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SND detector

ys SND collected data at the
i@ VEPP-2M (1996-2000) and

‘g VEPP-2000 (2010-2013,2016-...)

Main physics task of SND is study of

all possible processes of e*e

annihilation into hadrons below 2 GeV.

v" The total hadronic cross section,
which is calculated as a sum of
exclusive cross sections.

020 s w0 w0 W v Study of hadronization (dynamics
1 —beam pipe, 2 - tracking system, 3 — of exclusive processes).

aerogel Cherenkov counter, 4 — Nal(Tl) = Properties of excited vector
crystals, 5— phototriodes, 6 —iron P

muon absorber, 7-9 — muon detector, 10 mesons of the p, ®, ¢ families

— focusing solenoids. =" Development of MC event
generator for e*e — hadrons
below 2 GeV.
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VEPP-2000 efe collider

—— Transfer line K-500 —‘

< "-"f-"’\

4
VEPP-2000
% VEPP-5
VEPP-2000 parameters: ' iniector
@ c.m. energy E=0.3-2.0 GeV &0 4 i—J ]

® circumference — 24.4 m
® round beam optics

° Ll:JLmllr(;gZSlty at E=1.8 3B t 2010-2013 — experiments, 70 pb
x10% cm sec” (project) 2013-2016 — upgrade, new injector
4x10° cm™ sec™ (achieved) 2016- ... —experiments, 250 pbL

@ Two detectors: SND and CMD-3
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SND data

~15 hadronic processes are currently under

analysis
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The analysis is based on 4.7 pb-!data
(1/10 full SND data set) recorded in 2013 -

SND@ VEPP- | SND@ VEPP- ronol
2000 2M -

M,, MeV
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775.61£0.410.5
146.1+0.8+1.5
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Systematic uncertainty on the cross section (%)

Source <0.6 GeV 0.6 - 0.9 GeV

Trigger 0.5 0.5

Selection criteria 0.6 0.6

e /T separation 0.5 0.1
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Theory 0.2 0.2
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—— SND VEPP2M
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0.53 <+/s < 0.88 GeV

e ) x 10

SND & VEPP-2000 409.79+1.44+ 3.87

------ .= SND&VEPP-2M 406.47 +1.74 £ 5.28
.................... NINS BABAR 413.58 + 2.04 + 2.29
ST NN S KLOE 403.39 +0.72 + 2.50

|.....| —— KLOE 2008
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ete™ = ni

~ 1 1.880-1.884 GeV %\1.5 ———— — e Tr
e If Eeetli\:;mz | 8 e ]l T }
04 ® This work ] IT TI T IT ﬂ:
1 . 1 Jil 11 Ll
| : SR
i X I AN
os-® (T & | e - | | |
7 Tl | + +| b ¢ | 1800 1850 1900 1950 o, (1\%2?[(;
T preliminary | | This process was previously
\ ol .| measured by FENICE and SND
P L9 195 2 using the 2011-2012 dataset.
time(ns) E(GeV)
~11.90-194GeV | [ The new measurement is based on the 2017 dataset and uses
60 - | - a different method. The calorimeter-trigger-time distribution is

analyzed.

O The time distribution is fitted by a sum of distributions for signal,
cosmic background, and beam + e*e~ annihilation background.

O Our new result is lower than the previous SND measurement.
The reasons are underestimated beam background and
incorrect MC simulation.

O The systematic uncertainty on the cross section is estimated to
be about 20%, mainly due to MC simulation.

time(ns)
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ete™ = ni

5 f ] T 1do o?BC 1
20.6 e This work — — 2 2 _ 2ain2 T
Py s Mmiswork =2 = =[Gy ()| (1 + cos?0) + = |G (5)[sin?)|

04 [ Ma0o_ue .
= 'El.'—ﬂ—ﬂ—-u-;n——n—_n__ » The e*e™ — nn cross section depends on two form

02 . e e

- preliminary ‘ factors. , ,
oL | | L. 1» From the measured cross section we determine the
1.9 1.95 2 effective form factor |F|? = |Gy |* + =|Gg|?

E(GeV)

form factor
<
o
I

e This work

,_j-a:y_.— o Babar-ppbar
0.4 Tt T
= ] increase the energy.
02 . - » The ratio of the form
. plrelllrlnllnallry | L | factors can be
1 8% 1.89 19 19; determined from the
E(GeV)  analysis of the cos6

» The coso distribution is well described by 1+co0s?0, i.e. G¢=0.
» The dominance of the G¢ term in the cross section is excluded. 2

distribution

» For proton |G¢/Gy,|=1.5 in this energy region.
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40

_» Near threshold the proton and neutron effective form
- factors are close to each other. The neutron form
factor become lower than the proton one with

1.9-2.0 GeV

":

preliminary
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m,, < 700 MeV or m_, > 900 MeV

The process ete™ - nm°y above 1.05
GeV is studied for the first time.

