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VEPP-2000
VEPP-2000 (Novosibirsk, Russia) scans the /s in the range from 0.32 to 2.01 GeV

Beam energy is monitored by the Compton backscattering laser light system with ~50 keV precision

Uses "“round beams” technique (focusing
solenoids)

Maximum luminosity achieved -
4107 e s

CMD-3 and SND detectors placed at two
beam interaction points




CMD-3 detector & physics program
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° Precise measurement of R=¢(e+e——hadrons)/o(e+e——u+u—) to achieve <1% systematic for
major channels

° Study of the exclusive hadronic channels of e+e— annihilation, test of the isotopic relations
° Study of the “excited” vector mesons: ¢’, o7, @, ¢’...

° Study of GE/GM for nucleons and behavior of hadronic cross sections near nucleon-
antinucleon threshold

° CVC tests: comparison of isovector part of o(e+e——hadrons) with t—decays spectra

° Two-photon physics (e.g. " production)
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Detector CMD-3

Tracking:
x Drift Chamber in 1.3 T magnetic field
Opg ™ 100 pm, o, ~ 2.5mm
op/P ~ J0.6%+(4.4*p[GeV])* %
Calorimetry:
x Combined EM calorimeter (LXe,CsI, BGO)
13.4 X, in barrel part
og /E ~0.034/ JE [GeV]© 0.020 - barrel
og /E ~0.024/ JE [GeV]# 0.023 - endcap
x LXe calorimeter with 7 ionization layers
with strip readout
~2mm measurement of conversion point,
tracking capability,
shower profile (from 7 layers + CsI)
PID:
x TOF system ( o1 < Insec)
particle id mainly forp, n
x Muonsystem  FEERN




CMD-3 Motivation
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* Indication:
The sum of exclusive
measurements disagree with
pQCD as well as with
inclusive data

* More presice data is needed

* There is still unmeasured
exclusive processes



Exclusive channels ofete-—hadons

Event signature  Final state (published/submitted, in progress) Published/submitted results:
2 charged Kk KK op e 37+37—: PLB 723 (2013) 82-89
n’: PLB 740 (2015) 273-277
TT-O 270 =370 ppbar: PLB 759 (2016) 634-640
2 charged +7v’s 2 A A A T+TT-TT0N  TT+T-27T01 K+K—m+7—: PLB 756 (2016)
K+K-m0  K+K-270 K+K-n ~ KSK[no K+K—(at ¢(1020)): PLB 760
KSKrn  1n(958) (2016) 314-319
4 charged omi2n- KYK—ntn— KsK*n*F (2;’(;“12;’)‘325315'?(1020)'PLB 768
27+27-710 2+27w-270 wn, na+x—mr0: PLB 773 (2017)
4 charged +7v’s T+~ AT~ 27+27- KSKL (at ¢(1020)): PLB 779
K+K-0o  KSKzm=mo D+0(2007) (2018) 64-71
3 bl 87+3m-  KSKSwen- 37+37—70: PLB 792 (2019)
K+K-n: PLB 798, (2019)134946
6 charged +y’s 3m+37-70 Observation of a fine structure
Fully neutral oy 270y 3oy ny mony  2mony ... PLB-D-19-00534R1

Other nn  moete-  ne+e-



H
e '*. II. -

" ‘ 1
" "":'““_?:' Pl B T
s

:-. ..'.' -';-.. |
ot i f *1 w7 -
£ -

#Measurement of
section in
mode 0
“ “-r‘*' ( W f ‘f -ﬁﬂﬁ"-‘ﬁm-

 The study of
“e+e- -> hadrons
in inclusive mode

rare processes






ete” - i pion formfactor measurement

It is a main contributor to the ah“d L0 (~73%) 3 oorf-

8 v e
The CMD-3's goal it to measure the |F;|? with 0.4-0.5% 'g"m E““;‘:’
systematics uncertainty g —ees.
CMD-3’s 2013 & 2018 statistics for n*n~ a few times larger
than in other experiments = |

