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Outline
● recent results from the Cryogenic Magnetic Detector (CMD-3)
● e+e- → 4π 
● e+e-→KKππ 
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CMD-3 detector & physics program

° Precise measurement of − ) − −) to achieve <1% systematic for  𝑹=𝝈(𝒆+𝒆 →𝒉𝒂𝒅𝒓𝒐𝒏𝒔)/𝝈(𝒆+𝒆−→𝝁+𝝁−) to achieve <1% systematic for /𝝈(𝒆+𝒆 →𝝁+𝝁
major channels
° Study of the exclusive hadronic channels of − annihilation, test of the isotopic relations 𝑒+𝑒
° Study of the “excited” vector mesons: , , , … 𝜌′, 𝜌′′, 𝜔′, 𝜙′…  𝜌′, 𝜌′′, 𝜔′, 𝜙′…′, 𝜌′′, 𝜔′, 𝜙′…  𝜔′, 𝜌′′, 𝜔′, 𝜙′…  𝜙′, 𝜌′′, 𝜔′, 𝜙′…
° Study of GE/GM for nucleons and behavior of hadronic cross sections near nucleon-
antinucleon threshold
° CVC tests: comparison of isovector part of −→ ) with −decays spectra 𝜎(𝑒+𝑒 ℎ𝑎𝑑𝑟𝑜𝑛𝑠) with 𝜏−decays spectra  𝜏−decays spectra
° Two-photon physics (e.g. 𝜂  production)′ production)

        ~65 pb−1< 1 GeV,
        ~185 pb−1 > 1 GeV

Collected 1/pb



Event signature Final state (published/submitted, in progress)

2 charged 𝜋+𝜋− 𝐾+𝐾− 𝐾𝑆𝐾𝐿 𝑝𝑝 𝜋+𝜋−𝛾

2 charged +γ’ss
𝜋+𝜋−𝜋0 𝜋+𝜋−2𝜋0 𝜋+𝜋−3𝜋0

𝜋+𝜋−4𝜋0 𝜋+𝜋−𝜂 𝜋+𝜋−𝜋0𝜂 𝜋+𝜋−2𝜋0𝜂

𝐾+𝐾−𝜋0 𝐾+𝐾−2𝜋0 𝐾+𝐾−𝜂 𝐾𝑆𝐾𝐿𝜋0

𝐾𝑆𝐾𝐿𝜂 𝜂′ production)(958)

4 charged 2𝜋+2𝜋−   𝐾+𝐾−𝜋+𝜋−   𝐾𝑆𝐾±𝜋∓

4 charged +γ’ss
2𝜋+2𝜋−𝜋0   2𝜋+2𝜋−2𝜋0

𝜋+𝜋−𝜂 𝜋+𝜋−𝜔 2𝜋+2𝜋−𝜂

𝐾+𝐾−𝜔 𝐾𝑆𝐾±𝜋∓𝜋0    𝐷∗0(2007)

6 charged 3𝜋+3𝜋− 𝐾𝑆𝐾𝑆𝜋+𝜋−

6 charged +γ’ss 3𝜋+3𝜋−𝜋0

Fully neutral 𝜋0𝛾  2𝜋0𝛾  3𝜋0   𝛾    𝜂𝛾 𝜋0     𝜂𝛾 2𝜋0𝜂𝛾

Other 𝑛𝑛 𝜋0𝑒+𝑒− 𝜂𝑒+𝑒−

Exclusive channels of𝒆+𝒆−→𝒉 𝒂 𝒅 𝒐 𝒏 𝒔)/𝝈(𝒆+𝒆−→𝝁+𝝁−) to achieve <1% systematic for 
Published/submitted results:

+ −3𝜋 3𝜋 : PLB 723 (2013) 82-89
𝜂′, 𝜌′′, 𝜔′, 𝜙′…: PLB 740 (2015) 273-277
𝑝𝑝bar: PLB 759 (2016) 634-640
𝐾 −:+𝐾−𝜋+𝜋  PLB 756 (2016)
𝐾 − (1020)):+𝐾 (𝑎𝑡 𝜙  PLB 760 
(2016) 314-319

+ − (near (1020):2𝜋 2𝜋  𝜙 PLB 768 
(2017) 345-350
𝜔𝜂, 0:  𝜂𝜋+𝜋−𝜋 PLB 773 (2017) 

 𝐾𝑆𝐾𝐿 (1020)):(𝑎𝑡 𝜙  PLB 779 
(2018) 64-71

+ 0:3𝜋 3𝜋−𝜋  PLB 792 (2019)
𝐾 :+𝐾−𝜂  PLB 798, (2019)134946
Observation of a fine structure 
…:  PLB-D-19-00534R1



Outline for the next

● The study of e+e- → 4π 
● The study of e+e- → 2K2π

Important remark
An amplitude analysis of reaction is interesting itself but 
also is required for the precise measurement of the cross 
section because of not 100% detector acceptance.





