Modern aspects of light-quark and
charmonium spectroscopy at BESII|

Nils Hisken
on behalf of the BESIII collaboration

Workshop: Recent results and perspectives in hadron physics
Orsay, October 17th, 2022

INDIANA UNIVERSITY BLOOMINGTON

ACTIONS

2
>
2
m
0
c
D
m



The BESIII Experiment
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|- symmetric, double-ring e*e™ collider
f - energyrange: 2 GeV < /s < 4.94 GeV
Y * luminosity: 10°° cm™*s™" (at 1(3770))
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BESIII
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BESIII

2.7x10% 1 (25)
~260x10° y,;

light hadron spectroscopy
n & n' decays
charmonium transitions
hyperon physics
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Prog. Theor. Exp. Phys. 2020, 083C01 (2020) and 2021 update

5000

—~3.2 b at 4178 GeV|

— D meson decays
— DD pairs

— ISR processes

— yy physics

~22fb7tin XYZ region]

— XYZ spectroscopy

— XYZ decays

— open-charm production
— charmed baryons




Light hadron spectroscopy

w INDIANA UNIVERSITY BLOOMINGTON




Radiative J /Y decays

* aunique laboratory for light hadron spectroscopy
— clean, high statistics sample
— well-defined initial state JP¢ = 17~
— gluon-rich environment

hadrons H | __ hadrons

g9 qqag

eConf C020620 (2002) THATO7
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Radiative J /Y decays

* aunique laboratory for light hadron spectros
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Radiative J /Y decays

exotics
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Radiative J /Y decays

* aunique laboratory for light hadron spectroscopy
— clean, high statistics sample
— well-defined initial state JP¢ = 17~
— gluon-rich environment

hadrons H | __ hadrons

g9 qqag

eConf C020620 (2002) THATO7

» searches for scalar, pseudo-scalar and tensor glueball candidates,
iso-scalar partners of the spin-exotic J°¢ = 1~* hybrid candidate m;(1600)
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Radiative J /Y decays

« structuresin /Y - yn'ntn~

PRL 95 (2005) 262001 PRL 106 (2011) 072002 PRL 117 (2016) 4, 042002
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PRL 95 (2005) 262001
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Radiative J /Y decays
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Radiative J /Y decays

<103 PRL 129 (2022) 4, 042001
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Radiative J /Y decays
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Radiative J /Y decays

arXiv:2202.00621, arXiv:2202.00623
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Radiative J /Y decays

arXiv:2202.00621, arXiv:2202.00623
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Radiative J /Y decays

* scalar glueball decays t0,7777 expected o arxiv:2202.00621, arXiv:2202.00623
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Light hadrons in open-charm decays

« BaBar recently observed an a,(1710)
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Light hadrons in open-charm decays
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- a,(980)-f,(980) interference
- ay(1710)-f;(1710) interference - a,(1710) needed!
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Light hadrons in open-charm decays
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Charmonium(-like) states
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Charmonium

« QCD-analogue to hydrogen atom / positronium
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Charmonium-like states
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several unexpected states observed

PRL 91, 262001 (2003)

PRL 110 (2013) 252001
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Charmonium-like states

PSR o0 » several unexpected states observed
— K PRL 91, 262001 (2003) PRL 110 (2013) 252001
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Vector states
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Vector states: Open-charm production

e i
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Vector states: Hidden-charm production

PRL 95 (2005) 142001
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Vector states: Hidden-charm production
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Vector states: Hidden-charm production

width (MeV)

different channels show (slightly) different masses and widths
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coupled channel studies are needed!
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Vector states: Hidden-charm production

width (MeV)

different cha
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Charged charmonium-like states

wel » openly exotic with I = 0 (g # 0)
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Charged charmonium-like states

ie » search for an open-strange ccsq partner Z
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Charged charmonium-like states
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Charged charmonium-like states
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On Xc1 (3872)
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On Xc1 (3872)

« new production process ete™ - wy.;(3872)!
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Summary and Outlook

BESIII is taking data since 2008

broad physics reach

o light hadron spectroscopy & decays
open charm physics
(exotic) charmonia

O
O
o precision measurements (R, TFF, ...)
O

several new data sets currently being analyzed
o first exciting results from new J /3 and XYZ data
o many analyses in progress, plenty of results to come

data taking is ongoing
o new: 2.7 - 10% (25), soon: 20 fb~! at the ¥ (3770)

INDIANA UNIVERSITY BLOOMINGTON BESIII White paper: arXiv:1912.05983
Chin. Phys. C 44, 040001 (2020)




Summary and Outlook

« BESIIl is taking data since 2008 > first data at higher c.m. energies
4.7 GeV < +/s < 4.94 GeV is available

» broad physics reach
o light hadron spectroscopy & decays » further upgrade in energy (5.6 GeV)

o open charm physics and luminosity (BEPCII-U) coming
o (exotic) charmonia

O
O

precision measurements (R, TFF, ...)
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« several new data sets currently being analyzed

o first exciting results from new J /3 and XYZ data
o many analyses in progress, plenty of results to come
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