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CMD-3, VEPP-2000

√
s = 0.3 - 2 GeV

Drift chamber
(σRϕ ∼ 100µm, σZ ∼ 2.5mm)
Calorimeters

Barrel: LXe + CsI
Endcap: BGO

TOF system
Muon system
Magnetic field 1.3 TVEPP-2000

CMD-3
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http://dx.doi.org/10.1134/S154747711607044X
http://dx.doi.org/10.1016/j.nuclphysbps.2008.09.068


Study of e+e− → π+π−π0 process

Motivation
Second largest contribution to
hadronic part of (g − 2)µ

Discrepancy between CMD-2
and SND (∼130 nb)
Measurement of ω-meson
parameters
Study of dynamics (ρ-ω
interference in π+π−π0

channel)

Key analysis tasks
Measurement of
σ(e+e− → π+π−π0) cross
section
Determination of ω-meson
parameters from cross section
approximation
Study of ρ-ω interference
Calculation of contribution to
(g − 2)µ

CMD-2

SND
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https://arxiv.org/abs/hep-ex/0308008
https://arxiv.org/abs/hep-ex/0305049


Data. Luminosity. Energy measurement

4 scans in the energy range√
s = 0.65− 0.98 GeV

RHO2013 (47 points) Lint ∼ 13
pb−1

RHO2018 (69 points) Lint ∼ 34
pb−1

Luminosity measured via
e+e− → e+e− (∆sys ∼ 1.5%)

Beam energy measured by Compton
backscattering (∆sys ∼ 60 keV)

Beam energy spread σE ∼ 250 keV

Luminosity

Energy measurement
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http://dx.doi.org/10.1051/epjconf/201921204011
http://dx.doi.org/10.1103/PhysRevLett.110.140402


Event selection criteria

Characteristic signature of
e+e− → π+π−π0 event in CMD-3

"Good" track:
Nhits > 10

1 < θ < π − 1 rad
ρ < 0.2 cm
|z| < 10 cm
dE/dx < 5000

0.2 < P/Ebeam < 0.8

General criteria:
Ngood tr = 2

Q1 +Q2 = 0

Ngood γ ≥ 2

0.25 < |∆ϕ| <
π − 0.25

0.4 < (P1 +
P2)/2Ebeam < 0.75

"Good" photon:
Eγ > 50 MeV
0.84 < θγ < π − 0.84
rad

Kinematic fit:
χ2
ππγ > 40

χ2
eeγ > 200

χ2
µµγ > 100

Main background
processes:

π+π−γ

e+e−γ

µ+µ−γ

KinFit
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http://dx.doi.org/10.1088/1748-0221/18/05/P05030


Efficiency. Trigger efficiency correction

Simulation
ρπ mechanism for 3π
production
ISR accounted for

Definitions:
εMC =

NMC
sel

NMC
tot

, ∼ 3% due to π0

δtrig = 1− εexptrig
εMC
trig

εtrig = 1− (1− εch)(1− εneut)

εneut =
Nboth

Nch +Nboth

εch =
Nboth

Nneut +Nboth
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Track reconstruction corrections

Two event classes (N2tr,π0 and
N2tr+1tr,π0) selected with
tighter π0 criteria
120 < Mγγ < 150 MeV
For integral correction per
point, δ± = 1− εexp±

εMC
±

distribution was folded with
angular distribution of events
For points with insufficient
statistics, weighted average
over the season was taken
At peak < 0.5% per track
(RHO2018)
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π0 reconstruction corrections

Two event classes (N2tr,π0 and
N2tr) selected with tighter
Mmiss criteria
40 < Mmiss < 180 MeV
For integral correction per
point, δ0 = 1− εexp0

εMC
0

distribution was folded with
momentum distribution of lost
π0

For points with insufficient
statistics, weighted average
over the season was taken
RHO2018 ∼ 2.5%

RHO2013 ∼ 7.5%
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Event counting. Visible cross section calculation.

Fit to invariant mass
distribution of photon
pair with smallest
χ2
π+π−π0 in signal

hypothesis
Sig(MC + res) +
Bkg(MC + uniform)

RHO2018
Ebeam = 391.5 MeV
Lint ∼ 5 pb−1

Nsig ∼ 200k Nbkg ∼ 1k

σvis =
Nsig

εMCL(1− δ+)(1− δ−)(1− δ0)(1− δtrig)
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Visible cross section approximation

σvis =
1√
2πσ2

E

∫
exp

(
(
√
s′ −

√
s)2

2σ2
E

)

×
∫ 1−sth/s′

0
F (x, s′)σborn(s

′(1− x))dx d(
√
s′)

