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The BESIII experiment @ BEPCII
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Hadvrow Spectruwm

Hadron spectroscopy: establish the spectrum and study the exotic hadrons properties

Baryon Meson / Hadronic\

Glueball Hybrid Tetraquark MEleciils

Naive Quark Model: ... but QCD allows also different
conventional hadrons B :
combinations of quarks and gluons:

\ contain two or three quarks / \ EXOTIC hadrons /

A lot of exotic states observed experimentally, but their nature is still far
from being understood!!!

Light hadron physics

*  Meson and baryon spectrosco
1 JAXx 9 Y P PY
@ BESI[[ 1/ 10.1x10 “ « Glueballs and hybrids
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New discoveries at BESIII

http://english.ihep.cas.cn/bes/re/pu/NewParticles/

New particles (@ BESIII

Mass (GeV/c?)
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Z,(4020)° Z_(4020)° Yoo
. z 1 o .; e Y(4230) 2..(3985) o
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26 new hadrons at BESIII
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L ® n,( )Aoa0 1817y
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Date of arXiv submission

~

Manifestly exotic

o

ﬁ

‘Cryptoexotic’ exotic

*  Quark contents more than qq or qqq ||° overpopulation of states
e Quantum number JFC not reachable * mass/width not fitting in spectra

for ordinary mesons or baryons * production and/or decay patterns

L incompatible with standard mesons/baryons
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http://english.ihep.cas.cn/bes/re/pu/NewParticles/

BESIII dataset and physics programy

Optimised for flavour physics in the T-charm region

o(ete™ - hadrons)
a(ete” - pty7)

Y(3770):
(3686): 2.93 fb! +
Ip10.1x10°  TUC s 5.6 b (2022)
) from PDG
10— . [ ——g 7 »
i 1°F ! ] N y@e0y: ]
u,d, s 1 F I/ BES II 06 '09 Y(4040): 39 g1 P(4415): .
3 loop pQCD 16 | A Mark-I 05! . 1.1 fb C |
10 | ~---------~- Naive quark model = ; Mark-I + LGW : ’ 1 .
o’ 15 F B Mark-II Y !
. B ® PLUTO i i
,,,,,,,,,,,,,,,, e R S = B # Crystal Ball A Vo :
"ot Inclusive: +H 4 | * BESII'99 01 -
= : ¢ KEDR 1 F | (EEDY i
1| * > ’ 1 3 [ | | i
0’| BES 11 ’99 *01 17 % «‘W | } || :
= BES II 09 ] Eeasladl g o o] .
| . ' | —— —— [ i
1.5 2 2.5 3 3 3.5 4.5 5
\V(s) [GeV]
4 130 points ) (. Light hadron N (. D°DOpairs (. XYZ decays and )
between 2 and spectroscopy * D) meson spectroscopy
4.6 GeV (~715 * 1n/n’ decays decays * Open charm
pb~!up to 3.08 » Hyperon physics .+ D¥ production
GeV for p*, o*, * Charmonium . * Charmed baryons
\. ®%...studies) J \ transitions J\ \* y
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https://pdg.lbl.gov/2022/reviews/contents_sports.html

Hunting for glueballsy and new forms of hadroias

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

studies (clean, high statistics and gluon-rich process)

2.5 GeV

,2.0,GeY

LQCD prediction

for Exotic Hybrids
[
I =
|
1
-
m; = 391 MeV
24% x 128
y
1 — + isoscalar M

isovector

PRD 88. 094505

12

10

Prediction from LOCD

++

0" NN

PRL110,

021601

| PRL111

091601

* T/ = yGye+) [T = 1.12)(1) X 1072 ]

F(J/lﬁ - YGO”)/Fmt = 38(9) X 10_3 1

++

https: //doi.org/10.1142/S0218

PC

301309012124
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.88.094505
https://doi.org/10.1142/S0218301309012124
https://doi.org/10.1142/S0218301309012124

Hunting for glueballsy and new forms of hadroias

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

studies (clean, high statistics and gluon-rich process)

» Exotic Hybrids:
JPC=0", 172"
(forbidden in the
conventional QCD
scheme)

» The exotic JF¢ = 17" nonet N

of hybrids is predicted to
be the lightest

» Only isovector candidate
observed yet: m;(1400),
n;(1600) [

])
1,(2015)

5 GeV

LQCD prediction
for Exotic Hybrids

2.0Gey

m; = 391 MeV
24% x 128
¥

isoscalar
isovector

> Establish the hybrid nonet:

» Isoscalar 1 hybrids can decay to )’ in P-wave (PRD
83,014021, PRD 83, 014006, Eur.Phys.J.Plus 135, 945)

PRD 88. 094505

12

10

Prediction from LOCD

0" NN

..................

PRL110,

- 021601

| PRLI111,

091601

F(J/lﬂ - YG()”)/FIOI = 38(9) X 10_3 1

T(J/¢ = YGy++)/Tie = 1.1(2)(1) X 1072 |

++

https: //doi.org/10.1142/S0218

PC

301309012124
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.88.094505
https://doi.org/10.1142/S0218301309012124
https://doi.org/10.1142/S0218301309012124
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.105.012005
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.105.012005

Obsesvation of Exotic Isoscalow Staten; (1855) in J/ip—ymi.

PRL 129, 192002 (2022)
PWA of JAp—ynn’ using 10 Billion of J/i) data @ BESIII PRD 106,072012 (2022)

> Noyy and N’ —yrm/ T PRD 107,079901 (2023)

400FT - . — - - - —
& [+ @yxYdof= 157 ] & ok (b) x¥dof= 152 . ]
Y ) - D - o 400 b -]
S 300 # Data b e _ :
c 0 [ o ] © C ]
s | 2 S 300F 3
C ) S s00k — 1" (n1855)) ] 8 - .
E [ — PWA fit projection (exclude n,) ] ,?_,’ 200~ =
GC) 100k R — PWA fit projection (baseline fit) - g o ]
n' o F o 100F e 3
ot ' e " 0 :‘ﬂ‘f\
1.5 2 2.5 3 1 1.5 2
M(m')(GeV/c?) M(yn)(GeV/cd)

» An isoscalar 177 state,
N1(1855), has been observed

with statistical significance ¢ 4of ©@xrot= 124 4

larger than 19¢ E s00f S 1 8™
> Mass is consistent with §2005 ¥ %

LQCD calculation for the N : 1§ 2%

1= hybrid (1.7 - 2.1 @ IR

GeV/c?) 0™ I:/I:?yn’)(’fs‘;\:/g) %5 03 05 *Cochen 0.5 1

*spin information
M = (1855 + 978) MeV/c?; T = (1884 1873) MeV
see tolk by Runqui Mav

B(J /¥ — yn1(1855) — ynn’) = (2.70 £ 0.41703%) x 10~°

5 June 2023 -16:30
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.129.192002
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.106.072012
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.107.079901
https://agenda.infn.it/event/33110/contributions/197465/

Jp radiative decoavy: PWA status inv v nutshell

*lightest glueball candidates

0+ 2+

J/Ah—y1m (PRD87,092009)
Jp—yn'n® (PRDY2,052003)

Jp—yPP Jp—yK Ky (PRD98,072003)
JAp—ynn’ (PRL129,192002)
JAp—yn’n’ (PRD105,072002)
JAh—yw@ (PRD87,032008)
JAPp—yVV Jp—ype (PRDI3,112011)
JAp—yo® (PRD100,052012)
JY—yPPP JAp—yn’nr (PRL106,072002,

noPWA)
JPp—yK KN (PRL115,091803)
Jp—yK Km0 JHEP 03,121)

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

JAp — yPP: 07, 2%, ...
JAY — yPPP,yVV: 0
Neutral channel is much
cleaner than the charged
ones

Amplitude Analysis: toll

to extract the complex

amplitudes from

experimental data

* Models with free
parameters

* Consider the kinematic of
final states particles

e Vary the parameters to
maximize the likelihood

* Mass Independent (MI) PWA: make minimal model assumptions and measure the

dynamical amplitudes independently in small regions of two-meson invariant mass
(JHEP 03,121 (2023))
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Powtiod Wawve Anadysis of J/ib—ynm’

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

> W—ynn/ qutnT (M—yy)

x?/Nbins = 1.21
—+ Data
— Fit Projections
—-0"" PHSP

- f0_2020
--- f0_2330

.......

