Strangeonium & strangeonium-like states @ BESII|

p)

22—
s310d u d g%z:@ 20 n0m)
- 3's,  h,(1850)
U d S U de g na S e
16
dibaryon pentaquark glueball A
= L e
" U ' Xe T : 1.0 — nos
> ,’ \\ C C l'S“
u 08 —
06—
diquark + di-antiquark ~ dimeson molecule qq g hybrid 0.4 i,l: 1

BRCHs (FF EREBORKRF)

3300 — L I _______ T I _______ I[ T T T T T T 1
0(2050) ) b _ g
--------- [,(2000) r,(2000) 3200 ; 25 t -
1.'51 ._"__‘__--- f,(1950 --1-1-5-;--. _ 3208 : $SSS spectrum ]
oassny  C 0 TR T Py n,(1870)? ¢, (1850) ,(1850) 3100 {; i .
e e o hemaas iy 1 ; ]
Dy ¢ 710 1'D 'p 1'D, ] :
o1680) - o ! ! 8000
I 0 . D e H
S, [,(1525) 2900 7T B
114200 r'p, %" 2800
) 4 v .

1P, H i :
! E 2700 -k 2657 2669 +H
2 1 ' 2635 227 2632  commmmn S d
T 2600 ; - H

= 4 E E 2537
TS 2500 o 07— 2u45 H

! Observed: PDG2019 2400 4 !
------- Predicted: PR D68, 054014 qi 2323 1S : E
2300 ! - i ]
] PRD103 016016 (2021)

. ot ™ Pad -+ - - 2100 T - T T T . T ’I T T T T T T T

2 2 2 3 0" 0" 1" 1" 2" 2" o 0t 1T 1T 2 2 3

Y1

EEEERIE Ry AL

P4, 2026.8.18, ¥ <




trange quark

Wi ,(1970)
ass K',(2045) . L
16050 22 4800
27@p,) 1TTRe) 3Dy 270Dy 2300 C £.(2000) . — X(4700)
) - a,(1700) | [,(1640) | [p(1680) 4% — PR r o/
07@'s,) 17y K (1980) K 1720) | |K(1820) ) 20 & R3S IR, 2'p, $70)20_(1850) 0 (1850) ! Bz o
S | resa ';31(‘570)) - °p, l]ltl )? U850 0y r 30T X(4500) o
b i S — i'p,  rDp, 2400F o et
n(1760) a,(1710) || ,(1670) | [ p(1700) 1.8 ~ 2 2 i - Fel4360)
ool [ : anef Foams o
9| ty1770) . — 4200F — - )
r,,;zozc]) ises meitaro) || bti70) | o — L6 [— 1,(1525) = F— X160/ XG40
2 3 !
07 @Py) 1Y) 270Dy 17D, % E r420  r'p, ZJ 4000 ! 1020)
14 — 3 = I — X(3940) | : o OB RERE
s s, [ (RO z - P poy - ' ‘ 223000 O X g2
07R'Sy) 1T@S) & |iiramo) | Ky & ~ = % r ) 0
+ |grzro) | |K(1285) | = - < 38001 p.o
w(1300) p(1450) I 2 1 T % 12 - 2 5 -
K(1460) Keggag) | ¢ [11525) || L(1420)4) T = L -:]»l.S)
n(1295) 0(1420) |~ =g [ _ = [ ’
| mi1a0) 1] | dlrss0) | & 2‘(1430) ":235) a E 1.0 - 3600r X (1P
+ K870, || ni7e) | T v [
o |1500,1710) h:(pﬂﬁ];] - - Observed: PDG2019 340()_—
0s,) 1% 08— e Predicted: PR D68, 054014 r Cc
= P70 11 - 3200F
K'(892) | 1=1/2 [ L
n w(782) PD620260 0.6 — n n(1S)
N bltozg) | =0 C s 3000 =
0 1 2 3 C !
04 ey ™ r 0 r 2™ 2 2 3 o+ I = 0¥ 1 ¢ T &afher
Orbital excitation é i
K Ko K, K Ky Ko Ky K Ky Ky Ks Ke
- 20
® Light meson: u/d/s quark = SU(3) nonets
- P9 AU RN FVRUPE EPURRS IV SUNS SN S | EPRPINS VNI N S
flavor o S T it sl oy
v SS i t . It T - =T TEn =T T
SS IS a terra Incognita L T S B
— - - ~ ==
® ' Ith b K A0 .
Zi @
Exotics states with ¢ & b quar S BTTT _me o
) ] ) e A== _
v (light) particles with s quark ? j-[%_Bz- = --
n é _ -
120 =
- -
s quark: bridge between light and heavy quark. | -
|z}

