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BEPCII: Beijing Electron Positron Collider
symmetric e e collisions at Ecm between 2.0 and 5.0 GeV

BESIII: Beijing Spectrometer
a versatile detector covering 93% of 4x

ete” wataJ/Y; J/— ptuT I

XY View

running since 2009 at the Institute of High Energy Physics in Beijing, China
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Hadron Spectroscopy at the BESIII Experiment

EXAMPLE CURRENT FUTURE
TOPIC ACHIEVEMENTS DATA SETS PROSPECTS DATA SETS
LIGHT MESON Jr — yrrn' 10 billion glueballs, hybrids,
JW — yan coupled-channel
SPECTROSCOPY Jy — ynn' J/yr decays analyses
LIGHT BARYON 5@% i 2.7 billion mf;’z;h ey’; 2’510;5;’2';;” no plans
e 2S)d ’ ’
SPECTROSCOPY w(2S) — A w(2S) decays charmonium decays (analyze current data)
w(2S) — y + ccbar rare and precision
S(lj)gé;{ll\{/loosl\ggllx{ w(2S) — 7 h. transitions,; properties
decays of n. & he of w2, search for ne:...
data; coupled-
“Y” MESON ee — 7Z'7Z'J/II/ more ’
ee — may(2S) channel analyses of | BEPCII-U UPGRADE:
SPECTROSCOPY ee — D*D* ete” cross sections
C — ¢ cm s
SPECTROSCOPY 7¢5(3985) — DsD* at Ecm above 4 GeV coupled-channels... for Ecm above 4 GeV
“X” MESON ee — yX(3872) increased precision (2) maximum energy
X(3872) > myer and searches for new increase from
SPECTROSCOPY X(3872) —» DD* X(3872) decay modes 5t0 5.6 GeV
CHARMED MESON | ee— Ds*Ds*(2317) >3 fb~! above AcAc access to more D and ie?;i%%iaerieéia\?a
PECTR PY DsD(*)K Ds exci :
SPECTROSCO ee — DsD(*) threshold excited states (plans are being made);
CHARMED BARYON access to l‘]’l@ Zc, Ec, Qc and eXpaI‘lded Cnergy
SPECTROSCOPY deC'ClyS Ofthe Ac (and excitations)’ reach into new

and possibly the P

territory
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LIGHT MESON
SPECTROSCOPY

Jly = yata™n' (58M J/y)

PRL95, 262001 (2005)

Jly = yata~n' (1.1B Jly)

PRL117, 042002 (2016)
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—> Improved statistics bring new
challenges and opportunities.
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LIGHT MESON
SPECTROSCOPY

Jr — yran' 10 billion glueballs, hybrids,
Jw — ynrx Ty decavs coupled-channel
Jiw — yni 4 4 analyses

JPAC, Coupled-channel Analysis of J/y — yzar and yKK

EPJC82, 80 (2022)
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—> Multiple channels must be analyzed simultaneously
to probe coupled-channel effects.
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LIGHT MESON
SPECTROSCOPY

Discovery of the 1,(1855) in J/yw — ynn' (10B J/y)

arXiv: 2202.00621
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= Hybrid mesons (or at least exotic J*'© mesons) are also
produced in J/y radiative decays.
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— Baryon spectroscopy can be advanced using
w(2S) and other charmonium decays.

Ryan Mitchell (Indiana University) — Hadron Spectroscopy at the BESIII Experiment



https://inspirehep.net/literature/1437949
https://inspirehep.net/literature/1373915
https://inspirehep.net/literature/2023411
https://inspirehep.net/literature/1120737
https://inspirehep.net/literature/1227512
https://inspirehep.net/literature/1261765
https://inspirehep.net/literature/1515500
https://inspirehep.net/literature/844484
https://inspirehep.net/literature/1724880
https://inspirehep.net/literature/1700940
https://inspirehep.net/literature/1495838
https://inspirehep.net/literature/1933191
https://inspirehep.net/literature/1989527
https://inspirehep.net/literature/1225275
https://inspirehep.net/literature/1604892
https://inspirehep.net/literature/1253362
https://inspirehep.net/literature/1830518
https://inspirehep.net/literature/1724671
https://inspirehep.net/literature/1713640
https://inspirehep.net/literature/1774198
https://inspirehep.net/literature/1637586
https://inspirehep.net/literature/1711382
https://inspirehep.net/literature/1406936

Hadron Spectroscopy at the BESIII Experiment

w(2S) — y + hadrons (106M y(2S))

