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Abstract

The cross section of the processe+e− → π0π0γ has been measured in the c.m. energy range 600–970 MeV wit
CMD-2 detector. The following branching ratios have been determined:B(ρ0 → π0π0γ ) = (5.2+1.5

−1.3 ± 0.6) × 10−5 and

B(ω→ π0π0γ )= (6.4+2.4
−2.0 ± 0.8)× 10−5. Evidence for theρ0 → f0(600)γ decay has been obtained:B(ρ0 → f0(600)γ )=

(6.0+3.3
−2.7 ± 0.9) × 10−5. From a search for the processe+e− → ηπ0γ the following upper limit has been obtaine

B(ω→ ηπ0γ ) < 3.3× 10−5 at 90% CL.
 2003 Published by Elsevier B.V.Open access under CC BY license.
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1. Introduction

Radiative transitions of vector mesons into tw
pseudoscalar mesons have been attracting atte
license.

https://core.ac.uk/display/82647735?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://www.elsevier.com/locate/physletb
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/


120 R.R. Akhmetshin et al. / Physics Letters B 580 (2004) 119–128

rgy
on
ble

],
ed

rge
he

the

d
the

e
ND

n
he

ed
he

of
e

M
a-

ith
he

een
em
d
th

hin
T.

for

00
er
ith
s
%

the
rrel
le of

ond-

he
ear
am
.
bha

he
ncy.
s-
nd-
lar
the

re
.

ve
rgy
-
e-
on
e
ith
y–
di-

e

9

ss-
since long ago as a possible test of various low ene
theoretical models and a source of information
controversial scalar states [1–13]. After the relia
observation of thef0(980) anda0(980) states in the
φ(1020)meson decays by SND [14] and CMD-2 [15
recently confirmed by KLOE [16], the interest mov
to theρ andω meson decays.

Information on theρ(ω) decays to theππγ (ηπ0γ )

final states is rather scarce. Because of the la
background from the initial state radiation in t
processe+e− → π+π−, a search forρ(ω) decays
into theπ+π−γ final state is difficult. Among many
such experiments [17] only one succeeded in
observation of the decayρ0 → π+π−γ [18]. A long
search for theω → π0π0γ decay (see [17] an
references therein) finally proved successful for
GAMS Collaboration, which observed it inπ−p
collisions with the branching fraction of(7.4± 2.5)×
10−5 [19]. Recently a high statistics study of th
ρ(ω) energy range has been performed by the S
Collaboration [20,21]. They observeρ andω decays
into π0π0γ , both with a branching ratio higher tha
that predicted by vector dominance. While for t
ρ meson the excess can be explained by theρ0 →
f0(600)γ decay, first evidence for which is report
by SND, the reasons for the higher probability of t
correspondingω decay are not yet clear.

In our recent paper [22] we described a study
the processe+e− → π0π0γ in the c.m. energy rang
920–1380 MeV, i.e., above the threshold ofωπ0 pro-
duction, using the CMD-2 detector at the VEPP-2
e+e− collider. In this Letter we report on the me
surement of the cross section of the processe+e− →
π0π0γ in the c.m. energy range 600–970 MeV w
CMD-2. Also described is the first search for t
processe+e− → ηπ0γ in this energy range.

2. Experiment

The general purpose detector CMD-2 has b
described in detail elsewhere [23]. Its tracking syst
consists of a cylindrical drift chamber (DC) an
double-layer multiwire proportional Z-chamber, bo
also used for the trigger, and both inside a t
(0.38X0) superconducting solenoid with a field of 1
The barrel CsI calorimeter with a thickness of 8.1X0
placed outside the solenoid has energy resolution
photons of about 9% in the energy range from 1
to 700 MeV. The angular resolution is of the ord
of 0.02 radians. The end-cap BGO calorimeter w
a thickness of 13.4X0 placed inside the solenoid ha
energy and angular resolution varying from 9% to 4
and from 0.03 to 0.02 radians, respectively, for
photon energy in the range 100 to 700 MeV. The ba
and end-cap calorimeter systems cover a solid ang
0.92× 4π radians.

