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Introduction 

Motivation 

• ωπ⁰ mechanism contribution dominates in π⁺π⁻π⁰π⁰ cross section in energy 

range 1 – 1.5 GeV and gives some contribution to hadronic vacuum 

polarization and anomalous magnetic momentum of muon 

• γ*ωπ⁰ form factor is used for studying excited resonances, in particular, for 

measuring parameters of ρ’. 

• In decay ω → μ⁺μ⁻π⁰, significant discrepancy of γ*ωπ⁰ format factor was found 

in respect to VMD model predictions (NA60 experiment). 

 

Tasks 

• Measuring e⁺e⁻ → ωπ⁰ → π⁺π⁻π⁰π⁰ cross section 

• Determining efficiency corrections and systematic uncertainties 

• Obtaining γ*ωπ⁰ from the measured cross section 

• Fitting the form factor in VMD model 
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Experiment SND 
at VEPP-2000 collider 
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Experiment C.M. Energy 
Number 
of points 

Luminosity 

MHAD2011 1.05 – 2.00 GeV 40 22 pb⁻¹ 

MHAD2012 1.28 – 1.98 GeV 16 13 pb⁻¹ 

VEPP-2000 
CMD-3 

SND 

Spherical Neutral Detector 



Selection criteria and detection efficiency 
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• ≥ 2 charged particles 

• ≥ 4 photons 

• |d₀| < 1 cm 

• |z₀| < 15 cm 

𝜒4𝜋
2  

Detection efficiency for ωπ⁰ and other 

mechanisms of 4π 

Kinematic reconstruction in 4π 

hypothesis: 

• 70 < 𝑀𝜋0 < 200 MeV 

• 𝜒4𝜋
2 < 40 

Detection efficiency accounts for radiative 

corrections and is calculated using iterative method. 

Efficiency depending on the number of iterations: 

2E = 1980 MeV 



Determination of ωπ⁰ contribution 
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Selection:  𝜒4𝜋
2 < 40 

To obtain ωπ0 contribution, the distribution of the π⁺π⁻π⁰ invariant mass 

is fitted by signal – background model. 

Signal and background distribution shapes are obtained from MC.  

RooFit: 

• Ubinned fit 

• PDF by Kernel 

Estimation ωπ⁰ (4531 events) 

a₁π, f₀ρ, ρ⁺ρ⁻ (4988 events) 

non-4π 
(334 events) 
– fixed to ωπ⁰ 

Contribution of mechanism 

interference to the cross 

section: 

0.5 – 7% 

(upper estimate using MC) 

Point  2E = 1520 MeV, 
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Background processes 
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𝑁𝑏𝑘𝑔 𝐸𝑖 = 𝜎𝑏𝑘𝑔 ∙ 𝐼𝐿 ∙ 𝜀𝑏𝑘𝑔 

Contribution to systematic 

uncertainty 

2E, МэВ 1050 – 1600 1600 – 2000 

π⁺π⁻3π⁰ 0.0 – 1.8 % 0.5 – 4.3 % 

π⁺π⁻4π⁰ 0.0 – 0.4 % 0.5 – 7.0 % 

ωπ⁰π⁰ 0.0 – 0.1 % 0.1 – 1.5 % 

K⁺K⁻2π⁰ 0.0 – 0.1 % 0.1 – 1.4 % 

other 0.0 – 0.8 % 0.2 – 1.9 % 

Contributions of different background 

processes to events selected by 𝜒4𝜋
2 < 40 

In each energy point for each background process: 



Detection efficiency corrections 
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1 + δ = 

1 +
𝑁4𝜋, 𝑙𝑜𝑠𝑡

𝑁4𝜋 𝐷𝐴𝑇𝐴

1 +
𝑁4𝜋, 𝑙𝑜𝑠𝑡

𝑁4𝜋 𝑀𝐶

 

• We has used kinematic reconstruction recovering a lost track or a lost 

photon. 
• Selection 𝜒4𝜋

2 < 40 is extened to 𝜒4𝜋
2 < 100. 

Correction:  δ = 3.6 ± 0.9 % 



e⁺e⁻ → ωπ⁰ cross section 
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ρ, ρ’, ρ’’ 

ISR correction: 

* - fixed parameters 

𝜎𝐵𝑜𝑟𝑛(𝐸) =
4𝜋𝛼2

𝐸3
𝐹(𝐸) 2𝑃𝑓(𝐸) 

Form factor 

𝐹 𝐸 = 

phase space 

• Vector Meson Dominance (VMD) model: ρ, ρ’(1450),  ρ’’(1700) 

e⁺e⁻ → ωπ⁰ → π⁺π⁻π⁰π⁰  



Comparison of e⁺e⁻ → ωπ⁰ cross sections 

The measured e⁺e⁻ → ωπ⁰ cross section has following uncertainties: 
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2E, MeV 1050 – 1600 1600 – 2000 

systematical 2.6 – 4.0 % 4.4 – 14.0 % 

statistical 2.6 – 3.8 % 4.0 – 21.7 % 



Joint description of the form factor in 
e⁺e⁻ → ωπ⁰ and ω → μ⁺μ⁻π⁰ processes 
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ω → μ⁺μ⁻π⁰ e⁺e⁻ → ωπ⁰ 

(NA60) [1] (SND) 

[1] R. Arnaldi et al. (NA60), Phys. Lett. B757 437–444 (2016), 

[2] S. P. Schneider, B. Kubis, and F. Niecknig, Phys. Rev. D 86, 054013 (2012). 

[2] 



Conclusion 

• The  e⁺e⁻ → ωπ⁰ → π⁺π⁻π⁰π⁰ cross section is measured with high precision and is 

in agreement with previous measurement but has better accuracy. 

• γ*ωπ⁰ form factor is obtained and fitted by VMD model taking into account 

ρ(770), ρ(1450) and ρ(1700) in several variants of VMD model. 

• It is found that VDM is not capable to jointly describe e⁺e⁻ → ωπ⁰ and ω → 

μ⁺μ⁻π⁰ processes, even if ρ’ and ρ’’ are taken into account 

• Parameters of ρ’ and ρ’’ mesons differ in different channels. 
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Intermediate states of 
e⁺ e⁻ → π⁺ π⁻ π⁰ π⁰ 

for 1 < 𝑠 < 2 GeV 
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e⁺ e⁻ → f₀ (980) ρ → π⁺ π⁻ π⁰ π⁰ 

e⁺ e⁻ → ω (782) π⁰ → π⁺ π⁻ π⁰ π⁰ e⁺ e⁻ → a₁ (1260) π → π⁺ π⁻ π⁰ π⁰ 

e⁺ e⁻ → ρ⁺ ρ⁻ → π⁺ π⁻ π⁰ π⁰ 



Systematic uncertainty 
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VMD model 
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Radiative correction (ISR) 
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Approximation without ρ’’(1700) 
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𝐹 𝐸 = 