PRD96, 032002 (2017)
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= The y(2S) data provides access to other charmonium
states and provides opportunities for precision measurements.
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—> Traditionally difficult states, like the h (1P),

can be studied in detail using both the w(2S) data
and higher-energy data.
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K-matrix Analysis of e"e~ Annihilation in the Bottomonium Region
N. Hiisken,»? R.E. Mitchell,! and E.S. Swanson?®

arXiv:2204.11915
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—> The infrastructure required to analyze many-channel systems
is being developed.
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—> The isospin-1/2 Z,(3985) appears
near D .D* threshold.
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Ac (and excitations), reach into new
and possibly the P territory
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EXAMPLE CURRENT FUTURE
TOPIC ACHIEVEMENTS DATA SETS PROSPECTS DATA SETS
LIGHT MESON Jr — yrrn' 10 billion glueballs, hybrids,
JW — yan coupled-channel
SPECTROSCOPY Jy — ynn' J/yr decays analyses
LIGHT BARYON 5@% i 2.7 billion mf;’z;h ey’; 2’510;5;’2';;” no plans
e 2S)d ’ ’
SPECTROSCOPY w(2S) — A w(2S) decays charmonium decays (analyze current data)
w(2S) — y + ccbar rare and precision
S(lj)gé;{ll\{/loosl\ggllx{ w(2S) — 7 h. transitions,; properties
decays of n. & he of w2, search for ne:...
data; coupled-
“Y” MESON ee — 7Z'7Z'J/II/ more ’
ee — may(2S) channel analyses of | BEPCII-U UPGRADE:
SPECTROSCOPY ee — D*D* ete” cross sections
C — ¢ cm s
SPECTROSCOPY 7¢5(3985) — DsD* at Ecm above 4 GeV coupled-channels... for Ecm above 4 GeV
“X” MESON ee — yX(3872) increased precision (2) maximum energy
X(3872) > myer and searches for new increase from
SPECTROSCOPY X(3872) —» DD* X(3872) decay modes 5t0 5.6 GeV
CHARMED MESON | ee— Ds*Ds*(2317) >3 fb~! above AcAc access to more D and ie?;i%%iaerieéia\?a
PECTR PY DsD(*)K Ds exci :
SPECTROSCO ee — DsD(*) threshold excited states (plans are being made);
CHARMED BARYON access to l‘]’l@ Zc, Ec, Qc and eXpaI‘lded Cnergy
SPECTROSCOPY deC'ClyS Ofthe Ac (and excitations)’ reach into new

and possibly the P

territory
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CHARMED MESON
SPECTROSCOPY

ete™ = D tD;7(2317) + c.c. (500 pb~! at 4.6 GeV)

PRD97, 051103 (2018)
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—> Excited D, states are produced with
higher-energy eTe™ collisions.
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CHARMED BARYON
SPECTROSCOPY

ete™ = ATAT (500 pb~! at 4.6 GeV)

PRL116,052001 (2016)

pK t*n®

(o\ |
Q
~
>
=
<
Q
72
~N
=
)
>
=

Ly TR : b L I IR T
226 228 23 226 228 23 226 228 23
M, (GeV/c?)

= BESIII can study a wide variety of \_ decays.

With higher energies, more charmed baryons
will be accessible.
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EXAMPLE CURRENT FUTURE
TOPIC ACHIEVEMENTS DATA SETS PROSPECTS DATA SETS
LIGHT MESON Jr — yrrn' 10 billion glueballs, hybrids,
JW — yan coupled-channel
SPECTROSCOPY Jy — ynn' J/yr decays analyses
LIGHT BARYON 5@% i 2.7 billion mf;’z;h ey’; 2’510;5;’2';;” no plans
e 2S)d ’ ’
SPECTROSCOPY w(2S) — A w(2S) decays charmonium decays (analyze current data)
w(2S) — y + ccbar rare and precision
S(lj)gé;{ll\{/loosl\ggllx{ w(2S) — 7 h. transitions,; properties
decays of n. & he of w2, search for ne:...
data; coupled-
“Y” MESON ee — 7Z'7Z'J/II/ more ’
ee — may(2S) channel analyses of | BEPCII-U UPGRADE:
SPECTROSCOPY ee — D*D* ete” cross sections
C — ¢ cm s
SPECTROSCOPY 7¢5(3985) — DsD* at Ecm above 4 GeV coupled-channels... for Ecm above 4 GeV
“X” MESON ee — yX(3872) increased precision (2) maximum energy
X(3872) > myer and searches for new increase from
SPECTROSCOPY X(3872) —» DD* X(3872) decay modes 5t0 5.6 GeV
CHARMED MESON | ee— Ds*Ds*(2317) >3 fb~! above AcAc access to more D and ie?;i%%iaerieéia\?a
PECTR PY DsD(*)K Ds exci :
SPECTROSCO ee — DsD(*) threshold excited states (plans are being made);
CHARMED BARYON access to l‘]’l@ Zc, Ec, Qc and eXpaI‘lded Cnergy
SPECTROSCOPY deC'ClyS Ofthe Ac (and excitations)’ reach into new

and possibly the P

territory
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For many more details, see:
(1) the BESIII Snowmass white paper:

“Physics in the tau-charm Region at BESIII”
arXiv:2204.08943

(2) a white paper on the BESIII physics program:

“Future Physics Programme of BESIII”
CPC44, 040001 (2020)
arXiv:1912.05983
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