—_
Q0
~—

1400 F
> decay widthof T F
scalar glueball to & soof-
n’n’ should be S 600 3
comparable to that § :22 -
of scalar glueball 9:
toMm g3
» more studies of *
the 1,(2340)
> JPC = 0++, 2++’ 41+ )
inn’n’ §
» JPC=1",1"1n S
v’ £

22

3
2
M, (GeV/c)

26
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1

1
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Alo
o Ao O

Events / (0.02 GeV/c?)

500
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103E

PRD 105, 072002(2022)

IIIIIIIIIIIIIIlIIII

¥2/Nbins=129 =~ = (,b)

lIIIIIlllIIIIIlIIIl

.......... ﬁi*H*{ H#*m*# +++ *ﬁ#ﬁuﬁ*ﬂ*f #w; g
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.105.072002

Powtiod Wawve Anadysis of J/ib—ynm’

PRD 105, 072002(2022)

Only component with significance larger than 5c

Resonance M(MeV/c?) I'(MeV) B.F. Significance (o)

Lo(zozo) 1982 + 313 436 + 419 (2.63 £ 0.061031) x 10~ >>25} Dominant
0(2330) 2312 4+ 2+10 134 + 572° (6.09 4 0.64#%0) x 106 16.3 | contributions

(£0(2480) 2470 +47¢ 75 £ 97! (8.18 £ 1.771373) x 1077 5.2 ] new 0'* state

h, (1415) 1384 £ 67, 66 + 1015 (4.69 4+ 0.80177) x 1077 53

f2(2340) 2346 + 8122 332 +141% (8.67 £0.701061) x 107° 16.1

0" PHSP e X (1.17 £ 0.2313590) x 1073 15.7

* 15(2020), f,(2330) and f,(2340) observed in n’n’ decay mode for the first time
e £,(2480): new 0** state observed

5(2020):
» production compatible with that of f,(2100) in J/1p—ynm [PRD87, 092009(2013)] and f,(2200)
in J/Y—yKg"Kg? [PRDIS, 072003(2018)]
* its large production rate in radiative J/ip decay suggest a large overlap with scalar
glueball
* consistent with previous analysis results, but its mass is lower than the mass of the first
excitation of scalar glueball from the LQCD prediction (Phys. Lett. B 309, 378, Phys. Rev. D 60,

034509)

11
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.105.072002

Powtiod Wave Anadysis of J/i—yKOKOsTtO

10 Billion of J/i) data (@ BESIII

» KO—nn; n0—yy

> M(KosKosTEO) < 1.6 GeV/c?

» Study of ~
n(1405)m(1475) 2

O]

» Prominent g
structure around ~ §

1.45 GeV/c? and
clear bump around
1.28 GeV/c?

extract the resonance
parameters of the
intermediate states

) v

(Mass Dependent PWA:

4000
3500 ( a )

- Data (7C fit)

3000 __ pata (4C fit)
2500 . pHsP MC (7C fit)

2000
1500
1000

5004+

01.1 1.15

1.2 25 13 135 14 145 15 155 1.6

€

K9%K%n invariant mass for
the different decay modes, and
minimize bias from model

‘) dynamics of the intermediate
\ \ states j

M(KgKgnO)(Gewc?)

ss Independent PWA:

xplore the lineshape of

|

Events/(0.004GeV/c?)

Events/(0.004GeV/c?)

4000
3500
3000
2500 F
2000 F
1500
1000 f

JHEP03(2023)121

500 E

8.95 1 1.05 14 115 1.2 125 1.3 1.35 1.4 145

M(K3KS)(GeV/c?)

7000 F

6000

5000 F

4000

3000 |

2000

1000F

0 0.65 0.7 0.75 0.8 085 09 095 1 15 1.1

M(KgnO)(GeV/cz)
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https://link.springer.com/content/pdf/10.1007/JHEP03(2023)121.pdf

J/h—yKOKOTO - Mass Dependent PWA

* £ull table link JHEP03(2023)121
14000~ ' ' ' ' ' < : . )
= +:::| " (a) ] » Masses and widths of intermediate states
&~ 12000 t i 3 .o .
N SR s L : from J/i radiative decay are floating in the
i R 1 fit(all the oth
D aooof. - 0 ais20re E it (all the other
g 60005 1 K (892K 3 resonances ﬁxed) Resonance ~ M(MeV/c?) I'(MeV)
3 E ToAEE ] e . . n(1405)  1391.7+0.77L3  60.8 + 1.2157,
S 4000f-~ " ZoKER'K e 4 » 0 * component: —_—
g - 2 a,(980)°n° - .
2000~ o S = two 1soscalar n(1475)  1507.6 + 1.67333 1158 £2.4175
= [T e o~ ' - O - [ ———
i__lf._f__ ........ DL - ! R T etider :L..;___1_1_.£ .
sof ______________________________ R i states using £1(1285)  1280.2+0.6t12 282+ 11153
- = -4._.,....-'.—?.':9:..._... - ....:t_-.-- O i Y .~ 1% 71 1
= 2 BB R IR A + 7 relativistic BW f1(1420) 14335+ 1.172%° 959+ 2.37]35
125 1.3 135 14 145 15 155 1.6 model — —
f2(1525) 15154 +2.5732  64.0 + 4.312¢
4000~ -
< N 3500%— (b) —é
% - 3000~ =
o) g 2500F- 3
8 S 2000F 3
% 2z 15002— _;
§ 3 1000~ .
= 500 ;'_ o e A W= 9P P :L‘.‘_-____' —;
0= +‘ X PO #h s e - =
L T —— -
= = B ::::f‘f_"f:‘.".“}’.‘f‘.’.‘ff’fﬁo’:‘f?ﬁ?ﬁo’*"_s---*).'f'tp?f:
eS0T 05 05 0 09 0o T T 095 1 105 1.1 145 12 1.252 13 135 14 1.45
M(Kn)(GeV/c?) M(K Ke)(GeVic?) 13
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https://link.springer.com/content/pdf/10.1007/JHEP03(2023)121.pdf

