Recent experimental results from the SND detector
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We present recent experimental results for e+e annihilation into hadrons below 2 GeV obtained
with the SND detector at the VEPP-2000 collider. The analyses are based on data collected in the
detector runs from 2010 to 2017. During the period from 2014 to 2016 collider and detector underwent significant upgrades which allowed an increase in luminosity and detector efficiency.
In particular, results of studying e+ e− → π + π − , η → e+ e− , e+ e− → nn̄, e+ e− → K + K − η ,
e+ e− → π + π − η , e+ e− → KS KL π 0 , e+ e− → π + π − π 0 η , e+ e− → ωπ 0 , e+ e− → π 0 γ , and
e+ e− → π + π − 4π 0 reactions are considered in this paper.
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1. Introduction
The SND [1, 2] is a general purpose nonmagnetic detectors installed at the interaction region
of the VEPP-2000 collider [3]. The collider can operate in c.m. energies 0.3 − 2.0 GeV.
The detector includes a spherical electromagnetic calorimeter, a cylindrical tracking system, a
threshold Cherenkov counters and a cosmic events veto detector. The electromagnetic calorimeter
4.2%
covers 0.95 × 4π of the solid angle, has 13.4 X0 thickness, has an energy resolution δEE ∼ √
4
◦

and angle resolution δ φ = √0.82

E(GeV)

E(GeV)

⊕ 0.63◦ . The tracking system covers 0.94 × 4π of the solid

Figure 1: Distribution of accumulated luminosity over the c.m.energy for 2010-2013(blue) and
2017-2018(green) periods of data taken
The main goal of SND detector experiments is the measurement of exclusive hadronic cross
sections below 2 GeV. This is important in order to calculate the hadron contribution to the vacuum
polarisation (muon (g − 2) and running αQED ).

2. Experimental results
Process e+ e− → π + π −
The dominant contribution to the ratio of the hadronic cross section to the muon cross section
√
in electron-positron collisions R(s) in the c.m. energy range s < 1 GeV comes from the e+ e− →
1
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angle, and has an angular resolution δ φ = 0.55◦ , δ θ = 1.2◦ [4]. Cherenkov counters allows K/π
separation for E < 1 GeV.
Accurate VEPP-2000 beam energy measurement is provided by a system based on Compton
backscattered laser photons [5].
During 2010-2013 about 70 pb−1 of integrated luminosity was recorded in the energy range
0.3 − 2.0 GeV. During this period the luminosity was limited by the positrons shortage. That’s why
from 2014 until 2016 the collider and detectors underwent a significant upgrade. The experiments
were restarted by the end of 2016 [6] with a more intensive positron source. About 120 pb−1 of
integrated luminosity has been accumulated during 2017 and 2018 years (Fig.1).
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π + π − mode. A preliminary result on the form factor obtained at SND is shown in Fig.2a. The
3 layer structure of calorimeters gives the possibility to separate electrons and pions [7]. The
contribution from e+ e− → µ + µ − was determined from the theoretical cross section and subtracted.
√
√
The systematic error is 0.9% for the energy range s < 0.6 GeV and 0.8% for s > 0.6 GeV. The
comparison of SND result with previous measurements at BABAR[8] and KLOE[9] detectors is
√
shown in Fig.2b. In the energy range s < 0.6 GeV there is a difference with the BABAR results
of about 3%.

Figure 2

Search for η → e+ e− decay
Because of the small probability the pseudoscalar meson decays P → l + l − (here l = e, µ )
are sensitive to contributions that are not described in the framework of the Standard Model. The
unitary limit for this decay is B UL (η → e+ e− ) = 1.78 × 10−9 .
Since the visible e+ e− → η cross section is proportional to the branching fraction B(η →
e+ e− ), the search was carried out using e+ e− → η → π 0 π 0 π 0 process. No candidate events for the
process has been found. An upper limit has been set [10] B(η → e+ e− ) < 7 × 10−7 at the 90%
confidence level.