This analysis is based on a data sample corresp
ing to integrated luminosity of 7.7 pb−1 collected in
1998–2000 in the energy range 600–970 MeV. T
step of the c.m. energy scan varied from 0.5 MeV n
theω peak to 5 MeV far from the resonance. The be
energy spread is about 4× 10−4 of the total energy
The luminosity is measured using events of Bha
scattering at large angles [24].

We use Monte Carlo simulation (MC) to model t
response of the detector and determine the efficie
Due to the beam background additional (“fake”) clu
ters can appear in the calorimeter. The correspo
ing probability as well as photon energy and angu
spectra are obtained directly from the data using
processe+e− → π+π−π0. Then these photons a
mixed with the detector response during simulation

3. Data analysis

At the initial stage, we select events which ha
no tracks in the DC, five photons, the total ene
deposition 1.7< Etot/Ebeam< 2.2, the total momen
tum Ptot/Ebeam< 0.3 and at least three photons d
tected in the CsI calorimeter. The minimum phot
energy is 30 MeV for the CsI and 40 MeV for th
BGO calorimeter. 350 events have been found w
these cuts. Then a kinematic fit requiring energ
momentum conservation is performed with an ad
tional reconstruction of twoπ0 mesons. We requir
good reconstruction quality (χ2 < 5) and the ratio of
the reconstructed to measured energy to be 0.75<
ωi/Ei < 1.8 for each photon. After this stage 21
events remain in the whole energy range.

The dominant background comes from the proce
es

(1)e+e− → ηγ, η→ 3π0,
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the MC
te the cuts
Fig. 1. TheEtot (left) and χ2 distributions. The points with error bars represent experimental events, hatched histograms show
simulation for the background processes and open histograms are a sum of the signal and background MC. The arrows indica
imposed.
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(2)e+e− → π0γ,

(3)e+e− → 3γ, 4γ.

Events from the process (1) can imitate signal eve
if two soft photons are lost. The processes (2),
can meet the selection criteria with one or two a
ditional (“fake”) photons coming from shower spli
ting, “noisy” electronic channels in the calorimet
and beam background.

To determine the background contribution, the f
lowing procedure is used. All the above proces
are simulated using the Monte Carlo. To decre
the statistical uncertainty, ten times more events t
expected from the background cross section and lu
nosity are used at each energy. Then the same s
tion criteria as for the data are applied. The obtai
number of selected events is divided by ten and s
tracted from the experimental one at each energy
total, about 29 background events are expected a
this procedure.

Fig. 1 shows theEtot andχ2 distribution for the
data, signal and background MC. We use theχ2 dis-
tributions to estimate the accuracy of the backgro
estimation. The experimental distribution was fitted
a sum of MC and background. The ratioNexp

bg /N
MC
bg =

1.2 ± 0.2 was obtained. We conclude that the ba
ground level is estimated well and its systematic e
-

does not exceed 40%. This results in a 6% system
uncertainty in the cross section.

3.1. Approximation of the cross sections

At each energy point the cross section of
processσ is calculated from the observed numb
of events and background MC expectation using
following formula:

(4)σ(
√
s )= Nexp−Nbg

Lε(1+ δ) ,
whereNexp is the number of observed events,Nbg
is the expected number of background events fr
MC, L is the integrated luminosity,ε is the detection
efficiency and(1+ δ) is the radiative correction at th
corresponding energy.

To calculate the detection efficiency, we use Mo
Carlo simulation taking into account the neutral tr
ger (NT) efficiency. NT is based on the informati
from the CsI calorimeter and its efficiency depen
on the number of clusters and total energy deposit
The NT efficiency is estimated using events of
processe+e− → π+π−π0. We require the charge
trigger signal and three or more clusters in the
calorimeter, and study the NT efficiency as a fu
tion of the energy deposition in CsI. The NT efficien
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ashed
Fig. 2. The cross section of the processe+e− → π0π0γ . The points with error bars represent the experimental data, while the solid and d

curves correspond to the results of the fit I and III, respectively.
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varies from 85% at c.m. energy of 600 MeV to abo
95% at 980 MeV.

