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The LHCb detector

»LHCb is a single-arm forward region spectrometer covering 2 <n <5,
dedicated to heavy flavor physics at the Large Hadron Collider
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Vertex Locator: high precision;

capable of separating b/c
hadron production and decay
vertices

0PV,x/y~1O um, O-PV,Z~60 pum

[JINST 3 (2008) S08005]
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RICHs: efficient identification
of pions, kaons and protons

Muon system (M1-M5):
efficient muon
identification and trigger

e(K - K)~95%

@ misID rate (mr - K)~5% e(u - uw)~97%

@ mislD rate (m » u)~1 — 3%
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http://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta

LHCDb Physics today

CERN LHCC 98.4

[).*.l;(nll\ o Most cited LHCb physics results today:
LHEb 1. Pentaquark in Jipp
. 2. Test of lepton universality in B — K¢*¢~ (Rg)
rechmical Proposat 3. Test of lepton universality in B— D¢ (Rp)
4. Angular analysis in B — Koot
A e Tt Collaer Do e r 8. BS - pp
CP Violation and Rare Decays 0. .. baryon
- S - 7. resonant character of Z(4430) tetraquark
]\I((I((lle\‘s Br. fl'?ll(::[li:)l(l Re('()lu::l:; 8. X(3872) quantum numbers
Coatan +tag | 0.7x10° 6.9 k 9. charm production cross-section
g;i s i }: X i:;: ’5311\ 10. CP violation in charm
B:E j ’]’ /l‘[.“K: +t11:n o z 10— 5’g)k 11. beauty production cross-section
B s DVK™ 3.3 x 10-7 337 | 12. fully charmed tetraquark in double Ji
d = K% 3.2 x 107 26k | 13. doubly charmed tetraquark
g’g - g:;‘; i ‘;‘; ;‘12 ’ }3:1 ;;’ }: 14. b-hadron production fractions
BE’ — .],a.:t--"(;) + tag - 5.4.x 105 44 k 15. charm hadron spectroscopy

By Giacomo Graziani

G. Graziani slide 3
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Hadrons observed at LHCb

11'0 1 1 1 1 1 1 1 1 1 1 1 1
105 1 https://www.nikhef.nl/~pkoppenb/particles.html
-~
7 5 64 new hadrons at LHCb
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)] Tw51(4220) [ ]
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= 4.0 ccgg 03842 ) o Y ) Tos
® cccc Ehay T..(3875)7 X(3960)
3.5 5 Q.(3327)°
® 0 ¢
® cggg Dy(3000)"° . 82855830 . . Q (3185)0
3.0 - /(3000 °® D¢(2860)* A(2860)* | Q(3066)° =(2939) Teso(2900)° ©72,(2900)*
B bqqg (2760)'g ® 0 Qc(3050)° =20230  ®Tca(2000)° CSO(2900)
D 2740)0 D; (2760) Q(3000)° ‘ °® Téso
25 - cqq D/(2580)°. 3 Dso(2590)*
m céqqq
2.0 T T T T T T T T T T T T
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
patrick.koppenburg@cern.ch 2023-08-16 Date of arXiv submission
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https://www.nikhef.nl/~pkoppenb/particles.html

Selected new measurements

> Conventional hadrons

Excited states:

. ~ 0 ~ O —_
v" Observation of :‘b/ J— ‘:b/ mtmT™  [PRL131(2023) 171901]

v' Observation of new 20 = EF K~  [prL131 (2023) 131902]

Decay properties:

v' Observation of BY = J/yr™n®  [arxiv:2402.05523]
v’ Study of B} — y.m" decays [HEP 02 (2024) 173]

v" Observation of A% — DTD™A  [arXiv: 2403.03586]

> Exotic hadrons

v’ Search for prompt production of pentaquarks in open charm final states
[arXiv: 2404.07131]

v Modification of y.;(3872) production in pPb collisions at \/syy = 8.16 TeV

[arXiv: 2402.14975]

v" First measurement of J /y¢ production in pp collisions with no additional
activity [LHCb-PAPER-2023-043] in preparation
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Conventional hadrons

-- Excited states

. ~ 0 ~ O —
v" Observation of :‘b/ R :‘b/ mtm™  [PRL131(2023) 171901]

v’ Observation of new 22 -» ZXK~  [prL131 (2023) 131902]