cam ezza
Well-established =2z

® Strangeonium & strangeonium-like: 1~ & 1* states .
® Strange meson: AMBER @ CERN - Eur. Phys.J.A59(2023) 49

o o

2 5



How to study J°¢ = 1-/1* ss states ?
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Why PWA ? alesson @ e* e- — wt* t~ nt?

® [sospin & G-parity:

®*/d*

v ¢*: OZI-suppressed
v p*:ignored
® on’ with @ — nt* w events: 16% @ 1.45 GeV
® p* @ on’ < p(1450) & p(1700) contribution
® SND: w, ¢, ®(1420) and w»(1650), without p*
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Key points for 1 strangeonium-like states
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® Theory prediction on exotic states with strange quark
® Better understanding ss spectrum ?

v" unobserved 1 ss mesons
® OZI rule and isospin

v' contribution of p*/w*/¢p*
® p*/0* @ [2-3] GeV: “omitted from summary table” or
“further states”
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Vector states
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23S, ¢(1680) vs. X(1750)
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® Two particles since PDG2022
v" nature of X(1750) ?

® K*K: Iso-scalar & iso-vector

® How about ¢n/¢nt*n- mode ?
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JPC = 1~ ¢(2170)/Y (2175)
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¢(2170) @ charmonium decay
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Roadmap for ¢(2170): two-body decay
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TABLE IV. 3§ ss.
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Mode (MeV) Amps. (MeV) Amps.
KK 0 1P,=+0.0029
KK* 20 *P1=-0.047 53 3Py=+0.081
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K*K* 102 ik 67 3py=—0.17
SPi=+0.17
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£ 2000 KK,(1400) | & *
X 1500 x 20
S 1000 8 1op
T 5000 Sk
;_CD _500:, , e LCL) —107
BA000 st 5
537 25 2824 25 27 23 24 25 26 27
PRLliﬂvélZOOl ( oéé} ol
5 25007 = 5000
€ oo |K*(892)K*(892) | Somop KK,(1270)
g X 3000}
0 1500 N 2000’

0 :—--—.— T R A R S e e F b
001 00 23 24 25 26 27 R TR VR TR T ST
{s(GeV) {s(GeV)

® reduction to Absurdity
v 35,851 I'eser > Fiekauaon)
v Exp. $(2170) @ KK,(1400)
v Exp. no ¢(2170) @ K*'K*
v Exp. similar g
v $(2170) as pure 33S,ss ? 14
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3
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Width (MeV)

®™ spectrum

600 F ® BESIIe'e—om ® BESHIe'e—or'n’
®(2205): SPEC pp—on'n’, mn @(2290): RVUE pp—AA
(2330): OMEG yp—p*p"n*
500
400
300
200 -
PRD106 034010 (2022)
100 } " ,_{_‘ -
O 1 L 1 L 1 L 1 1 1
2150 2200 2250 2300 2350
Mass (MeV)

®”> vector states

M*(GeV?)

v" ®(2205): possible 3D/4S, further states
v' ®(2290): possible 4S, further states
v" ®(2330): possible 4S, further states

o* @ e* e collision ?
®*: theory vs. experiment

- Data @ PR D101 074022 (2020) w(5D) 10007~ P
o@Dy~ 2 06S) f :
3 = 0(2330) g 750 -]
+0(2205) ©(2290) g ]
®(2D) 3 I

= @ ©5(1960) T 500f .
? n’D,*w(1650) ” :)l(znisllv)l‘z,+(n-l)uz +% o *;
®0(1420) | ¢ w@D) | ! A
- & g WS} ‘PRD 101 012011 (ZP ) ]
n’S, @ w(782) ~_missing ©(n"D,) ol v v T

