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QCD and Hadron Spectroscopy

@ QCD is in principle expected to fully describe the spectrum and
properties of hadrons
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[PDG Appendix]
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= shows non-perturbative behavior at such energy scale L

S o}

@ Experimental measurements in hadron spectroscopy wast
[ Extend the knowledge of QCD i

[ Provide crucial inputs to reduce the uncertainties in theory
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[ Help to understand the ways in which QCD forms bound I

states and about their internal structure
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https://pdg.lbl.gov/2021/reviews/rpp2021-rev-qcd.pdf

Quarkonium and Beauty Meson Spectrum

@ The charmonium spectrum is well-known, as is the bottomonium spectrum.

@ For B mesons, and in particular for B or B,, the knowledge is limited.
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https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.90.015003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.70.054017
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Quarkonium and Beauty Meson Spectrum

@ Charmonium spectrum is pretty well know. Bottomonium spectrum as well.

@ For B mesons, and in particular for By or B, the knowledge is limited.
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What is next ? I
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.212004
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Quarkonium and Beauty Meson Spectrum

@ Charmonium spectrum is pretty well know. Bottomonium spectrum as well.

@ For B mesons, and in particular for B or B,, the knowledge is limited.

@ This talk will focus on the latest topics of beauty meson spectroscopy, includes

O Study of hidden beauty spectroscopy - =
7572 1
[JHEP 10 (2024) 12] 7600 2= Juss 7475 T48T
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https://doi.org/10.1007/JHEP10(2024)12
https://link.springer.com/article/10.1007/JHEP04(2024)151
https://link.springer.com/article/10.1007/JHEP05(2024)065
https://lbfence.cern.ch/alcm/analysis/details/3220
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.70.054017

b-hadron production at the LHC

@ All types of b-hadrons, and their excitations, can be produced at the LHC
3 B® = |bd >, BT = |bu>, BY =|bs >, B} = |bc >

[LHC highlights and prospects]

proton - (anti)proton cross sections

10° ¢ aa , T3 10’
® o(pp - bb)ﬁ ) ~ 154.3 pub at 13 TeV in the forward region 10 Tevatron  LHC: {1
= ~60Kk bb/s inside LHCb acceptance [PhysRevlett.118.052002] 10° L ' |
10° £ : 3 10° Z"’
10 [ / o E
10° | 5 10° 8
12 @ Two approaches to study the spectroscopy 5" T 3" '
T Inclusive analysis €y | i35
LHCb v no spin analysis for two body decays © 10" £ (€ > 100 GeV) é >< 117 o
v’ large cross sections ' / 10t 2
v’ signal purity may be poor 10° | § / 1 10° 2
[ Exclusive analysis 10° [ " >
: v/ quantum numbers assighment is possible 10° E IR T
(model-dependent) 10° i_MH=125GeV{ 10°
v limited statistics 1w b 10°
@ =7 Jov v small background . sz ’ ’ .
0.1 1 10
Vs (TeV)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.052002
https://cds.cern.ch/record/2771843

Study of hidden beauty spectroscopy

[JHEP 10 (2024) 12]



https://doi.org/10.1007/JHEP10(2024)12

Study of hidden beauty spectroscopy

[JHEP 10 (2024) 12]

@ Y states
[J 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(1S) mass
[J Shamov et al resolved by reanalysing the data with interference and radiative corrections considered correctly

T Quoted error in PDG 2024 for Y(1S) decreased: 0.26 MeV — 0.1 MeV & [Phys. Lett. B839 (2023), 137766]
[ DORIS data is removed for Y(2S), error increased: 0.31 MeV — 0.5 MeV &)
@ yx, states

[J Mass knowledge largely comes from study of photon energy in feed-down from Y decays
[J Measurement of mass splitting are dominated by BaBar experiment

Measured mass [ MeV/c?]
PDG2024 PDG2022
T(15) | 9460.4+0.1 | 9460.30 = 0.26
T(25) | 10023.4 £ 0.5 | 10023.26 = 0.31
T(39) | 10355.2 +0.5 | 10355.2+ 0.5

State
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https://doi.org/10.1016/j.physletb.2023.137766
https://doi.org/10.1007/JHEP10(2024)12