Process e+ e− → nn̄
The cross section for the e+ e− → nn̄ process was measured by SND using new data obtained
in 2017. The preliminary result in comparison with previous SND data is shown in Fig. 3. The difference with our previous result is related to inaccurate nn̄ MC simulation and inaccurate beam and
cosmic backgrounds estimation in earlier measurement. The systematic uncertainty is estimated to
be about 20% mainly due to MC simulation.
2
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(a) The cross section of the e+ e− → π + π − process (b) Comparison of SND results with BABAR[8] and
obtained at SND.
KLOE[9], green band is for SND cross section systematic errors
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Process e+ e− → K + K − η
This process is studied in the η → γγ decay mode. The π /K separation was done using the drift
chamber ionization and the aerogel counter data. The measured cross section [12], in comparison
with BABAR data [13], is shown in Fig.4. The fit to the cross section data is performed under the
hypothesis that the main mechanism of this reaction is e+ e− → ϕ (1680) → ϕ (1020)η .

Figure 4: The e+ e− → K + K − η cross section measured by SND at VEPP-2000 [12] and in the
BABAR experiment [13]. The solid curve is the result of the fit described in the text.
Process e+ e− → π + π − η
The cross section for the e+ e− → π + π − η process was studied in the η → 3π 0 decay mode[14].
The result agrees with the previous SND measurement in the η → 2γ decay mode[15] (Fig. 5). The
fit of the cross section was performed using a sum of the ρ (770), ρ (1450) and ρ (1700) contributions. The phases obtained in this fit are equal to ϕρ (1450) = π and ϕρ (1700) = π while the quark
model suggest it to be opposite in sign [16].
3
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Figure 3: The e+ e− → nn̄ cross section measured by SND using new data obtained in 2017 (black
filled circles) in comparison with previous SND measurement[11] (red empty circles)
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Process e+ e− → KS KL π 0
The process e+ e− → KS KL π 0 is one of three charged modes of the process e+ e− → K K̄ π ,
which gives a notable contribution to the total cross section of e+ e− annihilation into hadrons in
√
the center-of-mass energy range s = 1.5 − 1.8 GeV. It is also important for spectroscopy of ss̄
vector meson states. From these states, only the lowest ϕ (1020) is well studied, and its branching
fractions are measured down to 10−5 . Spectroscopy of the first excited state ϕ (1680) is far from
completion. Its main decay mode is ϕ (1680) → K ∗ (892)K with the K ∗ (892) → K π . We study the
neutral subprocess e+ e− → KS KL π 0 in KS → π 0 π 0 decay mode. The obtained cross section [17]
in comparison with BABAR data [18] and predictions from KK ∗ isospin relations[13] is shown in
Fig. 6.

Figure 6: The e+ e− → KS KL π 0 cross section measured by SND at VEPP-2000 [17] in comparison
with BABAR data[18]. The green band represents the predictions from KK ∗ isospin relations[13].
The solid curve is the result of the fit to SND data with the VMD model.
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Figure 5: The e+ e− → π + π − η cross section measured by SND at VEPP-2000 in the η → 3π 0 and
η → 2γ modes. The solid curve is the result of the fit to a sum of the ρ (770), ρ (1450) and ρ (1700)
contributions.
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Process e+ e− → π + π − π 0 η

(a) The e+ e− → π + π − π 0 η cross section measured (b) The e+ e− → ωη cross section measured by SND
by SND
in comparison with BABAR data [21, 19]. The curve
is the result of the VMD fit

