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Why?

Francesca De Mori, ICHEP 2024, Prague

– Tool to investigate properties in non-perturbative QCD 
• mass, width, decay pattern, production rate …

– Contribution to hadron spectroscopy

– Many vector states between 2.0 and 3.0 GeV
– 𝜌∗, 𝜔∗, 𝜙∗, exotic states, mixture?
• 𝜌∗: 𝜌(2000), 𝜌(2150), 𝜌(2270)
• 𝜔∗: 𝜔(2220), 𝜔(2290), 𝜔(2330)
• 𝜙∗: 𝜙(2170)
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Need to be confirmed

• Couplings to different channels may help to reveal
their nature

• Common decay patterns: is there 𝜌∗ − 𝜔∗ − 𝜙∗ mixing?
• Identification of exotic particle with non exotic
quantum numbers

– Analogy to heavy flavour vector meson, exotic hadron
• Charmonium, bottomonium, strangeonium?
- Exotics states with strange quark
✓ intermediate mass, bridge between light and heavy quark



Data samples (for these studies)

Francesca De Mori, ICHEP 2024, Prague

1) Data below J/ψ
• ecm: 2.0 – 3.08 GeV
• ℒ: ~650 pb-1
• Excited Light flavour vector meson 
directly produced in electron-positron
annihilation (𝜌∗, 𝜔∗, 𝜙∗ )

• 
Line shape scan to study properties of light flavour vector mesons

2) PWA  using charmonia world largest data samples
10 Billions J/ψ 
2.7Billions ψ(3686)



Recent (2024) results from BESIII
• Study of

• Study of  

• Study of  

• Study of

• Study of

Francesca De Mori, ICHEP 2024, Prague 4
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https://arxiv.org/abs/2401.14711
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Accepted by JHEP

Accepted by PRD

https://arxiv.org/abs/2401.14711

https://arxiv.org/abs/2311.07043

On-going analyses:
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PHYSICAL REVIEW D 108, L111101 
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Ask me in QT!!

https://doi.org/10.1007/JHEP01%282024%29180
https://arxiv.org/abs/2401.14711
https://arxiv.org/abs/2401.14711
https://arxiv.org/abs/2311.07043
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.108.L111101


f(2170) aka Y(2175)

Francesca De Mori, ICHEP 2024, Prague

Its nature still controversial:
a traditional      state (33S1, 23D1), a         hybrid, a 
tetraquark state, a bound state, or a      
resonance, strangeonium-like state. 
The predicted decay width varies depending on the 
assumed nature

Confirmed by BESIII in the
K(1400)+K−, K1 (1400)+K−,K1 (1270)+K−, and φη′ final states 

First observed by BaBar in 2006 in ISR process
e+ e− → φf0(980)γ

Then investigated by Belle, BES, BESIII
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ss̄g
<latexit sha1_base64="KFcKKX9aCFX2ghzcGqTM2WfkIts=">AAAB/nicbVDLSsNAFJ3UV62vqrhyM1gEVyUpoi6Lbly4qGAf0IRyM5m0QyeTMDMRSij4K25cKOLW73Dn3zhps9DWAwOHc87l3jl+wpnStv1tlVZW19Y3ypuVre2d3b3q/kFHxakktE1iHsueD4pyJmhbM81pL5EUIp/Trj++yf3uI5WKxeJBTxLqRTAULGQEtJEG1SP3zoQDcH2QWcGnlUG1ZtftGfAycQpSQwVag+qXG8QkjajQhINSfcdOtJeB1IxwOq24qaIJkDEMad9QARFVXjY7f4pPjRLgMJbmCY1n6u+JDCKlJpFvkhHokVr0cvE/r5/q8MrLmEhSTQWZLwpTjnWM8y5wwCQlmk8MASKZuRWTEUgg2jSWl+AsfnmZdBp156LeuD+vNa+LOsroGJ2gM+SgS9REt6iF2oigDD2jV/RmPVkv1rv1MY+WrGLmEP2B9fkDsaSVUQ==</latexit>

