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Quarkonium studies at. LLHCDb
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A Predize pueanetes b ¢.,(3930) and y(3770)

Precise charmonium studiess @LHCDb
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Why. (precise) quarkonium -studies? %

AMamp \exotlich statds firone 2002fwithot-y2tluhid2ssdoddatitiere
pr@\mmus presserttditioasrfrom Belle, BES-III, Belle 11 and LHCb
A Theonyisswazyyopeididio preriedintiohcvtevenrmer@steangeolsjects
Vanmus Kindis off teteaguakies, moleculas, hadredharmana, .. €
bM%dmrds"Lnf quarkipniaowithh meew e ts ceqg. M beedbar
A Precuse measurements are arucialfomiategiagbation
ggel(3872 mass (and shape)
A Some statbes eexpettddnifQudrk Miedel areohidufelnet yet
Crucial and vitdlisssge!
A Witloou caompdést @ar dvaie lintheletsbolod quarkonium basic iitissveeyyldii€ficult
o jjudgeconttherattierefefxeio tiaktates
A Empantdanfof arpeiecise B-physics, e.9. understharidingasf Db dynamics (e.g.
w(3770) shape) for B —H8K decays (and studlyaff CP violation)
é. full list df arguments isdtioo largd geufitogethet margindi t
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LHCD

LHCDb I1s'universal :detector

... well suitetdfdor charmonium stuwd s

AHuge cdcross-section:
boﬂhcmmn amd fhthbden adteanm
A P fullttiggger:
thtcmi dimuon fiivadlsatete
A Hiigh effificienciof epepernaharmbtadions
DY%K-p*, DY K-p'p* and many others
A far(@deraabe)fylheHoaoriciniusive b- hadrmmdeS
g. bBX X)X or bHXYBHHHX , .
A Parttitdeddentickigahiontwidiosuperb pz-»Ke»lpseparatiwn
A crudill fhoratuwistetionion bfchadioaiatssates
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D A near- threshold spectroscopy

LHCD
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DA mass spectra niLe,

New! LHCDb-PAPER2019-005
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LHCD

3.80 <m(DA)< 3.88 GeV(?

LHCb-PAPER2019-005
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3.8<m(DA)< 4.2GeV/c?

LHCD

LHCb-PAPER2019-005
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LHCD

m(DA)< 3.88GeV/c?

i<

LHCb-PAPER2019005
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Systematic [ MeV/c2-or MeV]

LHCD

LHCb-PAPER2018-005

X(3842) Xc2(3930) P(3770)
Source 0, Op 0, Op 0,
N [MeV/e?] MeV MeV/c? MeV/ MeV/c?
Signal model 0.02 0.02 0.01 0.1 0.62
Resolution 0.31 0.20
Background model 0.13 0.1 .81 0.03
Momentum scale 0.07 — 0.05 —
D meson mass (.10 — 0.10 — (.10
Sum in quadrature (.12 (.99 0.19 .89 .63

For alll measurediquantities ssysteratic is smatlefl tharhstatistical luncentaiatyrainty
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LHCD

DA near-threshold spectroscopy

LHCb-PAPER 2019005
ANI@W narioow dtdte X(3842)is obserwad
m = 3842 7180, 16M0. 12 MieV/k2
G=  2.79M).5IM0.35 MV
A Consistent withrezgpeteied 13D, statte y;(1D) with JFc=3—
APrecise measurements ffor ¢.,(3930)and y(3770) paramet@is
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LHCD

Precise ¢;, & C,, parameters

using @, »Y+ )4 m PRL119(2017) 224801

I R D ; 4-muon fiimall stka¢eideaalofor
E 20007 LHCD 5fl5? # fit result ~ hadr@mm machines
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https://doi.org/10.1103/PhysRevLett.119.221801

LHCD

% Precise c;; & €., parameters
using Gy oY+ J N Lt PRL119(20170221801

m(xe1) = 3510.71 4+ 0.04 (stat) + 0.09 (syst) MeV
m(xe2) = 3556.10 £ 0.06 (stat) 4= 0.11 (syst) MeV | m(xc2) — m(xe1) = 45.39 £ 0.07 (stat) £ 0.03 (syst) MeV .

