1
g 12F Total B 0.6/ Total -, 7 e BESIII 2020
% 0.8;"’“““““‘““‘0,6 . 0‘ { g 04} ++ t -
% e oy C * -
© - 5} 0.2 vy * 1
' e RN 1 o LHCb/Run1 2024
i A ‘_,t‘ftﬂ_,ﬂjf‘f&;
g.? 38 m3.9 A[Gevlczjl.l "B LHCb/Run2 2024
Jyy
%ﬂyy — ]_.67 :l: 02]_ :I: 0.]_2 :I: 0.04 ( 0) By = [y (3872050 (25)y
DY —

r ;
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https://indico.cern.ch/event/1423946/

Summary and prospects

s LHCb keeps making important contributions to heavy hadron
spectroscopy, both for conventional or exotic hadrons

= In Run 3, the upgraded LHCb detector and an improved software-
only trigger system will be implemented

9/7/24

max luminosity [1033cm=2s71]

[
B
L

[
N
1

=
o
L

=
0]

=
[o)]
1

N B [e)] co
1 1 1 L

Run

1

Upgrade |

Run 2

LS2

Upgrade Il |

Upgrade Ib -4

LS3

Run 3

Run

5

L]
2010

2015 2020

2025 2030 2035
Yea

More exciting results are to come!
More data, more chances & challenges!
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BACKUP
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Two methods for spectroscopy

= Direct production in pp collisions
o Combine a heavy flavour hadron

with one or more light particles

= Production by a heavier particle
decay

o Pros: High statistics, in principle can

study all states

o Cons: Large combinatorial

9/7/24

background, hard to determine JP

Liming Zhang

a

a

Usually with amplitude analysis

Pros: Low background, Better
determination of JP

Cons: Low cross-section, limited
mass range
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Charmonia in an unquenched quark model

Thereotical predictions

Experiment results Gl Unquenc states
hed
m
n.(3945) "3 945+28+37 4064 4022
- 17-28
0+ 0 80 62
= 130135+101
h.(4000) 1_n1000+17+29 3956 3961
- —-14-22
r h.(2P)
1t~ 0 87 66
_ 130t25+101
xc1(4010 3953 3990
1(4010) T _ 4012, 5+36+41
T Xcl(ZP)
1+t 0 165 60
= 62.71847¢8¢
(4300) 4318 4307
¢ = 4307 3+oet33 h.(3P)
1*- To=58%38%38 | 75 25
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arXiv: 2312.10296
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B x
4400 [ @ el . (4500) xas0) X * X 8
T X 4415 X . R
S 4200 [ . 2.,(4274) D g X x
s s - X(4160)
o 4000 W4040) 2:o(3915) 5 3
i X s % y .(3930) .
> 3800 Z.,/(3872) ;{5%;0_) wy( 823) ¥4(3842)
3600 - e M*ZS?
i I?c{zs) I_P) o (1 P)
2400 | _:?,(,,____ AP 7P 2 :
C Charmonium
3200 [~ Wy - Exp
[ n(1S5) —¥ e quenched
3000 eg ..... S unquenched
'S, s, °® ', ‘P, °P, ‘D, ‘D, “p, °D
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The LHCDb Experiment

LHCD is a dedicated flavour physics experiment at the LHC

o >10% X larger b production rate than the B factories @ Y(4S)
a Access to all b-hadrons: B, B, BY, B}, b-baryons

= Acceptance optimised for forward bb production

P
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Vertex
Locator _

—-5m

JINST 3 (2008) S08005

IJMPA 30 (2015) 1530022 s M4 \\
SPDPS g M2 - \
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Integrated Recorded Luminosity (1/fb)

Can also study hadron spectroscopy and exotic states

—
EN

—_
no

—
o

[e2]

> All results based on full or part of run-1 and
run-2 datasets

LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2024

L] 2024 (6.8 TeV): 4.06 /fb
L] 2023 (6.8 TeV): 0.37 /b
L] 2022 (6.8 TeV): 0.82/fb
L]
L]
L J

2018 (6.5 TeV): 2.19 /b
2017 {6.5+2.51 TeV}: 1.71 /fo + 0.10 /ib
2016 (6.5 TeV): 1.67 /ib
2015 (6.5 TeV): 0.33 /b
. 2012 (4.0 TeV): 2.08 /b
. 2011 (3.5 TeV): 1.11 /b
2010 (3.5 TeV): 0.04 /b

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Year
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