RNP2022 — The 9% International Conference on

Ruarks and Nuclear Phgslcg

Recent Results from

Istituto Nazionale di Fisica Nucleare

%, Universita
= degli Studi
/& di Ferrara

BESIII

Isabella Garzia, University of Ferrara and INFN
On behalf of the BESIII Collaboration

September 5-9, 2022
FSU, Tallahassee, FL, USA



Beijing Electronw Positronw Collider 11

2004: started BEPCII/BESIII construction

v Double rings

v" Beam energy: 1-2.45 GeV

v" Design luminosity: 1x1033 cm2s! @
P(3770), achieved in 2016

2009 — today: BESIII physics runs
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BESIII - Beijing Spectrometer II1
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2004 started BEPCII/BESIII constructlon

v Double rings

v" Beam energy: 1-2.45 GeV

v" Design luminosity: 1x1033 cm2s! @
P(3770), achieved in 2016

2009 — today: BESIII physics runs
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Selected BESIII resudty

» Light hadron Spectroscopy

v'  exotic isoscalar 1;(1855)

v new X(2600) state observed in J/i radiative decays
» Charmonium(-like) spectroscopy

v Y states and Z5(3985) triplet states
» ¢(2170) strangeonium state

@ @NPR022
/44 Light hadron spectroscopy at BESIII 102. Baryons in Charmonium decays at BESIII \
2 Nils Huesken (Indiana University BI... ) 2 Prof. Rong-Gang Ping (IHEP)
® 05/09/2022, 14:10 ® 06/09/2022, 15:15
Hadron Spectroscopy Hadron Spectroscopy
109. Hyperon decays and production 45. XYZ particles at BESIII 109. Hyperon decays and production
2 He Li (University of science...) 2 Joshua Jackson A He Li (University of science...)
®07/09/2022, 15:25 ® 06/09/2022, 13:45 ® 07/09/2022, 15:25
\Hadron Spectroscopy Hadron Spectroscopy Hadron Spectroscopy /
103. Recent result of nucleon time-like form factors at BESIII 96. Light Meson Decays at BESIII
2 xiaorong zhou 2 Shuangshi Fang (Institute of High Ene... )
® 06/09/2022, 13:45 ® 07/09/2022, 13:25

Hadron Structure Hadron Decays
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Hadvrow Spectruum

Baryon Meson

Naive Quark Model:
conventional hadrons
contain two or three quarks

... but QCD allows also different combinations of quarks and gluons: EXOTIC hadrons

Hadronic
Molecule

Glueball Hybrid Tetraquark

A lot of exotic states observed experimentally, but their nature is still far from being
understood!!!
Hadron spectroscopy: establish the spectrum and study the exotic hadrons properties
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Hunting for glueballsy and new form of hadrons

» Charmonium radiative decays is the ideal laboratory for light glueballs and

hybrids hadron studies

hadrons

ENEANERAN

Gluon-rich process ji%@ m
Clean process e
High statistics

» Glueballs can mix with ordinary quark-

antiquark states
» Predicted large BFs for glueballs in J/i radiative
decays

PRL110

w11 LU/ = yGy++)/Ti = 3.8(9) X 107 )

woreor TU/Y = Gy /T = L1Q)(1) X 1072 |
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Exotic Hybrid states

LQCD prediction for
Exotic Hybrids
» Low-lying hybrids can have exotic quantum numbers
forbidden in the conventional QCD scheme: =
PC — ()+— 11—+ D+ 2 —
JPe=0",1""2 i -
» The exotic JP¢ = 17" nonet of hybrids is predicted to be ST om A
the lightest 1 wm o 2
» Only isovector candidate observed yet: m;(1400), Sl ==
7,(1600) [ 1, 7,(2015) S 1ot

» Isoscalar 17" hybrids is important to establish the hybrid nonet
» Can be produced in J/y radiative decays
» Can decay to nn’ in P-wave (PRD 83,014021, PRD 83,
014006, Eur.Phys.J.Plus 135, 945)
m 160P9=1"(17%)

N -
Ny K, 160P)=3 (1)

BESIII experiment offers the ideal

environment for this search
Jy—=ymn’ n 160°9)= 0+ (17*)

R ————————————

N 160%9= 0" (17%)
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.88.094505
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.105.012005

Observatiow of Exotic Lsoscalow Staten; (1855) in J/p—ynn’

PWA of J/ib—+ynn’ using 10 Billion of J/3 data (@ BESIII
» n—yyand W’ —oyn'n/ Nttt
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> An isoscalar 1 state, UHHSONE) rlEeNiey
n:(1855), has been observed . .
with statistical significance = g 40f  ©y/dof= 124 4, 1
S F S 400
larger than 19c 2 a0of 1 s
> Mass is consistent with S ok i £ o
. 8 ] 20085,
LQCD calculation for the P: ] 4T
_ . 1T} a B
17" hybrid (1.7 — 2.1 e ] -~ -1
2 0= 52 25 O ——%5 . o0 05 1
GCV/C ) M(YT]’)(GGV/CZ) *cosen

*spin information

M = (1855 £ 9+8) MeV/c?; T = (188 4 1813) MeV

_ +0.16 -6
B(J/¢¥ — yn1(1855) — ynn') = (2.70 £ 0.417552) x 10 more detail from Nils Huesken 12!/, 09/05
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https://arxiv.org/abs/2202.00621
https://arxiv.org/abs/2202.00623
https://indico.jlab.org/event/344/contributions/10354/

Further Checks onwthe n,(1855)

The cos(0,) d1str1but10n can be expressed as an expansion in terms of Legendre polynomials;
the coefficients (y) = Zwyo(my)

(called unnormalized moments of expansion), characterize the spin of the nn’ resonances

| Var(YL) = 25P cos ¢p + 4PD cos(¢p —?D)h

VAr (YY) = 8% + P? + D?