Study of hidden beauty spectroscopy

@® Measurement of the mass and mass splittings using
™ Full Runl + Runll dataset: 9 fb™!
O Di-muon mode: ¥ -» u~u™

3 Di-pion mode: Y(2S) -» Y(1S)n~n ™, Y(3S) » Y(2S)n~m ™

[JHEP 10 (2024) 12]

Agree with PDG. Most precise result for Y(2S)

Similar precision to BaBar, with deviationsin 2 — 4 ¢

mres) = 10023.25 4 0.03 £ 0.12 + 0.09 MeV/¢”

my@as) = 10355.28 & 0.03 £ 0.04 + 0.48 MeV/c?

my@es) — mryas) = 562.84£0.02+0.13MeV/¢?
my@s) — Mres) = 331.86 £ 0.03 £ 0.05 MeV/¢?
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https://doi.org/10.1007/JHEP10(2024)12

Study of hidden beauty spectroscopy

[JHEP 10 (2024) 12]

@ First observation of muonic Dalitz decay yp1, = Y(1S)u~u*

My, Py =  9892.50 + 0.26 + 0.10 &+ 0.10 MeV/¢* Myyo(1P) — My, 1Py = 19.4 + 0.4 MeV/c?
_ 2
My,ap) = 9911.92 % 0.29 £ 0.11 4 0.10 MeV/c My om) — Mg op) = 157 & 1.0 MeV/e?
Moy op) = 10253.97 £ 0.75 + 0.22 + 0.09 MeV/c?
m — 10269.67 4+ 0.67 - 0.22 + 0.09 MeV/02 1P: central value agree, precision is 1.6 times worse than PDG24
X02(2P) ' ' ' ' 2P: central value agree at the level of 2.6 g, precision is 4 times worse

1P: world best value
2P: Slightly worse precision than PDG24
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https://doi.org/10.1007/JHEP10(2024)12

Study of light meson resonances in the B - (ng 1)K decays

[LHCb-PAPER-2024-045] in preparation

New


https://lbfence.cern.ch/alcm/analysis/details/3220

Study of light meson resonances in the B » (KSKm)K decays

[LHCb-PAPER-2024-045] in preparation

@® Previous studiesin B* - RYK™* decay
T BaBar: interpreted as signals from n(1475) —» K*K and n(1295) — nm*m™ Phys.Rev.Lett.101(2008)091801

Y 50 T T T T c:]—\400 C T T T
= (e) 2. (f) Q@ 30F
40 > 2
= §300 B % 20} -
g0 ~ 2 . i
@20 ©200 - L Fe
.:(2\ ....... ‘EEIOO B :Z- 01_2 kli3 l_‘4 1.5
510 g 2
> L > “m
2l ' : ' Moo
1.4 15 1.6 1Q7 1.8 1 1.2 . 1.4
My ier (GeV/c) Myrr (GeV/c™)
[ PDG branching fractions for pseudoscalars and axial mesons
Resonance Bx 106 LHCD preliminary
n(1295) KT x B(n(1295) — nr) 2.9703
n(1405) K+ x B(n(1405) — nrw) < 1.3 CL=90%
n(1405) K x B(n(1405) - K*K < 1.2) CL=90%
n(1475) K+ x B(n(1475) — K*K) 13.872-1
f1(1285)K+ < 2.0 CL=90%

f1(1420) K+ x B(f1(1420) — n7w) < 2.9 CL=90%
f1(1420) K+ x B(f1(1420) - K*K) < 4.1 CL=90%
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.101.091801
https://lbfence.cern.ch/alcm/analysis/details/3220

Study of light meson resonances in the B » (KSKm)K decays

@® Motivation [LHCb-PAPER-2024-045] in preparation

7 Study the light meson spectroscopy in the threshold region of the K$Km mass spectrum in the decays of
B* - (K{K*n™)K* B* - (K{K nt)K*
[J The interest is related to the identification of the pseudoscalar glueball and possible improvements in the
understanding of the composition of the J°¢ = 0%, JP¢ = 17+ JPC = 17~ multiplets

[ The exclusive production of resonances in B decays may be calculable and help in evaluating the quark content
(a) (b)

b L g

=]

0
_ <R
b
. v possible source of gluonium
u > u K states for b — s g process
(c) (d) v' expected contributions from
g 3 ] i o5 and il
u K
7 0
U o R
u > u u > u
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https://lbfence.cern.ch/alcm/analysis/details/3220

Study of light meson resonances in the B » (KSKm)K decays

@ Full Runl + Runll dataset with K2, ; and K&, datasets

@ Signal of f;(1285) in the threshold region

@ Complex superposition of resonances in the 1.4-1.8 GeV mass region

@® Asymmetric K**(892)/K*°(892) distributions.