N L 2 2.2 24

. > : ¢ 5 ¢ m(onr) (GeV/c)
w(2205) w(2290)

PRPd04 054027 YPgrYMeV) Width (MeV)

b1(1235) 24 35

p(1450) 7 30 2

pr 4 16

wn' 0.4 0.4

wn 0 0.1

Total 141 138

Experiment 35090 (SPEC 02) 275+35
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oB(e'e —swn*n) (pb)
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-IIIIIIIIIIIIIIIIIIIIIII|IIII|I

v =¥ This work SND
& 008l % -4 cMD3 — Total fit
C ' 3, = Y(2200) (1420)

\:. ®(1650)/p(1680) =:= Interference

‘Q
{ ‘~‘
A
| .tk
I

1200 ——

i JHEPO1

—ry
o
o
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800
600
400
200

-200

24 26 28 3

L12023) -

— Continuum
Interference

oB(e*e —nun’n?) (pb)

o(e'e” — on') (pb)

400

300

200

100

200 —4— BESIII
: —_— 'F0£31 fit (a)
i — - Resonance
]| 0 eee Continuum
0 - == Interference
0
: JHEP'07 093 (2024)
L —_—
1004 25 8
/s (GeV)
\ o _» g
...... Resonance
.. Continuous

|IIII|I

IIIIITIIW

Interference

-PRD105:032005(2022) "

2

2.5
s (GeV)

3

'-g_ w '-g_}m Shmf :
= } . |J HEPR2111 (2J023)
(=] w ~
0 80 ,’(-\ | o 200¢ o 140F A
e ‘AR e I\ Z120f /1
2 eof / ')\ g s / |\~ 100f ) }
& o= N ‘
‘o ’ ‘ \ ‘o 2
g & 50 o 40p |
b 20k b & f
EIE) Zfl ZJ 2 2‘4 0 E,IE) Zfl ZI 2 I4 0 )I[) 'TII )I )"\ ”Id
_'glao— T of g .
=120 E § ok (f) J
glm— 5 40 % of }
:‘:-;lﬁ(]- ;_3(]_ T ok
2 e0f o ‘o }
T 2of o 4F
‘o 4oF ‘ 5
i:’izuf i:’i“]' ® 2_| . t t
mb 0 mb 0 oF L 1 L [l 1
20 21 22 23 24
Is (GeV)
PD G 2026 w(2220) WIDTH
VALUE (MeV) DOCUMENT ID TECN COMMENT
105134 OUR AVERAGE
167477+ 7 L ABLIKIM 24A) BES3 eTe™ — wy/
93+531+20 2 ABLIKIM 236 BES3 20-31leTe™ = wrnm
89+50+ 5 3 ABLIKIM 21A BES3 etTe™ — wn
e o o We do not use the following data for averages, fits, limits, etc. e ¢ ®
1254+43+15 4 ABLIKIM 236 BES3 20-3.lefe” — waltn—
594+30+ 6 5 ABLIKIM 221 BES3 20-3.8etTe™ - wnlxl
350+90 6 ANISOVICH 028 SPEC 0.6-1.9 pp — wmn, wnOx0

® »(2220) width: ~100 MeV 14
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> 300[-
o i
o) i
© 200F ,
5 | A
CICJ 100 -
> B
LLI B

0_ ST (L0 S P

" PRD110 03200542624

— Fitting
pm

e p(1450)m

------ p(1700)r
or
p(1690)r

M,.. (GeV/c?)

® Dominant pz?, visible p(1450)n° & wn’
® PHOKHARA MC fails @ +/s > 2.0 GeV

COURLE At LY U1 PPN P
1.5 2

M., (GeV?/c4)

—45
—40
—35 —_
VU
—30
o
s 3
S
[=]
R
=

Nominal fit

Alternative fit

Mass
Width
X2
Number of free parameters
Degrees of freedom (ndf)
x° /ndf

Significance

2119 + 11 MeV /c*
69 4 30 MeV
41.9
10
28
1.50
5.9a

2134 + 14 MeV /¢*
74 + 31 MeV
73.3
18
48
1.53
b.2a

olete™ - pn) (pb)

M2, (GeVZ/c?)