⇤⇤̄
<latexit sha1_base64="XWZeZ1K1Szl7rTlWPz5rkQ61rzw=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI9FL0IvFewHNLFstpt26WYTdjdKCf0fXjwo4tX/4s1/46bNQVsfDDzem2Fmnh9zprRtf1uFtfWNza3idmlnd2//oHx41FFRIgltk4hHsudjRTkTtK2Z5rQXS4pDn9OuP7nJ/O4jlYpF4l5PY+qFeCRYwAjWRnpw4zFDTdfHMm3OSoNyxa7ac6BV4uSkAjlag/KXO4xIElKhCcdK9R071l6KpWaE01nJTRSNMZngEe0bKnBIlZfOr56hM6MMURBJU0Kjufp7IsWhUtPQN50h1mO17GXif14/0cGVlzIRJ5oKslgUJBzpCGURoCGTlGg+NQQTycytiIyxxESboLIQnOWXV0mnVnXq1drdRaVxncdRhBM4hXNw4BIacAstaAMBCc/wCm/Wk/VivVsfi9aClc8cwx9Ynz+g6ZHz</latexit>

�KK̄

Studied in many exclusive channels:
<latexit sha1_base64="wb24pmtaOos3BLx7C0Z/BM1PLaE="></latexit>
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None is dominant

+other excited       states
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�(�⌘) < �(�⌘0) Disfavour hybrid hypothesis
Favours strangeonium-like state
With h –h ‘ mixing
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study
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s =[2.00-3.08]GeV

Previously investigated by ISR process by BaBar
And by SND (in lower energy region)
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<latexit sha1_base64="TcAbqMzS1PMOXxgBlNkT83GNNVw=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiRF1GXRjcsK9gFNLDfTSTp0JgkzE6WU7tz4K25cKOLWX3Dn3zhts9DWA5d7OOdeZu4JUs6Udpxvq7C0vLK6VlwvbWxube/Yu3tNlWSS0AZJeCLbASjKWUwbmmlO26mkIAJOW8HgauK37qlULIlv9TClvoAoZiEjoI3UtQ+9lN05nmRRX4OUyQP2IhAC8ta1y07FmQIvEjcnZZSj3rW/vF5CMkFjTTgo1XGdVPsjkJoRTsclL1M0BTKAiHYMjUFQ5Y+md4zxsVF6OEykqVjjqfp7YwRCqaEIzKQA3Vfz3kT8z+tkOrzwRyxOM01jMnsozDjWCZ6EgntMUqL50BAgkpm/YtIHCUSb6EomBHf+5EXSrFbcs0r15rRcu8zjKKIDdIROkIvOUQ1dozpqIIIe0TN6RW/Wk/VivVsfs9GCle/soz+wPn8Ayz2ZRA==</latexit>
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https://doi.org/10.1007/JHEP01%282024%29180
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Francesca De Mori, ICHEP 2024, Prague

<latexit sha1_base64="UbOZWZZ77xn/CXAliEov+m3p/uw=">AAACDXicbVDLSsNAFJ3UV62vqks3g1UQxJIUUZdFN4IuKtoHNGmZTG/boZNJmJkoJfQH3Pgrblwo4ta9O//GNM1CWw/cy+Gce5m5xw04U9o0v43M3PzC4lJ2Obeyura+kd/cqik/lBSq1Oe+bLhEAWcCqpppDo1AAvFcDnV3cDH26/cgFfPFnR4G4HikJ1iXUaJjqZ3fg9YhtI5syXp9TaT0H/BVy2zfJv0a2wFrmbl2vmAWzQR4llgpKaAUlXb+y+74NPRAaMqJUk3LDLQTEakZ5TDK2aGCgNAB6UEzpoJ4oJwouWaE92Olg7u+jEtonKi/NyLiKTX03HjSI7qvpr2x+J/XDHX3zImYCEINgk4e6oYcax+Po8EdJoFqPowJoZLFf8W0TyShOg5wHII1ffIsqZWK1kmxdHNcKJ+ncWTRDtpFB8hCp6iMLlEFVRFFj+gZvaI348l4Md6Nj8loxkh3ttEfGJ8/ZnKZ2Q==</latexit>
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<latexit sha1_base64="OvNVswjmxtRHXhnuu4OfwyfUw70=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/ZA2lM122y7dTeLuRCihv8KLB0W8+nO8+W/ctDlo64OBx3szzMwLYikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJko04w0WyUi3A2q4FCFvoEDJ27HmVAWSt4LxTea3nrg2IgrvcRJzX9FhKAaCUbTSQ9c8akzNtNgrld2KOwNZJl5OypCj3it9dfsRSxQPkUlqTMdzY/RTqlEwyafFbmJ4TNmYDnnH0pAqbvx0dvCUnFqlTwaRthUimam/J1KqjJmowHYqiiOz6GXif14nwcGVn4owTpCHbL5okEiCEcm+J32hOUM5sYQyLeythI2opgxtRlkI3uLLy6RZrXgXlerdebl2ncdRgGM4gTPw4BJqcAt1aAADBc/wCm+Odl6cd+dj3rri5DNH8AfO5w/gypB2</latexit>p
s =[2.00-3.08]GeV