® The Dalitz plots for BY - (K{K*n~)K* and B - (KK n*)K™ are different.

Preliminary
s [ i
E 3 I I (&Cb
s | I#HM+ I 9!
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y | ]
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-..1".. i
. ! I. M""'"J'
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[LHCb-PAPER-2024-045] in preparation
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il + b E I LHCb
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Study of light meson resonances in the B » (KSKm)K decays

@ Study Of the f1(12 85) mass I‘egion [LHCb-PAPER-2024-O45] in preparation
3 Well known: JP = 1%; decay to K Km mainly through a,(980)m
[ Fit with BW @ R or single BW ; Amplitude analysis under three hypo.

& 0.8 T 1 T ‘ - T T —
Fitting method x?/ndf mg [MeV] T [MeV ] > Prehmmary (@ | E * Preliminary b)
Conv 13.3/22 12835+15 27.4+5.6 =~ . ot | 2 0 LHCb |
noConv 13.6/22 1283.5+1.6 323454 < | : | 2 o
= 0.6} 2
Amplitudes —2logL Fractions ! E
(a) f1(1285), 17, PS —629.8 0.601 & 0.042, 0.392 + 0.042 0.5 17 20k |
(b) f1(1285),07, PS  —224.5 0.164 = 0.041, 0.784 & 0.104 :
(c) F1(1285)1%, PS, —649.5 0.577  0.043, 0.766 + 0.101 041 |
1(1295)0 0.129 £ 0.050 o U IUUEE SR |
. 03 04 05 06 07 0f 0.6 0.7 08 0.9
PDG averages: = 7P‘rehm‘"Ta‘r¥ — : m(K ) [GeV'] m(K37m) [GeV]
: 2 80 : : : — ‘ ~ —
- m=1281.9 + 0.5 MeV é i LHCb : ] E E Preliminary (Ldk)[Cb
- F == 227 i 11 MeV E \[‘_:‘ i LHCb g 401 9fb! ]
e 7 a0 T R |
'c% Tg I : — Py | .'_c:; 30¢
@] 5 TPC_ ot = C
3 -+ =0 5 0
"l 17
i 10[- s
Lis 12 1.25 13 13 0 . RE ‘s 0.7 08 09
m(KK ) [GeV] m(KK) [GeV] m(K ) [GeV]
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Study of light meson resonances in the B » (KSKm)K decays

[LHCb-PAPER-2024-045] in preparation

@ Amplitude analysis of the full low-mass

[ Evaluate the differences in fractions and relative phases between the two B* decay modes.

Resonance Decay \ Af a1 (0P \ Ao o1 o2  LHCD preliminary
n(1475) K*K 0.5+£1.5+1.8 035 0.23 - - -

apT —04+06+05 072 054 | 0.26+£0.24+0.20 1.10 0.84

PS 6.3£25+35 253 147 | -0.24+0.15+0.18 1.61 1.04

Total ‘ 6.4+3.0£39 216 1.30 - - -

7(1760) K'K |-11+£06+06 192 137 | —-037+0.21+£0.34 1.79 0.92
agm 0.3£0.5£04 051 0.41 | -095£0.19£0.31 495 2.59

PS  4113+3.0+58 3.76 1.74 | —0.324+0.12+£0.29 2.62 1.01
Total 4121+44+58 278 1.67 | - - -