CQN
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) < | T 20
yn") subsystem, the E L[ (¥ £ |
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. . < < ‘
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(P) and spin-2 (D) I I k.. .. = Lo .2?“.2_...3‘
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. > > E
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https://arxiv.org/abs/2202.00621
https://arxiv.org/abs/2202.00623

Discussionw about {5(1500) and f,(1710)

The dominant contributions in the baseline PWA are from scalar resonance:

Decay mode Resonance M (MeV/c?) T' (MeV) Mppc MeV/c?) I'ppg (MeV) B.F. (x107°)  Sig.
fo(1500) 1506 112 1506 112 1.81+0.117 513 >300
fo(1810) 1795 95 1795 95 0.114£0.017g03 11.10
f0(2020) 2010+615 203+9F13 1992 442 2.2840.1210'2 24.60
J/p =X = ynn' | f0(2330) 23124717 65410713, 2314 144 0.1040.0212-20 13.20
m(1855) 1855+91¢ 188+1813 - - 0.2740.0413:0% 21.40
f2(1565) 1542 122 1542 122 0.324:0:05+9:03 8.70
f2(2010) 20624611 165+17135° 2011 202 0.7140.0610:2a 13.40
f1(2050) 2018 237 2018 237 0.06+0.01100% 4.60
0*+ PHSP - : : - 1.4440.1570-20 15.70
J/Y = n'X =y’ | hi(1415) 1416 90 1416 90 0.0840.0110:0) 10.20
h1(1595) 1584 384 1584 384 0.164+0.0210:03  9.90
/
B(0(1500) = ') _ (8.9612%5) x 1072 Consistent with PDG
B(fo(1500) — 7r)
B(fo(1710) — nn') < 161 x 10-3 This suppressed decay rate supports the hypothesis that
B(fo(1710) — 7o) ‘ the f,(1710) has a large overlap with the ground state
@90% C.L. scalar glueball ( )
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https://arxiv.org/abs/2202.00621
https://arxiv.org/abs/2202.00623
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.92.121902

Partiad Wowve Analysis of J/p—ynn’

PWA of J/ip—yn’n’ using 10 Billion of J/i) data (@ BESIII

» W—ynn/ T (n—yy)

large overlap with scalar glueball

Indication that it is a flavor singlet

Resonance M(MeV/c?) I'(MeV) B.F. Significance (o)
1(2020) 1982 + 334 436 + 474¢ (2.63 +0.06931) x 10~ >25) Dominant
0(2330) 2312 + 2+10 134 + 53¢ (6.09 + 0.641499) x 10-6 16.3 | contributions
[f0(2480) 2470 £ 4755 75 £ 9+ (8.18 £ 1.77573) x 1077 5.2 ) new 0" state
h, (1415) 1384 £67, 66 £ 101, (4.69 £ 0.801737) x 1077 D3
£>(2340) 2346 + 81" 332 + 14+% (8.67 £0.70208)) x 107 16.1
0" PHSP e X (L7 +0.23% 20 x 10 15:7
« £,(2020), £,(2330) and SN TRV ENCE 2000 Tmbne—1ze 0]
£,(2340) observed inn’n’ 5 1000} o pratonsy 3 te00p ' E
decay mode for the first time — § *°F —io2as0 ] & ool -
S 600 ---10_2480 4 £ i ]
g a00p 123340 £ soof- E
5(2020): @ 200f -~ @ I |
« Its large production rate in ] e e e e e
diative J/p d 3 8Eﬁ;***ﬂﬂ*w’*x*++-*-++f*+*#*#*ﬁ*++***'*++**“’+'é 3 8E':m*‘”-*m*#*#**f++-{*+**+*+1+*#f+*+#+**+*+;Hﬁ'g
radiative J/ip decay suggest a R L
M,,; (GeV/c?) M, (GeV/c?)
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.105.072002
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X(2600): A New State Observed inv Jip—ymtrtn’

10 Billion of J/i data (@ BESIII
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.129.042001

X(2600): A New State Observed inv Jip—ymtrtn’

» Simultaneous fit to n’7"n~ and n*7 mass spectra is performed

Resonance Mass (MeV/c?) Width (MeV)
f0(1500) 1492.5 £ 3.61 2 107 + 943!
X(1540) 1540.2 + 7.07353 157 £197]
X(2600) 2618.3 +2.07163 195 4+ 5126

» X(2600) resonance observed
for the first time with a

s}tlatiséi(():al significance greater =e 2 2;“((25:\,/025)7 = Sl 27']51’”(&:\,,52')7 =
than 20c
. T = ()

» The structure in M(w*n") S E

around 1.5 GeV/c? can be well 3, F 3

described with the interference  Se000f< 3 i

between f;,(1500) and the glzgg B A e i

X(1540) resonances 2 soof N s T |

e e T e T T
M,..(GeV/c?) M,..(GeV/c?)
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.129.042001

