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Beam energy

VEPP-2000 (2010-2013)

backscattering
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C.m. energy range is 0.32-2.0 GeV; unique optics — “round beams”
Design luminosity is L = 10321/cm?s @ +/s = 2 GeV
Experiments with two detectors, CMD-3 and SND, started by the end of 2010
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Detector CMD-3

Mu
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Collected luminosity in 2011-2013

CMD3 collected Luminosity as of 07.07.2013
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About 60 pb-1 collected per detector
w(782) 8.3 1/pb
2E < 1 GeV (except w) 9.4 1/pb

The luminosity was limited by a deficit of
positrons and limited energy of the booster.

In 2013 we reached 2 x 160 MeV, the
smallest energy ever measured at ee colliders ¢(1019) 8.4 1/pb

The VEPP-2000 upgrade has started in 2013. 2E > 1.04 GeV 34.5 1/pb
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VEPP-2000 upgrade (2013- 2016)
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New injection complex CMD-3 upgrades:

Collider upgrades:
« x10 more intense positron source

* booster up to 1 GeV (match VEPP-2000) gz\g;gg glf’cttergnnics upgrades

« New electronics for LXe calorimeter

Detectors resumed data taking by the end of 2016
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2017-2018
2017 data taking ™"
VEPP-2000 Luminosity, 1/cm?2s CMD3 collected Luminosity as of 15.05.2018
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p and nn threshold 14 1/pb
Below 1 GeV: >50 pb™ collected and pp and it tresno /p

counting Overall:
0.55 —1.00 GeV > 50 1/pb 1.28 — 2.007 GeV 50 1/pb
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Overview of CMD-3 data taking runs
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Exclusive channels ete™ — hadrons

At VEPP-2000 we do exclusive measurement of a(eTe™ - hadrons).

- 2 charged published
ete” >ntn ,K*K~,KK,,pp in progress

0
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“Open box”, when systematics of both methods < 1%
Our goal is to have systematic error at the level ~ 0.33%
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Dominant Channel:eTe~ — T~ . Statistics

Statistical accuracy Ao /o in 20 MeV bins
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Already collected x2-3 data in 2017-2018
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CMD-3 preliminary results from 2011-2013
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ete” s> ntn

First measurement of total e*e™ - ™7 ~7%n cross section. Systematic error is 15%.

At “high” energies dominated by

o(e'e™— a,(980)p(770)), nb

ISHEPP-2018 International Seminar
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R(s) at NN threshold
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One of first results from CMD-3:

Sudden drop of ete™ - 3(n*n ™) cross section at NN threshold
Confirmed, that pp production cross section increases quickly at threshold

Preliminary studies of dynamics of ete™ - 3(nw*7 ™), hint of energy
dependent dynamics in 1.7-1.9 GeV energy range
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In 2017, CMD-3 collected 13 1/pb in
the narrow energy range around NN
threshold

 the sharp rise of ete™ — pp cross-
section is confirmed

« the sharpdropofete™ - 3(n*n™)
cross-section is confirmed

 we see the similar cross-section
drop in other channels

ISHEPP-2018 International Seminar

2017: ete”™ - 3(n*n™) at NN threshold
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NN threshold in 2(rr-) reaction

arXiv:1808.00145 [hep-ex]
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Figure 4: The ete™ — 2(7"7~) cross section measured with the CMD-3 detector. Lines
show the pp and nn thresholds.

We continue search for the NNbar threshold indication in other multi-hadron reactions
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Conclusion

- The goal of the CMD-3 experiment at the VEPP-2000 is to
provide exclusive measurement of e*e™ - hadrons from
0.32to0 2.0 GeV

- In 2011-2013 CMD-3 has collected 60 pb in the whole
energy range 0.32 < +/s < 2.0 GeV, available at VEPP-
2000.

- In 2013-2016 the collider and the CMD-3 detector have
been upgraded and the data taking was resumed in 2017
and > 100 pb-! were collected so far.

- Data analysis of exclusive modes of e*e™ — hadrons is in
progress. Many results have been published.
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Backup slides
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o(ete™ — hadrons) and the hadronic

contribution to a,

So far, the hadronic contribution
to a,is calculated by integrating

experimental cross-section
o(ete™ - hadrons).

Weighting function ~1/s, o
therefore lower energies
contribute the most.