1(1405) K*K 1.2+£0.8£2.0 150 0.55 | —0.09+£0.15+=0.27 0.61 0.29

|

PS  |-11408£12 147 0.78 [ —0.1940.174£0.34 112  0.49
Total | 0.14£1.1£23 0.05 0.02 | - - -
f1(1285)  apm  [-01£034+03 031 0.21 0.1£02+£03 070 0.36

f1(1420) K*K 48+£09+£27 562 166 | —-04+£01x04 3.28 111

h1(1415) K*KS [-8.64+1.54+4.01 |5.80 2.00 3.0+ 0.1+0.6 26.69 5.07
K*KD | 1.0+044+03 251 1.96 24+£0.11+£05  21.57 5.26

Total |-7.7x15+£41 5.00 1.77 - - -
1510) K*K 0.3£05£3.0 057 009 | -035£0.13£0.52 275 0.65

fi(

h1(1595) K*KS |[-96+1.7+31 578 274 | —2.76+0.10+0.52 27.60 5.25
?72(1645) K*K 0.84+0.3+08 297 091 0.13+0.16 =0.13 0.83 0.65
PS —068+35+5H8 195 1.01 028 +0.11 +=0.22 246  1.13
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Study of light meson resonances in the B » (KSKm)K decays

[LHCb-PAPER-2024-045] in preparation

@ Partial waves decomposition
T The K?Kn mass spectrum is dominated by the presence of JF¢ = 0~F, JP¢ = 1**and JP¢ = 1%~

Preliminary Prellmmary Preliminary
% 13 (a') T T T T " ' T T T ! |- % (b) T " T T T ! T e % f (Ejl) T T T ‘+ T T |
2 | oy W 0 * ] 2 | L W 1] 2 o
5 - 9fb! ] 5 - 9fb! 1 o i [
S 200 1a7) HW b %200— b (1415) HW bt o T 200r mmback "
£ b n40) Mﬁw} 4 ++ I ) MW 4 ++ 1 & | —
S F eem(1760) 4 {m 7 =R f(l420) ¢ @ o3
o (KOk-m Vit 2| #oz ooy A
- (KS K™ n )K SENE S hy(1595) F& 1 S
O_ . R . 0_ e s & 0_ ol
1.2 1.4 16 1.8 1.2 : : : 1.2 1.4 1.6 1.8
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% 300" T T T S 300f > 300 (b) ' | =
R P&# 0" 27} 3 [ LHCb
s T W’ 0 v [ 9!
L (Wi o ¢ |
+ Ot N4 52000 —ﬂgij@; bt #1‘ +}+ 4 B 200f $ 200
LC)CB i £ S ~v__”__:”7 Lc):“ 7 § i
100 100 100F
. o I
0_ / e S . e ‘ 0
1.2 1.4 1.6 1.8 12 1.4 1.6 1.8 1.2 14 1.6 1.8

m(KXK ) [GeV] m(KK-n) [GeV] m(KK ') [GeV]

% Yuhao Wang LHCb Implication Workshop 17


https://lbfence.cern.ch/alcm/analysis/details/3220

Study of light meson resonances in the B » (KSKm)K decays

@® Measurements of branching fraction
[ In LHCb-PAPER-2022-051, the total branching fractions have been measured
7 The BF for resonance R® in B* - R°K* with R - KOK*n~

[LHCb-PAPER-2024-045] in preparation

LHCD preliminary

Final state reference B(x107) Contributions B(BT — R'KT) x 107
BT - K'KtTK—=t 1, 32284033197 £ 7.17 BT — n(1475) Kt — (K K)KJr 1.494+0.15+0.15£0.13
I 34.01 +0.74 + 0.91 + 3.10 BT = n(1475) KT = (ag(980)~aT)KT  0.19 - 0.05 - 0.05 - 0.02

average  32.57 & 0.30 & 0.83 & 2.85 Bt = n(l475)Kt - (KK« +)K+ 2.10 +0.29 + 0.30 £ 0.18

Bt 5 K'KtKta™ 1, 26.56 + 0.31 4 0.68 & 5.90 Bt - n(1760)K+ — (K*K)K 0.27 & 0.05 = 0.04 + 0.02
Jfb 28.01 % 0.68 =+ 1.35 & 2.55 Bt — n(1760) K+ — (ag(980)" 7)) K+ 0.28 £ 0.05 + 0.03 & 0.02

average  26.81 +0.28 +0.61 + 2.34 BT —» n(1760)KT — (K'K 7 h)K ™" 1.64 +0.25+0.37 £ 0.14

