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(2170) as strange analogue of Y(4230)

Eur. Phys. J. C72 2008 (2012)

PRD80 031101(R) (2009)PRD74 091103(R) (2006) PRL 100 102003 (2008)

BES

PRL118 092001 (2017) 



(2170)
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PDG2018 ⚫ Published experimental information

✓ limited decay modes

✓ inconsistence on mass & width

⚫ @ 2018: Theorists explain (2170) as

✓ 23D1 or 33S1 s ҧ𝐬
✓ s ҧ𝐬g hybrid

✓ tetraquark

✓ molecular state 𝚲ഥ𝚲
✓ f0(980) resonance with FSI

✓ three body system KK

✓ estimated or ruled out: not yet

⚫ Nature of (2170): open question ?(2170)



Difficulty @ (2170)
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(2150) 
⚫ Better understanding s ҧ𝐬 spectrum ?

✓ unobserved 1-- s ҧ𝐬 mesons

⚫ OZI rule and isospin

✓ contribution of */*/*

⚫ */* @ [2-3] GeV: “omitted from 

summary table” or “further states”

s ҧ𝐬

PRD79  014036 (2009)



s ҧ𝐬 vector states @ J/ψ →  0 
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s ҧ𝐬

⚫ JPC = 1– s ҧ𝐬 vector states 

✓ a0 & a2 states

✓ JPC = 1-- states

✓ JPC = 1+- states

⚫ energy scan method

✓ 1+-, a0 and a2 states: ×

(1450)

(1900)

* ???

JHEP 07 045 (2022)

arXiv:2311.07043



(2170) decay ⇐ PWA for multi s
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PRL124 012001 (2020)K1(1270)

K1(1400)

PRD86 012008 (2012)

⚫ e+e- → K K  : important to distinguish (2170) theory models 

✓K*K*: s ҧ𝐬g (unfavored), 33S1 (favored) 

✓KK1(1400): s ҧ𝐬g (favored)

✓KK(1460): s ҧ𝐬g (unfavored), 23D1 (favored)

⚫ PWA for multi s points

✓ (only) focus on dominant components 

✓ fraction and phase angle: smoothness and continuity



Why PWA ? a lesson @ e+ e- → + − 
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⚫ Isospin & G-parity: */*

✓ *: OZI-suppressed

✓ *: ignored

⚫ 0 with  → + - events: 16% @ 1.45 GeV

⚫ * @ 0 ⟸ (1450) & (1700) contribution

⚫ SND: , , (1420) and (1650), without *

0

0

Eur. Phys. J. C80 993 (2020)

(1420) @ PDG2022

JETP 121 27 (2015)



Roadmap for (2170): two body decay
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PRD102 012008 (2020) PRD104 032007 (2021) PRD99 032001 (2019)

JHEP 07 045 (2022) PRL124 012001 (2020)

PLB 813 136059 (2021)

⚫ OZI & isospin favoured:  ’,  f0(980) and so on

⚫ KK, K*K and K*K* ⇐ */* contribution

⚫ OZI & isospin un-favoured: 0 0 and so on 



e+ e- → ’ and 
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PRD102 012008 (2020) PRD104 032007 (2021)

⚫  and ’ modes: isoscalar

✓ * and * (OZI suppressed)

✓ useful to measure parameters

⚫ tetraquark favorites  and ’

⚫ 1-- sത𝒔g hybrid has large  and smaller ’

⚫ BESIII data vs. Belle data

✓ Belle II data ?

1-- s ҧ𝐬g PRD59 034016 PLB650 390

 2 19 11 3 1.2

’ 0.01 2 0.1 0.02 0.4

Ratio 200 9.5 110 150 3

PLB669 160 (2008)

PRD107 012006 (2023)



(2170)

e+ e- → K+ K- and 2(K+ K-)
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⚫ K+K- & 2(K+K-): similar enhancement 

around 2.2324 GeV

⚫ hint for a narrow resonance around 𝚲ഥ𝚲
threshold

✓ Width < 20 MeV

⚫ three body system KK ???

PRD79 034018 (2009)

⚫ (2170): resonant of KK

PRD100 022009 (2019)



e+ e- → K+ K- & KSKL
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PRD96 074027 (2017)

3S1𝚲ഥ𝚲

PRD99 032001 (2019) PRD104 092014 (2021)⚫ (2170): molecular state 𝚲ഥ𝚲

⚫ dominant KK mode @ (2170) ?

✓ iso-scalar: */*; iso-vector: *

✓ extract isospin component

⚫ one resonance @ K+K- & KSKL

⚫ (K+K-) ≈ 10 (KSKL)

✓ PRC 102 015201: valence quark 

charge

K+K- KSKL

Mass 

(MeV/c2)

2239.2±7.1±11.3 2273.7±5.7±19.3

Width (MeV) 139.8±12.3±20.6 86±44±51

eeBr (eV) 0.9±0.6±0.7



e+e- → 𝚲ഥ𝚲
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PRD98 094006 (2018)

⚫ (2170): molecular state 𝚲ഥ𝚲
⚫ Fitting @ EPJ C36 161 (2004) 

✓ 1– M = 2290  20MeV;  = 275  30MeV

✓ (2170): 2164  6 MeV; 106 +24 -18 MeV

⚫ non-zero behavior around threshold 

⚫ A resonance @ 𝚲ഥ𝚲 ?