2024/4/27 Liupan An
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Singly-heavy baryons
»Missing resonances problem in baryon physics
= heavy quark-light diquark Q[gq] model is widely used to describe Qqq systems

v'A-mode: low-lying states well established for most species [PRD 92 (2015) 114029]
v’ p-mode: no firm assignment yet
q q q
>5;/0 spectrum (based on A-mode) L
][IZICI] =07 ][Izzq] =17 OQ 0
L=0 Ry (5935)-,%(5955) - 201
~b ub(5945) - E ot

[PRL 118 (2017) 182001]
T ‘ T T T T [ T T T T |

(1/2)7,(3/2)"
L=1]|5,(6100)" - £,(5945)°~ | ...
[PRL 126 (2021) 252003] by CMS

400~ .
i ‘ LHCb 1

Candidates / (1 MeV)
(98]
S

>0 spectrum: - gt
yet no consensus on the interpretation ool gl
of observed excited states

. V3000 3100 3200 3300
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.70.054017
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.70.054017

Observation of = > = Tntn
b b [PRL 131 (2023) 171901]
Oz ntn withZ, - E0[pK " Ktnt|ln~and 5, -» E2[pK K ntln ntn~:
an LHCb record of 9 tracks!
O 5 ntn~ with ) - EF[pK ntln~ and 5 —» EF[pK ntn ntn™
[PRL 126 (2021) 252003]
by CMS

Confirmation T

1st Observ

(a) LHCb :
—4—Data (9 fb ")
B =6100) > =7t

Combinatorial

(b) LHCh
—4— Data (9 fb™)
EY(6087) - Ebmm*

Combinatorial

Significance 150

Candidates / (1.0 MeV)

Candidates / (1.0 MeV)

: 5 AR Le R
g ® g=m_,, -m_-2m, MeV} ) ® 0=m, .-t -2m, MeVS
Value [MeV] %wiw " © LHCh E
Qo (5, (6100))  23.60+£ 0.11 £ 0.02 = “F + D 019 :
I (=, (6100)) 0.94 + 0.30 + 0.08 =F il
mo (2, (6100)) 6099.74+ 0.11+ 0.02 + 0.6 (Z;) £ T
Qs (=0(6087))  16.20 F 0.20 £ 0.06 - [
I' (59(6087)) 2.43 4 0.51 + 0.10 S :
mo (E0(6087))  6087.24 4 0.20 4+ 0.06 + 0.5 (=P) B: b significance go
Qo (55(6095))  24.32 015 0.03 B R e—
I' (5°(6095)) 0.50 4 0.33 4 0.11 Aew R
mo (Z°(6095))  6095.36 + 0.15+ 0.03 + 0.5 (=2)

v’ Consistent with naive expectation for 1P ][’Z,q] = 0% (1/2)7,(3/2)” doublet
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Observation of new 20 - ZF K~

> Using full 9 fb~! Run1+Run2 LHCb data

2.(3065) — BN (—=Ery)K"
B 2.(3090) — EH(—E )K"
Q3119 — EXN—E!y)K"

B Q.(3185)° — E/K-
Bl 2.(3327)° - E}K-

x10°

------ Q.3000° — E'K-
------ 2.3050)° E'K-

R
oy
gl

Zhihao Xu
Jibo He

[PRL 131 (2023) 131902]

—%— Data

=== Combinatorial background
Total fit

(]

Candidates / (5 MeV)

Candidates / (5 MeV)

3300 3400 3500 3000 3100

m(5;K") [MeV]

m (MeV)

3200 3300 3400 3500
m(Z;K") [MeV]
I' (MeV)

3000.44 £ 0.07 *59%7 +0.23
3050.18 +0.04 395 +0.23

3065.63 + 0.06 39 +0.23
3090.16 +0.11 39 4+ 0.23
3118.98 +£0.12 F993 +0.23

3.83 +0.23 T§50
0.67 +0.17 +5:52
< 1.8MeV,95% C.L.
3.79+£0.20 153
8.48 + 0.44 *98!
0.60 + 0.63 T4
< 2.5MeV,95% C.L.