Bt — n(1405) Kt — (K*K)K* 0.48 £ 0.08 + 0.26 & 0.04

Bt — n(1405) K+ — (KK~ 7 H)K+ 0.73 +0.08 + 0.11 4 0.06

Bt — f1(1285)K+ — (ao(980) "7 T)K+  0.27 £ 0.03 £ 0.02 £ 0.02

Bt = fi(1420)K+ — (K*K)K+ 1.58 +0.10 & 0.30 £ 0.14

Bt = fi(1510)Kt — (K*K)K™* 0.40 + 0.05 + 0.16 4 0.03

Bt = h(1415)Kt — (K*K)K* 1.84 +0.14 £ 0.27 £ 0.16

Bt = hi(1595) K+ — (K*K)K* 0.73 £0.11 + 0.12 £ 0.06

Bt = np(1645)K+ — (K*K)K+ 0.22 +0.03 + 0.11 £ 0.02
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Observation of B} — J/yn*n® decay

[JHEP 04 (2024) 151]



https://link.springer.com/article/10.1007/JHEP04(2024)151

Observation of B} — J/yn*n® decay

@ Motivation

[JHEP 04 (2024) 151]

D Tree_level b > C tranSItlon B Likhoded& Luchinsky 2009 |16
BgL a.]/xler’frU Likhoded& Luchinsky 2009  [16]
[J Various prediction values B Likhoded& Luchinsky 2009  [16]
. . + + Bé——)J/ll)ﬂ+ Zhang 2023 17|
= spin-counting: 3 X B(B; = J/Yyn™) o N
[J Study the structure of intermediate states Chang&Chen 1992 [19)
. . . . Liu&Chao 1997 [20]
= potential tiny contribution from p(1450) [PhysRevD.61.112002] Colangelotee Fari w07 bl
Abd El-Hadi, Munizé& Vary 1999 |22
Ebert,Faustov&Galkin 2003  |23|
Ivanov, Kérner&Santorelli 2006 [24]
a Hernandez, Noeves, &Verde-Velasco 2006 |25
¢ Naimuddin et al. 2012 [26}27]
+ ot aF
7 9 p 9 al 9 v Qiao et al. 2012 |28
W—|— u Rui&Zou 2014 129]
E C * Issadykov&Ivanov 2018 30
< < ¢ Cheng et al. 2021 |31
B;'_ J/ll) Kiselev,Kovalsky&Likhoded 2000 [3233|
- Wang,Shen&Lu 2007 [34)
C C
4 5
* Full Runl + Runll dataset: 9 fb™!
LHCb Implication Workshop 20
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https://link.springer.com/article/10.1007/JHEP04(2024)151
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Observation of B} — J/yn*n® decay

[JHEP 04 (2024) 151]

@ Strategy

[ Measure the ratio of branching fractions between B} - J/Yn*n® and Bf - J/yn?
B(BE =] /¥p*) _ Nyt epr 1 Bergpprtao

B(BF - J/ymt)  Np+ €p+
3 The Bt - J/YK** (- K*n°) decay is used to correct the detector resolution
[J The possible contribution from p(1450) is considered in simulation

BBCMJ/Iprﬁ

@ Results
3 The Bf - J/yYntn® decay is dominated by B} — J/yp* with a small admixture of Bf — J/p(1450)*
Bot s homt
R = 2T 980 4+ 0.15 % 0.11 £ 0.16
BBj’—)J/tler
— 200——— — 400 —
= 1g0F 4+ dua LHCh ] = 3500 LHCH 4w
= jeof T B e o 3 R LA G 8 t{C RO
= £ total . ) E otal
g 1F E = 250F N
= 120 l = S F Jr E
= 1001#“} M E 200 + E
S 80% Hw ‘“ E 1505 f - E
60F- M%MH E e 4 + E
40f- HHf : . = S0 i +++++++++ F
201 MMQM#W#MMH . E Oi_:h%‘*: 77777777777777777 +¥%;
ok . R T P S U N ] 2 3 4 5
6 6.5 7 0.5 1 1.5 ,
T [Gev/e?] (" [Gev/?] R
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Measurement of the BF of B — J/yr® decay

