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Motivations for precise hadronic cross section measurements

Tests of perturbative QCD
QCD sum rules, quark masses, quark and gluon condensates
Higher order QCD corrections - Aqcp, o(S)
Hadronic corrections to fundamental parameters:
Running fine structure constant - o(M?2)
Anomalous magnetic moment of the muon
measurement of parameters of light vector mesons p, w, ¢, p’, p’, .....
Search of and study of the exotic resonance states (X, Y, Z, ...)
Study of the final states dynamics and test of theoretical models
comparison with spectral functions of the hadronic tau decays via CVC

Study of nucleon-antinucleon pair production — nucleon ectromagnetic form
factors, search for NNbar resonances, ..

27.09.2018 TAU - 2018, Amsterdam 2



a,- SM calculations and experiment

Muon anomaly, a,, = (g-2),/2

a“thec}ry{SM]z auﬂED+ a“weak_l_ 3
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QED 11 658 471.895 0.008 | thad a K(s)

ahd = = j ds - ‘R(s)
Weak 15.4 02| *# 3.7 s
4m,2[
Hadronic + LbL 693.0 4.9
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Present data: Direct energy scan and ISR
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CM_ nv J&(&_E)

Scan: Novosibirsk — scan (CMD-2/SND at VEPP-2M, 0.36 < \'s
< 1.4 GeV, CMD-3/SND at VEPP-2000, 2m < Vs < 2.0 GeV)
BES, BES II, BES lll — Beijing 2-5 GeV

ISR: SLAC — ISR (BaBar at PEPII, 2m < s < 5 GeV)

Frascati — ISR (KLOE/KLOE-2 at DAFNE, 2m < Vs < 1.02 GeV)
BES Il
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Inclusive vs exclusive measurements
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Why new more precise measurements are necessary?

l—=—] Fit of all n*x~ data: 369.41 + 1.32
_— Direct scan only: 370.77 + 2.61
- KLOE combination: 366.88 + 2.15

BaBar (09): 376.71 £ 2.72

BESIII (15): 368.15 + 4.22 +
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With L~10% cm~2s-! VEPP-2M was
pre- ¢ - factory from 1974 to 2000

g, nb
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j Ldt ~70pb™

Since new experiments
at FNAL and JPARC
expect to improve the
accuracy of muon (g-2)
by factor 3, we need in
a precision of the
hadronic cross section
at the level of 0.3%



New collider VEPP-2000
2Emax: 1.4 GeV — 2 GeV

The main 1dea —

round beams!
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VEPP-2M & VEPP-2000 parameters
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Energy measurement

Starting from 2012, energy is monitored continuously using compton
backscattering techneques

i Radiation coming from A and C points
L aam s T ”’ under angle ¢ = O is interferenced
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VEPP-2000 after upgrade (from 2017)

—— Kanan K-500
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VEPP-2000 - detectors

Compact multipurpose detector comprising magnetic Main advantage: high resolution
spectrometry with high resolution calorimetry calorimeter with 0.95 X 41 uniform
acceptance

0 20 40 60 80 100 cm

1 - vacuum chamber, 2 — tracking DC,

3 —aerogel n=1.13, 1.05 4 - Nal(Tl) crystals,
5 - phototriodes, 6 — absorber, 7-9 — muon
detector, 10 - SC solenoids
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VEPP-2000 collected Luminosity
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2010-2013 ~ 55 pb-1/det.

In 2013 we reached 2 x 160 MeV, the smallest
energy ever measured at ee colliders

e by by by by by by 1
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2E, MeV

2017-2018 /per detector
ete™ - D% (2.007 GeV) pb-1
pp and nn threshold 14 pb-1
Overall:
1.28 — 2.007 GeV 50 pb-1
0.55-1.00 GeV 70 pb-1
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Dominant channel ete -> trmt

Separation of efe” — efe™, wtn-,
utu~ events by particle momenta
and energy deposition in the
calorimeter

Two charge tracks collinear
back-to-back events are
selected
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Dominant channel ete -> tfm—

2013 data CMD-3 preliminary
LN LN BN B

N 50 | e ST (U
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ete”™ - nwtn~(preliminary)
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CMD-3 results and analyses ongoing

Published

KsK.
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PLB 760 (2017) 314
PLB 760 (2017) 314
PLB 759 (2016) 634
PLB 723 (2013) 82

PLB 768 (2017) 345
PLB 773 (2017) 150
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Overview of SND results
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In 2017 CMD-3 and SND has performed the
2017: ete > pp at NN threshold scan at the NNbar threshold with a

step smaller than c.m. machine energy

€ f 1 ; spread (1.2 MeV). The e+e- -> ppbar
@ 1.2 I |=7- 11| @ w . .
g F CMD.3 ] cross section demonstrate exponentially fast
* e CHD-312017) rising in about 1 MeV interval.
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A. |. Milstein and S. G. Salnikov, Nucl. Phys. A 977, 60 (2018)
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2017: ete~ — 3(x*tm™) at NN threshold

arXiv:1808.00145v2

CMD-3 has confirmed fast drop of the cross section, and new scan shows
the scale of the drop consistent with ppbar cross section rise ~1 MeV.
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Figure 1: The e¥e~ — 3(xTa7~) cross section measured with the CMD-3 detector at
VEPP-2000 in 2017 run (squares). The results of previons CMD-3 measurements [6] are
shown by dots, when BaBar measurement [4] are shown by open circles. The lines show
the pp and nn thresholds.
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Figure 3: The ete™ — 3(a 7~ ) visible cross section measured with the CMD-3 detector.
Solid curve shows fit with Born cross section (dashed curve) convoluted with 1.2 MeV
energy spread and radiation function. The vertical lines show the pp and nn thresholds.



NEW! Structure in efe” -> K*K

Baéar data
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22 final states were
studied, ~20 papers on
low energy ISR studies
were published
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BaBar ISR analyses
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Study of the ete > 770, ntn—nrnn processes

from ISR at BaBaR (NEW, preliminary)
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Belle II first look to ISR (Phase II)

Events with one photon

(Eg>3 GeV, 50 < 0 < 110)
and 2 tracks from IP were selected _ 0.8
and 10< Etot <11 GeV. E/p ratio for 0.6

Analysis done by Y.Maeda each .Of
positive and o4

negative
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Conclusion

At present a discrepancy between experiment and SM in the muon (g-2) is,
probably, the largest among observed.

Two experiments on muon (g-2) measurement are in progress. We anticipate
3-4 times better precision in several years.

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

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 - 66 pb!
have been collected in 0.55-1.0 GeV

New and more precise experimental data on the hadronic cross section are
been waiting from VEPP 2000, BES Ill, BaBar and Belle II.
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