0 R

3100 3200
Resonance
_ 2,(3000)°
v"Most precise 2,(3050)°

mass and width

measurement  2(3065)°
12,(3090)°
2,(3119)°
0

v | £2.(3185)
Two new states: 2.(3327)°

3185.1+ 1.7 774 +0.2
3327.1+1.2 F%1 402

50 + 7 +19
20+ 5 +13
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Conventional hadrons at LHC

11 O 1 1 1 1 1 1 1 1 1 1 1
Xb(3P) Xb2(3P)
10.5 3 © ®,.3P)
7 5. 49 new conventional hadrons at the LHC
7.0 B.(25)* BX(2S)*
0529 05 o0y
e
] Ap(6152
6.5 % 6227h ,\‘;EGMG) ‘W E6(6227)° - 6095
6.0 1 =5(5945) 1 A\,(5920)° =,(5955) _ B,(5970)* I .:b(6100) =,(6087)°
' -/\b(5912)0 =1 (5935)- B,(5840)*° (6097) Np(6070)° B;(6114)°
b 25(6097)~ B. (6063)°
— 5.5 -
8}
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2 5.0 -
©
(7)) 45 T
0n
©
= 4.0 A
=
351 @ bbb 0.(3119)° Qc(3327)°
‘ bq Dj*(3000)+'0 . 2(3090)0 _ 0 Qc(3185)0
3.0 1 - D)(3000)°@ D,;(2860)* Ac(2860)* | Qc(3066)° =.(2939)
® c§ D, (2760)" o o ggggg; 2.(2923)°
0 * c
25| w bag  BETS oic1e)
cqq
20 T T T T T T T T T T T
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2023
patrick.koppenburg@cern.ch 2023-08-16 Date of arXiv submission
https://www.nikhef.nl/~pkoppenb/particles.html
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Conventional hadrons at LHC

11'0 1 1 1 1 1 1 1 1 1 1 1
Xb(3P) Xb2(3P)
10.5 3 ° Xb1(3P) Y+ |4
Y + =
7.5 14 49 new conventional hadrons at the LHC Bc+ + T Ep + K
7.0 - (25)* + BI(2S)* =
- OB( ) BC + Tt AO + K ®5 (25 )}2 501 b +m A% + K
65| =p + T /\b(6152)° 0,(6340) - -
PRt - -
6.0 1 =5(5945)% A,(5920)° =,(5955) _ B,(5970)* [ ] .:b (6100) - M-, (6087)°
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2 451 Ny +
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20 T T T T 1 I I T T T T T
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
patrick.koppenburg@cern.ch 2023-08-16 Date of arXiv submission
https://www.nikhef.nl/~pkoppenb/particles.html
LHCb CMS ATLAS
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Conventional excited hadrons at

D D™ +x } B B+m

L HCb
D} D+KI D +Kn } By B+k ;

B/ Bf + nm
At +m | | AL + 7 ¢ J
Az'- ZC r
o A X A + ;
b b p T || Ap+nm
=) =) r —
= Sctm Sc T T syt =y + 1
e £,
+
Ac + K A +K| | A+ Kn

0? 2.4+ K ] { Q—, T+ K ]
{ - suggeSt.‘onS? ——
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Conventional hadrons

-- Decay properties

v' Observation of BY = J/ym™n®  [arxiv:2402.05523]
v’ Study of B} — y.m* decays [IHEP 02 (2024) 173]
v" Observation of A% — DTD™A  [arXiv: 2403.03586]

2024/4/27 Liupan An
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Observation of Bf - J/ynmtn®

> First observation of B} — J /Yt with significance > 20 ¢

[arXiv:2402.05523]

=2.804£0.15£0.11 £ 0.16
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Study of Bf — y.m*

> First observation of Bf — y.,m™" with significance > 7 ¢

[JHEP 02 (2024) 173]

»Upper limit seton Bf — y ™

07— |
)
= - LHCb at:
N(x-) =108+ 16 %40_* i I—|:—I data -
@100 L L L = 5 )rif)an‘
: data < 30— == T Re2 -
% - |£| ];;H o ;?ﬁ? 9]\/ i total ]
z 80 Bf = xam" ] :u 20; ]
S i B — JApmtn® ] LT ]
< | mmee background i >—4 L +
§ 60 total + | IOj \ ]
" J[ : 0;@—1‘# M
= - i bl
= 40F H * + ] i
< C
@ o
} + { + H#HH mﬂﬁ ﬁ + # * 34 35 3.6 37
*m(J/py) 20 ﬂl ________ m Jr Mppy [GeV/c?]
constrained L ﬂ * IIIIIIIII
M) Gl o AT LHCb 2023 (90% CL) .
6 6.1 6.2 6.3 6.4 6 5 C.-H. Chang et al. [70] .
Myt [GeV/e?] D. Ebert et al. [71] .
E. Hernéndez et al. [72]
B+ N M. A. Ivanov et al. [73] .
B —Xc2m —0.37+0.06+0.02+0.01 V. V. Kiselev et al. [74] |
B+ N ' ' ' ' Z. Rui [75] ——
Be =g Z.-h. Wang et al. [76] .
3 R. Zhu [77] .
] A S S
Bl =X < 0.49 at 90% CL 0 0.23 0.4 0.6
By —Xeamt BB?*X i
Bd—xeartt
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: 0 + -
Observat|0n Of Ab — D D A [arXiv: 2403.03586]