PWA (in GPUPWA framework),
Masses and widths of intermediate resonances fixed 
to PDG (quasi two-body decay amp and covariant tensor 
amp formalism)
BASELINE:

Intermediate states (decaying.          Or               ) are 
included in the solution if the statistical significance is 
greater than 5σ,

Previously investigated by ISR process by BaBar
And by SND (in lower energy region)

<latexit sha1_base64="kf2mCQprj4GjlXIYLkMxanhXzjs=">AAAB8nicbVDLSgMxFM34rPVVdekmWARXZaaIuiy6EXRR0T5gOpZMmmlDM8mQ3BHK0M9w40IRt36NO//GtJ2Fth5IOJxzL/feEyaCG3Ddb2dpeWV1bb2wUdzc2t7ZLe3tN41KNWUNqoTS7ZAYJrhkDeAgWDvRjMShYK1weDXxW09MG67kA4wSFsSkL3nEKQEr+TePbvceT/7bbqnsVtwp8CLxclJGOerd0lenp2gaMwlUEGN8z00gyIgGTgUbFzupYQmhQ9JnvqWSxMwE2XTlMT62Sg9HStsnAU/V3x0ZiY0ZxaGtjAkMzLw3Ef/z/BSiiyDjMkmBSTobFKUCg8KT+3GPa0ZBjCwhVHO7K6YDogkFm1LRhuDNn7xImtWKd1ap3p2Wa5d5HAV0iI7QCfLQOaqha1RHDUSRQs/oFb054Lw4787HrHTJyXsO0B84nz+HZ5Ae</latexit>
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<latexit sha1_base64="Fogd0WWWvh7dlLw0iPyh6lEcyrw=">AAAB+3icbVDLSgMxFL3js9bXWJdugkWomzJTRF0W3Qi6qGgf0I4lk6ZtaCYzJBmxDP0VNy4UceuPuPNvzLSz0NYD4R7OuZd7c/yIM6Ud59taWl5ZXVvPbeQ3t7Z3du29QkOFsSS0TkIeypaPFeVM0LpmmtNWJCkOfE6b/ugy9ZuPVCoWins9jqgX4IFgfUawNlLXLlw/ON27EkrLzXEnYqbaRafsTIEWiZuRImSode2vTi8kcUCFJhwr1XadSHsJlpoRTif5TqxohMkID2jbUIEDqrxkevsEHRmlh/qhNE9oNFV/TyQ4UGoc+KYzwHqo5r1U/M9rx7p/7iVMRLGmgswW9WOOdIjSIFCPSUo0HxuCiWTmVkSGWGKiTVx5E4I7/+VF0qiU3dNy5fakWL3I4sjBARxCCVw4gypcQQ3qQOAJnuEV3qyJ9WK9Wx+z1iUrm9mHP7A+fwBESJKp</latexit>
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<latexit sha1_base64="kGyTw+5r91fQ6a1uw8gxrXYz7VM=">AAACFnicbVDLSsNAFJ34rPUVdelmsAhVtCSxaN0V3QjdVLAPaNMwmU7aoZMHMxOhhH6FG3/FjQtF3Io7/8Zpm4VtPXDhcM693HuPGzEqpGH8aEvLK6tr65mN7ObW9s6uvrdfF2HMManhkIW86SJBGA1ITVLJSDPiBPkuIw13cDv2G4+ECxoGD3IYEdtHvYB6FCOpJEc/r3RO86Vr66RjwLaLeFIZdYwzqFTHypvFC2PGcPScUTAmgIvETEkOpKg6+ne7G+LYJ4HEDAnRMo1I2gnikmJGRtl2LEiE8AD1SEvRAPlE2MnkrRE8VkoXeiFXFUg4Uf9OJMgXYui7qtNHsi/mvbH4n9eKpVeyExpEsSQBni7yYgZlCMcZwS7lBEs2VARhTtWtEPcRR1iqJLMqBHP+5UVStwrmZcG6L+bKN2kcGXAIjkAemOAKlMEdqIIawOAJvIA38K49a6/ah/Y5bV3S0pkDMAPt6xdUmpsk</latexit>