1000p————————7———T1—— 71— 71—~
r — Fit
[ ---- Continuum i
800} ‘1 —-- Resonance (Cons.)
3 il -—-- Resonance (Des.) A
Lo # BESII 1
600F, | !
\\ F !
400
200
0
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—400

300

200

100
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olete” - p(1450)n->ntnno)
(pb

180¢
160
140:
120;

=

o
o
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- Resonance (Des.) -

s
it
Continuum

BESIHI 3




p™ spectrum

700 8

- Data @ PR D101, 074022 (20869

TT

® ¢ ¢ annihilatio;
600 | m pponx p(2150) 7 : 4D ~ p(5S)
A S-channel NN = i
6 — o
500 Ap - on'n a (
s f —— . +p(2270)
< 400 [~ S F ® P(2150)
(7 -
= 0F 2 «E +(2000)
3 - =

TIII[\

—_— 35 p3p. #P(1700) M? = Mj + (n-1)p?
200 |- 1 @ p(n 3 )
5 (1450)
g 1 2 i + p’ D,)
100 |- T —‘— l missing p(n ’S )
- i+— n’S, & p(770) -7 missing p(n’ Dl)

PRI TR e .

0 PR TR O | W YR WY O | | SN TR O O T
P 0

1900 1950 2000 2050 2]00 21%0 2200 2240 2300 0 1 2 3 4 5 6

Mass (MeV) n

Illll

® p(2000): possible 2D, further states oa00)  16UPC) = 11 ) PDG2024

MASS (MeV) WIDTH (MeV) DOCUMENT ID TECN  COMMENT

o 2150 . OSSI b I e 2 D or 48 2000430 260 + 45 23 BUGG 04C RVUE Compilation
p . p ~ 1988 ~ 244 HASAN 94 RVUE Pp— 77
23 From the combined analysis of ANISOVICH 00J, ANISOVICH 01D, ANISOVICH 01E,

v" p(2150): inconsistent results between e*e:,  wscicis
PP, s-channel NN and ntp
’ p(2270): pOSSibIe BD’ fu rther States MASS(II\pr(ei?7O) WIDITH((;eV)):lDC();UMEN)TID TECN _ COMMENT

2265-+40 325 + 80 50 ANISOVICH 02 SPEC 0.6-1.9 pp — w0,

’ p(ZOOO) & p(2270) @ e+ e- CO”iSIOn 7 2280450 440 + 110 ATKINSON 85 OMEG 20—u;g7;0;;:+7;;7r+w—7r0

50 From the combined analysis of ANISOVICH 00J, ANISOVICH 01D, ANISOVICH 01E,

and ANISOVICH 02. 18
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S Y
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sob i NI e | B TR ]
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st PLB 813 136059 (2021) ® . PRD103 072007 (2021) e
KR 15 2 25 2 22 24 26 28 3 32 34 e
/s (GeV) /s (GeV)
® States p(2000) or p(2150) o 5
® cte >ttt ] Sm_ +BESIII %20007
v BESIII vs. BABAR: 30% higher I*F 4, 7 1000
v Adiparound2.18GeV@ pn ° | o 0
7 E| oo b b b | |TfT\.. P T b

(s (GeV)

- Vs (GeV)
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OB EEEELELICINICISICISISIS)

efe
efe
efe
efe
efe
efe
efe
~-> K K : PRD 104, 092014 (2021)
--> o n° % PRD 105, 032005 (2022)
--> K* K% JHEP 07, 045 (2022)
--> ¢t n: PRD 108, 032011 (2023)
-->nrntn: PRD 108, L111101 (2023)
> ntn: JHEP 01, 111 (2023)

> K K #°: JHEP 01, 180 (2024)
“->on’: JHEP 07, 093 (2024)%
-->qt ©n’: PRD 110, 032005 (2024)
“-> @ n n: draft ???

e+e- -> oK' K/K*K /K KEnF/2(nH ) Im* - nOrO

> K* K*: PRD 99, 032001 (2019)

-> ¢ K* K*: PRD 100, 032009 (2019)

> K+ Km0 10 PRL 124, 112001 (2020)
-> ¢ n’: PRD 102, 012008 (2020)

> on&on: PLB 813, 136059 (2021)

->n’rn* n: PRD 103, 072007 (2021)
-> ¢ n: PRD 104, 032007 (2021)

$(2170) @ R scan data

$(2170)] PDG2026 °U) =077

See the review on " Spectroscopy of Light Meson Resonances.”