J/p—yKOKOt0 - Mauss Independent PWA

. . JHEPO3(2023)121
. . . . d t 5
> Mass independent fit by scanning the invariant e e
0.K 070 ; k
KOgK%m® mass 12000 4 poa R (a) o
. . . &'\ : —.— e :
» identification of the strongest waves £ 10000F +-o* E
; . 0) E b :
> The pseudoscalar component is the dominant & gogof + Sea At k
. . 5 : 2++ :
contrlbutlpn S so0of- —+ . . E
» relatively constant around 1.4 GeV/c? 2 : o :
o 4000 - -
> (KOSKOS)S-waveTEO and (KOSTCO)P-WaveKOS T E - M_,__._ E
partial waves are of comparable 2000 - i
. . . . C I—'ﬂ_‘t‘ ]
magnitude, but with different lineshape R T RN Ty
and peaks o M(K2Ken®)(GeV/c?)
» two resonances parameterization needed dominant decay modes
» Triangle Singularity Mechanism cannot ShRLAAARA MMM AL AL DAL DAL A
describe data well 12000 +-pata s (b) 3
% 10000 + <K°K°s>s.m"" - E
> - . .
o B 0" (KIn),.,.. K :
3 8000 - - =
pa - —4— 1" a,(980)°n° .
‘C-S’ 6000 o ++ y 0,00 - =
g ' —— 175 K(892)K? . *'P++++ . ]
© 4000 4 >, K(go2k? * o TR . r
w : L 2 & - g a
2000 |- o e Ta -
0 : = ..O‘ = —.-'-V-' Pt Rl e Lt *"i-‘" :
125 13 135 14 145 15 155 16
000 2
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https://link.springer.com/content/pdf/10.1007/JHEP03(2023)121.pdf

J/p—yKOKOst0 - Mass Independent PWA

: : JHEP03(2023)121
. . . . d t 5
> Mass independent fit by scanning the invariant e S
0K 070 ; .
KY%K%mn"” mass 12000F 4 pgp RN (@) 7
> identification of the strongest waves ‘“§> 10000 -0 - - E
. . 0) E b .
> The pseudoscalar component is the dominant & gogof + I k
contribution S ook T2 B N E
> relatively constant around 1.4 GeV/c? 2 - — ]
© 4000 ~ -
> (KOSKOS)S-waveTEO and (KOSTCO)P-WaveKOS o E - """_,__._ ;
partial waves are of comparable 2000p~ - il
. . . . B e , :
magnitude, but with different lineshape T T T
and peaks o M(K2Ken®)(GeV/c?)
» two resonances parameterization needed dominant decay modes
» Triangle Singularity Mechanism cannot G L L R
describe data well 12000 +-pata e (b) 3
. . %0000 + 0Kk, T T E
» Axial vector component peaking at 1.28 E L ke, - ]
) ) 8000 |- = - r
GeV/c? and 1.42 GeV/c z JETE—r :
2 9 6000 0 - y 0,0 e -
» Tensor component around 1.52 GeV/c 2 [ oKz e, ]
M M — -+ g 0,0 B e +,._ - —-
decaying into K*(892)°Kg observed for the & *090F ~+ 2« e e 0 ]
first time 2000 e T w0
. F =o2a :!l;lr-, _n_ Aot ol o v et ,ii li"uie 1
» Consistency between MI and MD results 0725 13 135 1.4 145 15 155 1.6

000 2
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https://link.springer.com/content/pdf/10.1007/JHEP03(2023)121.pdf

X states observed inthe JAp—ytrrtn’ decoy

PRL 95, 262001 (2005) PRL 106, 072002 (2011)
:\1\120 D [T 11 AP N B B
S S soopBESIT X(1835) X(2370) -
) 3 . X(2120) ]
S 80 g AT I
S S 300F
@ 2
% 40 L% 2005—

S 100
L 0 0 ayp:~" l . l ‘ . ]
1.4 2.0 2.6 14 16 1.8 20 22 24 26 22.8
M(z*nm’) (GeV/c?) M, (GeV/c?)
58 x 10° /1 events 225.2 x 10° J/4 events

» Structure just at or below pp threshold: X(1835)

» Non-trivial lineshape: try to fit with Flatté or
sum of interfering BWs

PRL 117, 042002 (2016)

LSRRI R I R T
2000 BESIT = +Data '
as00F . —PHSPMC
§ 3 j [ Background !
§3000 - P pp threshold
<,;\312500 - X(1835)§ X(2120)
<2000 ™ X(2370)
2] C b ey o »
§1500 - Lo ..-";..,.. B
o . - . sesste
@itooof 11510y :
500F et

092 16 18 2 22 24 26 28 3
Min'm'n] (GeV/c?)

1090 x 10°J/1 events
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.95.262001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.106.072002
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.117.042002

X states observed inthe JAp—ytrrtn’ decoay

PRL 95, 262001 (2005) PRL 106, 072002 (2011) PRL 117, 042002 (2016)
:\1\120 R frorrrremT T omaes T T SSELESESRAL U B EARLE BN B B B I B
© % i X(1839) ] : | :
= = 500F , X(2370) = : Data
3 5 O BOI R o ] BT e
S 80 8 i % e &8 23000F - "
N S : g N o 2 :
= S 300F ; e 2500
2 40 5 200f e L g
E R ‘%15005
a 1005— » : (111000
0 ol 500f
1.4 2.0 2.6 14 1.6 18 20 22 24 26 238 g
M(r*Tn’) (GeV/c?) My (GeV/c?)
58 x 10° /1 events 225.2 x 10° J/4 events

J

» Structure just at or below pp threshold: X(1835) B
- Iy = K'KW, non'mn, n—yy
| —— Data — = Chebychev

===* PHSP 7]
------ Total bkg

» Non-trivial lineshape: try to fit with Flatté or
sum of interfering BWs

» Additional structures: X(2120), X(2370), ?

| — Fit result

[ % Signal X(2370)
[ Jhg— K™K '+ c.c.
[ -- 1 sideband {'

Events/(0.01GeV/c?)
3

50_— 830‘
i : 1

- B it e

oL

LA Y
21

My (GEVIC?)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.95.262001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.106.072002
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.117.042002
https://link.springer.com/content/pdf/10.1140/epjc/s10052-020-8078-4

X(2600): A New State Observed in J Ap—yTt Tt iy,

10 Billion of J/ data @ BESIII (' —yn'n /mu'n) PRL 129, 042001 (2022)
NI e L2 VT Rl M LA

Dol @ e v 2 0 B

® 5 ® 10 -

9 15F x@s3s) X(@2370) * g 70)

= | X(2600) = X(183) X(2600)

g ol \ X(ZIZO)\ s g = \ X(mo)\

= | > F o An in

£ . = F "'/\’/\")\a . , i:v&is‘Fate :

s 2 / M(n’n*n”) invariant

0 S T mass is observed

Min'x] (GeV/ 02) around 2.6 GeV/c2,

which is correlated to a
structure in M(n"n") @
1.5 GeV/c?

N
N

-
(o]

d I
-
(o]

T |

-
H
T T T

Mr*r] (GeV/c?)
> o

M[rtr) (C_-:eV/ c?)