𝐬-mB1-mB2

PR C62 055203 (2000)

PS185

PLB761 456 (2016)



e+ e- → K+ K-  
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⚫ e+e- → K K  : important to distinguish (2170) 

theory models

✓K*K*: s ҧ𝐬g (unfavored), 33S1 (favored) 

✓KK1(1400): s ҧ𝐬g (favored)

✓KK(1460): s ҧ𝐬g (unfavored), 23D1 (favored)

✓dots: BESIII data

✓black curves: fit results

✓ red long-dashed: (2170)

✓ green shot-dashed: 1/sn

✓blue dash-dotted: interference

KK1(1400) KK(1460)

KK1(1270)K*(892)K*(892)

PRL124 012001 (2020)

K*(892)

K2
*(1430)

K1(1270)

K1(1400)

PRD86 012008 (2012)



(1450)

(1900)

* ???

e+ e- → K+ K-  & e+ e- →𝐊𝐒
𝟎𝐊𝐋

𝟎𝛑𝟎
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⚫ K2
*(1430)K @ (2170) ? 

✓ BaBar: hint @ 2.1 GeV 

⚫ Vector state @ 0

✓ *: OZI-suppressed

✓ /*:   isospin-violated

⚫ Vector state @ 𝐊𝐒
𝟎𝐊𝐋

𝟎𝛑𝟎

✓ Mass: 2164.7 ± 9.1 ± 3.1 MeV

✓ Width: 32.4 ± 21.0 ± 1.8 MeV

PRD77 092002 (2008) K2*(1430)K K*(892)K

Mass 2190±19±37 MeV/c2

Width 191±28±60 MeV

eeBr 12.6±2.4 eV 1.0±0.3 eV

161.1±20.6 eV 7.1±0.9 eV

JHEP 01 180 (2024)

JHEP 07 045 (2022)



JHEP 01 180 (2024)

e+ e- → K+ K-  vs. e+ e- →𝐊𝐒
𝟎𝐊𝐋

𝟎𝛑𝟎
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⚫ KK system

✓ K2
*(1430)K @ K+K-0

✓ 𝐊∗(𝟖𝟗𝟐)𝟎ഥ𝐊𝟎 @ 𝐊𝐒
𝟎𝐊𝐋

𝟎𝛑𝟎

✓ Missing 𝐊𝐒
𝟎𝐊±𝛑∓

⚫ (K+K-) ≈ 10 (KSKL)

✓ valence quark charge

⚫ K*K: isospin → one

✓ electromagnetic interaction

JHEP 01 180 (2024)

JHEP 07 045 (2022)



e+ e- →  + -
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⚫ Belle & Babar results: general consistency, 

small systematic difference around 2.4GeV.

✓ Belle data: structure @ 2.4GeV with 1.5

⚫ +− @ M [0.85, 1.1] GeV/c2

✓ Really f0(980) ? ×
✓ (2170) ?

 f0(980) Mass (MeV) Width (MeV)

BaBar (2006) 21751015 581620

BES (2008) 2186106 652317

Belle (2009) 216332 12540

BaBar (2012) 2172108 961912

BESIII (2015) 220065 1041515

BESIII (2019) 213589 1042412

PDG2024 21637 103+28-21

PRD108, 032011 (2023)



PRD 104 054027 (2020)

* spectrum
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Data @ PR D101 074022 (2020) 

PRD106 034010 (2022)

⚫ * vector states

✓ (2205): possible 3D/4S, further states

✓ (2290): possible 4S, further states

✓ (2330): possible 4S, further states

⚫ * @ e+ e- collision ?

PRD 101 012011 (2020)

2.6



e+ e- →   &  ’
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PDG Mass Width

(2205) 220530 35090

(2290) 229020 37535

(2330) 233030 43575

⚫ Isospin zero: * and * ?

⚫ (2220) width 

✓ ~ 100 MeV @ BESIII

✓ ~ 350 MeV @ SPEC

PDG2024

JHEP 07 093 (2024)PLB 813 136059 (2021)



JHEP01 111 (2023)

e+ e- →  + - &   
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Eur. Phys. J. C72, 2008 (2012)

⚫ e+ e- → / + - ?

⚫ +-: f0(980) signal

⚫ G parity = -, * state ?

f0(980)

PRD105 032005 (2022)



e+ e- → + − 
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⚫ 00: G parity -, OZI, * state

⚫ Dominant 00, visible (1450)0 & 0

⚫ PHOKHARA MC fails @ BESIII

arXiv:2401.14711



* spectrum

Data @ PR D101, 074022 (2020) 

⚫ (2000): possible 2D, further states

⚫ (2150): possible 2D or 4S

✓ (2150): inconsistent results between e+e-,

ഥ𝐩𝐩, s-channel ഥ𝐍𝐍 and -p

⚫ (2270): possible 3D, further states

⚫ (2000) & (2270) @ e+ e- collision ?