Observationw of X(1835), X(2120), X(2370) iwJ/p EM Dality Decovys

10 Billion of J/ data (@ BESIII

- I —4%— Data I - B J —l— Data I 7
'm _>W 7T mode ==-- X(1835)+X(1870) 150 ] N n’—)n+n'n mode —=-- X(1835)+X(1870) 156 i
g C f,(1510) 3.30 ] o f,(1510) 330
Q 200 ==== X(2120) 5.3¢ ] O 100+ === X(2120) 53¢ e
; L X(2370) 7.3c ] ; X(2370) 7.30
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E B (a) e Non-n’ background 7 E B (b) i Non-n’ background |
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N o . S
(&) - - (o)
< - . <
Z 100 — Z 50
=] - ] =
5] - 1 Q
2 [ R/
S0
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01.4

16

1.8 20 22 24 26 28
,(GeV/c?)

01.4

16

nnn 7””1

Access to the EM transition form factor between J/ 1) and

X(1835) states
* Additional information on the internal structure of
X(1835) 1
F(q?) =

A =1.75%0.29 £+ 0.05 GeV /c?
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JAp—ete n’n
Confirmation of
X(1835), X(2120) and
X(2370) observed in
J/ ¢ radiative decays

T T T T T T

dU'(J/y — X(1835)ete™)
L | dg’T(J /y - X(1835)y)

5
= |F(g*)* x

QED prediction from
3 [

NI AL
0.2 04 06 08 1.0 1.2
M. (GeV/cY) 16


https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.129.022002
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.100.016018

Tsabella Garzia - QNP2022 - Sep 9, 2022

17



Chawrmonivwn-like states

m / GeV/c?
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I A ]
v'(2%s
"
- e (PP
i 75)
observed charmonium
NR quark model
0-+ 1‘ 1+- 0++ 1++ 2++ Z
JPC

Conventional charmonia fit well
with potential model calculations

4 as(r)
VCC_ - - § * + k T
m(D;Ds) r + spin-dependent terms
m(D;D;)
m(D'D’)
(D,D;)
0D Several unexpected states
- observed
;35 JK?(?} N 100:_ é( BES]]I i?::lﬁ\ .
§:5 ?) § 80:— «?900) -- ::sr;l::nd fit
§2 @ 5 6(): + [ sideband
:”;15 % sof
§1 & 20
$ 0

3.82 3.184 3.l86 3.188 3{9 3.92
M(J/y nir) (GeV)

3.7
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.110.252001
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.91.262001

Vector statesy (4230) andp (4360)

al Y (4260) first seen by BaBar (PRL9S,
' 142001); split into to states Y(4230)
4 n. (4% 4360
3'P) ,(3°P) o
; — Y i (33P e —— 4200 m(Dst)
e — M PRL 118 (2017) 9, 092001
N e m(D;Ds) OO
O 4 . - S8 mD'D") T of +xvz x
(3P| A _ a — .
; ————————— X(3915) | Xez (2°P2) ppwwwa (0D = P i &”@;230)
q) 38:—————“ ——————— Xea(3 872) e s e m(D D) ? 60 |- -=Fitll [7/)
(D e |weop| ] _ g [
v'(@s) m(DD) 1 40
—~ 3.6 iz, 20 :_
3.4 S
3.2  Inconsistent with simple cc scenario
Jiy (7S) « candidates for exotic:
3 observed charmonium .
NR quark model ¢ Hybr1d‘7
- 1 T+ o0° 1 27 7 e Hadronic Molecule?
JPC * Tetraquark?
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Vector states

132; ~+ XYZ data e'e” - I
80E (a) —+ R-scan
705 (s=3.8713 o )
: — Fit * Improved precision w.r.t previous results

* Y(4220) and Y(4320) resonances are observed with > 106
 Structure around 4.0 GeV is better described using a BW
* Evidence of additional structure around 4.5 GeV, identified

with the y¥(4415)
it influences the evaluation of the Y(4230) parameters

o(e'e— n*mJhyp) (pb)
(o)}
o

ete” >K'K7J/

12 1 12 11—
_ [ 4 XYZ Data ] _ [ 4 XYZ Data ]
2 1oL J S 1oL 3
= 19 r — Fit curve: Total (2) ] 2 L r — Fit curve: Total (b) . Ob t. £ th
Z 8f ---Fitcurve: Y(4230) ] Z 8 ---Fitcurve: Y(4230) ] s€rvation ol the
v _f : v I Y (4230) with >5¢ and
s i new structure Y(4500)
© o with >8c
3 3
% %

20
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https://arxiv.org/abs/2206.08554
https://arxiv.org/pdf/2204.07800.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.092001

Opewv chawrmv production

(=

» Measurement of e'e” —D""D* and efe” —>D""D~
» Conventional states above threshold mainly decays
into open-charm mesons, while charmonium-like
states mainly decay into hidden-charm final states
» Consistent with previous results with better
precision
» Sophisticated models with further studies on
couple-channel effects needed to understand non-
trivial structure
103 n ¢+ Data D.+D-7t0
& f —Fit DD+ N
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3 %ﬂ% +Belle
osf ¥
2t ! % +e*e'—> D*D
150
1 y iiﬁ‘?
o,5§ .;? 4’§¢%¢%¢¢¢¢¢¢ 2o gt
0% a2 44 26 48 5
o (GEV)
6 3
5
4:_ # +Belle
30 {} +e'e— DD
i
1R :
i
X % | | | é‘i)%(:)%io oocd:) QDOI
Qe 4 a2 a4 46 48 5
E... (GeV)
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https://link.springer.com/article/10.1007/JHEP05(2022)155

,(3823) -they (13D,) state?

