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Hadron spectroscopy...

hadron

\

In Its natural habitat

‘we use hadrons to study the strog interactio
|in the non-perturbative regime |
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Hadron spectroscopy...

hadron

in spectroscopy, we do that by studylngthe

varlety of dlfferent hadrons reallzed |n nature "
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at BESIII

|

|+ ete™ collisions in the T-charm region: 2-5 GeV ‘

* in operation since 2008

I

Beijing Electron Positron Collider - BEPC-II(U)




... at BESIII
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at BESIII
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0 u r d ata from the perspective of hadron spectroscopy [ -

u, d, s hadrons,

——

L | charmonium(-like) |
10" & states ‘
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Recent examples

A) a glueball candidate in radiative J/y decays?

B) the hybrid meson z;(1600) in y., decays

C) searching for excited Q baryons in e e~ collisions
D) updates on charmonium(-like) y states

E) updates on the charged charmonium-like Z_.(3900)
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why radiative J/y decays are so important:

' hadrons

99

eConf C020620 (2002) THATQ7

* gluon-rich environment favors production of glueballs

* relative production rates compared to e.g. purely EM
processes hold key information on gg content
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Pseudoscalars in radiative J/y decays
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Pseudoscalars in radiative J/y decays

J/ v — }/7]'71""71'_ or: why you can never have too many J/y

PRL 95 (2005) 262001
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EVENTS/(20MeV/c?)

JIhy = yn'n n™
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Pseudoscalars in radiative J/y decays

or: why you can never have too many J/y

PRL 106 (2011) 072002

M,m-n(GeV/cz)
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EVENTS/(20MeV/c?)

Pseudoscalars in radiative J/y decays

J/ v — }/77'71""71'_ or: why you can never have too many J/y
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Pseudoscalars in radiative J/y decays
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The X(2370)

Bericht
10.05.2024
Lesedauer ca. 2
Nh" JC"
Drucken

TEILCHENPHYSIK

Chinesischer Beschleuniger
findet Hinweise auf Gluonenball

Das Standardmodell sagt Teilchen voraus, die nur aus Gluonen bestehen -
allerdings wurden sie noch nie beobachtet. Nun scheint ein chinesischer
Beschleuniger solche Gluonenballe erstmals nachgewiesen zu haben.

von Manon Bischoff
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The X(2370)

Bericht TEILCHENPHYSIK
10.05.2024

=422 Chinesischer Beschleuniger
“ findet Hinweise auf Gluonenball

Das Standardmodell sagt Teilchen voraus, die nu'” lMa']Or Evidence ofa New Part'\c\e
| Called Glueball: Here's Why It..
A ‘ aufrufe or 6 Mon aten

0:00 New particle physics discovery

New partiCIe at last! Physicists detect the first
“olueball”

Glueballs arean unusual, unconfirmed Standard Model prediction, suggesting bound states of gluons alone exist. We
just found our first one.



The X(2370)

Bericht TEILCHENPHYSIK
10.05.2024

=422 Chinesischer Beschleuniger
“ findet Hinweise auf Gluonenball

atie Rluas--

Major Evide
| Called Glueball:

r 6 Monaten

1 289.001 aufrufe * VO

@ Anton Petrov [/

' jscov .55 Proton st
0:00 New particle physics discovery 0:55

]| SO, V!_hat IS ﬁ

New partiCIe at last! Physicists detect the first
“olueball”

Glueballs arean unusual, unconfirmed Standard Model prediction, suggesting bound states of gluons alone exist. We
just found our first one.
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The X(2370)

PRL 132, 181901 (2024)
selected to PRL's Collection of the Year

Spin-parity of X(2370) in J/y — yKOKOn = —
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The X(2370)

e solid evidence for a new pseudoscalar in multiple final states
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Recent examples

A) a glueball candidate in radiative J/y decays?

B) the hybrid meson z;(1600) in y., decays

C) searching for excited Q baryons in e e~ collisions
D) updates on charmonium(-like) y states

E) updates on the charged charmonium-like Z_.(3900)
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The 72«-1 ( 1 60()) and the case for a large y(2S) dataset

* well established hybrid meson candidate, many detailed
measurements for example by COMPASS

x10°
5 N P-wave %
- data from COMPASS
> 4
(¢)) -
= -
g °
L -
o 2
> -
L -
1
- PRL 122 (2019) 4, 042002
o see also EPJC 81 (2021) 12, 1056
+ L

R A TR SR N NN S SR S SR
0.8 1.0 1.2 1.4 1.6 1.8 2.0
/s (GeV)

* what about other production processes?

see talk by F. Afzal on Tuesday morning
21



The 72«-1 ( 1 60()) and the case for a large y(2S) dataset

* well established hybrid meson candidate, many detailed

measurements for example by COMPASS
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* what about other production processes?
see talk by F. Afzal on Tuesday morning
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CLEO saw a 7;(1600)-like bump, but no evidence for phase-motion



The 72«-1 ( 1 60()) and the case for a large y(2S) dataset
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CLEO saw a 7;(1600)-like bump, but no evidence for phase-motion

,establlshed productlon now allows to Iook for other decay modes
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Recent examples

A) a glueball candidate in radiative J/y decays?

