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Today the energy range between 1.4 and 2 GeV gives a ratgerdaror to hadron vacuum polar-
ization (HVP) calculation, because the cross sectionsdrermeasured with insufficient accuracy
mostly by ISR method. We present new high precision measeméeof theete™ — mtm 7°r°
cross section with the SND detector at VEPP-2@0@ -collider. This process dominates in
the energy region between 1 and 2 GeV and determines the H@Pierthis region. The per-
cent level measurement will strongly influen@— 2),, interpretation and other precision SM
tests. We have separated intermediate states of thisoaadihe cross sections for the different
intermediate states can be used to study properties @f(th#50 andp (1700 resonances.
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1. Introduction

Today the energy range between 1.4 and 2 GeV gives rather largetednadron vacuum
polarization(HVP) calculation, because the cross sections here areneeagth accuracy 10%
mostly by ISR method. We present new high precision cross section messuref the process
ete” — mtm nPn® 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 peragitiieeasurement will
strongly influence on g-2 interpretation and other precision SM tests.

The cross section of the process™ — it m °1° at energies 1 GeV /s< 2 GeV is deter-
mined by the transition of vector mesonsg/’, p”) to the fourr-mesons. The main intermediate
states areor®, a; 71, pp and fop.

2. Experiment

The Spherical Neutral Detector (SND) [1]is a general purposemagnetic detector. It was
taking data from 2009 at the VEPP-2000 collider [2] in the energy rar§P=2800 MeV. The
detector includes several subsystems. There is a tracking systenddseam pipe, based on
multilayer jet-type drift chamber and one layer proportional chamber withigehdivision and
cathode strip readout. Three layer electromagnetic calorimeter consis&8dfMal(Tl) crystals
and have 90% solid angle coverage. The energy resolution of the calerifoephotons ioe /E =
4.2%/\/E(GeV). The angular resolution is equal tn,, 0p ~ 1.5°. Aerogel cherenkov counter
between drift chamber and calorimeter is used as particle ID detector. Toe system includes
scintillation counters and two layers of streamer tubes.

In our analysis, we used the statistics of two experiments, MHAD10 and MHADollected
in 2010-2011. The integrated luminosity in the MHAD10 and MHAD11 experisieas 5 and 25
pb~L, respectively. The integrated luminosity was measured by two independghbds: using
events of electron-positron scattering and annihilation into two photonssy&tematic uncertainty
in the luminosity was estimated as the difference of these two measurements forteraptely
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 tigegRne 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 ttetida region,
the drift chamber resolution and serve to suppress the beam backgeeents and cosmic muons.
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Figurel: x?2— distribution for kinematic fit in the hypothesese™ — " m°r°.

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

For the events selected under above conditions, we performed kinemati¢Hiteshypothesest e~
mm P, ete -t 0, ete” — it Py, ete — mtr 30, ete — mt4n°.

After kinematic fit we used next cuts on likelihood value (Fig. £3: ;0.0 <40, X% o>
20, X2, _50>20,X2 _, 5> 20.

4. Cross-section

The cross section of the processe™ — " m°n° at each energy point was determined
using the formula:

B Nar(E)
" IL(E)-€(E)(1+3(E))’

o(E) 4.1)

whereNy;; is the number of events for the process under study, IL(E) is the inteliatd-
nosity at a given point, angl E) is the detection efficiency(E) is radiative correction. The cross
section is shown at Fig. 2.

Detection efficiency and radiative correction was determined by the Moatk method and
slightly depends on energy. Mean value for detection efficiencgjfmintermediate state is 33+
0.4% and for thewr® — 3254 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 reconstuerits with lost track
or lost photon. Correction factor was determined as

Nar 54n+|ostn,V(E)
O, = . ’ 4.2
Y Nar+ Nlostr(,y) £(E) (4.2)
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Figure2: Cross section for the processe™ — mtm rnPrP.
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Figure 4: Efficiency correction. Uncertainty of the

Figure 3: Efficiency correction. efficiency correction.

where &110¢my(E) is the detection efficiency when we take not only fully reconstructed
events but also events with last or y. The error of the correction factor was treated as systematic
uncertainty of the efficiency (Fig. 4).

To separate events of the intermediate star® from others, we used the invariant mass
distribution of the systermrt 7~ 7° in the reconstructiomr” i~ °7i° that is closest to the>-meson
mass Wsr) (Fig. 5). The separated cross section is shown at (Fig. 6).

5. Conclusion

In an experiment with Spherical Neutral Detector at VEPP-2000 collidectbss section of
the procesg*e~ — " n°m°® was measured in the energy range 1 Ge\(/s < 2 GeV. Cross
section is in agreement with previous measurements but has the bestgtowtate; the statistical
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Figure5: =P invariant mass distribution. Figure6: Cross section for thexn® and noneom®
sub process.

error is 1-2 % the systematic uncertainty is 1.6-1.8% and we are working to wiror he cross
section corresponding 7 intermediate state was separated from other states.
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