-
N
|

-
N
I

2 24 _ 26 28 2 24 _ 26 28
Mn't'n’] (GeV/c?) Mn't'n’] (GeV/c?)
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.129.042001

X(2600): A New State Observed in J Ap—yTt Tt iy,

PRL 129, 042001 (2022)

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

Resonance Mass (MeV/c?) Width (MeV)
£0(1500) 1492.5 +£3.61 2 107 + 933!
X(1540) 1540.2 +7.073%3 157 £1977]
X(2600) 2618.3 +2.07163 195 4 512

» X(2600) resonance observed

for the first time with a
. . . . 24 2. 5 2. 6 27 28 3 24 25 2 6 2.7
statistical significance greater M,,..(GeV/c?) M,,..(GeV/c?)
than 206
A4ooo—(c)— T e
» The structure in M(xt"n") %35005' F cé byt
@ 3000 E 3
around 1.5 GeV/c? canbe well =, F 3 = r200f
. . . o E 3 o 2
described with the interference ~ Tz000% { = A
between f,(1500) and the @ 1500F I 1 £ eoof e
S 1000F "7 1 & 400F
X(1540) resonances i e N @ eoof o 5
VR TR R R TR’ e T T4 s e 17 16 14
M,..(GeV/c?) M,..(GeV/c?)
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.129.042001

Observation of X(1835), X(2120), X(2370) inwJ/
EM Dality Decays

Events/(22.5 MeV/c2)

10 Billion of J/i data @ BESIII PRL 129, 022002
T —I+— Data T - T —— Data ! 7
romrmote T Mg Leormmede - igace, e
we iR T G
B () ciimiiar Non-n"lmztclfg%ound i § B (b) SRS Non-n’(})ic]fg;’-oun.d i J/lp _>e+e—n9n+n
150+ .-:?j %x?rgs:n;[ngell’)zcciggrr?:::l ] (—} N .-.-:: %&iﬁs:n:nze?)zcciggﬁ‘%?&?l i C f 1 f
- - = onfirmation o
wooF E % 5 X(1835), X(2120) and
¥ ) g X(2370) observed in
B . > . .
sol- = J/ 1 radiative decays
2
014 16 18 20 22 24 26 28 1% 16 18 20 22 24 26 28
n o’ (GCV/CZ) n o’ (GeV/Cz)
5_"'l"'l"'l"'l"'l"‘
f4l - | dT(J/w — X(1835)ete™) o
Access to the EM transition form factor between J/ 1 and (LT = xamsy) =P
X(l 83 5) .States. . . QED prediction from
* Additional information on the internal structure of o 3
X(1835) S
2 1 -2
F(q°) = :
1—q?%/A? 1F
A =175+ 0.29 4 0.05 GeV /c? R T
0.2 04 06 08 10 12
M,.. (GeV/c?) 2 O
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.129.022002
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.100.016018

erer—pK-A: nawrow structure ivv p
system

BES, PRL93, 112002 (2004) BELLE, PRL90, 201802 (2003) BaBar, PRD79, 112009 (2009)
N/<:100-— 0 A — 070 el I L LA A L B I =

S0 ———= ST B—pAn™ | ~
§ :e ToPRA (a) (3 80 |- ;: 5005— BY—pAn _
g ‘g ;: 4()();— _;
:\_ﬁ ieo_— € smf 3
L r 2 E -
A | 40T —:3, 200f _+_ =
K I %20 - i l(x)z— —4— —
- % H—*— | E’l 0: 1 .|_+_‘ 1 |l t 1 J; {; :

..... - . 0__ l H.."’i.“.2..‘115.“.4.“‘45.‘..5

25 3 TR T . eV
M . (GeV/c?)

Mp;] (GeV) P

» Evidence of a structure in the p/_\ system reported in several decays of B mesons and
charmonium states

» Different scenarios investigated: baryonium state [PRD74,014029], barion-antibaryon
SU(3) nonets [PLB626,95], final state interaction [[JIMPA22,5401], ...

> (@ BESIII: observation of a narrow structure near the pA mass threshold, named
X(2085), in the e*'e —pK A at 6 different center of mass energies between 4.008 GeV to

4.682 GeV  Arxiv:2303.01989

Isabella Garzia - HADRON 2023 Genova - 6 June, 2023
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.93.112002
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.90.201802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.79.112009
https://arxiv.org/abs/2303.01989

erer—pK-A: PWA resulty
ArXiv:2303.01989

s » Significant near threshold enhancement in the pA
H > X(2085):

30

_ s » observed with statistical significance > 20c

T 0 » JP = 1% with statistical significance > 56 over other
<) = iy quantum number

o I% :

s w0 Mpoe = (2086 £4+6)MeV T'poe = (56 & 5 + 16) MeV

s »» No matching with any state predicted by the potential
0 model + narrow width =» exotic properties of X(2085)
» Same structure as in PRL.93, 112002 ?

(b) wnbin=1.17 |0k (0 X?/nbin=1.04 |

—+ Data
—— Total Fit
[ Background

150

200

=)
100 _ Xé085))
K,(2250)
— N(1720
100~ — Nfzsmg

— A(1520)
— A(1890)
— A(2350)

100

50

50

Events / (26 MeV/c?)

. 2.0 2.5 7 3;0 T 3.5 20 7 25 3.0
m,;- (GeV/c?) m - (GeV/c?) m,_~ (GeV/c?)

22

TIsabella Garzia - HADRON 2023 Genova - 6 June, 2023


https://arxiv.org/abs/2303.01989
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.93.112002

Light hadrons inv oper-chawrm decayy

Ground state

Radially excited states Higher set of excitations
. £,(500), £5(980):0+, I =0fwa| + £,(1370). £,(1500) o+ £,(1710), £,(1770)
o 2(980): 0++, 1= 1 . a,(1450) o ag(1710)/a,(1817) 222

&
b3
&
>
e

~

+ 0 70+
—— Data

Wx
3

S 300F R j
oo || Eg Tmee ) BESH
250 | 0 % — * +
s =0 - %0710 S | KK (892) \ PRD105,
g 200 E :/ - T S(1710)TC+ *
2 ; @ 20 .. | L051103 (2022)
5 150 s |
i A ot T e 1+ U
100 | 1 1.2 1.4 1.6 1.8
- 2
wof M KK (GeV/c?) | |
- n n _, suppression attributed to the
ok B(Dy — S(980)7") < 1.8 x 10 destructive int. between
@ 90% CL a,(980) and £,(980)
m(mm?) (GeV/c?) N N
m(ao(1700)) = 1704 5,0 + 25,5 MeV/ 2, B(DT — S(1710)7™) = (0.31 £ 0.03 £ 0.01)%

T(ag(1700)) = 110 = 15, = 115, MeV/c2. One order of magnitude larger than the expectation =» existence of
< isospin partner of f,(1710)=>» constructive int.
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.104.072002
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.105.L051103
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.105.L051103

Light hadrong inv opesv-chawrw decays

6.32 fb~! between 4.178 and 4.226 GeV

» Amplitude analysis of Cabibbo-favored D,"—K9sK* 70

» Together with
result support the existence of a new a, triplet

» BF of Dy*—a, ™ with a;"—K%K™ is roughly
consistent with the prediction

> m(a,) about 100 MeV/c? greater than the expectation

for ay(1710)

m(ao) = (1.817 £ 0.008 £ 0.020) GeV /c?

BESIII analysis, this

Events / (20 MeV/c?)

T'(ao) = (0.097 +0.022 + 0.015) GeV/c?

PRL129, 182001 (2022)

KK (892)

KgKi(892)+
—-K*'K (1410)
------ a,(980)
— a,(1817)'n

1.6

I 12 14 18
: : 2

» ay(1817) could be the isospin one partner of the f;(1800) M K’K* (GeVie?)