2239.2+ 7.1x11.3

#(2170) MASS

VALUE (MeV) EVTS DOCUMENT 1D TECN COMMENT

2164 + 5 OUR AVERAGE

T64.7+ 9.1+ 3.1 TABLIKIM  24ANBES3 el e — KIKm0 )
2178 +20 + 5 2 ABLIKIM 23AX BES3 ete™ — o¢ntn—

2100 +19 437 3ABLIKIM 221 BES3 2.0-3.08 e+8_ —

KtKk—r

2163.5+ 6.2+ 3.0 4 ABLIKIM 21T BES3 ete— — 47

21775+ 4.8+19.5 5ABLIKIM  20M BES3 ete™ — 1o
Q126.5+16.8+12.4 6 ABLIKIM 205 BES3 ete~ —» kT k= 040/
s » » \We do not use the following data for averages, fits, limits, etc. » & »

2191.6+ 5.0 7 CHEN 250 RVUE ete~ - KTK—, K% KE
2215.7+ 8.3 SLICHARD 23 RVUE ete™ = T(nS) — o1~y

o , - <4 — n
2273.7+ 5.7+19.3 10 ABLIKIM  21APBES3 ete— —» KQL KO

SL

11 ABLIKIM 19. BES3 ete— —» KTK—

2180 + 8 + 8 12,13 | ggs 12F BABR 106 ete™ — onta—~

2079 +13 T19 a8k 14SHEN 09 BELL 106ete— —
KtKk—ata—

2186 +10 + 6 52 ABLIKIM  08F BES  J/i: — n¢(980)

2125 +22 +10 483 AUBERT 085 BABR 10.6 ete— — on~

2192 +14 116 !5 AUBERT  07AK BABR 10.6 et e~ —
Ktk—=ata—

2169 +20 149 15 AUBERT  07AK BABR 10.6 et e~ —

2175 +10 +15 201 13,16 AUBERT,BE 060 BABR 10.6 ete— — K+ K—mmy

20



Axial vector states

g

T

B
=

2

I T T I T 1T I T T

Entries / 10 MeV/c?

"[PRDO1 074025 (2015) "L
I h,(2120) h,(2215)
al

s S| n01380) s
1r h, (1170) 01+
0 1 2 3 4

[ | I I LI B

l
PLB415 2

I I [
0 (1997) -

16UPCYy = 27—t )
PDG2018

h,(1380)

OMITTED FROM SUMMARY TABLE

Seen in partial-wave analysis of the K K = system. Needs confirma-

tion.

hy (1380) MASS

1200 1400 1600
mK K  [GeVic?]

® 1'P, ss: ground state h,(1380) ?

mass (MeV/c?)

VALUE(I\/IeV) DOCUMENT 1D TECN COMMENT
140712 OUR AVERAGE Error includes SCgemf
1412+ 48 ABLIKIM llSM BES3  (25) — ~vx,.» — vK*K
144060 ABELE 97H CBAR pp — KEK‘%WOWU
1380420 ASTON 88C LASS 11K~ p— K KT aFA
2 [
PiFi | 1 (1380) — wij
model

\/ ConSIStent With Iarge uncertalnty 1495.18 + 8.82 or 1468  h;(1170) — h1(1380) mizing

v' favor Crystal Barrel’s result
v' disfavor LASS’s results

® Missing excited h, states
® Only K*(892)K mode

1457 £ 11 or 1490 + 5

non-relativistic quark

1470 relativistic quark

1511 constituent quark

Br(hy(1380) — KK*)

Br(hy(1380) — wn)

v ®n mode @ Crystal Barrel thesis

= 0.17 £ 0.06

L 1 L | L
1300 1400 1500 1600

m/ MeV

21



h,(1380) = h,(1415)

