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Why vector light mesons?

• Directly accessed in e⁺e⁻ annihilation through 
γ*.

• ISR data provide a continuous scan of low-
energy hadron spectra.

• Light vector states can also be generated by 
multiple production modes.

 BESIII, Belle II, COMPASS, GlueX  
experiment
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The vector channel is experimentally special

More complicated confinement dynamics

• The confinement regime of the light quark-antiquark 
interaction is more complicated.

• The relativistic effect is important.



The φ-meson family

Mass

φ(1020)
1S  s̄s vector meson

well established

φ(1680)
2S  s̄s vector meson

dominant K K*

φ(1D)
missing / broad state in 

throry

φ(2170)/Y(2175)
around 2.2 GeV

controversial
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Listen to Qing-Song Zhou’s talk on 17/05 



[BaBar], Phys. Rev. D 74, 091103 (2006)
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Y(2175) vs Y(4230)

Counted up to 13. 05.2026 

Counted up to 13. 05.2026 



[BESIII], Phys. Rev. D 108, 032011 (2023) [BESIII], Phys.Rev.D 99 (2019) 3, 032001  [BESIII], Phys.Rev.D 102 (2020) 1, 012008 

Experimental overview of Y(2175)

  2026年轻强子专题研讨会                     王俊璋（重庆大学）                                        4/26               



Puzzle I : extracted resonance parameters are channel dependent

several nearby resonances?
strong channel dynamics?
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100 MeV mass 
discrepancy!



Puzzle II : why does φη′ look so prominent?

BESIII φη′ cross section φη cross section 
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[BESIII], Phys.Rev.D 102 (2020) 1, 012008 [BESIII], Phys.Rev.D 104 (2021) 3, 032007



Puzzle II : why does φη′ look so prominent?

BESIII φη′ cross section 

BESIII  φη cross section 
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this width is consistent with the Y(2175) structre in open-
charm channels and φf₀ 

The broad state is missing for the φη channel 

Ratio of phase space is about 4.3



Theoretical interpretations before the new open-strange constraints

Conventional s̄s

φ(3S) or φ(2D); 
strong-decay pattern 
is the central test.

Ding, Yan, PLB 657, 
49 (2007)

Wang et al., PRD 85, 
074024 (2012)

Coito et al., PRD 80, 
094011 (2009)

Pang, PRD 99, 074015 
(2019)

Hybrid s̄sg

Selection-rule 
expectations; open-
strange channels are 
decisive.

Ding, Yan, PLB 650, 
390 (2007)

Ding, Yan, PLB 657, 
49 (2007)

Ho et al., PRD 100, 
034012 (2019)

Tetraquark

Mass can be 
accommodated

Z. G. Wang, NPA 791, 
106 (2007)

Chen et al., PRD 78, 
034012 (2008)

Drenska et al., PLB 
669, 160 (2008)

Ke, Li, PRD 99, 
036014 (2019)

Agaev et al., PRD 101, 
074012 (2020)

Two-body 
molecules

φf₀ or ΛΛ̄ 
components

Napsuciale et al., PRD 
76, 074012 (2007)

Alvarez-Ruso et al., 
PRD 80, 054011 
(2009)

Zhao et al., PRD 87, 
054034 (2013)

Dong et al., PRD 96, 
074027 (2017)

Three-body 
molecule

φ K K̄ Faddeev 
dynamics predicts 
φf₀-like structure 
around 2.15 GeV.

Martínez Torres et al., 
PRD 78, 074031 
(2008)
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Recent theoretical researches: φf₀ or φK K ̄
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Malabarba, Ren, Khemchandani and Martinez Torres, Phys. Rev. D 103, 016018 (2021)



Recent theoretical researches: φf₀ or φK K ̄ and ΛΛ̄ 
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Malabarba, Khemchandani and Torres, Phys. Rev. D 108, 036010 (2023)



Recent theoretical researches: fully-strange tetraquark

Non-relativistic potential model within 
diquark-antidiquark approximation

Liu, Liu, Zhong and Zhao, Phys. Rev. D 103, 016016 (2021)

Constituent quark potential model, by solving  the full 
four-body Schrodinger equation and usuing the complex 
scaling method to identify resonant states