[X(1812) in PRD105, 114014(2022) ]

» the possibility of the f,(1710) as the scalar glueball cannot be excluded
Amplitude Phase (rad) FF (%) BF (1073) o
D} — K*(892)°K™* 0.0 (fixed) 327422+ 19 477 4£0.38 +0.32 > 10
D} — K*(892)7KY —0.16 £0.12 +0.11 139+ 1.7+13 2.03 +0.26 £ 0.20 > 10
D} - a(980)*z° —0.97 £0.27 £ 0.25 77+17+18 1.12 4 0.25 +0.27 6.7
D} — K*(1410)°K* 0.17 + 0.15 £ 0.08 6.0+ 1.4+ 1.3 0.88 +0.21 +0.19 7.6
D - a,(1817)*2° —2.55+0.21 +0.07 23.6+3.4+2.0 3.44 4+ 0.52 +0.32 > 10
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.182001
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.105.L051103
https://doi.org/10.1140/epjc/s10052-022-10178-3
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.105.114014

Conclusions

BESIII experiment is an excellent laboratory to study light hadron physics and search for
light QCD exotic states

» BESIII is taking data since 2008. It will continue to run ~2030
» Selection of latest physics results on light exotic states are presented

» J/P radiative PWA
> 1,(1855): first observation of exotic isoscalar 1=+ resonance in

JAp—ynn’ [PRL 129, 192002 (2022)]

» new results on f,(1500); f0(1710) has a large overlap with the ground state
scalar glueball

» Jp—yn’n’: £,(2020), £,(2330) and £,(2340) observed in n’n’ decay

mode for the first time [PRD 105, 072002(2022)]
»> 15(2340) as tensor glueball candidate

» n(1405)m(1475) puzzle: JAPp—yKOGKOm [JHEP03(2023)121]

» sizable ss component
» two separate states
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.129.192002
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.105.072002
https://link.springer.com/content/pdf/10.1007/JHEP03(2023)121.pdf

Conclusions

BESIII experiment is an excellent laboratory to study light hadron physics and search for
light QCD exotic states

» BESIII is taking data since 2008. It will continue to run ~2030
» Selection of latest physics results on light exotic states are presented

/ > X(1835),X(2120), X(2370), X(2600) observed in JAp—yn’n n~ \
» X(2600) observed for the first time [PRL 129, 042001 (2022)]
» X(1835), X(2120), X(2370) observed in J/ip EM Dalitz Decay [PRL 129

022002]

> ete—pK A PWA: new narrow structure in p/_\ system: X(2085)
[ArXiv:2303.01989]

\> Light hadron a,(1817) observed in open-charm decays [PRL129, 182001 (2022)]/

More interesting results are expected
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.129.042001
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.129.022002
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.129.022002
https://arxiv.org/abs/2303.01989
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.182001
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The BESIII Detector

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

RPC: 9
layers

SC
Solenoid

Barrel
ToF

Endcap
ToF

CC .

ToF e
o,~ 68 ps (barrel)
o,~ 60 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%



https://link.springer.com/article/10.1007/s41605-021-00251-y

BESIII physics progroumme

Light hadron physics

* Meson and baryon spectroscopy XYZ meson physiCS
*  Multiquark states * Y(4260), Y(4360) properties
* Threshold effects e Z/(3900)4, ...

* Glueballs and hybrids

* two-photon physics

* Form factors Chqrm ph)’SICS
Semi-leptonic form factors

* Decay constants fy and fp,

QCD and T  CKM matrix: |V| and |V ]|

* Precision R measurement e DO-DO mixing, CPV

* Tdecay * Strong phases

Charmonium physics Precision mass measurements
* Precision spectroscopy * T mass

* Transitions and decays * D, D" mass

Isabella Garzia - ‘University q( Ferrara and INFN



Further Checks onwthe n;(1855)

PRL 129, 192002 (2022)
PRD 106,072012 (2022)

The cos(0,)) distribution can be expressed as an expansion in terms of Legendre polynomials;

the coefficients (unnormalized moments of expansion) (v

characterize the spin of the nn’ resonances

» Neglecting resonance
contributions in the yn)
subsystem and amplitude
with spin greater than 2,
the moments are related
to the spin-0 (S), spin-1
(P) and spin-2 (D)
amplitudes

» Good data/PWA
consistency
» Narrow structure in

<Y9>:1;(1855) P-wave

component is needed

* Assuming mr|’ system has zero helicity

e
o
o

Weight sum/(10 MeV/c?)
(4]
o

Weight sum/(10 MeV/c?)

B3

i=1

Ny,
) = Z WZ'YIO(COSQ;)‘

CQN

(10 MeV/

N
o

/ Weight sum/

o

—F\/myl% = 2SPcos¢p + 4PD cos(¢p _?D)h

without
n1(1855)

15 2 25
M(m')(GeV/c?)

W

Var(Yy) = 8 + P? + D?
@ Data-Sideband
— PWA fit projection
= === PWA fit projection (no n;(1855))
0
E (Yy
1.5 2 2.5 3
M(my')(GeV/cd)
k3
Var (YY) = ﬁpz + MD2 +2SDcos¢p
15 2 25 3
M(my')(GeV/cd)

Weight sum/(10 MeV/c?)

[F 6
Van(Yy) = 7D2

M(m)(GeV/cd)
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.129.192002
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.106.072012

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

; SRTINE : PRE129, 192002 (2022)
The dominant contributions in the baseline PWA are from scalar resonance: prD 106.072012 (2022)

Decay mode Resonance M (MeV/c?) T (MeV) Mppg MeV/c?) T'ppe (MeV) B.E. (x107°)  Sig.
fo(1500) 1506 112 1506 112 1.8140.11713 >300]

fo(1810) 1795 95 1795 95 0.1140.017503 11.10

fo(2020) 20104615 203+9°13 1992 442 2.2840.12102% 24.60

J/b =X = ynn' | f0(2330) 23124777 6541073, 2314 144 0.104£0.029:2) 13.20
n1(1855) 18554+9%% 188+18*3 - - 0.2740.041003 21.40

f2(1565) 1542 122 1542 122 0.3240.05105 8.70

f2(2010) 2062+611° 165+1713° 2011 202 0.71£0.060: 00 13.40

£4(2050) 2018 237 2018 237 0.0640.017023  4.60

0** PHSP - - - - 1.4440.1510°20 15.70

J/Y = n'X — ynn’ | hi(1415) 1416 90 1416 90 0.08+0.0170:0) 10.20
hi1(1595) 1584 384 1584 384 0.1640.0273:93  9.90

B(fo(1500) — nn) =t8-96%8220=2} , ,
= Consistent with PDG
B(fo(1500) — 7m)  (1.66+:42 x 1071) *

B ( f0(17 10) — nn’ ) — = 6——t=5- This suppressed decay rate supports the hypothesis
(

< —3 * that the f(1710) has a large overlap with the ground
B(fo(1710) — ) 2.87 x 10 0 g p g
fo( ) ) state scalar glueball (PRD 92,121902)

@90% C.L.