70

o~ - —+ Dat TP A A AR
% 60 20F . RRD98 072005 (2018) ;
> o« F — Total fit + + N i
@ 50 9O o0k --- h,(1380) Signal S LAzl
(C-'\)l E E ----- B1ackground + % 8 10 E
g * S 150 S
~ L ~ -
£ 100 F P : g : :
% 20 L%) : = i L :
3 10 50F o g (1415) g
e ' e T e e :
13 14 15 16 17 18 1.9 2 21 22 %13 14 15 16 17 18 1““11.1“"1f2” T3 T4 15 16 17
KKrc (GGV/C ) M(K*K %) (GeV/c?) M‘m' (GeV/cQ)

® h,(1380), $(1680) and ¢(1850) @ ¥, & %, m(1415)] PDG2026 "°C") = 071t
Y Xer & Xz -> ¢ K*(892) K modes h(1415) MASS
\/ 106'\/' \|’(3686) :> 378 \l’(3686) VALUi_(MQeV) EVTS DO-CUMENT ID TECN COMMENT'
. h1(1380) @ \]/\I’ _> 11, K*(892) K 1409 " 8 OUR AVERAGE Error includes scale factor of 1.9. See the ideogram below.

1384+ 6 0 1 ABLIKIM 22c BES3 J/vr — yn'n —
T
v 1318 J/\ll = 1OB J/\Il 1423+ 21473 22k 2ABLIKIM 18AB BES3 J/ez/iﬁrzn(’hla)n’K*?
. 1412+ 4 +8 2 ABLIKIM 15M BES3 %(25) — YXe12 —
® PDG2019: “omitted from summary table” % ol > KOR)
1440+ 60 ABELE 97H CBAR Pp — KOKQr0x

® h1(1380) @ J/\l] -> 'Y ‘n’ ']"l’ 1380420 ASTON 88C LASS 11K p— KLIktrFa 22



h,(1900) @ Jhy -> ¢ n «°

¢ +R@) RGN+ | R@)+n | Theebody PHSP o “°F (@) | oo b o
$ap(980) $(1680)7° 0(1450)n ¢ + 7°n(0+") S o
$ap(980) mixing | | X(2000)7° 0(1570)n _ = 200f .
bap(1450) $(2170)7" o(1700)n - & ;
ba>(1320) h1(1900)7° 0(1900)n - 2 ok ;
ba>(1700) $3(1850)7° | X(2000)/0(2150)n - 2 '
$ao(1950) | X(1750)n° | p3(1690RRD110 222014 (2024) [T e |
0 1.5 2 — 2.5 .. 3
_ M, (GeV/c?)
® Possible resonances 400,
o [JHBP 07 CGdj
4 ao & a.2 states @ TCO N % 300 % :GJ Process M (MeV/c?)| T' (MeV) |Sig. (o)
v JPC = 1-/1* states @ ¢ n Cj; ; £ o} $(1680)7° | 1663 +571° 159 £ 1511 | 323
v JPC = 1- states @ ¢ w° 1 2001 JK1450) o e X(2000)w‘; 1992112;5’ 1321221};7 13.2
¢ 10, 1 XG0 @4 G mlioow [T | L] P e
— - B a E - — .
® h,(1900) as 2'P, s§ candidate ? ° | 17wy S I
v' need more decay modes 1618 2 22724 28

/s (GeV)
23



h,(2300) @ y(3686) ->dnn

- 50 ————————————————
® Possible resonances o 405_1;2?'?'_13 4 1919932025
- - = [ —-0(2170)— .
v 17/1*states@ ¢ & én’ > T ok 5
- ’ - - — X(2300)—¢n’ .
v 27/3"states @ ¢n & ¢ n P B 5
® 1" h,(2300) @ dpNn&oéon’ 2 10 =
v mass: 2316 + 9 + 30 MeV/c? N3 ] i =
v width: 89 + 15 + 26 MeV/c? | M,, (GeVicd)
® Nature of h,(2300)
v' nlP, ss or ssss candidate M LA
h1(3P) 2435 [4] 269 [4] 10
h,(3P) 2449 [8] N/A
h,(3P) 2100 [12,15] N/A sl
h,(3P) 2490 [9] N/A
h,(3P) 2398 [10] N/A ol
w h,(4P) 2340 [12,15] N/A 4f
Y 000000000°% T (ss535)1+ 2323 [26] N/A
T (sss5)1+- 1960 [27] N/A 2
Tgss3n1+ 2000750 [28] N/A
This Letter 2316 =9 4+ 30 RO+ 15426

