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VEPP-2000 e*e” collider
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VEPP-2000

converter e’ e

c.m. energy 0.3-2.0 GeV luminosity at 2 GeV:
circumference — 24.4 m 1 x 10** cm™ sec™ (project)
round beam optics 2 x 10°" cm™ sec™ (achieved)

During 2010-2013 the luminosity was limited by shortage of positrons.
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SND detector

0 20 40 60 80 100 cm

1 — beam pipe,

aerogel Cherenkov counter ,
5 — phototriodes,

crystals,

2 — tracking system, 3 —
4 — Nal(TD)
6 — 1ron muon

absorber, 7-9 — muon detector, 10 — focusing

solenoids.

[NIM A449 (2000) 125-139]
Calorimeter
® 13.5X0,0.95 x 47

* Energy resolution
oE 0.042

E  YE[GeV]

* Angular resolution
0.82°
e = JE[GeV]

Tracking system
* 9 layers, 0.94 x 4

* Angular resolution
o, = 0.55°, 09 = 1.2°

@ 0.63°

* Vertex position resolution
or = 0.12cm, 07 = 0.45cm

Aerogel counters

* K/mt separation E <1 GeV
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(% CMD-3 detector

Calorimeter E; " E}f{i %g:z?é "
13.5X¢ ° m: LXe+CsI MC single Y
OF 2 9:
7" 3...10% ?30 .
op ~ 5 mrad % s
£ 550 °
E BGO ¢*e — yy
g 50 LXe+Cslete — ete
s L LXe+Csle"e — vy
§4A5 LXe+CsI MC single v I
% 45 0 400 500 600 bgg?—n g?ll'Jerg;D’UMLO\l'J/O
Pasf Tracking
3 1..1.3T
250 ORp ™ 100 M
I oz ~ 2..3 mm
o0 500" 'ééé"ééé"én':é"é&db”%d' """‘3;“""’%}1 '1;{'(};;
. g [beam|energy, Me
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. . B . 1'1; ¥ &
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R Z By Y
4 — Z-chamber, 5—- CMD SC solenoid, Ty A a0 1T
. . - 0.65T 21
6 — electromagnetic calorimeter LXe, ooz a:/ P
7 — electromagnetic  calorimeter  Csl, oo
8 — yoke, 9 — VEPP-2000 solenoid o
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’ 28.08.2017 Aleksandr Korol, ICNFP2017 5



Beam energy measurements: CBS system
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Data collected 2010-2013

CMD3 collected Luminosity as of 07.07.2013

10°
Years Energy L(pb?) > F
Vs (GeV) = | .
ﬂ - --—-—éBaBar effaéciive Lumijnosity
2010-2012  1.05 - 2.0 45 5 S i vt
“1—-‘ 3 ST S o N B A o BERRCYT LA e N N H A
>1.88 8.8 10
o
2013 0.32 - 1.06 22 .
Total 67 &
u':mz ...................................
o
<]
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, -
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Collider upgrade

to VEPP-4M & c-T-factory .
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Collected data graphs

CMD-3 Integrated Luminosity
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Physical program

1. Study of dynamics of hadron production, 1.e. separation between different
intermediate states , for example, on, ¢n, pa, etc. in the reaction ete- —
nrr-non. This 1s needed for understanding hadronization mechanisms.

2. Hadron spectroscopy: study of light-vector-meson exitations., in particular,

search for their radiative decays.

Search for rare and forbidden decays of the p, ®, and ¢ mesons.

4. Study of nucleon-antinucleon pair production, extraction of the proton and
neutron electromagnetic formfactors.

5. Two-photon physics, in particular, measurement of the photon-meson
transition form factors for no, n, 1.

6. Search for production of C-even resonances: ete- — 1, 1, {,,f;,a, ...

7. Using radiative return technique as alternative method for measurement of
hadronic cross sections.

8. Measurement of exclusive hadronic cross sections below 2 GeV. The goal
1S to obtain the total cross section for ete- — hadrons, which used for
calculation HVP contribition to the muon (g-2) and the running o.qgp.

9. Test of high-order QED: 2 — 4,5.

10. etc.

(U]
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MW R(s) at NN threshold

L | ; ' 1 | | | l 1 | l i 1 1 1 l | 1 1 1 1 | 1 1 | | | 1 | | 1 |
1500 1600 1700 1800 1900 2000 2100
Ec.m., MeV

One of first results from CMD-3:
Sudden drop of 3131 cross section at NN threshold.

Preliminary studies of dynamics of 3131, show also hint of energy dependent
dynamics in 1.7-1.9 GeV energy range
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M R(s)at NN threshold 2017

In 2017, detectors collected ~ 13 pb-’
per detector in the narrow energy range
around threshold.
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& Process e'e — w'y

* Third largest cross section (after 2 and 3m) below 1 GeV

* Measurement of the 7"y*y transition form factor

* Measurement of the radiative decays V— 'y , V=p, w, , ...