> First observation of A}, = D*D~A with significance of 16 ¢

Candidates/(10 MeV/c?)

v’/ decay inside VELO v’/ decay outside VELO
N=19+5 N=73+9
S R BN D T T T 3|0y0 B(AO_>D+D—A)
14 LHCb 1 X _.F LHCb ] b b _
]25_ ppe i;)jm ; > 505— o i;);:m — - X B(BO - D"’D_Kg) =0.179 4+ 0.022 + 0.014
- WA >D DA ] E 40 WA >D DA
E A-psp A 1 2 F Ay>D¥' D A 7
8F A-pp g g 30p A)»>D'D 5" 0 + N—
s 1 = ] B(A — D™D /1) =
6F Comb. bkg. 3 o 3 Comb. bkg. . b
if 1T L (1244015 +0.10+ 0.28 £ 0.11) x 10~*
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2y N IV I Y
Oq W/ [ I-l-l ,"". llll' !!!. .!II O_ F .’I‘ ..I. ..I....I. b
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m(D*D~A) [MeV/c2?] m(D*D~A) [MeV/c?] [PRD 103 (2021) 114013]
' :} — 2 } > C}X(WOO)
E¢ d
7 w- s Pes w= s
w . 2y u Ay u} A
d } D~ d d d
50'255 " T T T T T |LI'-ICI') T E 5‘0.14:_I|‘H'Cb' — T T T T T T T T T E :'E‘ 0.1:_I'JH|Cb — 1 T | BN
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9/ - L:C ] e/ o 7 +Q L ]
5 oip H 1 F0%p 1 Tomf :
%0.05:_ ﬁ»* * *+ + + 3 %0'04;_ {“ + ‘|‘ "’H+ + ‘H‘ + + E %002:—1[ R
z"F | zoop It + ERCE AL L P
— 0'+ \ ++|+++H4++H+++‘++HH+ ] — 0: |+. \ ﬂ> \ + |+. H | +H % oL [ IR I A L }I || -
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Map of exotics

Z,(10610), %
@ Z,(10650) ... @ S4gpt

@ then all others

Xc1(3872),Y(4230)

Z , ." ’ @
Z.(4000)*, BESII %

-(4430)*

Z.(3985)" X(6900),
% X(6552) AM&
P.(4312)",P.(4440)%,
P.(4457)" Kk
Pys(4338)° % T,..0(2900) ﬁ% D:(2317)" €4gp®

T20(2900)%/++ SHCL
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Exotic hadrons

v’ Search for prompt production of pentaquarks in open charm final states
[arXiv: 2404.07131]

v Modification of y.;(3872) production in pPb collisions at \/syy = 8.16 TeV

[arXiv: 2402.14975]

v" First measurement of J /y¢ production in pp collisions with no additional
activity [LHCb-PAPER-2023-043] in preparation
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Weighted candidates/(2 MeV)
()]
o
o

400

200

1200F

Background for pentaquark study

=0
5*D

Ay - [J/PYplK-
2;5*0

[ — data :
- — total fit
. — background

P (4312)"

43

[PRL 122

Proximity of X7 D and X} D*? thresholds to the peaks
suggests they play an important role in the dynamics

(2019) 222001]

P(4440)" f P (4457)"

L

|

00 4250 4300 4350 4400 4450 4500 45?B|<%oo
e

o Mass proximity to
threshold natural

o Fall-apart decay
dominant

Compact multiquark

o Mass proximity to
threshold accidental
oNo (strong) hierarchy

of couplings

» The observation of new decay modes can shed light on the binding scheme
of the exotic hadrons = search through open charm modes
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Search for pentaquarks via open charm

