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VEPP-2000 e+e collider

VEPP-2000 parameters:  
 C.m. energy  E=0.3-2.0 GeV
 Circumference  –  24.4 m
 Number  of bunches –  1×1 
 Round beam optics
 Luminosity at E=1.8 GeV

     1×1032 cm-2 sec-1 (project)
     9×1031 cm-2 sec-1 (achieved)

 Two detectors: SND and CMD-3
 Energy measurements using 
Compton Backscattering
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SND detector

1 – beam pipe,  2 – tracking system,  3 – aerogel Cherenkov 
counter ,  4 – NaI(Tl) crystals,  5 – phototriodes,  6 – iron 
muon absorber, 7–9 – muon detector,  10 – focusing 
solenoids.

The main physics task of SND is study of all possible processes
 of e+e- annihilation into hadrons below 2 GeV. 
 The total hadronic cross section, which is calculated as

a sum of exclusive cross sections.
 Dynamics of multihadron exclusive processes.
 Properties of vector mesons of the ρ, ω, φ families.
 Nucleon-antinucleon production near threshold.
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Data collection
2010-2013 –     64 pb-1 
2013-2016 –     stop
2017-2019 –     167 pb-1

2020-2026 –     800 pb-1

Total                    ~1 fb-1          

2024-2026 – Scan of the - 
region (150-500 MeV) with 
3-fold increase in statistics

ω ρ

ϕ
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Motivation for the high precision measurements 

PR Vol. 1143, 2  (2025), PP 1-158

https://www.sciencedirect.com/science/article/pii/S0370157325002157?via%3Dihub
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e+e- →π+π-
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e+e- →π+π-

Different energy deposition profiles for pions, electons and muons
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e+e- →π+π-

Machine learning method (Gradient Boosted 
Decision Trees) demonstrated the best separation 
performance, with total of 36 input parameters 

e π μ

π μ

548 MeV 600 MeV

775 MeV 930 MeV

Similar e/π and µ/π separation algorithms are also constructed, 
but for individual particles, with 18 input parameters

Used to create pure samples of events and pseudo-events
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e+e- →π+π-

Current estimates of systematic error: 0.7-0.8%.    
 

Variation of Edep>40 MeV correction

Variation of polar angle cut
Uncertainty of the correction for e/π selection efficiency 

From muon background subtraction

Correction for probability of pion loss in the vacuum chamber 

from 3π 

from 2π 

2π

ee

0.4%

from 3π
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e+e- →π+π- 

Current analysis is based on 2018 data (47 pb-1), collected below 1 
GeV.  BabaYaga-NLO generator is implemented in MC. Process e+e- 
→e+e- is used for IL measurement, it’s separated from other events 
with the machine learning methods. Efficiency corrections are based 
on study of experimental events. With radiative and beam energy 
spread corrections born cross section is calculated. 

Born cross section is fitted with VMD: ρ(770), ρ(1450),ρ(1700) and ω 
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e+e- →π+π- 

New measurement is 3% higher then 
previously published SND results
 J. High Energ. Phys. 2021, 113 (2021)

After re-analysis the 2012-2013 SND data (used 
in the last SND publication) is more consistent with 
new results. Current explanation: shortcomings 
of the old version of reconstruction resulted in 
unaccounted loss of the pion tracks. 

Comparing with fit curve

SND(2020)

https://link.springer.com/article/10.1007/JHEP01(2021)113
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e+e- →π+π- 

New SND result is consistent 
with CMD3

SND measurement is consistent 
with BaBar results below ρ, and 
3% higher above 0.78 GeV 

Our measurement is 2-6% 
higher than combined 
KLOE result 

Stat. errors for dots 

CMD3 KLOEBaBar

green bandgreen band -  syst. uncertainty 
blue oneblue one — total error

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.032013
https://arxiv.org/abs/1711.03085
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e+e- →π+π-

with fit curve

Cover ≈ 80% of total π+π- contribution

https://cmd.inp.nsk.su/ ignatov/vpl/

https://cmd.inp.nsk.su/%20ignatov/vpl/
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e+e- →π+π-π0 in the 0.61-1.1 GeV region
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e+e- →π+π-π0 in the 0.61-1.1 GeV region
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e+e- →π+π-π0 in the 0.61-1.1 GeV region
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e+e- →π+π-π0 in the 0.61-1.1 GeV region

before 2021
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e+e- →π+π-π0  in the 1.06-2.0 GeV region

Background processes:
● e+e- → π+π-π0π0

● e+e- → π+π-γ
● e+e- → KSKL

● e+e- → K+K-π0

● e+e- → μ+μ-γ

ρπ

ρ’π

SND (previous) this workparameters
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e+e- →ηγ(η→γγ)



20 Recent results from the SND experiment 08/06/2026

e+e- →π0γ(π0→γγ) near ϕ
SND(2000)

