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SND detector
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1 — beam pipe, 2 — tracking system, 3 — aerogel Cherenkov counter , 4 — Nal(TI)
crystals, 5 — phototriodes, 6 — iron muon absorber, 7-9 — muon detector, 10 — focusing
solenoids.

SND collected data at VEPP-2M  (1996-2000) and
at VEPP-2000 (2010-2013)



VEPP-2000 e*e" collider

8NN« . \VEPP- 2000 parameters
e c.m. energy 0.3-2.0 GeV

« circumference — 24.4m

 round beam optics

e Luminosity at 2 GeV

ynchro- +
petatron booster

825 MeV 2 D e 1710% cm? sect (project)

Grpgh o | « 27103 cm? sec? (achieved)

converter

During 2010-2013 the luminosity was limited by the deficit of positrons. }

v' Currently the VEPP-2000 complex is 'ac

r—'rransfer line K- 500—‘

upgrading. . ity
v' Electronsand positronsare transported VEPP-2000  BEP x.

from the VEPP-5 injection complex

through 250 m beamline:. : VEPP-5
v’ Experiments at upgraded VEPP-2000 are '.—01 S+oJ injector

expected to be started in the end of 2016.



SND data

| VEPP-2M
About 15 hadronic | Below ¢ | Arrounde | Above ¢
processes are currently
under analysis. IL, pb-1 3,1 13,2 8,8
\s, GeV 0,36 -0,97| 0,98 —1,06 | 1,06 —1,38
VEPP-2000
| Below@ | Arround ¢ | Above ¢ Here we report the
IL, pb-1 15,4 6,9 47,0 four results
\s, GeV- |0,30-0,97|0,98-1,05| 1,05- 1,38 | |

Precision measurements

ete- — n'y (VEPP-2M data)

ete- » K*K~

First measurements

ere” = o 1'n
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e*te — n% (VEPP-2M data)
Third largest cross section (after 2z and 3x) below 1 GeV
= Measurement of the w% *y transition form factor
= Measurement of the radiative decays V — n'y ,V=p, o, o, ...

There 1s a tension between the KLOE measurement of the ratio
['(0—>7%)/T(0o—>n*nr’ and other measurements of w-meson
parameters.

90,5 |

KLOE have studied the e*e"—mn?°
process near the ¢ -meson resonance in ol
two decay modes o—w*nn’ a nd

- L

The @ -meson parameters obtained |
through KLOE studies have a large shifts )

BR(0—=T'TT) (%)

from the previously measurements, .« PDGO7
especially for @—n’y decay. e R TCE
F. Ambrosino, et. al., | | T UBRe-) (%)

Phys. Lett. B 665 (2008) 223-228 | | 5



Analysis features

 The process e*e~ — vy Is used for normalization. Many selection criteria are

common for 2y and 3y final states:
= trigger, absence of charged tracks, cuts on the total energy deposition and
event momentum, muon system veto.
O Final selection is based on 4C kinematic fit : %3, <30, 36°<0, < 144°, 80
< M, <190 MeV, where M. Is the mass recoiling against largest energy
photon..

 The number of efe~ —n%yevents is determined from the fitof M.
spectrum. | | | |
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Cross section (nb)

0

6

Cross section (nb)

(]

O CMD-2 (2005)
A SND(2003)
® SND (this work)

:

. e+e- ik

O CMD-2 (2005)
A SND (2000)
® SND (this work)

|
1010

1020 10.
E (MeV)

Cross section (nb)

50

nt’y Cross se

‘% ? O CMD-2(2005)
%4 A SND(2003)
® SND (this work)

(nb)

Cross scé:ticm
s

0.1

0.05 !

0 CMD-2(2005)
® SND (this work)

H

1100

1200 1300
E (MeV)

M.N. Achasov, et. al., Phys. Rev. D 93 092001 (2016)

ctiqn lllll

L] CMD-2 (20035) [
A  SNDi2003) {
® SND (this work) |

Cross section (nb)

o

m_..ﬁ_________qﬁ _ i,% lﬂ#_ﬂk_

850 900 950
E (MeV)

< The most pr'ecise'
measurement of the

~ete” — 7y cross
‘section. | |

» Systematic uncertainty
at the o peak Is 1.4%
(1.2% from
luminosity and 0.6%

due to selection -
criteria)



Results on radiative decays
B(w = 7°7)B(w = eTe™) = (6.336 % 0.056 = 0.089) x 10~

Using PDG value for B(o—n*n %) B(w—>€*e") we have obtained
F((O—)RO’Y)/F(Q)—)R+ 7°)=0.0992+0.0023, WhICh IS hlgher than the

KLOE value 0.0897+0.0016 by 3.46 .