PDG2022

21



e+ e- →  0 & ’ + -
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PLB 813 136059 (2021) PRD103 072007 (2021)

⚫ 0 & ’: G parity = +, * state (2000) or (2150) ?

⚫ dominant component ’, non- contribution < 10%.



e+ e- → + − 
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⚫   mode: G parity = +, * state

⚫ Default MC e+ e- →   for  + -

⚫ BESIII results vs. BABAR results

✓ Systematically 30% higher

⚫ Dominant component  @ + - 
✓ A dip around 2.18 GeV, hint ?

⚫ A resonance @ a2(1320)

PRD108 L111101 (2023)



Nature of (2170)
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tetraquark ? s ҧ𝐬 state ? f0(980) molecular state ? mixing state ?

PRD99 036014 (2019)

CPC44 024101 (2020)

PRD99 074015 (2019)

PRD104 054045 (2021)PRD103, 016018 (2021)

PRD104, 054027 (2021)

PRD103, 016016 (2021)



Nature of (2170)
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need more experimental data ? ⇒ Belle II



e+ e- ->   0

(2170) @ 2015 R scan data
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16 published paper + 1 draft
① e+e- -> K+ K-: PRD 99, 032001 (2019)

② e+e- ->  K+ K-: PRD 100, 032009 (2019)

③ e+e- -> K+ K-0 0: PRL 124, 112001 (2020)

④ e+e- ->  ’: PRD 102, 012008 (2020)

⑤ e+e- ->     0 : PLB 813, 136059 (2021)

⑥ e+e- -> ’ + -: PRD 103, 072007 (2021)

⑦ e+e- ->  : PRD 104, 032007 (2021)

⑧ e+e- -> KS KL: PRD 104, 092014 (2021)

⑨ e+e- ->  0 0: PRD 105, 032005 (2022)

⑩ e+e- -> K+ K-0: JHEP 07, 045 (2022)

⑪ e+e- ->  + -: PRD 108, 032011 (2023)

⑫ e+e- ->  + -: PRD 108, L111101 (2023)

⑬ e+e- ->  + -: JHEP 01, 111 (2023)

⑭ e+e- -> KS KL
0 : JHEP 01, 180 (2024)

⑮ e+e- ->  ’: JHEP 07, 093 (2024)

⑯ e+e- -> + - 0: arXiv:2401.14711, PRD

⑰ e+e- ->   0: draft @ Wenbiao



Summary and outlook
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⚫ Using BESIII R scan data, we are extensively studying (2170)

✓ (2170) as pure 33S1 s ҧ𝐬 ? 23D1 s ҧ𝐬 ?

✓ (2170) as 1-- s ҧ𝐬g hybrid ? molecular state 𝚲ഥ𝚲 ? three body system KK ?

✓ (2170) as tetraquark: ? mixing state: ? f0(980) molecular state: ?

⚫ Need * and * spectrum to understand (2170).

⚫ Belle II: 50 ab-1 data, study (2170) with ISR method.



(2170) @ J/ →   + −
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PRD91, 052017

⚫ Fit: (2170) +  direct decay

of / → f0(980) + background

⚫ No interference between (2170)

and direct decay



(2170) @ e+ e- →   + −

29

⚫ (2170) @  f0(980) with 𝒔 = [3.773, 4.600]GeV date

⚫ Limited samples for (2170)

PRD99, 012014



e+ e- →  (2170)
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PRD91, 052017

⚫ The Born cross section varies as 1/sn

with n=2.650.86.

⚫ Br[(3686)→ (2170)] < 2.2*10-6

@ 90% U.L., suppression for “12% rule”

⚫ No significant signal e+e- → ’(2170)

⚫
𝝈[e+e− → ’(2170)]
𝝈[e+e− → (2170)]

< 0.43 @ 90% U.L.



How ? (2170) as pure 33S1 s ҧ𝐬
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⚫ reduction to Absurdity

✓ 33S1 s ҧ𝐬: K*K* > KK1(1400)

✓ Exp. (2170) @ KK1(1400)

✓ Exp. no (2170) @ K*K*

✓ Exp. similar eff

✓ (2170) as pure 33S1 s ҧ𝐬 ?

⚫ similar check for several modes

✓ KK*(1410): No (2170)

✓ KK(1460): Yes (2170)

⚫ (2170) as pure 33S1 s ҧ𝐬: No ?

⚫ fraction i weakly model 

& input parameters dependent

⚫ dominant decay modes: 

✓ KK*(1410) & K*K*

pure 33S1 s ҧ𝐬 ?

pure 23D1 s ҧ𝐬 ?

molecular state 𝚲ഥ𝚲 ?

three body system KK ?

1-- s ҧ𝐬g hybrid ?
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