> ete” > P(3823); P2(3823) =y

» update study of Y,(3823)—yy.; ( ) allowing missing photon
o one-photon events ~ multi-photon events
RS g —+- Data o i —+- Data
= Y (2S) — Fit > I — Fit
s100F | = Background S 100k Y 2S) - Background | M{[1>(3823)] = 3823.12 + 0.43 £ 0.13 MeV//c?
To) - )| I Sideband To) i Sideband ['[42(3823)] < 2.9 MeV
= i b . @90% C.L.
£ 50[ 1,(3823) € 50f ¥y(3823)
> i > § =
w 7) w | Most precise to date
E—— (3 A TR, 7 e e I i 1 Db g i bbb g A1
03.65 37 375 38 3.85 03.65 37 375 38 385
M) (GeV/c?) Me®l(r+r) (GeV/c?)
Fist observation of Y states decaying into D-wave g +Dat
charmonium state (two resonant structures with > 5c) g’ 6 Thata
F | R
- y,(3823)in  HData ro4r s
< 2000 cm frame — L=0 fit . o I
2 150+ —L=2it L = 2 slightly favored S |l
£ 100\] V over L=0 g“‘ 2 a
R * g |
50? "\*_T-i—(acosze TE- 0 i '
%05 0 05 1 ° 4.2 4.4 4.6
cosf Ecm (GeV)
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https://arxiv.org/pdf/2203.05815.pdf
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.115.011803

The Charged Z-5(3985) state

Search for the strange partner of Z,(3900)

ete™ — KY(DgD*° + D% DY)

D«o DG
le/ Z‘ /
/ \D; / ¢s \ :_/‘ 7‘.'/1
SR Seew —t — @
Lo K e N’
K

partial reconstruction technique

» Using 5 new datasets collected at
Vs>4.6 GeV
* 5.30 excess close to threshold for
data at Vs = 4.681 GeV
e Similar to Z_(4000) seen by
LHCb, but with different
width
e Minimal quark-content of cTstu

Events /(5.0 MeV/c?)

s = 4.681 GeV
: (a)

—4— Data

Total fit
— — — Z.(3985)
S : 5*1(2600)°D*°

non-Res.
//;’/////’///: orz(®)
YIS Ds Ds

" comb. BKG

- Vs = 4.641 GeV

()

4.1

- (s =4.698 GeV

| et

"

|

RM(K*) (GeV/c?)
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.126.102001
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.127.082001

The Neuwtral Z.;(3985) state

ete” = K¢(DED*™ + D" D7)

—4— Data TotalPDE Signal
/ D D _ Sideband - Non-resonant proce_ss = DD

L, 50 / 40F o 5=4628Gev | O0F ) (5=4641GeV
/ \ D; / ¢s \ . F ot
—ed e ot 30F
e’ e e A e :
A\ “ Ngp© 20F

'S B
10F 9%

partial reconstruction technique

« Evidence of neutral open-strange hidden 100; ) "GN
charm state, Z5(3985)° with a
significance of 4.6c

* Minimal quark content ccsd

» oBor(ete—KIZ-5(3985)Y) consistent
with o8"(e*e K Zc5(3985)") as

expected under isospin symmetry

Events / (10 MeV/c?)

Mass (MeV/c*) Width (MeV)
Z.5(3985)% 39922+ 1.7+1.6 7.775: +4.3
Z:s(3985)" 13985275 1T 138725 149

Loimor-

0_ B S
395 4 405 4.1 4.

RM(K(S))(GeV/cz)

Evidence of the isospin partner of the Z5(3985)"
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https://arxiv.org/pdf/2204.13703.pdf

Strangeoniov

7

Spectruwm
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Straongeoniov Spectrumy

—
N =
O 24+
> -
@ B
S 22F o3 (Y (2175)?)
g i
o] - %,(2°P)
21— 23 Y Runin
= IR XEEY . (zspﬁ,ﬂ.( ...... )
- h@py e o(¥D) o('D,) ¢,(1850)(T'Dy)
1.8—
B 0(1680)(2°S,)
1.6 ;
°F nes 1l TEN1529)
C 1, (PP (1420)?)
1.4 h(1380)(1'Py) % (TPoy*—
1.2_—
- q;(PSIZ
11— ' (I'Sy
Jpc= 0-+ 1+ 1" 0++ 1++ 2++ 2" 2—+ 3"

Strangeonium mesons

* Bridge between light quarks (u,
d) and heavy quarks (c, b)

* Study of exotic states

Only few states observed:

* Small BR

 LargeI

Y(2175) = ¢(1020)r "~ strange,
ete” = { Y(4260) — J/l//JT+7T_ charm,
Y (10860) — Y (1S5.2S)7T7~ bottom,

* @(2170)/Y(2175) observed for the first time in the ¢f, channel by BaBar (PRD 74,091103;

PRD 76,031102)
- BESIIL: PRL100,102003(2008)
- Belle: PRD80,031101 (2009)
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$(2170)

L2170 [MeV]