>Inclusive search performed using 5.7 fb~! data from 2016-2018 27240407131

»Reconstruction: Af - pK nt, D~ > K*n n~,D° > K~ nt

57O 5 Apn*tO), D - DO~
v’hidden-charm pentaquarks v'doubly-charmed pentaquarks & excited =,
Hadron 1 Hadron 2 Charge I3 Yy C Léléltlt Hadron 1 Hadron 2 Charge I3 Yy C Lélilt
AF D° +1 lh 1 0 AF D° +1 -l 3 2
AF D~ 0 - 1 0 Vv AF D+ +2 lh 3 2
At D*~ 0 - 1 0 Vv AF D+ +2 k3 2
I+t D° +2 31 0V T+ D° +2 lh 3 2 X
Xt D~ +1 1/ 1 0 Vv it D~ +3 3 /2 3 2 X
I+t D*~ +1 lh 1 0  x S+ D+ +3 3h 3 2 x
30 D° 0 —1k 1 0 Vv X0 DO 0 -3k 3 2 x
X0 D~ —1 =3/ 1 0 Vv X9 D~ +1 — 1/ 3 2 X
20 D*- -1 =3/ 1 0 x X0 D** +1 —1/5 3 2 X
b Jais D° +2 31 0V bt DY +2 th 3 2
DYl D~ +1 1/2 1 0 v DI D+ +3 3 /2 3 2 v
Lo D~ +1 12 1 0 Vv Yot D** +3 3/2 3 2 x
340 D° 0 -~ 1 0 v | D® 0 =% 3 2
%0 D- ~1 =34 1 0 v 0 D~ +1 e 32 v
30 D*— 1 -3/ 1 0 v X0 D** +1 =1/ 3 2 X

*10 modes too statistically limited to set upper limits
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Local p-Value

Candidates / (6.5 MeV/c?)

=
<
T

1073 3
107 3

ok

» No significant signals are found

»Upper limits seton R =

=S
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Results

[arXiv: 2404.07131]

Npe | Gab 0 (P)xB(Pc—>AE D (1) ) xB(D)
+
Nag  epc o(Ac) *Complete list in paper
Width  Significance (o Q-value . . Ul (102
Deery Made (MeV/c?) Local Corre((:tgd (MeV/c?) Slgnal Lield 90% CI(J 95%) CL
0 3.59 2.21 225 41.6 £ 126 3.95 4.19
N+t D- 5 4.01 2.89 225 64.7+17.4 4.43 4.69
& 10 4.30 3.32 225 8714216 4.64 4.85
[[15 450 _ 3.62 225 10824253 472 490 |

0 456 1.90 257 38.14+124 4.28 4.56
A= ) 3.86 271 253 621 +1%.1 4.62 4.83
¢ 10 4.18 3.20 249 8371212 4.72 4.88
15 4.44 3.56 249 10351246 4.77 4.92
0 3.18 1.58 245 41.9+ 13.7 2:87 3.06
- 5 373 253 245  67.6+£192 322  3.35
¢ 10 4.06 3.06 245 91.6 +24.1 3.29 3.39
15 4.30 3.42 245 115.0 £ 28.5 3.30 3.40

v'Pseudo-experiments indicate average number of
channels fluctuate above 3 g is 7 + 5, so we conclude
the results are consistent with background-only

v'Known P.F states P.(4312)* | M =4311.9MeV,T = 10 MeV
tested and yields all Pc(4440)" | M = 4440MeV,T =21 MeV
. + — _
agree with 0 Ps(4457)* | M = 4457.3MeV.T = 6.4 MeV
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X-1(3872) in hadronic collisions

~ > < [

P p
v’ Enhancement:  _____
quark coalescence... T
= S— . differ in
p X Suppression:
Pb breakup due to interactions ,
with comoving particles...
— \\\
‘\ Diquark—::liantiquark
Pb Pb \ \\
\
\
! 1
» Measurements of y.;(3872) production wrt 1 (25) y v
v'In pp collisions v'In pp collisions vs multiplicity v'In PbPb collisions
%0.3 —r T - —— . 1.7 nb”" (PbPb 5.02 TeV)
i ¥ 2.0<y<30 LHCb +: N ~+Prompt b decays . 1'05 CcMS
oo G;i?}brl:elv \s § - _: 1.6:_ Fromet B PbPb (5.02 TeV)
0.2_— b3S pfompt 7 E ? ( Under diSCUSSK)n : % 5:‘21‘ Iyl < 1.6, 0-90%
] i = s B
i ] Ozg 006: —: é’ 1_
°‘1;;¢;4;s;éf‘-=’;_* == E z % ogk
i ] P E £ oo 0Tl
i ' 5;: b% 0.02; —; &Q 0.4F Iyl <0.75 (ATLAS)
051015[sz/0] N
P evV/c tracks
[JHEP 01 (2022) 131] ! [PRL 126 (2021) 092001] . (Gevic)
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x-1(3872) in pPb

