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Introductory comments

The main goal of experiments at VEPP-2000:

> a measurement of the total and exclusive cross sections of eTe™ —
hadrons with high precision

a study of spectroscopy of light vector mesons and their excitations
investigation of mesons with various J¢

production of pp and nn pairs near threshold

two-photon physics

searches for various exotics
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Implications of high-precision measurements of low energy cross sections:
» muon anomalous magnetic moment, a,,

» the running a

> My q) and quark/gluon condensates from QCD sum rules

> tests of CVC by comparingeTe™ and T
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VEPP-2000 e*e~ complex (before upgrade)

s

800 MeV booster

VEPP-2000

VEPP-2000 main parameters

Energy /s, GeV 0.3-2.0
During 2010-2013 the Circumference, m 24.4
luminosity was limited Beam optics round
by shortage of positrons Positron source converter e>e*
1x1032 (project)

Luminosity (at 2 GeV), cm2 sec?
2x10°! (achieved)



VEPP-2000 e*e~ complex (after upgrade)
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VEPP-2000 e+-e" collider DA 5**'3 ryecter
(2 x 1000 MeV)
CMD-3

Upgrede
Positrons, sec?  2-107 - 2-108
Electrons, sec’ 10° - 1011
Booster energy up to 1 GeV

‘ Data taking 2016 end
l"“iec:‘o: .;." SND
- NaJ cristal neutral

particles Detector
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Beam energy measurements: CBS system

The systematic error of
-e_L_e_ b\ the bea'm e'ner'gy

determination is tested
by comparison with a
measurement using the
HPGe detector  resonance depolarization
method:
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Spherical Neutral Detector

0 20 40 60 80 100 cm

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

Calorimeter
Thickness 13.5 X,
Acceptance 0.95 X 47
Energy resolution L 0.0%2
E - VEGeV]

Angular resolution

Tracking system

Acceptance

(9 layers) 0.94 X 47

Angular resolution 0y = 0.55",09 = 1.2°

Vertex resolution og = 0.12cm, a7 = 0.45¢cm

Aerogel counters
K/mt separation E<1GeV
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Cryogenic Magnetic Detector 3

Calorimeter performance (LXE, Csl, BGO):

1.0-13T 13.5 X,
og/E ~3%-10% 0o~ 5 mrad
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Luminosity. Data taking
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CMD3 collected Luminosity as of 08.02.2018

e | | ) ¥ |} P |
400 600 800 1000 1200 1400 1600 1800 2000

2E, MeV
2017-2018
e*e™ - D% (2.007 GeV) 4 pbl
pp and nii threshold 14 pb
Overall:
1.28 - 2.007 GeV 50 pbt
0.55-1.00 GeV 20 pbt



Exclusive channels eTe™ — hadrons

At VEPP-2000 we do exclusive measurement of a(ete™ — hadrons)

* 2 charged
ete” »>ntn~, KYK~, K¢K;, pp
e 2charged +vy’s
ete">ntnrnY, ntnn K*Kn® K* K‘n, K K, mntn nOn,
ntm~ nono P n%n%n7° ntm nononono
* 4 charged
ete” »ntn ntn™, K"K n*n~, KsK*
* 4 charged +vy’s
e e‘ —>TL’ tnatn ol ntny, o,
ntn ntn n%n° K'K™n K'K w

* 6 charged
ete" sntn ntnntn~
* y'’sonly
ete” > nly,.ny, n°n%, Oy, 7n°n°nYy, 7nlny, KK, KsK, m°
e Other

ete” - nn, nlete”, nete, n’
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CMD-3 published results from 2011-2013
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Dominant channelete™ - ¥t~

2013 data CMD-3 preliminary

N 50—|'"|""|""|""I""III 4

8 - . E

Radiative 0.2%  0.2% (cross-section) L 45p e/m/useparation 2 9 4 pb E
Correction 0.0-0.4% (mom.sep.) 40 © by momentum S 2 —
- A by energy deposition ® ]

Event separation 0.2% 0.1-0.5% (mom. sep.) 35 =2 Y gy cep ¢ ! E
~1.5% (energy sep.) 0 =

— ¢ .