K⇤(892)0K̄0,K⇤
2 (1430)

0K̄0
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Francesca De Mori, ICHEP 2024, Prague

Lineshape of  subprocesses can be measured
using relative fraction obtained in PWA

dominates over 
Opposite with respect to the charged 
channel JHEP 07 (2022) 04

As found from BaBar previously for 
analogous channels

Improved precision

8



The resonance parameters (very narrow width especially) very close to the BESIII 
results measured through the ϕη channel [1] of the ϕ(2170) meson.

Francesca De Mori, ICHEP 2024, Prague

Fit with coherent sum  of continuum and 
resonant (BW) component as PDF

<latexit sha1_base64="+f852Az08ZzvIKLykEjLRujZ1qA=">AAACD3icbVC7TsMwFHV4lvIKMLJYVKCyhKRULQxIFSwslYpEH6gpleM6rVU7iWwHqYr6Byz8CgsDCLGysvE3uI8BWo50r47OuVf2PV7EqFS2/W0sLC4tr6ym1tLrG5tb2+bObk2GscCkikMWioaHJGE0IFVFFSONSBDEPUbqXv9q5NcfiJA0DG7VICItjroB9SlGSktt86jcvrvI5pxC3iq6ET+3HN1PLecYuoInZVI7wfe5YbptZmzLHgPOE2dKMmCKStv8cjshjjkJFGZIyqZjR6qVIKEoZmSYdmNJIoT7qEuamgaIE9lKxvcM4aFWOtAPha5AwbH6eyNBXMoB9/QkR6onZ72R+J/XjJV/1kpoEMWKBHjykB8zqEI4Cgd2qCBYsYEmCAuq/wpxDwmElY5wFIIze/I8qeUsp2DlbvKZ0uU0jhTYBwcgCxxQBCVwDSqgCjB4BM/gFbwZT8aL8W58TEYXjOnOHvgD4/MHUpaZFg==</latexit>

MY = (2164.7± 9.1± 3.1)MeV/c2
<latexit sha1_base64="QmXvrqAr39Zklrp5X9TjQT2s2rM=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0Wom5DUot0IRRe6ESrYhzQhTKaTduhMEmYmQgn9BTf+ihsXirh1586/MWmz0NYDl3s4515m7vEiRqUyzW+tsLS8srpWXC9tbG5t7+i7e20ZxgKTFg5ZKLoekoTRgLQUVYx0I0EQ9xjpeKPLzO88ECFpGNypcUQcjgYB9SlGKpVcvWJfIc6Re39eOakaNTvisGoZZtYto34MbcGTG9KelFy9bBrmFHCRWDkpgxxNV/+y+yGOOQkUZkjKnmVGykmQUBQzMinZsSQRwiM0IL2UBogT6STTiybwKFX60A9FWoGCU/X3RoK4lGPupZMcqaGc9zLxP68XK7/uJDSIYkUCPHvIjxlUIczigX0qCFZsnBKEBU3/CvEQCYRVGmIWgjV/8iJpVw3r1Kje1sqNizyOIjgAh6ACLHAGGuAaNEELYPAInsEreNOetBftXfuYjRa0fGcf/IH2+QMBj5n9</latexit>

�Y = (32.4± 21.0± 1.8)MeV

[1] Phys. Rev. D 104 (2021) 032007

Two solutions
with same mass 
and width for the
resonance

9

Hint of a vector meson state around 2.2 GeV with a significance of 3.2σ.