CMD-2(2004)

SND(2016)

SND(2025)
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e+e- →π0γ(π0→γγ) √s>1GeV
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Inclusive measurement of charged* noncollinear  hadronic cross section 
in the 1.8-2.0 GeV region

* decays of KS and η with charged particles in the final state are included

● Efficiency is calculated using MC of exclusive hadronic 
processes, mixed according to previously measured cross 
sections

● Main QED background is suppressed by the cuts on energy 
deposition in the different layers of EMC

● Beam background is subtracted via zvtx fit

Phys. Lett. B Vol. 788, (2019), pp 42-51

https://cmd.inp.nsk.su/ ignatov/vpl/

In order to calculate 
total cross section, 
previously  measured 
cross sections of the 
neutral (ηπ0γ, π0π0γ, 
π0γ, ηηγ, KSKL etc.) 
and collinear (K+K- , 
π+ π- , pṕ) hadronic 
processes are added

Current estimates 
for systematic 
uncertainty: 1.3% 

 
Phys. Lett. B, Vol. 86, (1979), pp 234-238

https://www.sciencedirect.com/science/article/pii/S0370269318308505
https://cmd.inp.nsk.su/%20ignatov/vpl/
https://www.sciencedirect.com/science/article/pii/0370269379908281
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e+e- →ωπ0→π0π0γ (in the 1.05-2.0 GeV region)

https://indico.rcnp.osaka-u.ac.jp/event/2402/contributions/14886/
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Summary for e+e- →ηγ, π0γ, ωπ0, hadrons (inc.)  
 The most accurate measurement of the + −𝑒 𝑒 → π0γ process in the 1000-1060 MeV energy range was obtained
 The systematic measurement error at the ϕ(1020)resonance maximum is 1.3%, and the statistical error is 2.1%
 The decay probability was measured B(  → 𝜙 𝜋0 ) = (1.452 ± 0.024 ± 0.067) ∙10−3𝛾
 The most accurate measurement of the + − → 𝑒 𝑒 π0  cross section was performed in the energy range of 1.08-2.00 GeV𝛾
 The systematic error varies from 2.5% to 10.4% in the energy range from 1.1 to 1.5 GeV, respectively
 The most accurate measurement of the + − →  process was obtained in the 980-1060 MeV energy range, 𝑒 𝑒 𝜂𝛾

with systematic uncertainty at the (1020) resonance maximum being 1.5%𝜙
 The most precise measurement of (  → + −) (  → ) was performed 𝐵 𝜙 𝑒 𝑒 𝐵 𝜙 𝜂𝛾 [Phys.Rev.D 113 (2026) 052003]
 The cross section of the process + − → 𝑒 𝑒 𝜔π0 has been measured with the best accuracy to date
 In this work the inclusive cross section of + −-annihilation into charged hadronic states with more than two particles in 𝑒 𝑒

the region of √  = 1.8 − 2.0 GeV is measured𝑠
  𝑅 measured in this work is systematically greater than sum of exclusive cross sections and compatible with KEDR results, 

but have much greater statistical accuracy
 

https://doi.org/10.1103/r45q-js3w
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Summary for e+e- →π+π-, π+π-π0 
 The most precise measurement of the + − → 𝑒 𝑒 π+π-𝜋0 process cross section at energies below 1.1 GeV has been achieved

[arXiv:2603.01635]
 The systematic error in measuring the cross section near the  and  resonance maxima is 0.9% and 1.2%, respectively𝜔 𝜑
 The SND data are consistent with the BABAR measurements and are approximately 7-8% (2 ) lower than the Belle II data𝜎
 The most precise measurements of the (  → + −) (  →𝐵 𝜙 𝑒 𝑒 𝐵 𝜙 π+π-𝜋0), 𝑚𝜔 and Γ𝜔 parameters have been 

made within VDM framework
 Study of the + − → 𝑒 𝑒 π+π-𝜋0 process at energies above 1.1 GeV showed that ω(1420) and ω(1650) decay predominantly via 

ρπ and ρ’π mechanisms, respectively.
 The total cross section of the + −→𝑒 𝑒 π+π- process was measured in the √  =548 − 990 MeV energy range with a systematic 𝑠

error of 0.7-0.8% at √  < 600 and 𝑠 √  > 900 MeV and 0.7% at 600 < 𝑠 √  < 900 MeV𝑠
 The results are consistent with the CMD-3 measurement, and there is a difference with BABAR (KLOE) 

data at the 2  (>5 ) level𝜎 𝜎
 Contribution of the + − →𝑒 𝑒 π+π- process to the anomalous magnetic moment of the muon is 

𝑎  𝜇 = (433.59 ± 0.52 ± 3.04) ∙ 10−10 in the 548 < √  < 990 MeV energy range𝑠

https://arxiv.org/abs/2603.01635
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Final slide

Thank you for attention! 
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