[JHEP 05 (2024) 065]



https://link.springer.com/article/10.1007/JHEP05(2024)065

Measurement of the BF of B? — J/yr® decay

@ Motivation

[JHEP 05 (2024) 065]

[ Constrain the phase shift from hadronic penguin topologies to improve the precision of CPV measurements
(sin(2B)) in the golden channel B® - J /K¢

T The BaBar and Belle collaborations reported evidence of indirect CP-violation in B® —» J/ynr° decays
(comparable with B® — J/1K?), as well as the branching fraction.

@ Goal: new measurement competitive with Belle 2018 results using Runl & Il dataset ~ [Phys:Rev. D 107 (2023) 052008]

Iy’ Scpvs Cpp  FEET

_ CGP
T T r ]
T'( BY — J/4(18)7%) /Tt Tooe /T — 0.6 r 3 ] BaBar.
( /P(L8)7") /T total 223/ ; 7] Belle
04 r B Average J
Cl% DOCUMENT ID TECN COMMENT 02 r
1.66 +0.10 OUR AVERAGE 0 b koS L
1.62 +£0.11 +0.06 ! PAL 2018 BEL et em = T(45) 02 b
1.69 +0.14 +0.07 T AUBERT 2008AU BABR et e — 1(49)
04 F
2.5 755 +£0.2 ! AVERY 2000  CLE2 et em — T(45)
-0.6 ; \ ‘ ‘ . ;
-1 -0.8 -0.6 -0.4 -0.2 0
. . 5 SCP
Contours give -2A(In L) = Ax” = 1, corresponding to 39.3% CL for 2 dof
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https://link.springer.com/article/10.1007/JHEP05(2024)065
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Measurement of the BF of B? — J/yr® decay

@ Strategy

[ Measure the ratio of branching fractions between B® —» J/¢Yn® and Bt - J/YK*°

B(B° - J/ym?) _ Npo €Ep+

B(B* = J/YK**) Ng+ €go

-B(K** - K*n?)

[JHEP 05 (2024) 065]

T Enlarge the m° mass window to part-reco, combinatorial and random photon background

@ Results

Bpo_ o

Bp+ s jpprce+

= (1.153 £ 0.053 & 0.048) x 1072

Competitive with the most precise single measurement

Bio_y gm0 = (1.670 £ 0.077 £ 0.069 = 0.095) x 107°

. L e e e L a 2000 FT T = —— , , ,
950 LHCbom!' 4 s B ol S
=7 o 1 = : LHCb 9fb ] —— LHCb 9fb
< [ — Total < 1600 =
= X : = C — Total E
S | [ . o 1400 F =
\C:], : —+ - /’Lﬂ- :1200 A I B+ — .]/'lf"‘)h’*Jr _:
— 1rn E , ] ~ o ] —— DBelle 2018
5 PUF Bie = Jfp? 2 1000 =
g - 9 : B — JYK*n
< 100 B B® = JK3 5 800 F E
il L s C ; ~ /7 0 ]
H\j: [ Random ~ E 600 E Random v/ = —— BaBar 2008
@ ] < PP o 3
O 50 | Combinatorial O 400 2 Combinatorial | PDC 2022
200 F 3
0 P I bl P s o By e AR, oy -] 0 - w 1 " N . . X . . . 1 . . . 1 . ,5 1 . . ,5 1 .
5500 6000 6500 5000 5500 6000 1.2 1.4 1.6 1.8
m(Jpr®) [MeV/¢?) m(JK+7%) [MeV/c?] Bpo_ jppmo X 10°
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Summary and prospect