Large interference



Francesca De Mori, ICHEP 2024, Prague

<latexit sha1_base64="gkSdgsr2kFcfMDzp1KcXS43+DiE=">AAACCnicbVC7SgNBFJ31GeNr1dJmNAhCSNgNopZBG8sI5gHZTZid3E2GzD6YmVVCSG3jr9hYKGLrF9j5N84mW2jigbkczrmXO/d4MWdSWda3sbS8srq2ntvIb25t7+yae/sNGSWCQp1GPBItj0jgLIS6YopDKxZAAo9D0xtep37zHoRkUXinRjG4AemHzGeUKC11zSPoFKFTcgTrDxQRInrATsw6xbSU0mJ1zYJVtqbAi8TOSAFlqHXNL6cX0SSAUFFOpGzbVqzcMRGKUQ6TvJNIiAkdkj60NQ1JANIdT0+Z4BOt9LAfCf1Chafq74kxCaQcBZ7uDIgayHkvFf/z2onyL90xC+NEQUhni/yEYxXhNBfcYwKo4iNNCBVM/xXTARGEKp1eXodgz5+8SBqVsn1ertyeFapXWRw5dIiO0Smy0QWqohtUQ3VE0SN6Rq/ozXgyXox342PWumRkMwfoD4zPHxQimeA=</latexit>

e+e� ! ⇡+⇡�⇡0 https://arxiv.org/abs/2401.14711
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<latexit sha1_base64="OvNVswjmxtRHXhnuu4OfwyfUw70=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/ZA2lM122y7dTeLuRCihv8KLB0W8+nO8+W/ctDlo64OBx3szzMwLYikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJko04w0WyUi3A2q4FCFvoEDJ27HmVAWSt4LxTea3nrg2IgrvcRJzX9FhKAaCUbTSQ9c8akzNtNgrld2KOwNZJl5OypCj3it9dfsRSxQPkUlqTMdzY/RTqlEwyafFbmJ4TNmYDnnH0pAqbvx0dvCUnFqlTwaRthUimam/J1KqjJmowHYqiiOz6GXif14nwcGVn4owTpCHbL5okEiCEcm+J32hOUM5sYQyLeythI2opgxtRlkI3uLLy6RZrXgXlerdebl2ncdRgGM4gTPw4BJqcAt1aAADBc/wCm+Odl6cd+dj3rri5DNH8AfO5w/gypB2</latexit>p
s =[2.00-3.08]GeVPWA performed

Born cross section also for major intermediate 
states(for wp0 more precise BESIII result (Phys. Lett. B
813, 136059 (2021) already available)

Improved ten times the
uncertainties

UML fit
For signal yield

https://arxiv.org/abs/2401.14711


Francesca De Mori, ICHEP 2024, Prague
11

Simultaneous fit, assuming the same resonant structure (w*)

PDF:

Multiple solution: same M and width but different phase and 
<latexit sha1_base64="WS46Nzqg+ZStiR48a1mK9fdW63g=">AAAB+nicbVBNT8JAEN3iF+JX0aOXjcTEE2mJUY8ED3pEIx8J1Ga7DLBht212txpS+SlePGiMV3+JN/+NC/Sg4EsmeXlvJjPzgpgzpR3n28qtrK6tb+Q3C1vbO7t7dnG/qaJEUmjQiEeyHRAFnIXQ0ExzaMcSiAg4tILR5dRvPYBULArv9DgGT5BByPqMEm0k3y52r4gQBN/f+inABNekb5ecsjMDXiZuRkooQ923v7q9iCYCQk05UarjOrH2UiI1oxwmhW6iICZ0RAbQMTQkApSXzk6f4GOj9HA/kqZCjWfq74mUCKXGIjCdguihWvSm4n9eJ9H9Cy9lYZxoCOl8UT/hWEd4mgPuMQlU87EhhEpmbsV0SCSh2qRVMCG4iy8vk2al7J6VKzenpWotiyOPDtEROkEuOkdVdI3qqIEoekTP6BW9WU/Wi/Vufcxbc1Y2c4D+wPr8AUiwk2A=</latexit>
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eeBr



Further studies needed to clarify the situation.

https://arxiv.org/abs/2401.14711

Francesca De Mori, ICHEP 2024, Prague 12

> 5 𝝈 significance

For G-parity conservation  it should be an exited w or f state.
f State ruled out by OZI suppression in this final state channel.