To control systematics, two independent approaches for
determination of the number of ¥~ events are used:

momentum-based and energy deposition-based (s, GeV

1) momentum based 2) energy deposition-based
Momentum-based approach 553_“23“ Ebcam 25{1 MeV-. - " 5 %}-m Ef{eam:&ﬁﬂ_@lev';_
works better at low c.m. 2 XY - AL Ry P :
energies (<0.8 GeV), energy- 3 2.
based - at large energies §*"&LF&: 2
(>0.6 GeV). Using both fi.i = 19 Bao0

methods in the middle allows i
to control systematics B

In both cases 2D-likelihood ™
function is constructed, its el .7
minimization gives Nq;/Ng. =

10

10
Momentum, MeVie, + Energy deposition, MeV, +



ete” - ' : pion formfactor measurement

5 el _- + =i + iz
250 MeV Additional test _ o(e e Uy )
« The projection of the fitting T measurement (compatible with QED at
. Eniries PIiel:] = W) £
functions after minimization: ;psLMomentum-based | fita 0.29%): e ETTE
i : L | i i Prob 0.4003
P 09961 + 0.004429
The list of sources of 10° 1
systematics: e | ,l, I' [
- | 10° SErr—trbe {
+ Radiative corrections f
+ e/u/m separation s : | | | -
. . . . P I s 095 035 04 045 0.5 055 0.6 065 0.7
* Uncertainty of fiducial 05 o : : - e \s, GeV
volume » The results of 2013 and 2018 are
consistent within ~0.1%:
« Beam energy “&‘uz | . PID by momentum - :
< ol A, rr E
« Electron bremsstrahlung . ;0.06f = S e
- _ .ﬁ ' o r CMD3 2018 [ Prob AT
loss i QA \ ot Soo4 ] 85" _qoneaus o codnns
. i . PR ti o b
+ Pion specific corrections 25 v Rl skl ﬁesf’f;aer"ir,w & | |_\;:<‘1|' 4 ‘H e
20E-e/p/n S L o + deposition of 3 - .ll'l ey .:ﬁ,{ :
" ti . | | C &4 Nl
+ Currently the systematics :2 P s W O 002 | ! :
is  estimated to be fmomentum . of ® e ~0.04f
. L gad® | ; i i
0.6‘0.90)" ...-.‘.-I-.-.!.-.-I-....I....I....I....I....& r =
5 8.3 0.4 0.5 0.6 0.7 0.8 0.9 1 _o‘“?. PR Lol o] ﬁ ..uu.".lc! !Pﬂg 5.5.;. oy
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15, GeV



ete - K antikK
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Other processes

5 T T ole'e KK . Study of e*e™ — K*K~n°:
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Multihadron production @ NN threshold

« In 2017 we did the £, BaBar. .. . 2 skemps. B i g E
detailed scan of NN &,,CMD32011-2012 b £ | mjj_h 3
threshold region with the ?,JMBB 2017 t* 7 131 1 X}“‘ﬁL—
step 0.8 MeV (~beam {5 | g4e- — 6Tt h}ﬁ ; E v e & ]
EHEI’QY SDFEEd) ‘En_Bf | 7 7 + + . _ o 1,25— T T £

_ _ ”‘Ei_ . It does no {nnk like | H_ ______________ | _____ l ;
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~ eV width are seen in oz} 12 - PR 1 FROR Qe Neep ) e g | ol s G S L.
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(2019) 64-68) ., ete-— ppbar' o
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parametrization, see Nuc. [ P
Phys. A 977 (2018) 60- % S B
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Results of the fit to the exponentially rising function. Only
statistical uncertainties are shown.