B) the hybrid meson z;(1600) in y., decays

C) searching for excited Q baryons in e e~ collisions
D) updates on charmonium(-like) y states

E) updates on the charged charmonium-like Z_.(3900)
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Search for excited (2 states

Citation: S. Navas et al. (Particle Data Group), Phys. Rev. D 110, 030001 (2024) and 2025 update thIS IS a ScreenShOt Of the Complete IISt Of eXCIted Q baryons

from the PDG 2025 summary table
2(2012)- 1(JPY = 0(27)

Mass m = 2012.5 + 0.6 MeV
Full width I = 6.473-2 MeV

£2(2012)— DECAY MODES Fraction (I';/T) p (MeV/c)
_:0 K__ seen 403
=" KO seen 392
=Tt KT seen 224

Mass m = 2252 + 9 MeV
Full width ' = 55 + 18 MeV

2(2250)— DECAY MODES Fraction (I';/T) p (MeV/c)
=t K™ seen 532
_:(1530)0 K™ seen 437
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Search for excited (2 states

Citation: S. Navas et al. (Particle Data Group), Phys. Rev. D 110, 030001 (2024) and 2025 update thIS IS a ScreenShOt Of the Complete IISt Of eXCIted Q baryons

from the PDG 2025 summary table
2(2012) 1JP) = 0(27)

Mass m = 2012.5 + 0.6 MeV
Full width T = 6.4752 MeV

idea: search for excited Q" states recoiling against an Qt

*
£2(2012)— DECAY MODES Fraction (I';/T) p (MeV/c) )
=0 K_ B seen 403 "=
== KY seen 392 Y ... and look at the missing mass
= ntK™ seen 224

Mass m = 2252 + 9 MeV
Full width ' = 55 + 18 MeV

2(2250)— DECAY MODES Fraction (I';/T) p (MeV/c)
=Tt K™ seen 532
_:(1530)0 K~ seen 437

fully reconstruct this side...

26



Search for excited (2 states

PRL 134, 131903 (2025)

100 - LI I L I L I L I LI L I L ' | L I LI l-
90 B - ©(2109) ¢ Datain signal region = idea: search for excited Q" states recoiling against an Q7
- e 0(2012) Total fit =
&J 80 - — - e Simultaneous background fit =
NS =
- - *
§ €0 - Q2 . Q
8 50 ;_ ’ Q(2109) _E ... and look at the missing mass
~ - v, Y
QO - - \
> E S\ /. . + E
20 = Q.- ’-\' =
10 : \ \ - + 2= = Al .,_.' \-‘ ;
O ',- '1- .1- l.\ 1 I R N T A Al LAL'I' | 4,?]-—4‘1‘_,.1 | "l\‘l~l.J - 1—
1.5 1.6 1.7 1.8 1.9 2 2.1 2.2 2.3
-M—: 2
RM§++M5+ mQ (GeV/ C ) -

fully reconstruct this side...

« evidence for known €2(2012) (3.5 o)

 evidence for new €2(2109) 4.1 o)
* in good agreement with LQCD
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Recent examples

A) a glueball candidate in radiative J/y decays?

B) the hybrid meson z;(1600) in y., decays

C) searching for excited Q baryons in e e~ collisions
D) updates on charmonium(-like) ys states

E) updates on the charged charmonium-like Z_.(3900)
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Charmonium(-like) states

these we can directly produce in e e~ collisions

¢(4415)

1 (4360)

1 (4230) |

1(4160) |

-------------------------

-------------------------

_____________

MPLA 40 (2025) 17n18, 2530002
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Charmonium(-like) states

these we can directly produce in ete™ collisions ~ the inclusive cross section is in good |
| agreement with our expectations |

W (4415) | > W(4040)

o — 5.0 |-

ee) - asfyaTI0) B PEHOD
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¥ (4230) Y- YR A0\§ { i

- - { ' . -
— ) i (3 aet -7 ]
¢(4160) | 3.0 ) .—"i T

ete~ — hadrons

25 |- - —R
------------ | r o0l con

1.5 |- f“ ."-:\‘. - Rint
b 5 PR
------------------------- [~ ?‘ : ‘.' ‘\‘.‘ "0' .:".‘ Rres
1.0+ A R
———————————— ’ " . \. . e - -
05 | i | R SN\ BW
- = .' .‘ “ .o. .. ‘| .. ., .\
" - . . AN & .""-.'::":' “\ p .,":' Y
———————————— | if cc, we expect them to decay like this L e e e
.......................... | 0.0 Lo S R IR A e e S RN Nt e £ PR vt e s v m v pe e e
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-00—-’-
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05
-1.0 -l 1 ! - 1 - 1 - 1 - - 1 - 1 o 1 o 1 » 1 - 1 ., 1
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PLB 660 (2008) 315-319 ‘

o O

* - a more precise measurement of R using BESIII data is in the works!
MPLA 40 (2025) 17n18, 2530002
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Charmonium(-like) states

these we can directly produce in et e~ collisions

¢(4415)