Fiducial volume 0.1% ok 25 = % E
20 . =

Beam energy 0.1% ok 15 5 ° e E
- n ° ]

Pion corrections 0.1% 0.1% -nucl. int. 10 " *. E
(decay, nucl.int.) 0.6-0.3% decays at 5 i— .0® o® . a, —i
low energies oELeesse??? el o

Pt . PRI R
03 04 0. 5 06 07 08 0.9 1
Combined 0.33%  0.4-0.9% (mom.sep.) 's. GeV
7

1.5% (energy sep.)

 hadLo-VP _ f
" 2
a;*f —a)l¢ =3.60 on 2
Contribution to the hadronic part of R(s) = og(ete” - hadrons)
(8-2),, value from the VEPP-2000 energy 5) = glete” - utu)

region is about 92%



CMD-3 preliminary: m*m(w,n), K*K~(w,n)
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Detailed review in next presentation by Gennady Fedotovich
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Overview of SND results

Published
ete” > K*K™n Phys. of Atomic Nuclei (2018)
ete” »pntn~ Phys.Rev. D97 (2018) no.1
ete~ - KoK m® Phys.Rev. D97 (2018) no.3 In process
ete~ > wn® > °7% Phys.Rev. D94 (2016) no.11 ete” -t~
ete~ » K*K- Phys.Rev. D94 (2016) no.11 ete= — i
ete" - w Phys.Rev. D94 (2016) no.9 _
n y ( ) n - ete
ete” -» wnn® Phys.Rev. D94 (2016) no.3
. o ete” » nnntn~
ete™ - 10 Phys.Rev. D93 (2016) no.9
ete™ - wtrn® JETP 121 (2015) no.1 ete” » ntn~nn?
n-ete" JETP Lett. 102 (2015) no.5 ete~ -» KYK—1°
’ +,-
n' - e*e Phys.Rev. D91 (2015) ete— - w0
ete™ > nutn- Phys.Rev. D91 (2015) no.5 .
o ete” » 61
ete - nii Phys.Rev. D90 (2014) no.11
ete” >y Phys.Rev. D90 (2014) no.3 etc

ete” -» wn® -» n°n% Phys.Rev. D88 (2013) no.5
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ete™ - wtm~ (preliminary)

_g LN N N A | T TT | T TT T T l_ % 01_I IILIII ]
214002 SND (prellmmary) BNFCEE % B B — SND errors (stat@syst) ]
081200:?. i i __ % : : ' :
:- : b@ 005__ .......................................................................................................................................... __
1000+ — B
r T N - — {. _______________________________________________________________________ 3
400 :— — B i
200 } | l | | _— _01__ S A SRS __
i 111 1 | 1 111 | 111 1 | I 1 11 | 1111 | I 1 11 | I 11 1 | I 111 | 1= B I
500 550 600 650 700 750 800 850 vg,gl\gllgv 1 1 I55|0I 1 1 Iaéol I | I65|0I 1 1 I7O|OI 1 | I75|OI 1 1 I80|0I 1 1 I85|)0I ’_I Ihfllg\;)0
\'s, Me
Parameters SND & VEPP2000 SND & VEPP2M
m,, MeV 775.925+0.5+0.78 7746+0.4+0.5
[, MeV 145.686 £ 0.65 + 1.56 146.1£ 0.8+ 1.5
a(p->ntn™),nb 1188.54 £ 4.6 £9.5 1193 +7+16
o(w->ntn~), nb 3244+13+0.3 29.3+1.4+1.0
®pw, degree 112.63+1.41 113.7+£1.3%2.0
By sete= X85 e (4.892 + 0.0154 + 0.0391) x 107>  (4.876 + 0.02 + 0.06) X 107>
Byoete- X Byoete- (13584 0.056 +0.011) X 107> (1.225 4 0.06 + 0.04) X 107>



ete” - 7T+7T_(preliminary)
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SND & VEPP2000:
a,(524 <+/s < 885 MeV) =
(414.48 + 1.04 + 3.49) x 10710

SND & VEPP2M:

(408.88 + 1.30 + 5.31) x 10710
BABAR:

