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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
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Light hadron spectroscopy
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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
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Radiative J /Y decays

* aunique laboratory for light hadron spectros :
— clean, high statistics sample 12| 0 m—
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Radiative J /Y decays
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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

D} - K*K~nt D - KQKOmt
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S. U. Chung, BNL-QGS-13-0901

- a,(980)-f,(980) interference
- ay(1710)-f;(1710) interference - a,(1710) needed!

w INDIANA UNIVERSITY BLOOMINGTON




Light hadrons in open-charm decays
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Charmonium(-like) states

w INDIANA UNIVERSITY BLOOMINGTON




Charmonium

» spectrum from potential models:
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Charmonium

» spectrum from potential models:

46 4 a,()
V.- = — 5 k-
— L] =—= +Kr-T
4'4 e 14 3 r + spin-dependent terms
™ 3, c2 2/
ey =7
4.22"‘@“""" m(oD) see e.g.: Godfrey & Isgur, PRD 32 (1985) 189-231
ol . . = m(D'D,) Barnes, Godfrey, Swanson, PRD 72 (2005) 054026
o gmesives] moD) Godfrey & Moates, PRD 92 (2015) 054034
_________ p, I (2%p)] m(D,D;)
> ,,,,,,,,, Ixﬂ(3872) L m(D'B) . .
8 38l e oo P, « good agreement with experiments
= _,_(;s_) ve's)l meD)
3.6 » several unexpected states observed
S P
3.4 PRL 91, 262001 (2003) PRL 110 (2013) 25200
= _ 100 q@ A
| © 30) RE] B q’ -~ Background fit
32 325 E 803 ‘L&k o PHSP MG
8, 5 eof- f s
3 observed charmonium §15 S E
NR quark model §1 0 4 % 40:_ + '.ﬁ:s"""“""‘“ac,
ot 1 1 o° T 27 z G s i ‘g L
JPC 3982 3.‘84 3.‘85 3.‘88 3{9 3.92 0 3.7 3.8 3.‘9 4.0
M(J/y nirr) (GeV) Miax(T2dly) (GeV/c?)

model values from
PO 12 (2005) 054026 « their nature is still unclear

INDIANA UNIVERSITY BLOOMINGTON




Charmonium

y(4660)
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» spectrum from potential models:

+ spin-dependent terms

see e.g.: Godfrey & Isgur, PRD 32 (1985) 189-231
Barnes, Godfrey, Swanson, PRD 72 (2005) 054026
Godfrey & Moates, PRD 92 (2015) 054034

« good agreement with experiments

» several unexpected states observed
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Vector states

o(ete™> hadrons)

olete ™ —pu*u)
a5l 7 [ ‘ | ‘ | Prog. The‘(LEi(p. Pr?ys. 2|020, 9830?1 (2920) alnd 2?21 ulpdate
44 -' - J/ P(28) | | PD - Ds Ds o |
B 6 |- Mark- DD D5 Ds -
———-meex gy ——— @ ——————— m(DgDg; - ! —
azr o - Mark-I + LGW ' |
__________ — m(D;Dy) B 1
No 4 esyl . m(D'D) 5 Mark-I1 11[)(3770) I’b(40f1‘0)| | }
o e — , o] e e o) - e PLUTO ' {I"‘ " Y(4160)) | P(4415) .
O T ] — m B 2 Orvetal R | find | I
St gy | - BT # Crystal Ball I WL gad _
g 4 | *» BES \\ ! k‘% \ }#ﬁgﬁ,‘ ‘ | } i
g 36 | o KEDR IR N . B e R e :
: T S -
sl : \ | R (R ;,7%’ t
I | i | f \;‘\ II.H‘;:H# ;';" “':“ |
aal - \ Y 1&‘7 y { N l A } ‘ler 1‘:",| {I, |.I i ]
2 [ AL g e ) .
3 | | ! | | ‘ I I ‘ I I I
-
NR quark model 3 3.5 4.5 5

+ = - e - 4
0 1 1 jpc 1 2 Z ﬁ [ Gev]

o 4 conventional cc-states above DD threshold: 1 (3770),(4040),(4160) and y(4415)
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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

width (MeV)

different channels show (slightly) different masses and widths

200

180
160
S 140
120
100
80
60
40
20

O I

s

3 {

;_Ill{‘l..l....l.llll.