1 (4360) ~ exclusive cross sections such as ‘{

|
ete” — J/ynm show (exotic?) peaks |

1 (4230) |

o 40 e —
L ) [y
$(160) | T [ w4230)

......................... 830:,_ ‘l . .. .' —-
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............ :“ LN
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_____________ 1 | i |T|‘|||- ) IR
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8 S Tl SRR SRS N (S o B
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BABAR, PRL 95 (2005) 142001

MPLA 40 (2025) 17n18, 2530002
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Charmonium(-like) states

MPLA 40 (2025) 17n18, 2530002

these we can directly produce in et e~ collisions

ete” - nh,

—————————

PRD 111, LO11101 (2025)
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Charmonium(-like) states

these we can directly produce in et e~ collisions

~similar structures are seen in many other processes |
" I —4— m*mh,, this work
100 - olp) 95.5% C.L., this work
- 300+ " - ) 68.3% C.L., this work
N i o - ] I mh,, Ref. [20]
% i oo ook > i —p— —— n'nd/y
= - oo d: g i F 4 —— 102
= -~ < 200 . —4— ' y(3686)
5 50F ail: S I 0 DX
_ = : | re o,
} 100 it n*D°D*
- _%}_ I E —— *D*D*
i - 1 —d— nd/y
‘ TNPE NP PN NAPIP IPINIPIPE EFIPAT AT I niPEEN BRI EPEEPE B BT R — K'KJ/y
------------ | 4190 4200 4210 4220 4230 4240 4250 4260 4300 4400 4500 4600 4700 PDG
A Mass (MeV/c?) Mass (MeV/c?) PRL 135, 071901 (2025)
________ good agreement in
mass, but not in width - —

these exclusive cross sections show structure not
Lvisible IN the inclusive cross section - and vice versa

L

MPLA 40 (2025) 17n18, 2530002
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Charmonium(-like) states

MPLA 40 (2025) 17n18, 2530002

these we can directly produce in et e~ collisions

so how about exclusive open-charm cross sections?

ete” > DD,

= 700 F—————
8 B : : ]
S w 600 o BESIII :
+Q 5003 500;_ CLEO-c _i
e 4005 | Belle =
@ 300 : .
% 200 300 M ~ BaBar E
Eb o0f 200F |1 ‘ :
. SF 100F H NAITTRTE =
ER o5_::--__’_:Z-‘f:h_**{i&*f’?_&ﬁiff‘:’:‘f‘fi*_____________i___f
= : C | L | | .
= f 4 42 44 4.6 48
38 39 4 41 42 43 44 45 46 47 48 49
(s (GeV) Em (GeV)
PRL 133 (2024) 8, 081901 PRL 133 (2024) 26, 261902

— S———— = — __ — — ;—‘

hrmuch Iarger Cross sectlons even more complex structure
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Charmonium(-like) states

these we can directly produce in et e~ collisions

S —— —_ _ i ——— —— — |

hinterpretation requires global coupled channel analyses |

¢(4415)

—

% (4360) ! ete— = DOPDO ot-ete™ — D*D ||
I of b Ay (4040)
s o [ HyGT70) s o il
o] - B -
......................... 21 ¥ 4}

......................... 0 1 | | I 0
g 5 __ ] g 5 — ]| | 1 | 1
s OF s OF
____________ = 3 -5&
3.7 3.7 3.8

Vs (GeV)
NH et al., PRD 109 (2024) 11, 114010

simultaneous fit of eTe™ — DD, D*D, D*D*

— one of multiple examples, ongoing effort  see also: Lin et al., PRL 133, 241903

MPLA 40 (2025) 17n18, 2530002 Nakamura et al., arXiv:2312.17658 [hep-ph]
Cleven et al., PRD 90 (2014) 7, 074039

35 L. von Detten, PRD 109 (2024) 11, 116002



Recent examples

A) a glueball candidate in radiative J/y decays?

B) the hybrid meson z;(1600) in y., decays

C) searching for excited Q baryons in e e~ collisions
D) updates on charmonium(-like) y states

E) updates on the charged charmonium-like Z.(3900)
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first seen in 2013 (simultaneously t;yiBtEjSII and Belle

' clearly exotic, as isovector with hidden-charm

yet, it’s nature is still unclear
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Detailed study of the Z_.(3900)
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acceptance corrected data is made available at 17 different center-of-mass energies

enabling detailed studies of the Z_.(3900) lineshape
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Summary

* BESIII remains a key contributor in hadron spectroscopy
O legacy datasets on J/y, w(2S) offer unique access to light-quark states, hybrids and glueballs
O direct production of vector charmonium(-like) states, radiative and hadronic transitions to X, Z states

 much broader physics programme
O open-charm physics

© ’
}79 }7 deCayS . G Upgrade BEPCII
O hyperon physics ~ | (BEPCI-U)
', 8% 10%F

O meson form factors |
o ...

. BEPCII
6x 10%}

Peak luminosity (cm™

4 % 103;.’ s

* recent upgrades to accelerator, data taking continues |
o higher energies up to 5.6 GeV Zx 10%1

o up to 3x higher luminosity in the XYZ region o * .
: . 4.0 5.0
Ecm (GeV)
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Thank you for
your attention!