The radiative corrections are calculated accord
to [25]. The dependence of the detection efficiency
the energy of the emitted photon is determined fr
simulation.

The obtained Born cross section of the proc
e+e− → π0π0γ is shown in Fig. 2 while Table 1 list
detailed information on the analysis of this reactio
Since no events were selected in the energy range
to 690 MeV, our results are presented as upper limi
90% C.L. The Feldman–Cousins procedure [26] w
used to calculate errors (upper limits) at each ene
This cross section (the “dressed” one from the colu
VII) was used in the approximation of the ener
dependence with resonances.

Meanwhile, for applications to various dispersi
integrals like that for the leading order hadronic co
tribution to the muon anomalous magnetic mome
the “bare” cross section should be used. Following
procedure in Ref. [27], the latter is obtained from t
“dressed” one by multiplying it by the vacuum p
larization correction|1 −Π(s)|2, whereΠ(s) is the
photon polarization operator calculated taking into
count the effects of both leptonic and hadronic v
uum polarization. The values of the correction a
the “bare” cross section̂σ are presented in two las
columns of Table 1.

The maximum likelihood method is applied to
the experimental data obtained from the relation
We parameterize the amplitude of the process b
sum of theρ andω contributions. The former con
tains theρ → ωπ0 transition plus one more mech
anism beyond the vector dominance model which
chosen to be theρ0 → f0(600)γ one. Because of th
small width of theω meson, theρ → ωπ0 amplitude
is rapidly falling below theωπ0 threshold. This allows
to distinguishρ0 → ωπ0 andρ0 → f0(600)γmecha-
nisms by studying the energy dependence of the c
section. On the contrary, the small width of theω me-
son prevents from distinguishing various mechanis
possibly existing in theω→ π0π0γ decay by its cross
section. For this reason we parameterize theω meson
amplitude by theω→ ρπ transition only.

The Born cross section of the process is written

(5)σπ0π0γ (s)=
∫ ∣∣Aπ0π0γ (s)

∣∣2dΦ,
wheredΦ is the final state phase space and

Aπ0π0γ =Aρ→ωπ0

(
m2
ρ

Dρ
+ αm

2
ρ′

Dρ′

)

+Aρ→f0(600)γ
m2
ρ

Dρ

(6)+Aω→π0π0γ

m2
ω

Dω
.

Here the first term describes the amplitude of
e+e− → ρ, ρ′ → ωπ0 transition, while the secon
and third ones are thee+e− → ρ → f0(600)γ and
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tion, Born

Table 1
The c.m. energy, integrated luminosity, detection efficiency, number of observed events, background expectation, radiative correc
cross sectionσ , vacuum polarization correction and “bare” cross sectionσ̂ of the processe+e− → π0π0γ

√
s (MeV) L (nb−1) ε (%) Nexp Nbg 1+ δ σ (pb) |1−Π(s)|2 σ̂ (pb)