Data set with IL~100 pb-' recorded in
2010-2012 and 2017

The five-photon final state is used.

There is a significant contribution of the
on intermediate state, which is seen as
a peak in the % mass distribution.

The main background processes are
ete”™ - wn® - n°7% and QED
ete” - 4y, 5y. The background
contribution is estimated from the
kinematic fit x2 distribution.

The non-on signal is observed with a
wide nm® mass distribution. It may arise
from the processes eTe™ — a,(1450)y
and a,(1320)y.
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The measured e*e™ — wn cross section
is in good agreement with the SND and
CMD-3 measurements in the w —
ntn~n® decay mode.

The non-VP ete™ - nr%y process is
observed with significance of 5.8c.

We perform the first measurement of the
cross section for this process in the
energy range 1.05-2.00 GeV.

The value of the cross section is about
15-20 pb in the region 1.4-1.9 GeV.
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Search, f@f @-lr» e~ — fl «12&5) Phys. Lett. B 800,

135074 (2020)

k

f,(1285)  The predicted branching fraction B(f; — e™ e™) = 3-8 x 107°
[A. S. Rudenko, Phys. Rev. D96, 076004 (2017)] corresponds to the
f, production cross section of 30-70 pb.

=

O The 15 pb' data sample recorded in the energy range
Vs =1.2-1.4 GeV is analyzed. About 4 pb-' of them were
collected in the resonance maximum.

Q The decay mode f; - nrn°n® - 6y is used. This final state is
not produced in single photon annihilation.

O The main background sources are ete™ - wn’ - nn0%y,
ete” > ny,andete” - wn’n".

O After applying the selection criteria, two events have been
observed at the peak of the f;(1285) resonance and zero
events beyond the resonance.

O These two events correspond to

g ! | o(fy — e* e7) =453 pb,
B(fy > ete )=5137x107°.

I . The significance of the f;(1285) signal is 2.50.

mmmmmm
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Final
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ete”™ -t ' cross section

| v osweuy v Both SND measurements are
% % % a swo0iy | consistent with each other
1| © BABAR _ and with the the BABAR
| measurement.
v Two peaks in the cross
- section corresponds to the
il ®(1420) and »(1480)

_ A resonances.
L. o " ¥, v The systematic uncertainty
1000 1250 1500 1750 2000 0N the cross section is 4.4%.

Vs (MeV)

The previous SND measurement [J. Exp. Theor. Phys. 121, 27 (2015)]
IS based on 2011 data set. The 2012 data set has been added.



ete” - ntn " dynamics
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= We analyze the two-élimensional distribution of the charged-pion
momenta and the #*7~ mass spectrum.

= These distributions are fitted with a model including the p(770)r,
p(1450)r, and on® intermediate states.

» Asignificant fraction of the p(1450)r intermediate state is observed in
the energy region 1.55-1.75 GeV.
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G (nb)

+ - +. . —0 -
e"e” > mnm 1w dynamics
| T'mal Cro;g section = .. v The cross section for the
6 : Intermediate state
p(1450)r differs

significantly from zero in

the range 1.55 - 1.75 GeV,

where the resonance

| p(1680) is located.

. v Inthe p(770)r cross

section the resonance

1200 400 1600 T80 2000 structure near 1680 MeV is
Vs (MeV) not seen.

We conclude that the p(1450)r intermediate state gives a significant
contribution to the decay w(1680) — n*n~n?, and that the w(1420) —
ntn~n° decay is dominated by the p(770)r intermediate state.
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Summary

v’ The SND detector accumulated 320 pb! of integrated
luminosity in the energy range 0.3 — 2 GeV.

v The ete™ - mtm cross section has been measured with a
systematic uncertainty better than 1%.

v The accuracy of the ete™ — ninn measurement has been
significantly improved.

v’ Rare radiative processes ete™ — nm’y have been
measured in the energy range 1.05-2 GeV.

v" The first indication of the process eTe™ — f;(1285) has
been obtained.

v The dynamics of the process ete™ = mtm 1 has been
studied in the energy range 1.15-2.0 GeV.
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