@ Recent beauty meson spectroscopy results presented in this talk

T T T T T T T T T b
LHCb Preliminary 2024

= 30000
[ Mass measurements: = + Data ]
2 25000 “—— Signa ]
v Y(25),Y(3S), x5 (1P), x5 (2P) 2 Compinatorial -
=~ S PartReco
[ New decay modes: £ 20000 t E
+ +.0 < ! 430pb™1
v B - ]/Yyntm 2 15000 | .
@) L
v -t N i
Xp > Y(AS)u ™ p 10000 Bt > K]/ -
3 BR(B® - J/yr®) (improved) ; ;
5000 -
[J New information in light meson spectroscopy : LHCb-FIGURE-2024-007 ]
0 00 5400 5600
: . . : K*p*p) [MeV/c?
@ In Runlll, the LHCb experiment will keep making important ) IMeVIE]
Run 1 Run 2 Run 3 Run 4 Run5 Runcé
contributions to heavy hadron spectroscopy with E g B 2 T
e 14 1 = 1 1 - .:'=300£
[ Higher luminosity §1§Z - p——_ _.-"":/3;25“%
T Upgraded detector (e.g. UT) N e e // EM
2 E Baseline plan K '—;15°§
[ Improved techniques (e.g. full reconstruction in software trigger) E 2_ j'/ F1003
¥ I cog—— Feo &
ad .. | e . M, L3,
2010 2015 2020 2325a . 2030 2035 2040
@® Today’s discovery, tomorrow’s precision tool to test QCD Thanks a lot for your attention!
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The LHCb detector

@ A general purpose detector covering the forward region: 2 <7 <5
@ Excellent tracking, particle identification and trigger systems
@ Perfect conditions for both precision measurements & observations of new states/decays

@ Successful operation in Runl and Runll with various collision systems (pp, p-Pb, Pb-Pb)
@ So far 75 hadrons have been discovered at the LHC, of which 67 by LHCb

11 5 1 1 1 1 1 1
11.04 |75 new hadrons at the LHC| e bb ® cqq W baq
' ® bg ® cccc cqq
X6(3P) Xo2(3P) cé fael cCi
10‘5;’ © Xo1(3P) ¢ - ¢ C{ _ - 999 e
cclaq) ® cGag
1.5 o
Vertex Detector
7.0 A1 B.(25)* .52(25)* Teec:(6900) L Ve truct ert' °
o E‘Qi’n (6350 o (6500) drecons .ruc ve! ;ce§ it
6.5 g N(E15200 003801 6570 maEnn - - decay time resolution: 45 fs
6.0 (594510 A,(5920)0 Eh(5955)- B,(5970)*-° ] ] . .Eh(GmOTi 5:(6087)“ | [mpact Parameter
: .,\D(SQIZ,u =1 (5035) .s,(ssaophﬂ Ip(6097)"  A,(6070)° B, (6114)° resolution: 20 pm
— s L Z5(6097) B, (6063)°
~ . 1
&
2 5.0
1G] Xeo(4700) Xc1(4685)
= Pce(4450)* Xco(4500) Pee(4457)" @(4630) L
w 4.5 Yl4274) Pe:(4440)* ) . Pees(4338)° he(4300) [ -
n Xc1(4140) " “ N Tea(42200 W
© P-(4380) P.:(4312) Teee1(4000)* T.ea(4000)° _ Xc1(4010)
s 4.0 w(3842) ° ®},(3000)
L T.Ga7s)  X(3860)
3.51 Q.(3327)°
0,13000)*° ) X EETH . X 0.(3185)°
3.0 D,(3000)° @ D;,(2860) A(2860)*_ - O(3066)° Z(2939) Tes0(2900)° T.:0(2900)**
D,(2760)" ) Q,(3050)° z2o2zp | @7a(2900)° 7 2900)
m(zumuz D; (2760) Q:(3000)° - ®p,,(2590) -
2.5 D)(2580)° 0 Dipole M t
ipole Magne
2.0 T T T T T T T T T T T T T bending power: 4 Tm
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 ’
patrick.koppenburg@cern.ch 2024-07-22 Date of arXiv submission

[https://www.nikhef.nl/~pkoppenb/hadrons//Masses.pdf]

RICH detectors
K/m/p separation
e(K—K) ~ 95 %,
mis-ID e(n—K) ~5 %

[WMPA 30 (2015) 1530022]

[JINST 3 (2008) S08005]

Calorimeters
energy measurement
e/vy identification

Tracking system

momentum resolution
Ap/p =0.5%-1.0%
(5GeV/c-100GeV/c)

AE/E=1% @10 %/VE (GeV)