Many sources of data:

* Novosibirsk: CMD-2 and SND
(VEPP-2M), CMD-3 and SND
(VEPP-2000)

e Factories: Babar, KLOE
« BES-Ill, KEDR

o(ete” - hadrons)

o(ete” »utu7)

m Crystal Ball

# KEDR O BES
—= exclusive data 12 A PLUTO
" 1= l" 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1
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Vs (GeV)
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Phys.Lett. B760 (2016) 314-319 Phys.Lett. B779 (2018) 64-71
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Recent result from CMD-3:

* KK, at ¢, systematic precision 1.8%
« K*K™ at ¢, systematic precision 2.0% (2.8%)
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K*K~: comparison with other
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% _ J —=— BaBar ] % 0_05‘_ ]
L Y ) = CMD-3 2012 i C C . ]
* 0.05 7 - CMD-32013 | : I
g - ‘ | g 0 'K % %
s | s
0 ‘.4 Fbﬁ:% M :% + % B L
| 1 -0.05
| g i|ll ‘ ‘ ’J L_“ . ; + + ]
-0.05(= 1 s /|}|L,_‘_|_,, M I ‘ e O 0.1 —— CMD295 —
m H &AL ] - —e— CMD=2
- oo |k o S B —s— SND
0.1 “ ‘ 0 - ] — 015 ——— CMD-3 2012 =
C - e C —s— CMD-32013
O 15_ 1 1 | 1 1 1 | 1 I j | 1 \_\|\_| | 1 1 I ] _02__ ! ])I : l ' : ' l ' : : : : : : __
0. 1020 1040 1060 1080 1100 1040 1060 1080 1100
E,,,. MeV Ec . MeV

KsK; at ¢ is consistent between different experiments, but there is discrepancy
in K*K~ channel.

New CMD-3 K*K~ cross-section is above CMD-2 and BaBar, but is consistent

with isospin symmetry: e Rsyp = 0.92 £0.03(2.60)
9,oktk—
R = oK K = 0.990 + 0.017 * Rcmp—2 =0.943 +0.013(4.40)
KK} /Z(mqo) ® Rgagar = 0.972 +0.017(1.50)

Possible explanation: CMD-2 trigger correction was underestimated; due to
different trigger configuration there is no such correction at CMD-3
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K.K; and K"K~: p — @ interference

p — @ interference can be directly observed:
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CMD-3 published results from 2011-2013
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More CMD-3 preliminary results from 2011-2013

ete -> K+*K-nV

) i !
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eTe” - mTm: systematics

Source Goal Current estimation Comment
Radiative 0.2%  0.2% (cross-section) To-do: more MCGPJ
correction 0.0-0.4% (mom.separation) improvement,
comparison to data
Event separation 0.2% 0.1-0.5% (mom.separation) To-do: improve
~1.5% (energy separation) energy separation
Fiducial volume 0.1% ok Two independent
subsystems to fix
fiducial volume
Beam energy 0.1% ok Continuous
monitoring via
Compton
backscattering
Pion corrections 0.1% 0.1% - nucl.interations To-do: improve
(decay, nucl.int.) 0.6-0.3% - decays al low reconstruction of
energies decay events
Combined 0.33% 0.4-0.9% (mom.sep.) open box when

1.5% (energy sep.)

both <1%
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CMD-3 Performance (2011-2013)
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New TOF system -
New” TOF (2017-)

“Old” TOF —-—y
2012-2013

Beam axis

- o

A
In 2013-2016 the TOF system was completely replaced =
* More granulated (16 counters — 175 counters)
* 0.8 ns resolution per counter
Strip scintillation counters /
scintillator 3@%
LXe outer shell .
(— | — — — — — — (— WLS fiber optical gel
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Energy measurement

Starting from 2012, energy is monitored continuously using Compton backscattering

Lenses

e

|
: Infrared radiation
|
|

HPGe detector

€ beam

backscatterad
photans

3F1

3D2
¥3500 nn.! ................ .’ ................ ? ............... ?I 2012.04.20 (16:21:34 -
= . . . H nterference in o = plane
8 >.ME
3000 iy g e s B E

1700

L i L L i 1L _i A L A ' - 1 L L L i A I | L I L L Il L A L A i | ‘ '
1650 1700 1750 1800 1850 1900 1950
E,. keV

M.N. Achasov et al. arXiv:1211.0103v1 [physics.acc-ph] 1 Nov 2012

E =993.662 + 0.016 MeV
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Search for e+e- — n '(998)

Phys.Lett. B740 (2015) 273-277

e+

C-even resonances
can be produced via 2y
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