4200 4300 4400 4500
mass (MeV)

coupled channel studies are needed!
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Vector states: Hidden-charm production

'._) 104 (2021) 5, 052012
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Charged charmonium-like states

wel » openly exotic with I = 0 (g # 0)
[ 2?3y ] .
4.4 » nature still unclear (tetraquark, molecule, ...)
m(E PRL 110 (2013) 252001 ) PRL 111 (2013) 242001
No 253‘%3 100 _ + i?:: fit . i
.y m(D,Ds) RS B T[_]/lp --- Background fit _ 100f
% m(D'D) E 80:_ -.- PHSP MC N’;‘ 80:
(D m(DB) 5 60 :_ + DSldeband z L
~ o L g 60 oOF
2 40fF et il ] e v ey
S § + :F‘}“:M“:i“""-! : g or > Mi:ﬂ((;e:’/‘zz) .
L W 20 {5 TH: 4 C
3.4 o o T ihc
0 ~ —1 . =Tt 5 — 0 57 Hilerdradd
3.2 3.7 3.8 3.9 4.0 3.95 4.00 4.05 4.10 4.15 4.20 4.25
Mo (tEdly) (GeV/c?) M,., (GeV/c?)
3 observed charmonium
S 1++..un;k+moaeuz + if genuine resonance, minimal quark content of ccqq

JPC

intriguing connection to ¥ (4230)
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Charged charmonium-like states

ael » search for an open-strange ccsq partner Z
o K D*° D°
44 e e
— e+ Z_ ""’*\’ —_ e+ Z_ /T[O
4_2:———M ————— N m(D}D)) cs D; s pr= 14
o Ef) + - + - =
o o) K e K e Dg
> ey
8 B partial reconstruction method: K+, D;
g > 10 PRL 126 (2021) 10, 10200
£ % /s =4.681GeV —+— Data
3.4 % 30 _ (a) — Total fit _
2 I T ch(3985)
3.2 Q - * Oy %0
< 20f {1 oo Do
3 observed charmonium =~ E T | """" non'Res.
NR quark model % 10 i t+ Hl * ﬂ S, Dn D(,)
0-+ 1" 1+- 0++ 1++ 2++ Z > : J g \ £ s s
JFC R e e S comb. BKG

4 405 41 415
RM(K*) (GeV/c?)
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m / GeV/c?

Charged charmonium-like states

4.6~

4.4

coF R

3.4+
3.2
3 observed charmonium
NR quark model
0-+ 1" 1+- 0++ 1++ 2++ Z
JPC
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» search for an open-strange ccsq partner Z

D*0

Z _

cs\;Ds
K* e”

partial reconstruction method: K*, Dy

il

Z&\*D*_
N

=

+ -_— —_—
e Dg

PRL 126 (2021) 10, 10200

40T

L [/s=4.681GeV

% 30f (a)

>t

o 20f

£ 10l

o [

SN e I
4 405 41 415
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m,, o €(425,435) GeV

LHCb

[ <4~ Data 9 fb™
[ - Total fit

F -4 No Z,, fit
F— Z.(4000) §

g

[ye]
W
(=]

ot
W
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Candidates / (10 MeV)
— )
8 S

W
(=]
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Charged charmonium-like states