300

100

—i— BESIll *e — ¢

—¥— PDG 2020 [49]

—Z— BESlll e*e” — wn [12]
—%— BESIll e*e” — ¢ [11]
—~— BESIll e*e” = K*K 7%2° [10]
—=— BESIll e*¢’ = K*K ' [8]
—&— BESIIl J/y — nonta [7]

—F— BABAR e*e’ — ypn*n 1]
—— BES J/y — 1¢f,(980) [5]
—&— BABAR e'e” — y¢n [3]
~—4— Belle e*e” — ¢x*n [6]
—— BABAR e*¢’ — yK*K n*x’ [4]
—f— BABAR e'¢’ — yK'K n°z° [4]
—¥#— BABAR e'e — y ¢f(980) [4]

[1] PRD74,091103
[3] PRD77,092002
[4] PRD86,012008
[5] PRL100,102003
[6] PRD80,031101

Pt

2.1

M, 5170 [GEV/C?]

The nature of ¢(2170) still not
fully understood!

e ssg hybrid
« 23D 1 Or 33S 1
e tetraquark

[7] PRD91,052017
[8] PRD99,032001
[10] PRL124,112001
[11] PRD102,012008
[12] PLB813,136059

PRD102,012008 (e*er—¢m’)
M =2177.5+ 4.8 £19.5 MeV/c?
I' =149.0 + 15.6 + 8.9 MeV

PRD 104, 032007 (2021) (e*em—¢n)

M = 2163.5 4+ 6.2 &+ 3.0 MeV/c?
I=31.17375 £ 1.1 MeV

What is the ¢(2170)? Many interpretation

* molecular state AA
*  $fy(980) resonance with FSI
e Three body system KK
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¢(2170) @ BESIII

K"K~

—§— BESIII
: = o BABAR
o
Fit
= A m =2239.2 + 7.1 MeV/c®
= -
S %2 o I'=139.8 +12.3 MeV
N
0.1— ;
= | l . 'j‘.; li Al.'.‘ l‘: ) v :~; |
2 22 24 26 28 3 32

M =2239.2+7.14+11.3 MeV/c?
I' =139.8 +12.3 & 20.6 MeV

Consistent with BaBar PRD 88,032012
(2018); PRD 92,072008 (2015);

K°) (nb)

0
S

og(e’e— K

0.08

T 1 1 1 T T 1 1 T T

007 —~—Thiswork |
0.06 :_ — Fit _:
3 THR ; z

0.05 - ---- Background E
0.04 —
0.03 - 750 -
0.02 [ =
0.01F —
0 :_ ...................................................................................... _:

| 1 | | | | | 1 1 | | 1 | | | | 1 | | 1 | | l | | | i

2 2.2 2.4 2.6 2.8 3 3.2

/s (GeV)

M =2273.7+5.7+19.3 MeV/c?,
I =86 + 44 + 51 MeV,

Consistent with BaBar
PRD 101,012011(2020)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.032001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.092014

erer—gdn and pn’

e The ratio between ¢n and ¢n’ partial width is important observable to access ¢(2170)
as a sSg hybrid state
 partial width larger in the ¢n channel by a factor [3-200] w.r.t ¢’

Nominal fit 250 I
Without ¢(2170) ft C —+— BESIII Data
ool | ek o) |
a —a— This work -8- C — Fit
=R —— BABAR n— yy [3] L B
- 2000 BABAR n — n*a*n® [43] ~ 150 - p—KK~; ‘rl’ — iy
= 5
2S T 100
® 1000 . C
] +® -
4 3 50 _—
f (o) L
0 i |-<>-.~ o n : [ ) ;#
. 35 oF i
s[GeV] s T o ¢ 99 v o0 p oo gag f gyl
1000 Y—— 2 2.2 2.4 2.6 2.8 3
- Without ¢(2170) fit E (GeV)
X ¢(2170) contribution
------- Interference
3 —&— This work 0.02
=n —&— BABAR n — 1y [3] 10.
& 500 BABARZ—~Z;:+7¢°[43] Br [¢(2170)—)¢n] Fee _ < 003 -0.01
£, B +
&5 Br [¢$(2170)>¢n![Tee 1427036 46
ot Small than prediction of the ssg hybrid model by
| | |

Gt g o several order o magnitude


https://journals.aps.org/prd/pdf/10.1103/PhysRevD.102.012008
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.104.032007

Measurement of erer—KrK 10 cross section

PWA analysis to 19 data points between 2.000 GeV and 3.080 GeV

—_~

— 400 = .8_ 140 E_ —— BESIII Data
: 300 'A EPJCS80, 1139+ SND /x_\ 100 i
% | -+ BESIII .
o 250 ‘ ’ 8 %
X ; T 60|
+¥ 200§ | ’ 4 a0k
1 1s0f /1! H ‘ \ T ob
+ g } # @ 0 T
9,50— |!i l ﬁ# o R S el A A A L O Nl N | O e A | ol
o E Tk 2 22 24 26 28 3
0 L Ll L o Hey \/7
15 2 2 5 3 35 s (GeV)
/s (GeV) @ - —4— BESIII Data
—~3200 — Fit
 Structure observed in the cross section of the ;c_“ SH6E () s
intermediate processes e'e™—K**(892)K™ and § 8005
e'e—K,**(1430)K™ with a significance of 7.1c ;6005
-xxﬁ\l i