* There 1s a tension between the KLOE measurement of the
ratio I'(w—m"y)/T'(w—n' ) and other measurements of

W-meson parameters:

el
=]
n

1)) (%)

KLOE have studied the e*e—mr’

process near the ¢-meson resonance in
two decay modes w—rn'ww and w—wy.

BR(w—T7
8

The w-meson parameters obtained 89.5|
through KLOE studies have a large shifts
from the previously measurements,
especially for w—n"y decay.

e PDG 07
88.5 - m KLLOE

F. Ambrosino, et. al., L

Phys. Lett. B 665 (2008) 223-228 ~ ® 53 85 s 9o 4
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VEPP-2M and VEPP-2000 data

The process e’e” — yy is used for normalization.

Common selection criteria for 2y and 3y final states:
* trigger, no charged tracks, total energy deposition and momentum, muon system veto.

Final selection 1s based on 4C kinematic fit:
X23y <30, 36° < 6 < 144°,80 <M_ <190 MeV,
here M_ 1s the mass recoiling against largest energy photon.

The number of signal events is determined from the fit of n° in M _ spectrum.

(=)

il + ‘ ; o | 2 @ SND at VEPP-2000
£ & : | E | O CMD-2(2005) =150 a ~e0R
= o E] gllil/[]?é()(gg)oﬂ g A SND(2000) S [0 SND at VEPP-2M
8 - ® SND (this work) 5 ® SND (this work) 1> ¥ CMD-2
3150 = 2 ? ..
el g 4 2100 | “~-preliminary
S o = -
&) i O @) ! .,
100 N
Wi 50 .': -
| 2 I 4
50
L 0 SN S SRR TIR + .................... — P
| 1
) R Sl ot et e i e e et [ — — 1200 1400 1600 1800 2000
770 780 790 800 1010 1020 103! E (MeV)
E (MeV) E (MeV)
M.N. Achasov, et. al., Phys. Rev. D 93 092001 (2016)
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SND Results on radiative decays
B(w— 1°9)B(w — ete™) = (6.336 £ 0.056 + 0.089) x 10~

Using PDG value for B(w—n'mwn) X B(w—e*e’) we have obtained
I'(o—-m YT (-t r’)=0.0992+0.0023,
which 1s higher than the KLOE value 0.0897+0.0016 by 3.4C .

B(p — 7%y) = (4.20£0.47+0.22) x 1074

By 1.80 lower than the current PDG value (6.0+0.8)X107*, but agrees
with the branching fraction for the charged mode B(p*—n™y) =

(4.5+0.5)X10™.
B(¢ — 7°9)B(¢p - ete™) = (3.92701% £0.51) x 1077

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

VMD fit to e*e—n'mwn” data
B(¢ — my)B(¢p — eTe™) = (4.04£0.0940.19) x 10~7
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@ KK, and K'K" at ¢(1020)
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Systematic error for K K 1s 1.8%

Systematic error for K'K is 2.5%
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Ecps MeV
: c,. KK nb _Eﬁ_ —_— CMD'3
2000 Py peeeeed CMD-3 Fit
- b H oyr X 10, nb
1500:_ , = BaBar
- H ]
1000f i
]
500} H 3,
B p-‘ )
0: |:u:n:|+:l-;ﬁi;3 mﬂﬁ‘ﬂﬂ-ul- ------- e
R;IIIII
1010 1020 1030 1040 1050 1060
Ecms MeV
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(@ KK .and K'K" above 1020 MeV

o 10
= L} ‘
ba> H % * BABAR
Y * MHAD2011 SNI)
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10k . e MHAD2012 SNID
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B ﬂ“’*ﬂ;&
b S
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%U
1F ﬁw
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=10

1072

‘ 1

1200

1400 1600 1800 2000
Ecm, MeV

The complex form of these cross sections 1s due to interference of
many excited vector resonances 1n this energy region
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Exclusive vs inclusive measurements

’_"'-6 1T 1 1T T 1 \III|.III:II

.G
S
T
-
™
2

Below 2 GeV the total
hadronic cross section 1s
calculated as a sum of
exclusive cross sections.

5

Currenly the exclusive and
inclusive data below 2 GeV
are in reasonable agreement.

B ec'e — hadrons data
(HVPTools compilation)
¢ BES

{ KEDR
—— pQCD (massless)

| 1 1 | | | 1 | | I L 1 | 1 | | L | 1 | 1 1 | 1 I 1
0 4 5

1 2 3
(DHMZ , TAU 2016, arXiv:1612.02743) (s [GeV]

w
\III|\III|IIII|IIII‘IIII|IIII

o

In the energy region 1.5-2.0 GeV exclusive data are
incomplete. There are no experimental data on the final
states TR M, TANM, AR TR, TR T, ...
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+ | s arXiv: 1706.06267v1
i E o6 l CMD-3
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o
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!
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« First measurements of this process.

* The intermediate states are wm, ¢,
structureless W'’ and a (980)p.

* The known wn) and ¢n) contributions
explain about 50-60% of the cross
section below 1.8 GeV.