𝝎* candidate 

Alternative fit with SND data @ low energies
SND-helps to constraint the continuum

To evaluate systematics

https://arxiv.org/abs/2401.14711


arXiv:2404.07436v1

Francesca De Mori, ICHEP 2024, Prague 13

<latexit sha1_base64="OvNVswjmxtRHXhnuu4OfwyfUw70=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/ZA2lM122y7dTeLuRCihv8KLB0W8+nO8+W/ctDlo64OBx3szzMwLYikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJko04w0WyUi3A2q4FCFvoEDJ27HmVAWSt4LxTea3nrg2IgrvcRJzX9FhKAaCUbTSQ9c8akzNtNgrld2KOwNZJl5OypCj3it9dfsRSxQPkUlqTMdzY/RTqlEwyafFbmJ4TNmYDnnH0pAqbvx0dvCUnFqlTwaRthUimam/J1KqjJmowHYqiiOz6GXif14nwcGVn4owTpCHbL5okEiCEcm+J32hOUM5sYQyLeythI2opgxtRlkI3uLLy6RZrXgXlerdebl2ncdRgGM4gTPw4BJqcAt1aAADBc/wCm+Odl6cd+dj3rri5DNH8AfO5w/gypB2</latexit>p
s =[2.00-3.08]GeV

<latexit sha1_base64="rNVd80iL6GevjxIqBEeQ4gs7iWI=">AAACCnicbVDLSgMxFM3UV62vUZduokUQxDJTRF0W3bisYB/QGUsmzbShmWRIMkoZunbjr7hxoYhbv8Cdf2OmnYW2HsjlcM693NwTxIwq7TjfVmFhcWl5pbhaWlvf2Nyyt3eaSiQSkwYWTMh2gBRhlJOGppqRdiwJigJGWsHwKvNb90QqKvitHsXEj1Cf05BipI3Utfc9EZE+8iTtDzSSUjxAL6Z3x1k5yYrTtctOxZkAzhM3J2WQo961v7yewElEuMYMKdVxnVj7KZKaYkbGJS9RJEZ4iPqkYyhHEVF+OjllDA+N0oOhkOZxDSfq74kURUqNosB0RkgP1KyXif95nUSHF35KeZxowvF0UZgwqAXMcoE9KgnWbGQIwpKav0I8QBJhbdIrmRDc2ZPnSbNacc8q1ZvTcu0yj6MI9sABOAIuOAc1cA3qoAEweATP4BW8WU/Wi/VufUxbC1Y+swv+wPr8Ae/hmmc=</latexit>

! ! ⇡+⇡�⇡0

<latexit sha1_base64="wfQ7aFvak38tkmvX/V8E2iCzlCs=">AAACCHicbVA9SwNBEN3z2/gVtbRwMYiCGO5E1DJoY6lgNJBLwtxmkizu3R67c0oIKW38KzYWitj6E+z8N25iCr8eDDzem2FmXpQqacn3P7yx8YnJqemZ2dzc/MLiUn555dLqzAgsC620qURgUckEyyRJYSU1CHGk8Cq6Phn4VzdorNTJBXVTrMXQTmRLCiAnNfLrWN/B+m5oZLtDYIy+5aGOsQ08RAK+1cgX/KI/BP9LghEpsBHOGvn3sKlFFmNCQoG11cBPqdYDQ1Io7OfCzGIK4hraWHU0gRhtrTd8pM83ndLkLW1cJcSH6veJHsTWduPIdcZAHfvbG4j/edWMWke1nkzSjDARX4tameKk+SAV3pQGBamuIyCMdLdy0QEDglx2ORdC8Pvlv+RyrxgcFPfO9wul41EcM2yNbbBtFrBDVmKn7IyVmWB37IE9sWfv3nv0XrzXr9YxbzSzyn7Ae/sEYWeY7Q==</latexit>

e+e� ! !⌘0
<latexit sha1_base64="hUzRt33FyFse/htmQcSyle0Jpkw=">AAACDnicbVDLSgNBEJz1GeMr6tHLYAgKYtgNoh6DXjxGMA/IxtA7mSRDZnaXmV4lhHyBF3/FiwdFvHr25t84eRw0saCboqqbma4glsKg6347C4tLyyurqbX0+sbm1nZmZ7diokQzXmaRjHQtAMOlCHkZBUpeizUHFUheDXpXI796z7URUXiL/Zg3FHRC0RYM0ErNTI76HIEeUl+LThdB6+iB+h1QCqgfi7vjUTtpZrJu3h2DzhNvSrJkilIz8+W3IpYoHiKTYEzdc2NsDECjYJIP035ieAysBx1etzQExU1jMD5nSHNWadF2pG2FSMfq740BKGP6KrCTCrBrZr2R+J9XT7B90RiIME6Qh2zyUDuRFCM6yoa2hOYMZd8SYFrYv1LWBQ0MbYJpG4I3e/I8qRTy3lm+cHOaLV5O40iRfXJAjohHzkmRXJMSKRNGHskzeSVvzpPz4rw7H5PRBWe6s0f+wPn8AUkvmwM=</latexit>

