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Today the energy range between 1.4 and 2 GeV gives a rather large error to hadron vacuum polar-

ization (HVP) calculation, because the cross sections hereare measured with insufficient accuracy

mostly by ISR method. We present new high precision measurement of thee+e− → π+π−π0π0

cross section with the SND detector at VEPP-2000e+e−-collider. This process dominates in

the energy region between 1 and 2 GeV and determines the HVP error in this region. The per-

cent level measurement will strongly influence(g− 2)µ interpretation and other precision SM

tests. We have separated intermediate states of this reaction. The cross sections for the different

intermediate states can be used to study properties of theρ(1450) andρ(1700) resonances.
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1. Introduction

Today the energy range between 1.4 and 2 GeV gives rather large error to hadron vacuum
polarization(HVP) calculation, because the cross sections here are measured with accuracy 10%
mostly by ISR method. We present new high precision cross section measurement of the process
e+e− → π+π−π0π0 with SND at VEPP-2000. This process dominates in the energy region be-
tween 1 and 2 GeV and gives most part of the HVP error so the percent level measurement will
strongly influence on g-2 interpretation and other precision SM tests.

The cross section of the processe+e− → π+π−π0π0 at energies 1 GeV<
√

s < 2 GeV is deter-
mined by the transition of vector mesons V(ρ, ρ ′, ρ ′′) to the fourπ-mesons. The main intermediate
states areωπ0, a1π, ρρ and f0ρ.

2. Experiment

The Spherical Neutral Detector (SND) [1]is a general purpose non-magnetic detector. It was
taking data from 2009 at the VEPP-2000 collider [2] in the energy range 360-2000 MeV. The
detector includes several subsystems. There is a tracking system around beam pipe, based on
multilayer jet-type drift chamber and one layer proportional chamber with charge division and
cathode strip readout. Three layer electromagnetic calorimeter consists of 1632 NaI(Tl) crystals
and have 90% solid angle coverage. The energy resolution of the calorimeter for photons isσE/E =

4.2%/ 4
√

E(GeV). The angular resolution is equal toσφ ,σθ ≃ 1.5◦. Aerogel cherenkov counter
between drift chamber and calorimeter is used as particle ID detector. The muon system includes
scintillation counters and two layers of streamer tubes.

In our analysis, we used the statistics of two experiments, MHAD10 and MHAD11, collected
in 2010-2011. The integrated luminosity in the MHAD10 and MHAD11 experiments was 5 and 25
pb−1, respectively. The integrated luminosity was measured by two independentmethods: using
events of electron-positron scattering and annihilation into two photons. Thesystematic uncertainty
in the luminosity was estimated as the difference of these two measurements to be approximately
2%.

3. Event selection

For our analysis, we selected events that satisfied the following conditions:

1. two or more charged tracks;

2. four or more reconstructed photons;

3. the distance from the beam axis to the event vertex in the R-φ plane is less than 1 cm;

4. the coordinate of the event vertex along the beam axis is less than 10 cm.

The conditions on the vertex coordinates are deter mined by the size of the interaction region,
the drift chamber resolution and serve to suppress the beam background events and cosmic muons.
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Figure 1: χ2 – distribution for kinematic fit in the hypothesese+e− → π+π−π0π0.

The longitudinal size of the interaction point depends on the beam energy;in the experiment, it
changed from 2.0 to 2.5 cm.

For the events selected under above conditions, we performed kinematic fitsin the hypotheses:e+e−→
π+π−π0π0, e+e− → π+π−π0, e+e− → π+π−π0γ, e+e− → π+π−3π0, e+e− → π+π−4π0.

After kinematic fit we used next cuts on likelihood value (Fig. 1):χ2
π+π−π0π0 < 40,χ2

π+π−π0 >

20, χ2
π+π−3π0 > 20, χ2

π+π−4π0 > 20.

4. Cross-section

The cross section of the processe+e− → π+π−π0π0 at each energy point was determined
using the formula:

σ(E) =
N4π(E)

IL(E) · ε(E)(1+δ (E))
, (4.1)

whereN4π is the number of events for the process under study, IL(E) is the integrated lumi-
nosity at a given point, andε(E) is the detection efficiency,δ (E) is radiative correction. The cross
section is shown at Fig. 2.

Detection efficiency and radiative correction was determined by the Monte-Carlo method and
slightly depends on energy. Mean value for detection efficiency fora1π intermediate state is 33.5±
0.4% and for theωπ0 – 32.5±1.4%. Radiative correction is 0.12 at 1 GeV and 0.14 at 2 GeV.

To obtain the correction factor for the detection efficiency we reconstructevents with lost track
or lost photon. Correction factor was determined as

δπ,γ =
N4π

N4π +Nlostπ,γ)
·

ε4π+lostπ,γ(E)

ε(E)
(4.2)
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Figure 2: Cross section for the processe+e− → π+π−π0π0.
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Figure 3: Efficiency correction.
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Figure 4: Efficiency correction. Uncertainty of the
efficiency correction.

whereε4π+lostπ,γ(E) is the detection efficiency when we take not only fully reconstructed
events but also events with lostπ± or γ. The error of the correction factor was treated as systematic
uncertainty of the efficiency (Fig. 4).

To separate events of the intermediate stateωπ0 from others, we used the invariant mass
distribution of the systemπ+π−π0 in the reconstructionπ+π−π0π0 that is closest to theω-meson
mass (M3π ) (Fig. 5). The separated cross section is shown at (Fig. 6).

5. Conclusion

In an experiment with Spherical Neutral Detector at VEPP-2000 collider the cross section of
the processe+e− → π+π−π0π0 was measured in the energy range 1 GeV<

√
s < 2 GeV. Cross

section is in agreement with previous measurements but has the best accuracy to date; the statistical
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Figure 5: π±π0π0 invariant mass distribution.
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Figure 6: Cross section for theωπ0 and non-ωπ0

sub process.

error is 1-2 % the systematic uncertainty is 1.6-1.8% and we are working to improve it. The cross
section corresponding toωπ0 intermediate state was separated from other states.
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