* Above 1.8 GeV the dominant reaction
mechanism 1s a (980)p.

o(e’e = om), nb

* The process e*e—mmn has been measured separately.
* There is a significant difference between SND result and the
previous BABAR measurement.

. 1.6 1.8 2
Phys. Rev. D 94, 092002 (2016)
arXiv:1607.00371 [hep-ex] E (GeV)
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& Process e’e” — wm'm

| Events of the e*e’ = 7w 1)y—7y process
J 1 are selected. The dominant

° intermediate state is . No

: | | noticeable n*y signal observed.

25

15— —

10—

“t 17T mass |

- :
° o0 ] 12 :— ma() —:
‘ L o). ]

10—

 phasg spdce, J E
o S : « ] |
The M mass spectrum for - 1] s |

5_

0

selected wm'n events is well : :
described by the model of the A 1
wa0(980) intermediate State. g(;t'jl 4_1:7(|)0 - ISOGITI ‘ IQ(‘JOI - }OO(I) - II.;lfJ;I)"I- 1-200J ] J1;_;00
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e'e” — wm'n: cross section

==
=4

= — T I 1 I "] °¢First measurement of the

g | - - °

gy + ] e'e — wr'm cross section.
2 it 1

2 A [+4 1 © The cross-section energy

n + i . .

2 5 | T 1 dependence is described

o 2 AT 1 .

O 3 |M | by asingle-resonance model.

* The resonance mass and width

are consistent with those for
p(1700)

1600 1800 2000
Vs (MeV)  Phys. Rev. D 94, 032010 (2016)
arXiv:1606.06481 [hep-ex]

The cross section is about 2.5 nb.
5% of the total hadronic cross section in the
energy region 1.8 - 2.0 GeV.
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e'e” - K'K™n

g (nb)
N

&

A R I BN
i

= BABAR
® SND

— SND FIT

Cross section, nb

—— CcMD3 2011
|+ cmDp3 2012

+ BaBar

—— fit CMD3

1.6 1.65 1.

TN
1.75 1

A R
1.85 1

9 195 2
\'s (GeV)

It 1s assumed that the dominant reaction
mechanism 1s ¢(1680) — @(1020)n. This
hypothesis 1s in agreement with the data
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(% ete” —» K*K-r°

- .9(1020)
5 } e CMD3 L Y _
3 H ® Babar aonE ; s
o -
B 1 E e “1‘_, 1__,_
o #H f **?‘aﬁ{e:ﬁw = K'(892)
o 1 ]
AL Y B Fhac il
0;} : P, b “*‘Ht K M

1.4 1.5 1.6 1.7 1.8 1.9 2
Energy (C.M.S.), [GeV]

Analysis is based on the integrated luminosity of 34
pb

Two intermediate states are clearly seen: ¢n° and
K*(892)K mechanism. The current systematic
uncertainty is estimated as 10%
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Conclusions

* During 2010 — 2013 the SND detector accumulated ~70 pb™
of integrated luminosity at the VEPP-2000 electron-positron
collider 1n 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.

* For some processes the cross sections have been measured for
the first time.

* After VEPP-2000 upgrade the data taking runs are continued
with a goal of ~1 fb™ of integrated luminosity.
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CBS interference illustration
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Mass for pi0 gamma

VEPP-2M and VEPP-2000 data

The process e'e” — yy is used for normalization.
Common selection criteria for 2y and 3y final states:
* trigger, no charged tracks, total energy deposition and momentum, muon system veto.

Final selection is based on 4C kinematic fit:
Xy, <30, 36 <6 <144°,80 <M _ <190 MeV,

here M 1s the mass recoiling against largest energy photon.

rec

The number of signal events is determined from the fit of n° in M_ spectrum.

aroun}(}(b | belowl.4GeV ~ abovel.4GeV

[se]
o
(=}

2000

—
wn
(==}

1500

Events/(2 MeV/c®)
Events/(2 MeV/c?)
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|

—
[=3
(=

500

175 100 125 150 175
M, (MeV/c) M (MeV/c))

28.08.2017 Aleksandr Korol, ICNFP2017 29



(9-2),/2 of muon (experiment)

Magnetic moment E821@BNL (1997-2001):
/ G.W. Bennett et al.,
i =g €1 3 Phys. Rev. D 77, 072003 (2006)
' 2me a, = (11 659 209.1£6.3)x10-'° (0.54 ppm)

v/ The Dirac equation predicts g=2 for
point-like fermions.

v’ Higher order QFT contributions lead to
nonzero

a=(g-2)/2

E989 @ FNAL (2017-...):
F. Gray ef al., arXiv: 1510.003
a,=...(0.14 ppm)

~y (VF) LLErg HILErdeLIons
E34 @ J-PARC (????-...):
T. Mibe et al.,

Chin. Phys. C 34 (2010) 745
' a,=... (0.1 ppm)

v/ a,is sensitive to New Physics
contributions



Phys. Rev. D 93, 092001

(2016)
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v The most precise
measurement of the cross
section

v Systematic uncertainty
at the w peakis 1.4%
(1.2% from luminosity and
0.6% due to selection
criteria)
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