⌘0 ! �⇡+⇡�

<latexit sha1_base64="wfQ7aFvak38tkmvX/V8E2iCzlCs=">AAACCHicbVA9SwNBEN3z2/gVtbRwMYiCGO5E1DJoY6lgNJBLwtxmkizu3R67c0oIKW38KzYWitj6E+z8N25iCr8eDDzem2FmXpQqacn3P7yx8YnJqemZ2dzc/MLiUn555dLqzAgsC620qURgUckEyyRJYSU1CHGk8Cq6Phn4VzdorNTJBXVTrMXQTmRLCiAnNfLrWN/B+m5oZLtDYIy+5aGOsQ08RAK+1cgX/KI/BP9LghEpsBHOGvn3sKlFFmNCQoG11cBPqdYDQ1Io7OfCzGIK4hraWHU0gRhtrTd8pM83ndLkLW1cJcSH6veJHsTWduPIdcZAHfvbG4j/edWMWke1nkzSjDARX4tameKk+SAV3pQGBamuIyCMdLdy0QEDglx2ORdC8Pvlv+RyrxgcFPfO9wul41EcM2yNbbBtFrBDVmKn7IyVmWB37IE9sWfv3nv0XrzXr9YxbzSzyn7Ae/sEYWeY7Q==</latexit>
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Francesca De Mori, ICHEP 2024, Prague 14

three possible 𝜔 excited state candidates 
around 2.2 GeV, 𝜔(2220), 𝜔(2290) and 𝜔(2330)

Mass and width in agreement within 3 s
with structures around 2.2 GeV by BESIII in 

<latexit sha1_base64="/4M1EbXl+Bo13XBIIQShWDztaxk=">AAACHnicbVDLSgMxFM3UV62vUZdugkUQrGWm+FoW3bisYB/QGUsmvW1DMw+SjFBKv8SNv+LGhSKCK/0bM9NZ2NYDuZyccy/JPV7EmVSW9WPklpZXVtfy64WNza3tHXN3ryHDWFCo05CHouURCZwFUFdMcWhFAojvcWh6w5vEbz6CkCwM7tUoAtcn/YD1GCVKSx3zHDuhD32CHVAEl5xSdnci9mClZVY7ScppxyxaZSsFXiR2RoooQ61jfjndkMY+BIpyImXbtiLljolQjHKYFJxYQkTokPShrWlAfJDuOF1vgo+00sW9UOgTKJyqfyfGxJdy5Hu60ydqIOe9RPzPa8eqd+WOWRDFCgI6fagXc6xCnGSFu0wAVXykCaGC6b9iOiCCUKUTLegQ7PmVF0mjUrYvypW7s2L1Oosjjw7QITpGNrpEVXSLaqiOKHpCL+gNvRvPxqvxYXxOW3NGNrOPZmB8/wIEkKCV</latexit>

!⌘, !⇡0⇡0, !⇡+⇡�



Same properties of            found by BESIII in

[Phys. Lett. B 813, 136059 (2021)]

First Observation of

Francesca De Mori, ICHEP 2024, Prague
15

<latexit sha1_base64="3DDaLlTXZwcfnRkL8wkCdErVjbA=">AAACCXicbVBNS0JBFJ1nX2ZfVss2QxIEorwnUS2lNi0N8gN8KvPGqw7O+2DmvkLEbZv+SpsWRbTtH7Tr3zTqW5R24F4O59zLzD1eJIVG2/62Uiura+sb6c3M1vbO7l52/6Cmw1hxqPJQhqrhMQ1SBFBFgRIakQLmexLq3vB66tfvQWkRBnc4iqDls34geoIzNFInS6Gdh3bBVaI/QKZU+EBdQOZGop2ftkInm7OL9gx0mTgJyZEElU72y+2GPPYhQC6Z1k3HjrA1ZgoFlzDJuLGGiPEh60PT0ID5oFvj2SUTemKULu2FylSAdKb+3hgzX+uR75lJn+FAL3pT8T+vGWPvsjUWQRQjBHz+UC+WFEM6jYV2hQKOcmQI40qYv1I+YIpxNOFlTAjO4snLpFYqOufF0u1ZrnyVxJEmR+SYnBKHXJAyuSEVUiWcPJJn8krerCfrxXq3PuajKSvZOSR/YH3+AKDDmak=</latexit>
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PWA based on the GPUPWA
framework 

simultaneous UML fit BW
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.108.L111101