*Erratum ready soon

Isabella Garzia - ‘University of Ferrara and INFN



https://journals.aps.org/prd/pdf/10.1103/PhysRevD.92.121902
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.129.192002
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.106.072012

Dality Plot - J/p—yKOKOsTrO

JHEP03(2023)121

7000 _ RF 220
&~ 6000 5 1'45— 200
b y. 135F 180
S D E
e 5000 > 13F 160
E 140
g 4000 2 BF 120
o S 12F
>, 3000 S E 100
2 so 1.15F 80
& 2000 ci;w 11 60
1000 S 1.05 E— :g
: 1E ;
: s 0
=065 0.7 075 0.8 085 0.9 095 1 105 1.1 115 1.2 1.25 1.3 1.35 1.4 1.45 1.5 1.55 1.6
M(Kgno)(GeV/cz) M(KgKgnO)[o.ooseeV/cz / bin]
11F 50 = I2F 220
= 105E (e) 5 b (f) 200
e 3 400 ~ JE 180
N 50 L IF
S 095F = E 160
%) E 300 (0] 09 140
(0] 09F S E
'3 0855— 250 o 0.8F 120
S F S 3 100
3 200 3 =
& osf w = F 80
oo 0.75F & 06F 60
3 3 100 4 -
= 0FE & O05F 40
0.65 20 = o . 20
115 1.2 125 1.3 185 1.4 145 1.5 155 16  ° 04 05 06 07 08 09 1 1.1 0
M(KKn)[0.005GeV/c? / bin] MP(K? 7%)[0.010(GeV/c?)’ / bin]
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https://link.springer.com/content/pdf/10.1007/JHEP03(2023)121.pdf

Dality Plot - J/p—yKOKOsTrO

https://arxiv.org/pdf/2302.01210.pdf

12000

)

10000
8000
6000

4000

Events/(0.015GeV/

2000

Nx

125 13

MR RS R o e o AR RRS
) . )
— —+ Data -~ (a) -
[ 07*(mI) .- .- )
™~ R S -z - 1
- 07(MD) .*4_4:»4&_ :
[ 1(MI) - . r
i L,
:_ —+2*(M1) < -i_' _
: ""'2“.(MD) -.I'- 2 '_..'_* :
- F.0 m AT
N :’}.‘-.ﬁ—:‘ﬁ e kh’“’ “a. T

135 1.4 145 15 155 1.6
M(KgKgnO)(Gewc-?)
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a,(980) a/f0(980)

(a) (b)

Nx

o/fo(9BON

(d)

JHEP03(2023)121



https://link.springer.com/content/pdf/10.1007/JHEP03(2023)121.pdf

Resonance M(MeV/c?) I'(MeV) Decay Mode B.F. Sig.(o)
y 113 w55 I/ —=n(1405) - YKY(KSmO0)pwave — YESKST?  (5.84+0.127358) x 1075 > 35
n(1405)  1391.7+0.753%%  60.8 £ 1.2F35, = ; P e —
J /b = yn(1405) — (KK Q)s wavem® — yKIK w0 (2.88 +0.04715%) x 10 18.4
7 150764 L6HIES 1158 4 9.4+148 J/p — yn(1475) = YKY(K270)pyave — YKSK2m®  (6.58 £0.121335) x 1075 > 35
7’( 5) 907. *V_-32.2 5. “*-10.9 0 7.0 0 017700 +0.41 -5
J [ = yn(1475) = y(KGK3)s-wavem — YEKGKgn®  (3.99 £ 0.0976s) x 10 > 35
f1(1285)  1280.2+0.67}2 282+ 1.1%5%  J/v — v£1(1285) — 7yao(980)°7° — yK2K 27O (8.55+0.41730%) x 1076 > 35
J/ — vf1(1420) — yK*(892)° K% — yK2K 70 7.25 £0.127973) x 107> > 35
£1(1420) 14335+ 117279 9594+ 231136 [ = vA{1420) 7K ()) = ! == ( +;'§2) -
J /Y — v£1(1420) = vao(980)°7° — yKI K27 (4.62 £ 0.36775%) x 10 17.8
f2(1525) 15154+ 2532 64.0+4.3720  J/ — vfo(1525) —» vK*(892)° K% — yKOK 70 9.47 +0.437151) x 1076 23.8
7.6 6.1 S S S 0.66

Tsabella Garzia - University of Ferrara and INFN




X(18xx) betweernv1.8-1.9

GeV

JPp—yK K
80:_1(;)‘ UL BN L | ™ T
o, 20 ~ 250 :
S70p " MC projection > - J . ® PRL106,072002
© 60 - Background [ - 7 " —t
(0] §qgg) 2 B . 0 V¥ PRL108,112003
ays0 Phase tpace < ook : + PRL115,091803
S 40 - .
ol L B - 0++ 4 PRD87,032008
] L < . B PRD88,091502
L - 2: JPC?| Ao  PRL107,182001
w10 — (o) :
150 — = . T T T T
(s - N . +
1.6 1.8 20 22 24 26 28 » O = J/l/)—>(m'|7[ T
Moo, (GeV/c?) - e 225M I
Jhp—y’ i L "Q'_ =
< 500 | X(1835) 100_ o: = o
> 400 |- . P S E
S s00f & Do X(1870)
%’ 200 | 01— An(1405) “
I'-:'% 100 F ¥ T : : 0 i J‘/\A‘ é
o= T L . 1.2 1.4 1.6 g S0 i 2%
14 16 1.8 20 22 2.4 26 2.8 | . 1 - (GeV/c?)
M(1c+1r,"r|’)(GeV/cz) O PR AN T S W A TN O S Y N MO S P I T TN T TR TR SO MO T N T SO SO S B
1800 1820 1840 1860 1900 1920 1940 12960
vso b=y M (MeV/c?)
| —e— Data ( )
i —— Projection a
| —mrem X(1810) F T 4 T —— LI L L B L B
< 200( @ e 1.0(2020) 700k e xoh) JAp—ypp -
S i = f_2(1950) s 600 - 0+PS 3 &; 250 J/lp_)’y3 (7[+TC_)
§ 1s0| = L 00R, COTTE I
¢ 150 — - - Phase-space ; 500 2 — ,(2100) E g 200
S : [ Background (CID) F 'B® e £5(1910) 1 ©
=5 i v 400 F o 150
S i g 300 F io 100
D sof | .. % 200F N e <
i “@ - 50
| [=} o _, .
| } £ S g 100 :_ 0 A v A‘-Jvl"l-v POPTITEE O S 'l'vl-‘i -1 paa a7
0 : ‘ 88 E -~ 1.6 157 1.8 1.9 2 2.1
2 2.5 3 (0] M(3(* ) (GeV/c?)

0.0

M(K'K n*rn0)(GeV/c?)
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0.1 0.2 0.3

M(pp)-2m, (GeV/c?)



Other Resuldty onv X (1835)

PRL 117, 042002 (2016)
| | | | | e IR R

JW—-ynwnn*
Significant distortion of the n’r n* line shape
near the ppbar mass threshold

Two fit models are taken into account and both support
the existence of a pp moleculelike or bound state

2500 rrm
- —+— Data s
[ 1000 — Gilobal Fit 1
N A\ S R 1,(1510) .
G 2000 |- ya00f i - - X(1835)+X(1870)]
O B - --- X(2120) N
S I s + ] — Non-Resonant |
o N + I Background |
= 1s00|- | : - pp threshold ]|
o : 1.8 ‘I.Bl_S 1'9 5 :
= I ]
o, 1000 [~
= -
[ L
=> B
L 500 [—
o I~ s
1.3 14 15 1.7 2 2.1 2.2
M[n’ﬂ:+J'c] (GeV/C )
PRD 97,051101(R) (2018)
oy J_ T T T I T T T I T T T | ' ] ' ' A == ;.' ' L] ] I T T T I Ty
R b ] Constr. I 1 9 4001 n1475) Destr. I 1
; : (Constr. Int.) ] S - 1350 (Destr. Int.) R
ol | &l -
0 200 108 r X(1835) ]
B g - , 6.30 .
o o - Al L © =
S [mdf N/ he 5 o Hamy) .
R —— ey 9. F Vv :
) : o 100~ o :
> B T ) - % :
| TR RN N A S S A TR S N BN 0 s 1"3.1 | P2 W ORI I omee iy (0 SR £ 0 S o
1.2 1.4 1.6 1.8 2 1.2 1.4 1.6 1.8 2

M(yo) (GeVic?)
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M(yo) (GeVic?)