% 25000 - TR 8 oon (o8 Ty 9
= 0F LHCb  #pp s=8Tev,216"
520000 - —— Total fit —— Background =
2 - =
E 15000 : w(2S) . (3872) -
% 10000 - A N =
5000 f —f
9 = E
= 450 £ E
2 400 - 4
T 3S0E s
& 300 & =
S 250 E 3
= = N =129+ 37 3
5 205 T E
igg 3 $ pPb s =8.16 TeV, 12.5nb" 3
YED A
& 40 $ ;
> 400 E 4
[#] =
> 350
T 300E
& 250E N =71+ 39
= 200
£ 150E $ Pbp sy =8.16 TeV, 19.3 nb”
C 100 E
YEO N . A
3700 3800 3900
My won [MeV/c?]
2024/4/27

[arXiv: 2402.14975]

O—Xcl (3872)

B[x1(3872) — Jhbrntn|

T = T cMs
wlk py>15GeVic
s &
S|z
T ~
st 1F LHCb E
& F  p.>5GeVic
= > T
Xl
]
I I:ﬂ
oo
1071 -
[ 2<y<4.5 | 1.5<y<4 | -5<y<-2.5 | bl<09
pp pPb Pbp PbPb
E.D" 6- I T T T T I T T T T I ]
Q:‘& LHCb pPb sy =8.16 TeV
5 :_ —— ch(3872) — J/ u/ﬂ*ﬁ’_:
| =y (2S) > u ]
4 - p,>5GeVic E
3F ]
2F ]
1F= N ]
Z H ——
o l l
=5 0 5
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o¥(29) B[¢(2S) = Jhprtr]

1 v'Increase with system size
| = xc1(3872) experience

different dynamics in nuclear

1 medium than Y (2S5)
Ye1(3872)
RX61(3872) B OpA
pA - 3872)

208 x oot

v'Enhancement in pPb
= enhancement due to
coalescence dominates over

suppression due to breakup
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Central exclusive production (CEP)

inelastic

single diffraction

double diffraction

CEP elastic

CEP inelastic

2024/4/27

elastic

y-pomeron

Liupan An

v Experimentally clean even

@LHC

v'Spin-parity option
narrowed down

X Much smaller rate

pomeron-pomeron

*glueball
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Xin Bt > J/WpK*+

[PRL 127 (2021) 082001]

%700 E——I X(4Isso)
§6OO E_— X (4500)
g E— X (4700)
2500 — xNR
2 400f— X
T E— x@m
O 300 x 4685
200E— X(150)
E == Z.(4000)
100
X(27)
X (4150) 4146 £18+33 135+28750  20+0519%8
X(17)
X(4630+) 5.5 (5.7) 4626 + 161,18 17427713 264+ OE 1:% 2
All X(0F) 20+57
X (4500) 4474+ 343 TT+6711 56+0.712¢
X (4700) 4694 + 4 118 87+ 8711 8.9+1.2+49
NRy/yp¢ 28 £ 8 ; }z
All X(17F) 26+3" 5
X (4140) 4118 £11152 1622117 17+3+19
X (4274) 4294 4+ 4713 SRR 2.84+05103%
X (4685) 4684+ 7112 126+15737 724+ 1.0157
All Z. (1) 25 +57 15
Z5(4000) 4003+61 5  131+£15+26 94+21+34
Z.5(4220) 4216424733 233+ 52197 10+4+19
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X RN ] /lqu in CEP [LHCb-PAPER-2023-043]