Summary

• Relevant contribution of BESIII in the spectroscopy 
of vector mesons between 2 and 3 GeV 

• Recent results presented:

• Many others are coming (Stay Tuned!!)

Francesca De Mori, ICHEP 2024, Prague 16
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Spares

Francesca De Mori, ICHEP 2024, Prague 18
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https://arxiv.org/abs/2311.07043
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PWA covariant tensor amplitude method.

the structure at 1.9 GeV/c2 on the M distribution can not be described only by a new 
axial-vector state (h1(1900)), but requires an additional vector state (X(2000)).
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https://arxiv.org/abs/2311.07043


The h1(1900) axial vector meson can be assigned as the h1(2P) strangeonium
stateà mass and width agree well with the theoretical predictions 
The X(2000) state can be associated to the 𝝓(3S) or 𝝓(2D) states, but its mass 
and width have large discrepancies with the theoretical predictions

https://arxiv.org/abs/2311.07043

Francesca De Mori, ICHEP 2024, Prague 20

First observation of  two new structures

Important input to establish the strangeonium spectrum

https://arxiv.org/abs/2311.07043


arXiv:2112.13219
Francesca De Mori, ICHEP 2024, Prague 21

https://arxiv.org/abs/2112.13219


wpp

Francesca De Mori, ICHEP 2024, Prague 22

[PRD105,032005(2022)]



ACHEP2023 23

BEPCII @ IHEP

Being upgraded
to increase
luminosity at high
energy and extend
the cme energy range

Electron-positron collider

Ecm = 2 – 4.95 GeV

Luminosity = 1033 cm-2s-1
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BESIII @ BEPCII
1 Tesla Magnetic field

Muon counters:
δrφ = 1.4 cm – 1.7 cm 

Electromagnetic
Calorimeter:
dE/√E (1 GeV) = 2.5 %

Electromagnetic
Calorimeter:
dE/√E (1 GeV) = 2.5 %

Time Of Flight:
σt (barrel) = 70 ps
σt (endcap) = 60 ps  

Main Drift Chamber:
σx (1 GeV/c) ~ 130 μm
dp/p (1 GeV/c) = 0.5 %
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Mass and width of the structure are in agreement within 3 s
structures around 2.2 GeV by BESIII in 
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Assuming same R for BESIII result in wh[Phys. Lett. B 813 (2021) 136059]
:
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= 0.34± 0.07 By lattice QCD, based on
the η − η′ mixing angle
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R = 13.30± 6.06± 3.61, 2.39± 1.63± 1.01, 4.58± 2.21± 1.34, 6.95± 4.60± 2.83

R=

Combining previous BESIII result with  the multiple
solutions for the resonance parameters

ideal mixing angle between pure ss and uu− dd, - - -

three possible 𝜔 excited state candidates around 2.2 GeV, 𝜔(2220), 𝜔(2290) and 𝜔(2330)
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Many vector states between 𝑠 = [2.0, 3.0] GeV
– 𝜌∗, 𝜔∗, 𝜙∗, exotic states, mixture?

• Couplings to different channels may help to reveal their nature

• Common decay patterns: 
is there 𝜌∗ − 𝜔∗ − 𝜙∗ mixing?

• Identification of exotic particle 
with non exotic quantum numbers

From the experimental POV 
àestablished meson spectrum required

– to rule out conventional quarkonia
– to study mixing between exotica 
and conventional mesons

PRD79, 014036 26
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r* and w* vector mesons

Francesca De Mori, ICHEP 2024, Prague

– Members above 2 GeV, their nature controversial

• Pure state or mixture?
• Decay patterns can be used to identify them

PRD88,034008(2013)

PRD85,094006(2012)

w*:

Recentely we investigated
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