JAp—yy@: two structures corresponding to

n(1475) and X(1835) are observed

X(1835) and n(1475): JP¢=0"

assignment favored

Sizable ss component in X(1835)
 more complicated than a pure NN

state
Solution Resonance mg (MeV/c?) I' MeV)
I n(1475) 1477 £7+13 118+22417
(Destr.Int.)  X(1835) 1839 £ 26 £ 26 175 +57+25
n(1475) 1477 £7+13 118+22417
(Constr. 1t X(1835) 1839 426 4 26 175457425




Seawchvfor X(1835) invother decay modes

* JAp—on’nn hadronic decay and search PRD 99, 071101 (R) (2019)
for X(1835)— n’ntn-
e } &=2000
%00 - In?:ljsive MC +W # §
“g [ Jvow X(1835), } % + [0) i
E 300:_ X(1835)>n'n'n + + + E 1500_
= o
5 Iy = I
g 20of +ﬁ* ; 2 1o
2 B B = -
“ 100 . /’!’ L%) 500/
M . :
0 16. e 2 2.2 .'2.4 9 ]
(GeV/c?) 41516171819 2 21 22
Mewe M, (GeV/c?)
« No obvious sign of X(1835)’s existence “B(J/Yp = wi'ntrT) = (1124 0.02 £ 0.13) x 1073

« Large gluon component? [PRD74,034019]  B(J/¢ — wX(1835), X(1835) = n'rtn~) <6.2x 107°

@ 90% C.L.
The puzzle 1s still not complete ....

Isabella Garzia - ‘University of Ferrara and INFN



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

1.3x10° J/ip @ BESII
e X(2120) and X(2370) states EPJC 80, 746 (2020)
observed in the T ™’ invariant SRR L
mass spectra (PRL106,072002) P 500 Jry—y K K
« The X(2370) measured mass is § 400k : I[__)_Tta .
consistent with the pseudoscalar o - @ Slig:meaSiUX(2370)
glueball candidate predicted by S 300F ... Total okg
LQCD calculation (PRD73,014516) o i
@ 200
» Simulataneus fit performed for S B
two decay 1’ modes o 100
» No evidence of X(2120) is found 0

B(J/y — yX(2120) > yK*K™1') < 1.49 x 103 M _ (GeV/CZ)
B(J /¥ — yX(2120) > yKIKn) < 6.38 x 10-6 K 'Kn

(> 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~°

\_

Isabella Garzia - ‘University (f Ferrara and INFN



Seawchfor X(2370) inv J/Ab—ymn’

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

PSARSAR A RTE Branching ratios prediction for the

10 ;J/\lI’—WWITI':ﬂ'—E cy)n*n' _ I Iy—ymtni= w7 ] .
2 | ~aa LI b 1 decay of pseudoscalar glueball with
[} [ B8 X(2370) B o [ 55 X(2370) .
S |7y sideband O 3f-..y sideband w1 M~2.37 GeV into three pseudoscalar
© 6 - Chebychev o [ -~ Chebychev
S S ,f mesons (PRD 87,054036 (2013))
€ r € C
o r [0) [
> r = Lindid
©HL i Y ! Laosnmn /TS = 0.00082
055 2 S5 e 27 0353 7

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

:""I""II"I"I';'_‘I""I""I""I"": 16:—""'I""I"""I;'_"I""I""I""l""—: tot_
o o Mo 1 g o —; LGsmmn /TG = 0.090
> 20f mn v 1 3 2 1 E

[N 7 r n ]
© | vsideband \ ] @ 10F . ysideband E
o 15f-- ] o [ = . . .
g °f e / k I A / | > No obvious signal of X(2370)
8 10F 41 2 3 E
Ej sb Wil }# } E L% 4F o 1 Simultaneous unbinned maximum

Ta b bl b & it O E 2 = . . . .
NS AR v o BT i likelihood fit to the nmn’ 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 ’YX(2370) =3 ’7127777') < ;2 X 1OA_'63 (it does not contradict PRD 87,054036)

y N n _5 FIRST OBSERVATION in
B(J/v — yn.) - B(ne — nnn’) = (4.86 & 0.62 &+ 0.45) x 10 ] et iyariant mass

spectra
Isabella Garzia - ‘University (f Ferrara and INFN P




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

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

200 UL L L L L LA L S e e
- - Jhy —yK'Kn, n'sa'nn, noyy (a)- _ 500 Jy—yK'KW, n'=yp°, plon'n (b)-
Ng\_) [~ Data — - Chebychev ] “'(\_; [ —— Data — = Chebychev ]
> 1501 it result "-* PHSP 1 > 400F — Fit result ~="* PHSP -
[0} e Total bkg i Qo [ g Total bkg ]
o [ #2% Signal X(2370) + * o [ $5% Signal X(2370) B 0l
- [ - — o
o [ Iy — KK '+ c.c o 300F - ypy— K* K m+e.c. !
- 100 + . N t . 4t §
= [ -~ 1 sideband = - - 1 sideband 5
I [ . @ 200f -7 4
c - ' c Z - ]
0 50 or o ¥ ]
T S . w 100f E
b g 3?:13.
0 hA T TR ol sto sttt PO UL O ey P PG Ox o hie 80 atnie atate Moure b - =
2 21 22 2.3 24 25 . . 2 21 22 23 24 25 26 27
Moy (GEV/C?) Moy (GeV/C?)
B e B L B L 8 [ ] e B B B I B
- - J/\p—)’ngKg N, N>, n->yy (C): —~ 80 ;_J/W_)YKgKgT]’, nr_)ypo’ pl—-nt (d)g
N(\_) 25 - —— Data — = Chebychev E NQ 70F — Data — = Chebychev E
>  — Fitresut PHSP 1 3 F — Fitresult ..., e E
20 Total bkg . 60E Total bkg 3
9 [ %% Signal X(2370) _ 9 - $22 Signal X(2370) 1
© 45F " " sideband - o 505 = 1" sideband + 3
= : ] S  40F '
@ - ' @ 3
2 10f i + dl§s 2 30}
> - [J{ 1B E > 20p
w 5 ]l [i%:a50 1 mof L
0 o 2 ST SO0 gl O mE R S ,_Ao010’024':’0’02:20‘0’0’ O
2 21 22 23 24 25 26 27 2 21 22 2.3 24 25 26 27

(GeV/c?) (GeV/c?)

K0 K0 ’ K°K° )



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

4 -+ +-

* 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
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PWA of J/ip—ymn

* J/p—ymn: clean laboratory to search for 0++ and 2++ states
*  PWA based on 2.25x108 J/i) events

: | T | 1
i |
"o 200 ¥3nbin=1.72
E L
=
o
<
2 |
~
3 1
=
4
=
1 — l. i
2 2.5
M, (GeV/c?)

- ek wh b wh

Events / 20 MeV/c®
oBs283823288

- ek b wh a

Events / 20 MeV/c?
oB5238RE3288

| e el i ! bl i o i bkl et |

12 14 16 1.8 20 22 2.4 26 2.8 3.
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e

f
Mﬁa
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T T

t

t
t

T T T

£,’(1525)

¢

#
b
WAL

Events / 20 MeV/c?
o35233RE3888

(d) M, (Gevic)

1 Lottt 1. 2N
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t

t
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4 ‘l’

Y
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#

t

T T

t
t
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‘
4

T T T

0++ PS

Ao

[ G S S Y

Events / 20 MeV/&
oR8228823888

- ek oh ok aa

Events / 20 MeV/c?
-85383823888

Events / 20 MeV/c?