● The data in the ee → π+π-2π0 

(22128 events) with 
√s = [1.05–1.38] GeV is 
used

● The dominance of the 
ωπ and a1π is proved

● The data in 
ee → π+π-2π0 and ee → 2π+2π- (28552) is used for the estimation: 
B(a1→σπ)/B(a1→ρπ) ~ 0.3

The measured cross section are systematically shifted from other 
measurement

The amplitude analysis at CMD-2 (5.8 pb-1)

R.R. Akhmetshin et al., Physics Letters B 466 1999 392–402



Amplitude analysis of τ→3ππ0ντ at CLEO (1999)

Spectral functions up to m4π < mτ Fit results for various models

●  Model with ωπ and a1π and ρσ, ρf0 provides the best description of the data

Physical Review D - Particles, Fields, Gravitation and Cosmology, 61, 1-16 (2000).
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The evidence of ρf0 and ρf2 with BaBar at Еvgeny Kozyrev (on behalf of the CMD-3 collaboration) . .с.м. м.  > 1.8 GeV

The evidence of ρff2(1270)  in the 
process e+e-→2π+2π- with BaBar

[PRD 85, 112009 (2012)]
[PRD.96.092009]

The evidence of ρff0(980) in the 
process e+e-→2π0π-π+ with BaBar

ρf0(980)

ρf2(1270)
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General strategy

 

The minimization of likelihood function (L)

amplitude construction by effective field theory

Systematic uncertainty

Model vs Experiment comparison

Signal selection 
(ee → pi+pi-2pi0)

Signal selection 
(ee → 2pi+2pi-)
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Amplitude analysis
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Amplitude analysis
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● Masses and central values of widths of resonances are fixed according to PDG.

●

●

  
  

T(ρfππ) = T(σππ) = 
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  18The cross-section of e+e- → ωπ0 vs Ec.m.

ρ + ρ'' contribution contribution contribution 
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Phases of different amplitudes
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ee → pi+pi-2pi0



  21

ee → pi+pi-2pi0
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data MC
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ee → 2pi+2pi-
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ee → 2pi+2pi-
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Systematic uncertainty due to detector resolution and ISR is 
controlled by TOY MC 

rho f0

Omega 
pi0

a1 pi



  26

Goodness-of-fit
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J/ψ→γπ0π0
Phys. Rev. D 92, 052003
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All possible KKππ combinations are measured – BaBar data

Eur.Phys.J.C71:1515,2011
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The most important diagrams for the analysis of e+e- → K+K-π+π-
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Invariant mass spectra for e+e- → K+K-π+π-     (10 kevents)

K*(892) ρ(770)

φ(1020)
K

1
(1270) K

1
(1400)
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The constant of the amplitudes relatively to e+e- → (K
1
(1270)K)

swave
→(ρK)

swave
K→KKππ 
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The angle between kaons

Ec.m.=2 GeVEc.m.=1.95 GeVEc.m.=1.9 GeV

Ec.m.=1.85 GeVEc.m.=1.8 GeV

Ec.m.=1.7 GeVEc.m.=1.65 GeV

Ec.m.=1.75 GeV

Ec.m.=1.6 GeV

EXP
MC
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Invariant mass of K+K-

Ec.m.=2 GeVEc.m.=1.95 GeVEc.m.=1.9 GeV

Ec.m.=1.85 GeVEc.m.=1.8 GeV

Ec.m.=1.7 GeVEc.m.=1.65 GeV

Ec.m.=1.75 GeV

Ec.m.=1.6 GeV

EXP
MC
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Invariant mass of πK

Ec.m.=2 GeVEc.m.=1.95 GeVEc.m.=1.9 GeV

Ec.m.=1.85 GeVEc.m.=1.8 GeV

Ec.m.=1.7 GeVEc.m.=1.65 GeV

Ec.m.=1.75 GeV

Ec.m.=1.6 GeV

EXP
MC
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Invariant mass of 2π

Ec.m.=2 GeVEc.m.=1.95 GeVEc.m.=1.9 GeV

Ec.m.=1.85 GeVEc.m.=1.8 GeV

Ec.m.=1.7 GeVEc.m.=1.65 GeV

Ec.m.=1.75 GeV

Ec.m.=1.6 GeV

EXP
MC



  36

Cross section of e+e- → K+K-π+π-

Systematic 
uncertainty 6.5%

Systematic 
uncertainty 10%

BaBar
Scan2011
Scan2012 

BaBar

Cross section of e+e- → KSKSπ+π-

This reaction is dominated by 
K*+(892)K*-(892) production

preliminary

● Simultaneous analysis of all  e+e-→KKππ channels is required for 
comprehensive meson spectroscopy and the test of isospin relations 
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Summary
● The dominance of the channels ωπ and a1π  below 2 GeV is confirmed 

in the e+e-→4π. The ωπ channel is dominated in the process e+e- → 
π+π-2π0  up to √s ~ 1.5 GeV

● The estimation of the contributions of ρσ, ρf0, ρ-ρ+, ρf2, h1π is 
presented

● The perspectives of the analysis of e+e-→KKππ is shown
● It looks that the production of two ground-state vectors (ρ-ρ+, 

K*(890)barK*(890)) is suppressed relatively to the emission of 
pseudoscalar (ωπ, a1π, K1K).

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