Reac. A, nb B, nb Ethr, MeV Oihr, MeV lendf
pp 0 - fxd 0.91+0.02 1877.1+0.2 0.18+0.27 29/26
p 0 - fxd 0.91+0.02 1876.54-fxd 0.76+0.28 31/27
6m 1.55+0.02 -0.42+0.03 1875.8+0.2 0.18+0.67 17/20
6m 1.54+0.02 -0.41+0.03 1876.54—fxd 0.0+2.5 18/21
2K2n 4.69+0.08 -0.44+0.12 1878.8+0.2 0.35+£2.69 7/10
2K2n 4.70+0.08 -0.45+0.12 1876.54—fxd 2.36+2.01 8/11

o (Bem) = A+ B [1 — exp (2B )

Othr



Multihadron production @ NN threshold

+ Hovewer, some questions still remain: why no “dip” structure in ete™ - 2n*2n~, n*n~"4n°?
e*e -> 2(x*m”)
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Event selection
(ee =» m'w2n°) 43 kevents

Event selection
(ee - 2n'2m) 83 kevents

|

b
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e Total E-Vs| and P < 150 MeV/(c)/ 3 o PR

* Two candidates for n° éma om0 i lPTOtTI50E1\|ﬂ_\$]/ [m]fld
2 < eV/(c

* 6C kinematic fit

* The invariant mass spectrum of
3rd and 4th photons is used for
the estimation of the contribution

of background:
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Amplitude analysis

The production of 47 system can proceed via a list of intermediate states:
o w[177]7°[0~] (only 27Y27%)

o al(1260)[11]x[07] The likelihood for model under test is

o p[1™"]fo/a[0T] 5 VLAY ()2

* ph(1270)2"] il § S S ST oN el
@ pTp~ (only 27927%) P Mo ke T

o a,(1320)[2"H]m ] 200 VaAZ ()7

o hy(1170)[17~]x° (only 27%27%) Lot k| o Va AT ()
o 7/(1300)(0~ " )x

The relative number of events | at a particular point € in phase space can be represented as

[(Q) = [VaAa(Q)I

where the sum runs over all intermediate states, V,, - the complex production amplitude (the
free parameter) and A,(2) - the amplitude at a particular point in phase space.
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Obtained amplitudes can be used for the prediction of W — 4w, ex., 7 — wn ™,

T — a1(1260)7, T — p~[0(500) + £(980)], T — p~£(1270), T — p—p°, T — hy(1170)7° %
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There are three different options to study dynamics (measure cross section) at
BESIIT

1. Using ISR events in data sets at charmonium and other resonances
2. Using data from R-scans

3. Huge BESITI data at, ex., J/y allows to study the dynamics of J/y decays
into hadrons as well as continuum dynamics

24



There are three different options to study dynamics (measure cross section) at
BESIIT

1. Using ISR events in data sets at charmonium and other resonances
2. Using data from R-scans

3. Huge BESITI data at, ex., J/y allows to study the dynamics of J/y decays
into hadrons as well as continuum dynamics

e_|_

B(J/Y - Tt+11-2110) ~ 5 X 1073

->4p| 10x10° X B(JIY — Tr+Tt-21t0)= 5 X 10°

e 25



All possible KK7tst combinations are measured — BaBar data
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o(KKrn) = 9o(KTK 279 — o(427°)] + Io(K*OK*7¥) + 3o(¢pntn) + 4o(K+ K~ p). Eur.Phys.J.C71:1515,2011



The most important diagrams for the analysis of ete - KKt
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Invariant mass spectra for ete” - K*Kt'rt (10 kevents)
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The constant of the amplitudes relatively to e+e- - (K, (1270)K)
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EXP
MC

The angle between kaons
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EXP
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This reaction is dominated by
K*+(892)K*-(892) production

* Simultaneous analysis of all e+e-—KKojtst channels is required for
comprehensive meson spectroscopy and the test of isospin relations 34



Summary

CMD-3 has taken ~250 pb! of data in the whole energy range GeV and is going to
take ~1 fb! in the next ~5 years.

Many analyses have been published. Many others are in progress.

The dominance of the channels wm and a,m below 2 GeV is confirmed in the e'e’

-4,

The perspectives of the analysis of e+e-—KKnm is shown

It looks that the production of two ground-state vectors (pp,
K*(890)barK*(890)) is suppressed relatively o the emission of pseudoscalar (wm,
a,m, KK).

If you are interesting in the analysing of the CMD-3 data you are more than
welcome.

BES-IIT and CMD-3 physics programs are strongly overlapping. We can be useful
to each other.
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