(414.93 + 0.34 + 2.07) x 10710
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2017,preliminary)
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The difference:
-- incorrect nn simulation
-- beam background
-- cosmic background

Systematic uncertainty ~20%, mainly due to MC
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n — e*e” (preliminary)

UL _ Zi Lio-(Ei)

oll = =64+ 11 fb
q ] . e = F T T ZiLi
Unitary limit predictions: Cy-s
o F
o= B o ete) —MHE__ 0%
I, = 1.31 £ 0.05 keV (mf=£2) +mir; 0.0sF
_ 2 :_
F(P e l+l )~a2 <ﬂ> O_(S) — f;cmax W(x, S)O_O(S(l _ x))dx 004E
F(P - V}/) mp (E—Eg)? 003
__1 too T2 -
sensitive to contributions Texp(Eo) = 2nog Il ° elE)de 0.02F
beyond the Standard -
Model BU'(p > ete) =1.78 x107° 0.01
05972 3274 3476 3478 343 3482 5454
—_ _— Ns(MeV)
> - _
[« - i
= 5481 . . Improved by a factor of 3!
TR 1 Experimental study :
547.8) - statistics: 654 nb!
sarel E channel: n - n%n°n° - 6y
i i selected events: O
54721 02/2018 data .
[ 1 SND: B(n —> ete™) <7 x10"7(90% CL)
) L ! ) | ] . L ) ] | ) L ]
04/02 10/02 15/02 20/02

HADES: B(n - ete™) <23 x107°
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ete™ » ntn~n¥n (preliminary)

Cross section:

~ 6% of hadr. cross sect. at 1.7 GeV
Intermediate states:

below 1.8 GeV: wn, ¢n, a,p

and structureless mtm~ 'y

c(e'e = T w’n) (nb)

Above 1.8 GeV the dominant reaction mechanism is a,

>100 | 1 TS S R
5 | } 1> B
S 18 S
a8 |1 m 14

ME< (GeV)
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ete™ > nK*tK~ (in print)
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SND cross section of ete™ > nK*K™:

* agrees with the most precise BABAR measurement

* has a comparable accuracy

* dominated by the transition through the nd

* the energy dependence is determined by the $(1680)
e ~1%ofete™ - hadrons at 1.7 GeV
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ete” - KK, ¥

= — ~ Fit: $(1680) SND, Phys. Rev. D97 (2018) no.3, 032011
s |
~ B SND —
© 30 BABAR | ete” » KK, ¥
' | * isone of three modes of the process ete > KKn
* isimportant for spectroscopy of sS vector states
2T |+ the systematic uncertainty of the SND data is 12-13%
* | * cross section ~ 4% of ete™ — hadrons at 1.7 GeV
L T . 0
¢' Green band corresponds to a(ete” > KsK,m )_:+
.. . . +,— +x
predictions from isospin alete” > KsK™n 0) -
- i + — + —
o—t relations between KK* glete” > K*K 7T+ )_"‘ .
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ete” snmtn

Phys.Rev. D97 (2018) no.1, 012008 N

ete” >Ny

e cross sections in two n modes are consistent

e proceeding mainly via the pn Intermediate state

* isimportant for the spectroscopy of the excited
p-like states

* gives a sizable contribution to the total hadronic
cross section at the center-of-mass (c.m.) energy

region s=1.4-1.8GeV
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g e n-3rn H - E | e SND -
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Conclusions

» The goal of two experiments CMD-3 and SND at VEPP2000 is to provide
exclusive measurement of e+e- -> hadrons reactions in the energy
range 0.32 - 2.0 GeV

» In 2011-2013 both detectors have collected about 60 pb* each in the
whole 0.32 — 2.0 GeV energy range, available at VEPP2000

» During 2014-2016 machine and detectors have been upgraded and at
the end of 2016 detectors resumed data taking

» In 2017 both detectors have collected 50 pb?! in 5 months with c.m.
energy scan from 1.68 to 2.0 GeV. At the end of 2017, beginning of 2018
- 25 pb! have been collected in 0.55-1.0 GeV

» Many analyses have been published. Many more are in the line.