: bq'ﬁ ' lf0'(17'10‘)

12 14 16 1.8 20 22 24 26 28 3.0
(b) M, (GeVic’)

'I'hlll SR
mHQ* £,(1810)

tod ;
t ++ E
t # 3
¢ by &w E
¢ "N’ "\n"ow 3
12 14 16 1.8 20 22 24 26 28 3.0
(e) M, (Gevich)

Tsabella Garzia - University of Ferrara and INFN

1 1 1 1 1 1 1
12 14 16 1.8 20 22 24 26 28 3.0
(g) M, (GevicH)

-R82838333888

B’ﬂ H Total 0++
component

L 1 L 1 1 1 1
12 14 16 1.8 2.0 22 24 26 28 3.0
(h) M, (Gevrc?)

-

Events /
88888

PRD 87, 092009 (2013)

| 'W' 14,2100

121416 1.8 20 22 24 26 28 3.0
(¢) M, (Gevich)

| wﬂ' s

12 14 16 1.8 20 22 24 26 28 3.0
(f) M, (Gevic’)

A e
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12 14 16 1.8 20 22 24 26 28 3.0
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PWA of J/ip—ymn

PRD 87, 092009 (2013)
* J/p—ymn: clean laboratory to search for 0++ and 2++ states
*  PWA based on 2.25x108 J/i) events
Resonance Mass (MeV/c?) Width (MeV/c?) B/ — yX — ynn) Significance
fo(1500) 14681312 136141+28, (1.65+326+931) X 10~3 820
fo(1710) 1759 + 6*14 172 + 10432 (2.351013+124) % 104 25.00
o7 T T o = € e = e v (RI00) 2081 + 132 273448 (1.13£20+0%%) x 104 13.90
[ ' £3(1525) 1513 % 5+4 75+13+16 (3.42+043+137)  10°S 1100
“w 200 I +3Inbin=1.72 £>(1810) 1822+29+66 2297+52+88 (5.40+080+3.42) 5 10-5 6.40
E ; £>(2340) 236231+ 140 334+62+165 (5.60+062+237)  10-5 7.60
S 150f i
o L
S |
< 100 i
2 | * {y(1500) dominant decays are 4n and
@ B . . . .
3 * The production rate of f,(1710) is compatible with LQCD
(PRL110,021601) prediction for a pure scalar glueball

e 5 = * Suggest a large overlap with 0++ gluball

M, (GeV/c)

*  PWA requires a strong contribution from f,(2340) with fairly large
production rate = it could be a good candidate for the lowest lying
tensor glueball

Isabella Garzia - ‘University @( Ferrara and INFN



PWA of J/ip—ymn

e JAp—ynn: clean laboratory to search for 0++ and 2++ states

*  PWA based on 2.25x108 J/i) events

N N EEN F e B SN PR e FOT RN NNL RN ETDR BT R

NI x4nbin=1.72

150 i

n
8
S

100

!
|
i l
+ I
50?1%‘*2‘5 \«!M
PRI S T P ok it W T R S VI W A PO T 1L
1.5 2.5

g 2
(a) M., (GeV/c?)

Events / 0.020 GeV/¢?

£,(1500)
£,(1710)
£,(2100)

£,°(1525)

£,(1810)

£,(2340)

PRD 87, 092009 (2013)

B(J/¢y — yX — ynn)

(1.651Q35+931 8.2¢
@yt 25.06
(1.131373 0% 13.96
(3.42108+4137) x 155 6.0
(5.40:80:32) x 1075 769

(5.601082+237) X 1073

* f3(1500) dominant decays are 4wt and

* The production rate of f,(1710) is compatible with LQCD
(PRL110,021601) prediction for a pure scalar glueball

Suggest a large overlap with 0++ glueball

*  PWA requires a strong contribution from f,(2340) with fairly large

production rate = it could be a good candidate for the lowest lying
tensor glueball

Isabella Garzia - ‘University @( Ferrara and INFN



PWA of J/ip—yKOKO

* JAY—yK¢Kq: clean laboratory to search for even++ states
« PWAbased on 1311M of J/y events

% 6000} @
S 3 ¥iInbin=1.45
@D 5000 |~
~+ Data
© 4000} ~— Global Fit
o 3
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lﬁ 1000 =
4 ”
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PRD 98, 072003 (2018)
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t t
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ey H e+
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-+ Data
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5000 F (c)

!

2Ey
2F ot
4

Pull

Hrat T ++

o,
R SR The At al T
;T

+
o+
t

-08 -06 -04 -02 0 02 04 06 08

1 i 1_ -08 -06 -04 -02 0 02 04 06 08

Mass(K K;) [GeV/c?] cos(Bk,) cos(8,)
[ ]
Resonance M (MeV/c?) Mppg MeV/c?) T MeV/c?)  Tppg MeV/c?) Branching fraction Significance
K*(892) 896 895.81 +0.19 48 474406 [/ arygpicd 8 [ 350
K,(1270) 1272 1272 £7 90 90 + 20 (BSAIT x 107 160
fo(1370) 1350 +97)2 1200 to 1500 231 +2112% 200 to 500 (1D Teos) x 105 250
£o(1500) 1505 1504 + 6 109 109 +7 (1SyitIeEy m 20 *
(£o(1710) 1765 + 27] Y1238 146 + 377 139+ 8 (20050 % 0i0) A0 > 350 |
£0(1790) 1870 £ 772 146 + 147 (LI e 0x) X 1O 240
(£o(2200) 2184 + 5% 2189+ 13 364 +9*7 238 + 50 VA R i ) > 350 ]
f0(2330) 2411 +£10+7 349 + 1877 e (5T T Y x 107 350
£2(1270) 1275 12755 £ 0.8 185 186.7:22 (ESRINOS IS ¢ 10 330
£5(1525) 1516 + 1 1525 +5 754141 7316 (799100 050) x 107 »>35 o
£2(2340) 2233 + 345, 2345430 507 £ 37438 322+ (5.54+024+382) 5 10-5 260
0** PHSP . e e (185 =% 1072 260
2++ PHSP (5.73+09+3.18) 5 10-5 130

=1.00-3.74

Isabella Garzia - ‘University of Ferrara and INFN

£ 3000 Xiinbin=1.33
W 2000 2 Qlobai Fit
1000 |~
_ e I3
+ E g 1:'++... ++++ ++ +++++'+'+.. ++ +++ ++ _+_+ +++ +.,++ e 4+
1 e 2 “ 0 1 2 3
OKs
£,(1710) and £,(2200)

dominate the scalar spectrum,
but we need also to include
,(2330)

BR of f;(1710) 1is one order
of magnitude larger than BR
of £y(1500): f,(1710) overlap

with glueball state

Structure near 1.5 GeV
dominated by tensor
contribution f,’(1525), while
above 2 GeV is dominantly
£,(2340)
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FIG. 1. Two Regge trajectories for the isovector and isoscalar
scalar states. Here, the red triangles denote the a,(1817) and
X(1812), while the solid points and empty circles are the experi-
mental and predicted states, respectively. Except the a,(1817),
X(1812) and predicted a,(2115), f,(1450), the masses of the
other scalar states are taken from PDG. Here, the established
states are marked by the black solid points, while the predicted
states are denoted by the black circles. The error bars present total
experimental uncertainties.