σ(s)born =
F ρπ
3π (s)

s3/2

∣∣∣∣∣∣
∑

V = ρ,ω,ϕ,ω′,ω′′
eiϕωV

√
σ0(V → 3π)MV

F ρπ
3π (M2

V )

ΓV M2
V

DV (s)

∣∣∣∣∣∣
2

F ρπ
3π (s) =

(4πα)2
√
s

12π

∫ [
P⃗+ × P⃗−

]2
⊥

∣∣∣∣∣∣
∑

i= 0,+,−

gρiππ

Dρi (P
2
ρi
)

∣∣∣∣∣∣
2

dΦ3π

e−

e+

γ

π

π

π

ρ

ρ, ω, ϕ, ω′, ω′′

V - vector meson
ϕωV - relative mixing
phase of vector
mesons
F ρπ
3π (s) - phase space

in ρπ mechanism
Mω ,Γω , σ0(ω →
3π), σ0(ρ → 3π), ϕωρ

- free parameters
ϕωϕ = 162◦ (SND)

Isrsolver

SND
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http://dx.doi.org/10.1007/JHEP11(2021)203
https://arxiv.org/abs/hep-ex/0305049


Cross section approximation. Comparison with other
experiments.
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Comparison with other experiments.

BaBar

Belle II

SND

CMD-2
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.112003
https://arxiv.org/abs/2404.04915
https://arxiv.org/abs/hep-ex/0305049
https://arxiv.org/abs/hep-ex/0308008


Approximation parameters. Comparison with other
experiments.

Black line - statistical
error
Red line - total error
Agreement of ω-meson
parameters
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Systematic uncertainties

Source Contribution
(%)

Estimation method

Luminosity 1.5 Difference between e+e− →
e+e− and e+e− → γγ

π0 reconstruction 0.5 Comparison with cross section
without π0 reconstruction

Selection criteria 0.5 Variation of selection criteria
Background subtraction 0.3 Different event counting proce-

dures
ISR in MC 0.3 Different cross-sections
Energy spread 0.3 Calculation of radiative correc-

tion without taking account for
beam energy spread

Track reconstruction 0.2 Calculation in different selec-
tion criteria

Trigger efficiency <0.1 –
Total systematic uncertainty of cross section: 1.8%

Systematic uncertainties for Γω , σ(ρ → 3π) and ϕω−ρ were estimated from parameter
spread in different independent datasets.
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Contribution to ahad,LOµ .

ahad,3πµ =
1

4π3

∫ smax

smin

σ3π
born(s)|1−Π(s)|2 ·K(s) ds

σ3π
born(s) – Born cross section function after approximation of experimental data

ahad,3πµ in range 0.62 <
√
s < 1.1 GeV/c2

CMD-3 (44.3± 0.2± 0.8)× 1010 (Function) [Preliminary]
BaBar (42.91± 0.14± 0.55± 0.09)× 1010 (∆ = (1.4± 1)× 1010

ahad,3πµ in range 0.65 <
√
s < 0.98 GeV/c2

CMD-3 (38.0± 0.2± 0.8)× 1010 (Function) [Preliminary]
CMD-3 (38.2± 0.2± 0.8)× 1010 (Linear approximation, ∆ = (0.2± 1.2)× 1010)

Vacuum polarization operator
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https://cmd.inp.nsk.su/~ignatov/vpl/


Conclusion

Preliminary measurements of the 3π cross section with CMD-3 detector at
VEPP-2000 (∆stat ∼ 0.5%, ∆sys ∼ 1.8%)
Determining ω-meson (in agreement with other measurements) and ρ− ω-
interference parameters

Calculation of contribution to ahad,3πµ

The work was supported by grants: the Russian Science Foundation No 23-42-10025;
the Belarusian Republican Foundation for Basic Research No. F23RSF-118.
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Backslides. Track reconstruction corrections (Calculation)

Two event classes (N2tr,π0 and N2tr+1tr,π0 ) selected with tighter π0 criteria
120 < Mγγ < 150 MeV
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Backslides. π0 reconstruction corrections (calculation)

Two event classes (N2tr,π0 and N2tr) selected with tighter Mmiss criteria
40 < Mmiss < 180 MeV

e+e− → π+π−π0 22nd Lomonosov Conference 18 / 25



Backslides. ρ contribution subtraction
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Backslides. Systematics. Cross section comparison
(RHO2013)
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Backslides. Systematics. Cross section comparison
(RHO2018)
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Backslides. Track reconstruction correction. π+ vs π−

comparison (RHO2018)
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Backslides. BCS comparison (RHO2018)
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Backslides. Efficiency systematics. ISR in MC. Model/
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Backslides. Approximation parameters comparison in
different CMD-3 scans
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