400
Br(¢(2170) — K3+ (1430)K~) _, 12:654.5 Soll I Ny

Br($(2170) — K**(892)K~) ™ 22.7+4.1 Sol2 g of

R =
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https://link.springer.com/content/pdf/10.1007/JHEP07(2022)045.pdf

Measuwrement of erer—pTtrTt cross sectiov

» 22 data points between 2.000 GeV and 3.080 GeV

» Clear structure (¢(2170)) and
enhancement (X(2400)) can be seen
at around 2.1 and 2.4 GeV,
respectively

» significance of 8.5¢ for the
X(2400)

» Cross section consistent with
previous BaBar (PRD86, 012008)
and Belle data (PRD80, 031101(R))

$(2170)
M = 2158133 +£4 MeV/c?
I' =21878; + 5 MeV

oB(e’e” — ¢ n*n’) (nb)

0.8 5 : .
—&— BESII
0.7 : BABAR
06 : Belle
——— $(1680)+4(2170)+X(2400) Fit
0.5 i —_— ¢(1680)+¢(2170) Fit '
0.4 ................................................................................
* ﬁxed mass and Wldth
03 .......... ¥\ ............... g ................. ..........................................
0.2 \\ -------- — -------------------------------------------
0.1 s T ----- *;?7?*?:3 x‘é ---------------- o
Sl T D O D O s s o
q.4 16 18 2 22 24 26 28 3
\'s (GeV)
X(2400)

M = 2298150 + 6 MeV/c?
I'=21971]7 £ 6 MeV

» Independent data sample in the ¢(1680) mass region is needed for further investigation
» More data points in the 2.4 GeV region for a deeper investigation of X(2400)
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https://arxiv.org/pdf/2112.13219.pdf

Swmmowry and Outlook

» BESIII is taking data since 2008. It will continue to run ~2030

» Selection of latest physics results (based mainly on spectroscopy) are
presented
» Observation of exotic isoscalar 1,(1855) state and the new X(2600)
state observed in J/i) radiative decays
» Y states and Z-4(3985) triplet states
» Latest search on the ¢(2170) strangeonium state
» ....Many other not covered in this talk

» Many analysis in progress!!!

1033 L
A Upgrade BEPCII

» First data at higher c.m. energies in (REECIEY)

now available (4.7 < Vs < 4.94 GeV)

8x 10%

BEPCII
6x10%f

» Further upgrade in energy (5.6 GeV)
and luminosity (BEPCII-U, 3x)
planned for the next year Zs 18]

4x10%F

Peak luminosity (cm™?s™")

Thank yow for your attentiovnw . = e e
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The BESIII Detector

Nucl. Instr. Meth. A614, 345 (2010)

RPC: 9
layers

SC
Solenoid

Barrel
ToF

Endcap
ToF

or

ToF e

o,~ 90 ps (barrel)
o,~ 120 ps (end

Electro Magnetic
Calorimeter

RPC: 8
ayers

caps)

Drift Chamber
G5~ 130 um (single wire)
o,/P~ 0.5 % @ 1 GeV

Tsabella Garzia - University of Ferrara and INFN

Electromagnetic CsI(TI) Calorimeter
op/E<2.5% @ 1 GeV (barrel)
or/E<5% @ 1 GeV (end caps)

Oy ~ (6 mm)/E'? @ 1 GeV

RPC Muon Detector
AQ/41=93%




BESIII physics progroumme

Light hadron physics

* Meson and baryon spectroscopy
*  Multiquark states

* Threshold effects

* Glueballs and hybrids

* two-photon physics

* Form factors

QCD and T
* Precision R measurement
* T decay

Charmonium physics

* Precision spectroscopy
* Transitions and decays

Isabella Garzia - ‘University (f Ferrara and INFN

XYZ meson physics
* Y(4260), Y(4360) properties
* Z(3900), ...

Chc:rm physics
Semi-leptonic form factors

* Decay constants fy and fp,

e CKM matrix: |V4| and | V]|

e DO-D° mixing, CPV

* Strong phases

Precision mass measurements

* T mass
* D, D" mass



Amplitude Analyses in BESIII

» JAp radiative decays are ideal for searching glueballs
e JAp — yPP: 0+, 2%, ...
e JA — yPPP,yVV: 0
* Neutral channel is much cleaner than the charged ones
e Very complicated mass spectrum in the low mass
region: many broad, overlapping states complicate the
study of the spectra

* Amplitude analysis: toll to extract the complex
amplitudes from experimental data
* Models with free parameters
* Consider the kinematic of final states particles
* Vary the parameters to maximize the likelihood

o
=
L2

— PRD 73, 014516

EE) -+ +-

* Mass Dependent (MD) PWA: model the dynamics of particle interactions as

coherent sum of resonances

* Mass Independent (MI) PWA: make minimal model assumptions and
measure the dynamical amplitudes independently in small regions of two-

meson invariant mass (PRD92, 052003 (2015))

Isabella Garzia - ‘University cf Ferrara and INFN

Mg (GeV)



PWA status and plans inv v nutsihvell

0+

2+

Jip—yn’

JWp—m’n’

J/Ap—ynn (PRD87,092009)
Jp—yr'n® (PRDY2,052003)
JAp—yPP JPp—yK Ky (PRDYS,072003)

JAPp—yw@ (PRD87,032008)

Jp—yVV Jp—ype (PRDI3,112011)
J/lp—VYCOOJ \
J/p—yPPP JAp—yn’ T (PRL106,072002)

JAp—yKKn’

4&/ 20 MeV/c?