['(xe2) = 2.10 £ 0.20 (stat) £ 0.02 (syst) MeV .

-
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New avg: 351067 +0.06 New avg: 3536.16 £0.07
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https://doi.org/10.1103/PhysRevLett.119.221801

h(25),

C. parameters
using b Y{(X(KhXY
y eﬂardirmdi ﬂ>¢f-pa|rs Exzﬂldaznkkaari I0sisroeidial

LHCD
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https://doi.org/10.1140/epjc/s10052-017-5151-8

LHCD

h. h(2S) c. parameters

USiﬂQ b-Y (X (KMDXY Lricp 31 EPICTT(2017)609

Measured value | World average
My.s) | 29828 £ 1.0£05 | 29834 £ 0.5
%—fm 3413.0£1.94£0.6 | 3414.75 £ 0.31
M,, 135084+19£0.7 | 3510.66 £ 0.07
M,, |3573+£1.7£0.7 | 3556.20 £ 0.09
M, (2s) | 3636.4+£4.1£0.7| 36392 £ 1.2

Das) | 3L4+35£20|  318+08 [Zefwa ., =
[y - n3tH G e g

Measured value | World average| oF @ -
M, =M, 0427201 9591 £ 083 =F -
Mo, -M,, [ 1443+26402 ) 41454032 | Lf B
M5 = My 1) | 6935 24204 | 655.70 £ 148 B .
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https://doi.org/10.1140/epjc/s10052-017-5151-8

h, parameters via_ I'T decays  iS2

.. LHCb 3fiy?
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https://doi.org/10.1140/epjc/s10052-015-3502-x
https://doi.org/10.1016/j.physletb.2017.03.046

LHCD

h. parameters via | T.decays

PLB769(2017)805| EPIC/A5(2015)8/11

e [presdise s/ ineass dditfenercesnand i, widtth
are imeasured wm @satlisiwe B-Y> pfp K- decays

| | State ~  Signal Yield
My = My 1s) = 1102405 £09MeV, || 755 nom res. 11216 % 179
J/) 6721 =93
My (os) — My (25) = 5254 LT +0.6MeV, o 84429
el 95 + 16
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Y (25) o588 £ 30
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https://doi.org/10.1016/j.physletb.2017.03.046
https://doi.org/10.1140/epjc/s10052-015-3502-x

Br(y( 2 SninY)via L, Y y(2SpK- Kisk

JHEP605(2046)13
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https://doi.org/10.1007/JHEP05(2016)132

LHCD
HCD

Summary

ALHCb IS @ universall tgeetdor
Awell suitketdfdor predise measurements of convertioedl charmonia
A in lepttonic, hadrariic and open charm ffildlssiteies
A lottad fesidteitith Run-l (3fb*) and (parttosf ) Rui-ll (6tb) data
New rezultssstdeted tonppeavitivitte the falheeitaset 9fb*
Near-tiessioadd Dﬁ SPEC“'WW‘ The first 9fb!
A Obserattioncif X(3842) y,(1D) candidate, 1D, ™" -
The ffigist spin-—-3 charmonium statte, JFC=3—
A Precise measurement @f ¢.,(3930), w(3770)
% Precise measurement of ¢, ®.,, A, , 1(2S), ... €

CParasitia measurements| ean belinterasting dnd kavedntenesting i T
precson

More ia pipeline .pi pel i neg ﬁmytwww!
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% é doi ng _wohdrhoniav i %

All conventional charmonia states with m<4GeV/E?

Observed by LHCDb

Most precise measurement from LHCb: 2019
Most precise measurement from LHCb
Non-yet observed = -------------

LHCb-PAPER2019:005
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