B (1079
3.8+ 1.4+ 1.5
3.3+ 1.4+ 1.2
3.8 4+ 0.9+ 0.5
2.2 4+ 0.7+ 0.7
4.8 £ 1.3 £ 0.7
6.1 + 2.3+ 1.8

Sig.
5.30
5.1c
6.00
5.60
9.60
5.20

Process
h1(1900)n
¢(2170)n

¢(2170)n’
X (2300)7

X (2300)n’
PHSP

F PRD111 054005 (2025)° 7]

/Q hy' (6 P)
/O h'(5P)
/O hy' (4 P)
® x (2300
 exaio)

/© X (1910)

W=1.65GeV?

- @ hy (1415)

1 2 3 4 5 6 7 8

24



Summary and outlook

@® Strangeonium and strangeonium-like states are a terra incognita
® 33S,ss: $(1680) vs. X(1750), more decay modes
® Using BESIII data, we are extensively studying ¢(2170)
v Need p* and o* spectrum to understand ¢(2170).
v $(2170) as pure 33S,ss ? 23D, S§ ?
v $(2170) as 1-ssg hybrid ? molecular state AA ? three body system ¢KK ?
v $(2170) as tetraquark ? mixing state ? ¢f,(980) molecular state ?
® $(2170) with ISR @ Belle I1; $(2170) with photoproduction @ GlueX
® Three h,(1415), h,(1900) & h,(2300), their nature ? more decay modes

) & AABRRARNRRRN RRRY R S e e S 1 1sF
10
. Z e E oF
R (3686) . = E ] S 14F
10 ® - / > 1of
— * XYz o & ot . 0] ‘0
2 10 E k- - . a '
= “ o 3 : I
£ P ° - | S
SHRLY S £ e - ' 139
: 3 ! - — et 4 © 4k
H - + BESHI L
1 -f“ § IU; ~—— BaBar 0.454 ab™ | J 2r A a i
o : F — Belle II u,91=|lab" ] 0 N
F*o. Belle IT 5 ab -
107" . . . . — Belle 11 10 ' T I PRILARBDEINNT I2026)
L . ) ) . L . L 1 1 L " L L 1 1 s e Belle 11 50 315" = _g CINE RO LU L I\ BEYHY)
wwwwwwwwwwww M EETEEN BRI e S e -4
L3 . . K . L 32 34 36 38 40 14 16 18 2 22 24 26 28 3 3.2
E.., [GeV] Ecm (GeV) m(on*n) [GeV/c?
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Structures @ e* e — ¢ K" K-

;szé Gl2008 (2018 [ (®)] ‘ @] (@

E f 2.17 | ’2 37 =

e e L

i | MIH” Mﬂ | ol pl HHH .| J HH}lﬂ J[ [ ﬁﬂﬂ |
Dottt Ly M dd L T T et o

I 1.5 2 25 3 2 25 35 26 28 3 32 34
m(K*K') (GeV/c?) E__ (GeV) E,__ (GeV) E_ (GeV)
20— ———7——7———  BelleliOnl ine lum inosity Exp: 7-42 - All runs Lo
+ - 180 §P I z I i i‘oo O 009 20 19 4.0~ — In:sgrra;ed |:iminosity
®m KK @ (I) K"K G 160 | - PHSP MCio K'K ( ) T 35 ] et e oo1ata) /

v My < 1.06 GeV: ¢f,(980) § op e [
v 1.06 < myy < 1.45 GeV :
v 1.45 < my, < 1.6 GeV: ¢f,’(1525) _

® m,, @ 3.08 GeV: f,(980) & f,’ (1525) o | . Nl |

® Belle 11 914 fb! vs. BaBar 454 fb-! 08 1 12 4 18 182 22 el AR ‘ .

M(K*K)(GeV/c?)
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