Jp—ynmin®

PWA Published
Ongoing
Published, no PWA

PRD 93. 112011 (2016)

2500

1

- - N

o 42 o

o o o

o o o
T

T

.-

500F ¥

L=

PR e L
0% :

* 0 model independent
----- 0" model dependent
= 07" model independent
==+ 0" model dependent
« 2" model independent
#. ---- 2" model dependent
)
'...:.
e

e,
4.

*e
a,
o tual

R T et P s

2

22

24 26
M(00) (GeV/c?)

e (0++: the production rate f(1710) 1s compatible with LQCD prediction for a pure gauge

scalar glueball

o 2++: £,(2340) seems to be a good candidate for tensor gluball [PRL111,091601] (large

production rate)

* 0—+:n(2225) 1s confirmed and two additional pseudoscalar states, 1(2100) and X(2500),

are observed

Isabella Garzia - ‘University (f Ferrara and INFN




First Observation of X(2370) inv J/ip—yKKn’

1.3x10° J/p @ BESI EPJC 80, 746 (2020)

200 vtk dalaix k2 xx &L %% &8 LINUSEUNEIE) . AL NN IR ) (SRR S T I PR T P RS T TR SR O S R L
- - Jhy KK, n'sa'nn, noyy (a)- _ 500 J—>yK'KW, n'=yp°, plon'n (b)
Ng\_) | —— Data — = Chebychev ] NQ [ —— Data — = Chebychev ]
> 150 it resutt “--*PHSP ] > 400 — Fit result “- PHSP =
o B L e Total bkg o o [ gpegen TS Eisim Total bkg 2
o [ %% Signal X(2370) + J[ o A % Signal X(2370) T
— [ . - [
o [ o Jhy— KK m+ c.c. o 300f -« yny—s K* K n+c.c. ;
- 100 + . B { 4t g
= [ -1’ sideband = - - 1 sideband 1
I [ @ 200F -7 4
= I = S | s 2 ]
0 50 o - Z
L i - -4 o 100p E
0 Emndazer OO o o Bz ; e e e
2 2.1 22 23 24 25 26 27 2 2.1 22 23 24 25 26 27
My (GeV/c?) My-.r (GeV/c?)
. 0 | e R S TR RS A A 90- LA B B AL BN BN BN B
— - J/\p—ngKg N, N>, n->yy (C): —~ 80 :_ J/w—ayKosKgn’, n’——>yp°, Y a4 (d);
N(\_, 25 - —— Data — = Chebychev . NQ 70F — Data — = Chebychev E
>  — Fresut PHSP 1 3 - — Fitresult ... o E
20 Total bkg : 60E Total bkg =
9 [ %% Signal X(2370) _ 9 - 22 Signal X(2370) .
© 45F - " sideband - o 505 = 1" sideband + 3
s f 1 S a4of -
"qc'; 10¢ + m 2 "q&; -
e I 1~ i { 2 20f
I 5_* [ 3 4w of .
0 B ) o o o 30 e’o'-v"'&o‘o{o}o‘-’o’c A Dt e L] ] O e mipm it 2L S o 2,0 ’424’:’.’.2::.“.’% QX 1 .
2 21 22 23 24 25 26 2.7 2 2.1 22 2.3 24 25 26 27

K°K° ,(GeV/c ) K°K° ,(GeV/c )



PWA O']C J/lp—> KK~ 1t?

PRD 100,032004(2019)

JrC DG M (MeV/c?) ' MeV/c?) b (%)
I K(892)T ) 893.6+0.1702 46.7 + 0210} 934+04%1% T\ o "
K*(1410)* 1380* 176* 0.26 + 0.04 S eop
1— K*(1680)* 1677* 205* 0.20 =+ 0.03 s
2t K3(1430)* 1432.7 4 0.732 102.5 + 1613 9.4 40.1108 =
(27 K;(1980) ] 1868 +81% 272+ 24+% 0.38 + 0.041022 5§ *
3- K% (1780)* 1781* 203* 0.16 =+ 0.02 ol ....1.5....2.....25
L4 K:(2045) ) 2090 + 971 201 + 19+ 0.21 = 0.02+010 My (GeVIc?)
3~ Nonresonant e e ~1.5% —/ x10”
N §
S
JEE M (MeV/c?) ' MeV/c?) b (%) =
<
17 1651 £37° 194 + 8+15 1.83 £ 0.111707 - P
17~ 2039 + 8178 196 + 23123 0.23 + 0.047057 ) g

M- (GeV/c?)

* Dominant contribution from K*(892)

* First observation of K*,(1980) and K*,(2045) in J/i) decays

« Two clear JP“=1" " structures observed in K*K~ mass spectrum: possible relation
with ®(1650) and p(2150)



PWA of ¢ (3686 )—KKn

o . PRD 101,032008(2020)
10 5 E —$-data b
L - e
ok % e -;?:iaebgnd | x2/ngin)= 1.22
No 8H —5 [) - - K,*(1980) |L|I i
S B g 30| ---K,*(1780)
© °f £ 20F
= I 3 2t
.5 4 :_ w 10:—
- i 2 0 .2 | ; ; ! s,
= o 1 15 2 2.5 3
: 1 M(K*n) (GeV/c?)
0, '5 1'0 0 50 x2/nbin = 0.95 ff;g:, "
M(K') (GeV/c?P 2 40 = si020
S
15 30
Q ......
. . 2 20
Observation of ¢(1680) in the KK mass spectra g
1~ state needed to describe the dip around 1.7 " . |
GeV/c? in the KK mass spectra (X(1750)? but T re 5 3
not excluded the possibility to be the p(1700)) M(K*K) (GeV/c?)