—$4— Data Total PDF Signal
° SearCh for ng in e+e— N KS(') (D;-D *— + D;+D—) : Sideband Non—resonantproce:ss ----- D**D,
40F ) s=4628Gev | 4OF ' (5=4641Gev
D*t + r c
e P 30¢ 30f }
ot 2~y et Ty e 20¢ 20f Pt +
’ ° 10f 10F :
K¢ e K e” NI v Y
-~ r 1 [
partial reconstruction method: K2, ground state Dy /D* E 405 © Is=4.661 GeV OO: (d) /s =4.682 GeV
30 + I +
o C L y .
 signal significance of 4.6¢ < 20} T sof gt B
5 10f e it
« mass and width consistent with charged ZZ, : 2ok -
potential isospin-partner 40F (o (=469 GeV Lo All data
30F : _
Mass (MeV/c®) Width (MeV) 20f 100} i
Z.5(3985)° 39922+ 1.7+1.6 7.7 5% +4.3 wof | | sof f ._
+ +2.1 +8.1 o P, R
ZCS(3985) 3985'2—2.0 :I: ]‘7 13'8—5.2 :t 49 9.95 4 405 41 415 42 ?.95 4 405 4.1 41542
RM(K)(GeV/c?)

PRL 129 (2022) 11, 112003



m / GeV/c?

On Xc1 (3872)

y(4660)
PSR 50 |

w4’ ]
4

S . 3500 |
3.4
3.2
3 observed charmonium
NR quark model
0-+ 1" 1+- 0++ 1++ 2++ Z
JPC
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m(D;D;)

m(D;Ds)
m(D'D")
m(DDy)
m(D'D)

m(DD)

Events / 5 MeV/c?

established production process e*e™ - yx.1(3872)

PRL 122, 202001 (2019) PRL 122, 232002 (2019)

o
: [
70F- (a) 4.15<E_ <4.30 GeV g 0.8 i —4- Data
60F > -4 BESIII 2014
S 0.6f — Fit
s0f R [
40 S 04
3of 1 [
E AN
20F 5 0.2F
10 D [
: fumn n n it ol 4 . hall § 0 f 1 l 1 %
875 380 38 390 395 400 Y 4.2 4.4 4.6
M Jhy) [GeVic?] 5 (GeV)

used in multiple studies of y.,(3872) decay modes

indication for resonant production through 1 (4230)




On Xc1 (3872)

« new production process ete™ - wy.;(3872)!
46 y(4660) ] | i
— _oss. BESIII Preliminary, _ ' BESIII Preliminary
S 09 R S B0 .
% F : . (0] 10 - - - Background
m(D;B;) (O] 0857 UE) E [ sideband
on & 081 N o« 8
“‘Q noT R O75[ = 2 O
m s_s 5 b . 4_—
o ey 2 o ]
3 ) 0.65] - 2l ! ]
~ e 0'%.8 3.62 3.é4 S.éS 3.88 3.9 3.52 3.b4 %8 “3.82 3.84 3..86 3.8-8 3.9 3.92 3.94
- M(rtJip) (GeVic?) Mt Jiyp) (GeV/cd)
B4 "L BESIII Prelimi
' : reliminary
25 I
3.2 g, showing only stat NSlg —240%53
= 20 . . . .
2 r Uncertainties significance: 7.50
3 observed charmonium .g 15
NR quark model ;_‘1’, 10 i
o* 1 1 o;; T o2v Z - } * l l — similar cross section as
J Ozul...l... I .; [ I for e+e— _>wXC](1P)

& TR S IR U EAPRAD WA
465 47 475 48 485 49 495 5
{s (GeV)
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Baryon spectroscopy
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Baryon spectroscopy

o At > Antr©:

— branching fraction measured in the past PRD 101 (2020) 053002

— no experimental information on intermediate states PRD 46 (1992) 1042, PRD 55 (1997) 1697
] .. + + " ! EPJ C 80 (2020) 1067

— theoretical predictions for A7 - Ap™ and X*mr exist PRD 99 (2019) 114022

«  PWA using AfA7 pair production for 4.6 GeV < /s < 4.7 GeV

arXiv:2209.08464

| = Data
L1000 o o L
> [ ey 5 400 5 400
o) NR, (7t*n%)A O L 1G]
o F—alz(1385)" pos -
sa) I 3(1670) I3 “a
= 500 k—;°2(1750); 2 i 2 i
= +5(1385) = | H = B
- F— ;*2(1670)0 > 200 = 200
% 7+2(1750)° ‘5 r E r
> > >
m i T Lu R m H H
0 - — R e | | Ot i, R T . = i o b i e
04 0.6 0.8 1 12 Q.Z 14 1.6 1.8 2 2.2 ?.2 14 1.6 1.8 2 22
M. . (GeV/c?) M, . (GeV/c?) M, o (GeV/c?)

 finds contributions from Ap, £(1385)m, £(1670)m and X£(1750)x
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Events / (26 MeV/c?)