in preparation

~ F - ~400 p———————————— ————]
E LHCb i?éltt; fit E %350;_ LHCb o i?c?ttzl fit _
b 10° 5fb! ===+ Signal 73 Q 300 5fb! prehmlnary -« Signal
- g, ] =250 - =
2L i g ”* | ] 2200 N =989 3
i F ik 1 Siof purity = (93.0 + 0.5)%
[ preliminary | i | o E
LE 50 - =
- | T Batui e Nemsdnsyps st b
2000 3000 4000 1000 1050 1100 1150
M, [MeV] M ;. [MeV]
4 tracks
— 80 = | ! ! ' ' | ! ! ! ! | ! =
% - 4.30 [ Data =
> 70 = LHCb — Total model
— -1 -
Q 60 - 51b ""Xcl(4140) = %Zgl.._
I 50F preliminary "X, (4270 F  |[Z4 >4tracks Lo E
g 52 4 X0(4500) 3 L 60 o
5 40 B4 ""Xcl( 4685) — %50 preliminary
— HP C - o 40
oE i NR s 2
- _-\‘ ‘.‘ _: 10
10 E_ ': "’:\ _: 49000 5000 I6000 7000 8000
s e -1ﬂ| il e e IMEV]
() B P WY ST i N iea e é&é g
400 4500 5000 5500 6000
M, [MeV]
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[LHCb-PAPER-2023-043] Results

in preparation [PRL 127 (2021) 082001]

_ _ - ¥ L T
% 80 E_ [ Data _E -é LHCDb §
S T0F LHCb — Total model 3 » + n
8 ef 5 b ey (4140) - J/YoK
E S0 F preliminary ))Edij%g)) E
g 40 - enr L (4685) E
@ 30F 3

10 g ’ :~:':5:.= LT LT s : st -I-E

00 4500 5000 ) 550 6000

J/W [MeV]

v'Mass & width measurement:
slightly higher mass of X(4500)

Parameter (MeV)  This Letter Ref. [12] Oraaao) ¥ B Y = (0.8520.16 £0.30) pb,
ch1(4274) 429846 49 4294 + 41Lé e (1274) X Bog' 12 = (0.777515 £0.18) pb,
FXc1(4274) 92+ +57 53 E5HE5H Oxeo(4500) X B 0(4500) = (0.447509 £0.07) pb,
M, (4500 4512. 5+6 U430 4474 £3£3  Gvatasssirvatunn x By (V00 — (0144007 1£0.06) pb,
'y .o (4500) 65120 :|:32 77T +£61%° ongr X Byt = (0.462575 5:5) pb,

> First exotic hadron measurement in CEP!
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Other exotics in CEP
»X —>]/l/)]/l/) CEP of charmonium pairs studied using 3 fb~! Run1 data

< 5000 F—— L [J. Phys. G: Nucl. Part. Phys. 41 (2014) 115002]
0 o ]
2.500F LHCD 3 oI = 58 + 10(stat) % 6(syst) pb,
& 4000 - = 2 27
EE I Jpees) ] o7vR) = 63T(stat) & 10(syst) pb,
5 %0 : 3 o¥(295%(25) < 237pb,
& ao0of E gXO0Xe0 < 69 b,
§ 2s00F- ] . gXelXel < 45 pb,
Saf exf. . T : gXe2Xe2 < 141 pb,
g 1500 e e ERe -8 T R
2 200 3000 4000 5000
— Higher di-muon invariant mass [MeV] [Science Bulletin 65 (2020) 1983]

> ' 1

= | ]

S LHCb 1

2 IR0 ]

by . _-

Qoo w00 10000 12000 Mgy, MeV/c?)
Mass [MeV]

> x1(3872)? Other suggestions?
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Summary and prospects

» LHCb keeps making important contributions to spectroscopy study

v'Exotic heavy hadron:
search for pentaquark in open-charm modes;
first measurement of y.1(3872) production in pPb;
first measurement of exotic hadron in CEP ...

v'Conventional heavy hadron: new =" and (2 states and more decays...

»In Run 3, the upgraded LHCb detector and an improved software-only trigger
system are implemented

18

Run 5 Run 6

=
[e)]
1

r 300

= I —
“:m a Upgrade ” —250?E
§ 121 >
! 1S4 - 200 G
2 101 Upgrade |b £
2 4] 150 2
£ 2
€ 6 Upgrade | LS3 o0 &
é 4 1S Run 3 - £
2 Run 1 Run 2
2010 2015 2020 2025 2030 2035 2040 2045

Year

More data, more chances!
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Back up
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BT - J/YpK™ amplitude analysis

[PRL 127 (2021) 082001]

= X(4630)
E — X(4500) LHCb

= X (4700)
= X NR

T
o
=
o
.
=
>
S
L]

- X(4274)

= X (4685)
= X (4150)

= Z,,(4000) —
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E == Background
- == Total fit
E == Data 9 b
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Updated model

Run 1 model
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