B(p — 7y) = (4.20+0.47+0.22) x 10~*
By 1.86 lower than the current PDG value (6.0+£0.8)x10-4, but agrees with

the branchlng fraction for the charged mode B(p — y) = (4 5+0. 5)><10—4.
B(¢ = m°y)B(¢p = eTe™) = (3.9217 45 £0.51) x 107"

The model uncertainties of the previous measurements (~8%) were
underestimated. For ¢, fixed at the value (163+7)° obtained in the VMD fit

to ete~—> ntrnl data
B(¢p — m°v)B(¢ — ete™) = (4.044+0.09£0.19) x 10~



events

?;One Identified kaon

e —-K'K

= Kaon identification Is
based on information from

- Cherenkov aerogel |
counters.

= Kaons do not produce.

- Cherenkov signal in the
‘counter, while electron,
muon and pions do.

= The kaon ID requirement
suppresses background

, from e*fee—> e*e" by a

002" 0 s 08T T factor of 300.

Total energy deposition in calorimeter
normalized by c.m. energy

Electrons




10, ' ' | e+e_ HK+_K_

° ‘ b0 SND measurement agrees
0F e PR with the BABAR data and
| T has comparable or better
'F accuracy. | |
I AT

0——77 77 76 1% I«ui;.;;é@;v 515 :

The green and v 1; PN — :
bands represent the s | J |
BABAR and S

systematic uncertainties. | T e

(BABAR data)/(SND fit) ratio
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Exclusive vs inclusive measurements

3.5

,o] F.Jegerlehner arXiv:1511.04473

| - Below 2 GeV the total
~ hadronic cross section Is
calculated as a sum of
exclusive cross sections.

e s b O Currenly the exclusive. and

Inclusive data below 2 GeV
are In reasonable
agreement.

2.51 :
~ B
2.0 _if_ 8
1.5{ #FE
1.0- — — p0CD
0.5
© 140 160 1.80 2.0  2.20  2.40  2.60
E (GeV)

In the energy region 1.5-2.0 GeV exclusive data are
Incomplete. There Is no experimental data on the final

states wrnn'n, ntenn, Tt ©On°, ©tnnin
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Events/0.025

100

ete” - 't n'n

50

Mass recoling against n

3 !

ol (B .
i T |
o S
0 Ti : 1 |+*
' E=1844GeV_, |

. . ) 0.8 | 1.2
My*, GeV My, GeV M;*, GeV

(1) The spectrum can be fitted by sum of on, ¢n and
structureless n*-7n (blue histogram) contributions.

(2) The spectrum can be fitted by sum of on, <|m
structureless ' n—n"n and a,(980)p(red histogram) contributions.

(3) The spectrum can be fltted by sum of ¢m and a0(980)p
contrlbutlons
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Events/0.025

e'e” — n'nnln

Mass recoling against n np Invariant mass.
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Above 1.8 GeV the dominant reaction mechanism
Is a,(980)p.
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The process ete~ — @n has been
measured separately.

Ecm. (GeV)

» First measurement of this process.

~ » Intermediate states are on, ¢n,

strucureless m*n-n’n and a,(980)p.

- » The known on and ¢m contributions

explain about 50-60% of the cross
section below 1.8 GeV.

L
=

o(e’e — am),

There Is a significant difference

between SND result and the

previous BABAR measurement.

> Above 1.8 GeV the dominant reaction
mechanism Is a,(980)p.
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e'e - anm

. " « Events of the ete > °ny > 7y

*" mdy mass J | process are selected. S
» The dominant intermediate state Is -
®O7n | |
nm® mass
®nt’n
phase i
spaces_ H wa,

The n7t® mass spectrum for
selected wn’n events is well f
described by the model of the . j—Lulss
®ay(980) intermediate state. =




Cross section (nb)

The cross section Is about 2.5 nb, 5% of the total hadronic
cross section In the energy region 1.8 —2.0 GeV.

s

k2

First measurement of the efe- —

w7’ cross section.

The dominant reaction mechanism
IS ®a,(980) .

The cross-section energy
dependence is fitted by two
models.

Red line corresponds to a smgle-
resonance model. The resonance’s
parameters are consistent with
those for p(1700).

Blue line corresponds to wa,(980)
phase space model.

Both models are consistent with
data.
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Conclusions

d During 2010 — 2013 the SND detector accumulated ~70 pb-?
of integrated luminosity at the VEPP-2000 electron- p03|tron
collider in the c.m. energy range 0.3 — 2 GeV.

 Data analysis on hadron production is in progress. The
obtained results have comparable or better accuracy than
previous measurements (on°, t'n ~n°, t'w ~ 7, n anti-n, ny,
KHK-).

] For several processes the cross sections have been measured
for the first time (ny, ©*n 1°n, n'n).

d After VEPP-2000 upgrade the data taking runs will be
continued with a goal of ~1 fb! of integrated luminosity.
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