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Recent results on study of exclusive processes of e™e™ annihilation into hadrons below 2 GeV
obtained at the SND detector are presented. The analyses are based on data collected at the
VEPP-2M and VEPP-2000 colliders. In particular, we present the precise measurements of the
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Table 1: The distribution of integrated luminosity (IL) recorded by SND at VEPP-2M and VEPP-2000 over
different energy regions. At VEPP-2M the minimum and maximum energies are 0.36 and 1.4 GeV.

Energy range (GeV) 0.30—-0.97 098—-1.06 1.06—2.00
IL at VEPP-2M (pb~ 1) 9.1 13.2 8.8
IL at VEPP-2000 (pb~!) 15.4 6.9 ~ 100

1. Introduction

SND [1, 2, 3, 4] is the universal nonmagnetic detector consisting of a nine-layer drift chamber,
aerogel Cherenkov counters, a three-layer spherical electromagnetic calorimeter with 1640 Nal(T1)
crystals, and a muon system.

SND collected data at two e"e™ colliders: VEPP-2M [5] during 1996-2000 in the center-
of-mass energy range 0.36-1.38 GeV and VEPP-2000 [6] starting from 2010 in the energy range
0.3-2.0 GeV. During the 2010-2013 data taking period the luminosity was limited by the deficit
of positrons. From 2014 the VEPP-2000 accelerator complex was under reconstruction. The ex-
periments were restarted by the end of 2016 with a new 10 times more intensive positron source.
The data sample with an integrated luminosity of about 60 pb~! has been collected during 2017.
The achieved luminosity near 2 GeV is about 4 x 103! cm™2s~!. The distributions of integrated
Iuminosities recorded at VEPP-2M and VEPP-2000 over different energy regions are presented in
Table 1.

Main physics task of the SND experiment is study of all possible processes of e™e™ annihi-
lation into hadrons below 2 GeV. In particular, these measurements are used to obtain the total
hadronic cross section needed for Standard Model calculation of the anomalous magnetic moment
of muon and running electromagnetic coupling constant. A detailed study of dynamic of exclusive
processes is also performed. In this report we present SND results on four processes: e*e™ — 7%,
ete” - KtK ,ete” — on’nandete” — ntn .

2. Precise measurements of the e"e~ — 7'y and ete~ — KTK~ cross sections

The ete™ — m¥y cross section is the third largest cross section (after e*e™ — 7~ and
ntrn~ 7% below 1 GeV. From analysis of the e*e~ — 1%y 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 [7, 8] and CMD-2 [9] detectors. The SND results [7, 8]
are based on about 25% of data collected at VEPP-2M. Here we present a new analysis [10] using
the full SND @ VEPP-2M data sample.

The new SND data on the eTe~ — 7%y cross section shown in Fig. 1 in five energy regions
agree with previous measurements within the systematic uncertainties, but are significantly more
precise. From the fit to cross section data we obtain the products of branching fractions:

B(p — n’y)B(p — ee”) = (1.9840.2240.10) x 1078,
B(w — 1°y)B(w — ete™) = (6.336+£0.056+0.089) x 107,
B(¢p — 1'y)B(¢ — eTe™) = (4.04+0.09+0.19) x 107, (2.1)
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Figure 1: The ete~ — 7%y cross section measured by SND using the full VEPP-2M data sample in compar-
ison with the previous most accurate measurements. The curve is the result of the VMD fit. Only statistical
errors are shown. The systematic errors are 3.2%, 3%, and 6% for SND (2000), SND (2003), and CMD-2
(2005) data, respectively. The systematic uncertainty of the current measurement at the @ and ¢ peaks is
1.4%. In the highest energy region the preliminary SND result based on VEPP2000 data is shown.

In highest energy region in Fig. 1, the preliminary result based on VEPP-2000 data collected
in 2010-2013 with an integrated luminosity of 37 pb~! are shown. At energies below 1.4 GeV
the cross-section data obtained at VEPP-2000 agrees with VEPP-2M measurements. In the energy
range 1.1-1.4 GeV we see the contribution of the @(1420) and p(1450) resonances. The cross
section in the energy region 1.4-2.0 GeV is small indicating that that the probabilities of the decays
to 'y of ®(1680) and p(1700) are small.

We also improve accuracy of ete™ — K™K~ cross section measurement in the energy range
1.05-2.00 GeV. Figure 2 represents the SND measurement of the e e~ — K™K~ cross section [11]
in comparison with the most precise previous measurement by BABAR [12].

3. Previously unmeasured cross sections

The process eTe™ — @n’n is studied in the seven-photon final state [13]. The measured
e~ — wn’n cross section is shown in Fig. 3 (left). Figure 3 (right) shows the 7°1 mass distribu-

tion for selected wx’n events, which is well described by the model of the wa(980) intermediate
state.

et

The process e*e~ — 't~ 7N has complex internal structure. Our preliminary study show

that there are at least four mechanisms for this reaction: ®n, @1, ap(980)p, and structureless
ntn~n'n. The known wn and ¢ contributions explain about 50-60% of the cross section be-
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Figure 2: Left panel: The e"e™ — K™K~ cross section measured by SND at VEPP2000 and in the BABAR
experiment. Right panel: The relative difference between the ete™ — K™K~ cross sections measured by
BABAR and the fit to the SND data. The SND and BABAR systematic uncertainties are shown by the light
and dark shaded bands, respectively.
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Figure 3: Left panel: The eTe™ — @nn’ cross section measured by SND. The solid (dashed) curve shows
the result of the fit in the model of ®a((980) intermediate state with (without) a resonance contribution.
Right panel: The nz° invariant mass spectrum for selected ete~ — @n 7z events. The solid histogram rep-
resents ete™ — @ap(980) simulation, while the dashed histogram represents wnz® phase-space simulation.

low 1.8 GeV. Above 1.8 GeV the dominant mechanism is app. The preliminary result on the
+te™ — mtm %N cross section is shown in Fig. 4 (left). The cross section for the subpro-
te~ — mn is measured separately [14] and shown in Fig. 4 (right) in comparison with
the BABAR measurement [15]. Our results have better accuracy and disagree with the BABAR
data at £ > 1.6 GeV. Both the previously unmeasured cross sections discussed in this section give
a sizable contribution (~ 5%) to the total hadronic cross section.

e
CEsS e

Acknowledgments

This work is supported in part by the RFBR grants 16-02-00327 and 16-02-00014. Part of this
work related to the photon reconstruction algorithm in the electromagnetic calorimeter is supported
by the Russian Science Foundation (project No. 14-50-00080).



Recent results from the SND detector V. P. Druzhinin

) T T T T T = | — T T
i SND preliminary + 5
= 4t 10 4t % .
o S
; + o BEEAR %
R
T ‘{“ = 2k # % |
o 2+ - .
¢ s ; % 4
© +,_}_.-}—< — 0 =7 ? b0
—+ L T ]
0 = I I 1 S I R S B
1.4 1.6 1.8 2 14 1.6 18 2
E (GeV) E (GeV)

Figure 4: Left panel: The ete™ — 70 cross section measured by SND. Right panel: The ete™ —
w1 cross section measured by SND in comparison with BABAR data [15]. The curve is the result of the
VMD fit.
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