A broad structure around 2.2 GeV/c? is observed, either ¢p(2170) or p(2150)?




TOWARD THE EXCITED ISOSCALAR MESON SPECTRUM ... PHYSICAL REVIEW D 88, 094505 (2013)
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Decay mode o g+ 4+
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.105.072002

First Observation of X(2370) inv J/p—yKKn’

1.3x10° J/ip @ BESII
* X(2120) and X(2370) states EPJC 80, 746 (2020)
observed in the 7™’ invariant I I I I IR
mass spectra (PRL106,072002) P 500 Jry—y K K
« The X(2370) measured mass is § 00k : I[__)_Tta . f
consistent with the pseudoscalar o - s Sligrne;ux (2370) ]
glueball candidate predicted by S 300F ... Total okg -
LQCD calculation (PRD73,014516) o i -
@ 200 s
» Simulataneus fit performed for S - ]
two decay 1’ modes o 100 - =
> No evidence of X (2120) is found e R RO A 4

o

25 921 22 23 24 25 26 27
B(J/¢ — yX(2120) > yKTK™ 1) < 1.49 x 1077 M _ (GeV/cz)
B(J /¥ — yX(2120) » yKIK9) < 6.38 x 10-6 K'Kn

f> Clear X(2370) signal observed with significance of about 8.3¢

M (2370) = 2341.6 + 6.5 £5.7 MeV/c?® T x(2370) = 117 £ 10 &+ 8 MeV
B(J/¢¥ — vX(2370) = yKTKn') = (1.79 £ 0.23 £ 0.65) x 10~°
B(J/¢ — vX(2370) — vyK2K2on') = (1.18 £ 0.32 £ 0.39) x 10~°




Seawchfor X(2370) inv J/Ab—ymn’

1.3x10° J/p @ BESIII
PRD 103, 012009 (2021)

7] Branching ratios prediction for the

10 iJ/‘lI’—WﬂTITI':ﬂ'—E v)frf E ; Jl/\tlHﬁlmlnn'm'% ﬂ)*rr'n

< - —— Dat < 1 % [~ Dat ] .

2 8__@;@%%)" 13 4@;1;‘2%%)" 1 decay of pseudoscalar glueball with

g [ .-’ sideband © 3.y sideband # M~2.37 GeV into three pseudoscalar

©  6[ .. Chebychev o [ -~ Chebychev

s S mesons (PRD 87,054036 (2013))

c r c :

o T (o) [

> B > 1_«* *

- 31 ) s - s . ] FG—)T]'I]'I]’/F?;)t — 000082
025 % 25 26 27 033 T

. a4 25 % o
M,y (GeV/c?) M, (GeV/c) La ey Fe® =0:011

:""I""II"I"I';'_‘l""l""I""I"": 16:—"'"I'"'I"""l;'_"l""I""I""I""—: tot_
g B § g g —; Loosmmy /TG = 0.090
R e 1 3 Lgnm T E
RN = [ n ]
© |- sideband \ ] @ 10F . ysideband g
& 15[ ARGUS ERE 1 » No obvious signal of X(2370)
- - ¢ g ~ N ]
2 1of 1 2 °f / E
g f *}/ J 3 I . 1 1 Simultaneous unbinned maximum
T+ T 4 ] 2 ] . . . .
o g, - o BRI TIT sd  likelihood fit to the N’ 1s performed
27 275 2.8 285 29 295 3 3.05 31 27 275 28 285 29 295 3 3.05 3.1 . . .
M, (Gev/c?) M, (GeV/c?) and the 90% C.L. upper limit is

calculated

B(J/¢ =y 7X(237O) =3 7127777'2 < ;2 X 1OA_63 (it does not contradict PRD 87,054036)

B(J /v — ne) - B(ne — mmn’) = (4.86 & 0.62 % 0.45) x 10~ J FIRST OBSERVATION in

L the 1)’ invariant mass
spectra




$»(2170) @ BESIII
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$»(2170) @ BESIII

Resonant structure 160 |- (a) -+ BESIII
in the 4K spectra, f-/. 140 . BaBar
‘put difficult to C120F i PRD 86,012008
disentangle from % ,o,F oo T
Y C m K I 7
other final state L s0f 7 # ’ ' \‘ O
T 60F ko] + | + Ry
¢(2170) or new °© Lof | [ ] 1k 1
strangeonium state? & T F & l — :
© 20F AN threshold
1l PR AT T S AN TN N AN SR S S |
2 2.2 24 2.6 2.8 3
/s (GeV)
PRD 99, 112008 (2019) - 1.3x10° J/i) events
Jp—énn’ K3
. . : >
* Evidence of a structure in the ¢’ mass spectra g
 Distribution of 1 polar angle in the J/i rest frame [
used to investigate the J assignme 1
. Significance of structure: 4.4c for nd38
S <
mass 5¢ away
no PDG entries from that reported
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: 4] First

F measurement
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