Muon system
 identification
e(u—>p) ~97 %,

mis-ID e(n—p) ~1-3 %
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LHCb dataset

@ Runl: 3 fb~! pp collision @ 7,8 TeV
@ Runll: 6 fb~1 pp collision @ 13 TeV

LHCb Integrated Recorded Luminosity in pp by years 2010-2024

3

— .01 >:<1 0 : : : . 2024 (6.8 Tav): 8.03 /o
£ : : ; : . 2023 (6.8 TeV): 0.37 /b
= : ™ 2022 (5.8 TeV): 0.82 /b
:ﬁnog e T s . 2018 (6.5 TeV): 2.19 /fb
= é : : : ® 2017 (6.5+2.51 TeV): 1.71 /b + 0.10 /fb
=0.008 __ ................................... ....................................... ......... &  ZDIE{ES5TeV) 167/
w : 5 : : 2015 (6.5 TeV): 0.33 /o
o . 2012 (4.0 TeV): 2.08 /b
E UDU? _ ................................... ....................................... ..... 2011 (3.5 TeVi: 1.11 /i
E i : 2010 (3.5 TeV): 0.04 b

Month of year

https://Ibgroups.cern.ch/online/OperationsPlots/index.htm
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Observation of B —» y.m* decay

[JHEP 02 (2024) 173]



https://link.springer.com/article/10.1007/JHEP02(2024)173

Observation of B} —» y.m" decay

[JHEP 02 (2024) 173]

@ Motivation
O The B = x.1,m" decay with x.; , = J/iy channel never were studied (only evidence for Bf = (= K*K)n™)

[ The partial width ratio of A} = y.,pK~/AY = x.1.pK~ or AY = y.,pn~/AY - y.pm~ are measured to be almost equal
B (Aob — X_CQI)T[i)
B (Ag — Xc1P7TT
B (Ag — Xe2PK™
B (A«g — XclpK_

= 0.95+0.30£0.04 £0.04

)
; — 1.06 + 0.05 + 0.04 + 0.04

O The partial widths for B® - y.,K*° show significant suppression compared to B® - y.K*°

B(xc1 = 1/¥y)
B(xc2 = 1/¢y)

= (17.1 £5.0(stat) £ 1.7 (syst) £ 1.1 (B)) x 1072,

( -« = Tc-f-
b E }Xc M
b

By S w B?
o JEI@ ;

BB? — x2K*)

= -2
BEI S Ky — 074 E286(sta) £0.97 (syst)) x 1072 x

o Ql

o, wl
o

d(s)

= additional measurements are required to test the theory predictions and clarify the role of QCD factorization
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Observation of B} —» y.m" decay

[JHEP 02 (2024) 173]

@ Strategy

[ Measure the ratio of branching fractions between Bf — y.,,n and B - J/yn™

BBEI-—>Xc1,27T+ . N

Bd—xc1,2m" % EBE It
BB;"—>J/1]) it NB;"—>J/1I) yss 8Bj__>Xcl,2 ya

@ The Bt - J/YK*t (- K*n°) decay is used to correct the detector resolution

@ Results
10— e
% : |£| deitu . LH(;P : LHCbh 2023 (90% CL) L BBSF—H(cQWJr _ 037i006i002i001
=~ 80 g*:::;i 9fb 1 C.-H. Chang et al. [70] . BBér_>J/¢7T+
S i B o Japrct 1 D. Ebert et al. [71] ° B.. ,
? - ltJ;l(;‘klground __ E. Hernandez et al. ’72] . —BBC Xl < 049 at 90% CL
{J-é 60 ﬂ 1 M. A. Ivanov et al. (73] . B —xcomt
'_d 0 n .
i 401 HJ[ + H * + J( _ Z ;{' .Klselev et al. {351} Agree with theory expectation for
= i . Rui e }
~ ﬁ% i WHW ﬁ b || bW F9 the suppression
20H-t e L iy Ugisissd RIS |
: i ﬂ”—% o 02 04 06
b A Byt on
6 6.1 6.2 6.3 6.4 (;.5 B]ﬁ;;,zw
Myt |GeV/c?] * Full Runl + Runll dataset: 9 fb~1
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