Figure 7
Our results disagree with the BABAR data at E > 1.6 GeV. The fit to the cross section was
performed by a sum of two resonances: ω (1420) and an effective resonance describing ω (1650)
and ϕ (1680) contributions. The cross section for the subprocess e+ e− → ϕ η in comparison with
the BABAR data [22] is shown in Fig. 8a. The total cross section for e+ e− → a0 ρ and structureless
components in comparison with CMD-3 data[19] is shown in Fig.8b.
Process e+ e− → ωπ 0
Preliminary results for cross section of the e+ e− → ωπ 0 → π + π − π 0 π 0 process in the energy
range 1 − 2 GeV in comparison with previous SND measurements [23, 24, 25] are presented in
Fig.9. The statistical error varies between 2 and 16% , while systemaic errors are between 1 and
9% depending on the energy. The cross section is fitted using contributions of the ρ , ρ (1450) and
ρ (1700) resonances.
5
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The process e+ e− → π + π − π 0 η has complex internal structure. Our preliminary study show
that there are at least four mechanisms for this reaction: ωη , ϕ η , a0 (980)ρ , and structureless
π + π − π 0 η . The known ωη and ϕ η contributions explain about 50-60% of the cross section below
1.8 GeV. Above 1.8 GeV the dominant mechanism is a0 ρ . The preliminary result on the total
e+ e− → π + π − π 0 η cross section in comparison with CMD-3 data[19] is shown in Fig. 7a. The
cross section for the subprocess e+ e− → ωη is measured separately [20] and shown in Fig. 7b in
comparison with the BABAR and CMD-3 measurements [21, 19].
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Figure 8

Figure 9: The e+ e− → ωπ 0 → π + π − π 0 π 0 cross section measured by SND at VEPP-2000 and
VEPP-2M ([24, 25]) in comparison with e+ e− → ωπ 0 → π 0 π 0 γ [23] cross section.
Process e+ e− → π 0 γ
The e+ e− → π 0 γ cross section is the third largest cross section (after e+ e− → π + π − and
below 1 GeV. From analysis of the e+ e− → π 0 γ data in the vector meson dominance
(VMD) model, the widths of vector-meson radiative decays are extracted, which are widely used in
phenomenological models. The most accurate data on this process were obtained in experiments at
the VEPP-2M e+ e− collider with the SND [26, 27, 28] and CMD-2 [29] detectors. The new results
[30] based on VEPP-2000 data for two energy regions is presented in Figs.10a,10b.
In the energy range 1.1 − 1.4 GeV we see the contribution of the ω (1420) and ρ (1450) reso-

π +π −π 0)
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(a) The e+ e− → ϕ η cross section measured by SND (b) The total cross section for e+ e− → a0 ρ and
in comparison with BABAR data [22]. The curve is structureless components in comparison with CMDthe result of the VMD fit
3 data[19]
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nances. The cross section in the energy region 1.4 − 2.0 GeV is small indicating that the probabilities of the decays to π 0 γ of ω (1680) and ρ (1700) are small.

Figure 10
Process e+ e− → π + π − 4π 0
We present very preliminary result of the process e+ e− → π + π − 4π 0 cross section (Fig.11).
This process was never studied before. Final states with other isospin combinations (4π + 4π − and
2π + 2π − 2π 0 ) are known quite well (BaBar and CMD-3) and show clear structure near the protons
and neutrons production threshold [31, 32].

Figure 11: The e+ e− → π + π − 4π 0 cross section in the energy region 1.05 − 2 GeV
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(a) The e+ e− → π 0 γ cross section in the ρ − ω mass (b) The e+ e− → π 0 γ cross section in the energy
energy range measured by SND at VEPP-2000 in range above ϕ -resonance mass measured by SND
at VEPP-2000 in comparison with previous SND
comparison with previous SND result [26]
[26] and CMD-2 [29] results
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3. Conclusions
During 2010 – 2013 the SND detector accumulated ∼ 70 pb−1 of integrated luminosity at
the VEPP-2000 electron-positron collider in the c.m. energy range 0.3 − 2 GeV. After VEPP2000 and SND upgrade during 2014 – 2016 the data taking runs started again and ∼ 120 pb−1 of
integrated luminosity is already collected. Data analysis on hadron production is partly published
but more is still in progress. The obtained results have comparable or better accuracy than previous
measurements. For some processes the cross sections have been measured for the first time.
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