150

100

50

PRL 93 (2004) 112002

%200-(3)
B t :
daryon spectroscopy : m||“,i|,
(=}
. a1 J/ 1* pK A
ete™ » pK~A: i‘h”#“lll i
— pA threshold enhancement X (2075) in J /i, xc0, B® and B* decays L X
T L&
— using XYZ datasets between 4 and 5 GeV (L;,,; = 21.7 fb™1) Gus || PRL0 (2003) 201602
QJ{ BELLE:
300 S 60 0 A
(a) x¥mbin=1.11 (b) x*mbin=1.15 (c) %*/mbin=1.23 °. J( 2t
200~ 2 Dots v %:0 ‘H_ 4
[ Background 3 +
200 K,(1980) o —— e
L BESII —t¢ BESII et
i preliminary | | —Xzt prelimi
s
I :
P
tt 4
0 g ¥ 7
= L | e i ==
13 1\24'01(_ (GeV/Z:Z) 30 Zidx((}e\:’;?&) 33 Z'OM - (éjV/cz) * additional contributions from
p p. K

JF of threshold structure X(2075) found as 1t (> 50)
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K;(1980), K} (2045), K,(2250)
N(1720), N(2570)
A(1520), A(1890), A(2350)
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Baryon spectroscopy

* ¢C —» BBM decays for baryon spectroscopy using 448x10° 1(25)
arXiv:2206.12255 arXiv:2207.11666 arXiv:2207.14350

3of - kS - — r — |

0 "’ Xcj = A I;)YS MC g Y(25) - Aw o TF ] W(2S) - Adn R

N [TBackground 8 T T ﬁ E 20F

=20} - 7 . c I

) < T o 15F

s < it S ¢ *

£ ) = 10

= 4 = sk g

1 : 0, i
16 18 20 21 24 - - 0 L6 s 20 22 24 26
My (GeVic?) M(Aw) (GeV?/c*) M@A) (GeV/e?)

« we now have 101° J/y and 2.7x10? 1 (25)!

« expect many interesting, detailed studies on c¢ -» BBM decays in the (near) future

» other topics in baryon physics: form factors, hyperon decays, ...
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Summary and Outlook

« BESIII very active in hadron spectroscopy
o light hadrons: important contributions to glueball
and hybrid searches
o charmonium-like: direct production of vector states
Y, radiative and hadronic transitions to X, Z - states

» broad physics reach
o light hadron spectroscopy & decays
o open charm physics
o (exotic) charmonia
o precision measurements (R, TFF, ...)
O

« data taking is ongoing
o new: 2.7 -10° y(2S), soon: 20 fb~1 at the ¥ (3770)

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




Summary and Outlook

« BESIII very active in hadron spectroscopy > first data at higher c.m. energies
o light hadrons: important contributions to glueball 4.7 GeV < +/s < 4.94 GeV is available
and hybrid searches
o charmonium-like: direct production of vector states > further upgrade in energy (56 GeV)

Y, radiative and hadronic transitions to X, Z - states and luminosity (BEPCII-U) coming

increased center-of-mass energy:
o light] — upto 5.6 GeV, enabling studies of

~ end of 2024

S ray °r 2 ‘ 1
o ope charmed bar_yons. .20 28,00, Upgade BEPCI
o (exof — above J/yYpp threshold, P. states? /fo ® N ‘
o precf — largely unexplored energy region, HEECS W B “’ > N
O

new surprises?

P\\'
« data taking is ongoing
o new: 2.7 -10° y(25), soon: 20 fb~1 at the ¥ (3770) e *

2.0 3.0 4.0 5.0 5.6
Ecm (GeV)

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