Ma, Wu, Meng, Chen and Zhu, Phys. Rev. D 110,  074026 (2024)
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  QCD sum rule method within diquark-antidiquark picture

Su and Chen,
 Phys. Rev. D 106, 014023 (2022)

  the Fierz rearrangement

Jiang, Tan, Chen and Cui, 
Symmetry 16, 1021 (2024)

Recent theoretical researches: fully-strange tetraquark

Xin and Wang, 
Chin.Phys.C 48 (2024) 3, 033104



Recent theoretical researches: strangeonium hybrid

 lattice QCD in the quenched approximation
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Ma, Chen, Gong and Liu, Chin. Phys. C 45, 013112 (2021)



Recent theoretical researches: strangeonium hybrid
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(NLO) QCD sum rule analysis for light hybrid mesons

Li, Huang, Chen and Jin, JHEP 03, 087 (2026)

Listen to Zhuo-Ran Huang’s talk on 17/05 



Recent theoretical researches: triangular singularity
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Wei, Shen, Liu and Xie, Phys. Rev. D 113, 014022 (2026)



The observation of a vector structure around 2.2 GeV in KK and KK(1460) channel does not favor the 
hybrid explanation, but no signal in K*K* is consistent with expectation of hybrid configuration.

the strangeonium hybrid and excited strangeonium φ(3S) and φ(2D) should dominantly decay into open-strange 
modes, so the newly observed structure around 2.2 GeV in open-strange processes should be good candidate of 
hybrid and excited φ mesons.

Strangeonium hybrid

φ(3S) and φ(2D)
K1(1270)K and K∗K∗ were predicted to be dominant decay channels of φ(3S) and φ(2D), so the 
BESIII data does not support these theoretical predictions.

Recent theoretical researches: interference effect from strangeonium 3S and 1D

Understanding the puzzle of inconsistent resonance parameter of Y(2175) 
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Recent theoretical researches: interference effect from strangeonium 3S and 1D

There are �(����), � ����  and � ���� (3 � partner states) 
and � ��  and � ��  states around 2.0 GeV, so it should be very 
difficult to analyze the open-strange processes above 2.0 GeV 

The scattering amplitude

Wang, Wang, Liu and Matsuki, 
Phys. Rev. D 104, 054045 (2021)



Recent theoretical researches: interference effect from strangeonium 3S and 1D

Wang, Wang, Liu and Matsuki, Phys. Rev. D 104, 054045 (2021)
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Recent theoretical researches: understanding the puzzle phenomenon 
associated with φη and φη′
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Ratio of phase space is about 4.3



Recent theoretical researches: understanding the puzzle phenomenon 
associated with φη and φη′

The resonance parameters are very reliable from the fit to 
the cross section of multiple open-charm channels
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Recent theoretical researches: understanding the puzzle phenomenon 
associated with φη and φη′
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The reaction amplitude



Recent theoretical researches: understanding the puzzle phenomenon 
associated with φη and φη′
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Preliminary



Recent theoretical researches: understanding the puzzle phenomenon 
associated with φη and φη′
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Preliminary



Recent theoretical researches: understanding the puzzle phenomenon 
associated with φη and φη′
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Preliminary



Recent theoretical researches: understanding the puzzle phenomenon 
associated with φη and φη′
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Preliminary

The existence of two Y(2175) around 2170 MeV? (a narrow state and a broad 
state, and the former may a good candidate of exotic vector light hadron  ) 

[BESIII], JHEP01(2024)180



Summary
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• We reviewed the experimental and theoretical progress on φ(2170), with emphasis on the 
new constraints from hidden- and open-strangeness channels after 2019.

• We proposed a unified interpretation of two central puzzles: the channel-dependent 
resonance parameters and the unexpected enhancement in φη′. Both can be understood 
from the interference of spectroscopically supported 3S and 2D strangeonium states, with 
the φη′ enhancement naturally driven by kaon meson-loop effects.

• Although the present φη and φη′ cross sections can be well described, the data may 
indicate an additional narrow vector structure. If confirmed, such a state would be a 
promising exotic candidate in the light vector sector.

Thanks for your attention!