600 56.1 10.9 0 0.2 0.892 < 411 0.993 < 408

630 115.1 11.9 0 0.1 0.888 < 192 0.995 < 191

660 235.5 12.8 0 0.4 0.884 < 80 0.997 < 80

690 196.2 13.5 0 0.2 0.880 < 96 0.999 < 96

720 419.7 14.1 1 0.4 0.879 < 76 0.999 < 76

750 210.5 14.7 3 0.1 0.884 106+84
−68 0.994 105+83

−68

760 206.5 14.9 2 0.3 0.885 62+82
−38 0.991 62+81

−38

764 39.7 14.9 1 0.0 0.883 191+334
−120 0.990 189+331

−119

770 109.2 15.0 1 0.3 0.872 < 284 0.991 < 282

774 195.3 15.1 4 0.9 0.852 123+110
−66 0.994 122+109

−66

778 199.1 15.2 6 1.3 0.817 190+132
−88 0.994 189+131

−87

780 194.7 15.2 11 1.1 0.801 417+161
−92 0.983 410+158

−90

781 255.7 15.2 5 1.5 0.798 112+90
−41 0.971 109+87

−40

782 631.0 15.3 30 5.1 0.803 322+62
−59 0.958 309+60

−57

783 275.7 15.3 15 2.6 0.815 361+126
−107 0.946 342+119

−101

784 337.2 15.3 16 3.3 0.835 295+111
−85 0.937 276+104

−80

785 198.8 15.3 9 1.6 0.859 283+145
−102 0.932 264+135

−95

786 190.8 15.3 10 1.4 0.885 332+147
−124 0.932 309+137

−116

790 149.4 15.4 4 0.6 0.966 153+125
−75 0.939 144+117

−70

794 178.7 15.5 4 0.4 1.000 130+100
−60 0.944 123+94

−57

800 261.7 15.6 2 0.7 1.010 32+55
−24 0.948 30+52

−23

810 247.3 15.8 3 1.0 1.006 51+59
−40 0.950 48+56

−38

820 295.7 15.9 3 0.7 1.001 49+49
−34 0.951 46+46

−32

840 602.8 16.3 13 0.8 0.999 124+44
−38 0.953 118+42

−36

880 375.4 17.1 4 0.6 0.984 54+37
−26 0.958 51+35

−25

920 458.2 18.1 6 1.1 0.901 65+44
−29 0.964 63+42

−28

940 327.8 18.7 12 0.5 0.854 219+82
−60 0.966 212+79

−58

950 226.1 19.1 14 0.4 0.855 369+117
−100 0.968 357+113

−97

958 250.0 19.3 17 0.3 0.859 402+116
−101 0.969 390+112

−98

970 249.8 19.8 23 0.9 0.867 516+116
−101 0.972 502+112

−98
real
e+e− → ω → ρπ0 amplitudes.mV is the mass
and DV is the propagator of the vector mesonV
given by DV (s) = s − m2

V + i
√
s ΓV (s), ΓV (s) is
the corresponding energy dependent width. The
parameterα = gρ′ωπ/gρωπ is the ratio of the coupling
constants for theρ and ρ′ mesons. TheAρ→ωπ0



124 R.R. Akhmetshin et al. / Physics Letters B 580 (2004) 119–128
Table 2
The fit results in various models

Fit parameters Fit I Fit II Fit III

B(ω→ π0π0γ ), 10−5 6.4+2.4
−2.0 ± 0.8 6.2+2.4

−2.0 ± 0.7 11.8+2.1
−1.9 ± 1.4

gρωπ , GeV−1 ≡ 16.7 16.2± 1.4 18.6± 1.1

B(ρ→ f0(600)γ→ π0π0γ ), 10−5 2.0+1.1
−0.9 ± 0.3 2.3+1.4

−1.2 ± 0.3 ≡ 0

B(ρ→ π0π0γ ), 10−5 5.2+1.5
−1.3 ± 0.6 5.4+1.6

−1.4 ± 0.6 2.2± 0.3± 0.3

χ2/n.d.f. 19.2/28 19.0/27 26.7/28
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amplitude, proportional to the coupling constantgρωπ
of theρ→ ωπ transition, is written as in our previou
analysis above 1 GeV [22].

The coupling constantgρωπ and the following
branching ratios are used as fit parameters:

B
(
ρ0 → f0(600)γ→ π0π0γ

)
= 1

σρ

∫ ∣∣Aρ→f0(600)γ(mρ)
∣∣2dΦ,

(7)B
(
ω→ π0π0γ

) = 1

σω

∫ ∣∣Aω→π0π0γ (mω)
∣∣2dΦ.

Then the total branching fraction of theρ0 → π0π0γ

decay is calculated from the following formula:

B
(
ρ→ π0π0γ

)

(8)

= 1

σρ

∫ ∣∣Aρ→ωπ0(mρ)+Aρ→f0(600)γ(mρ)
∣∣2 dΦ.

In (7) and (8)σV is the cross section at the resonan
peak without taking into account other contribution

σV = σe+e−→V→π0π0γ

(
m2
V

)

(9)= 12πB(V → e+e−)B(V → π0π0γ )

m2
V

,

B(V → e+e−) and B(V → π0π0γ ) are the corre-
sponding branching ratios.

3.2. Results of the fits

In all the following fits theρ, ω and ρ′ meson
masses and widths are fixed at the world aver
values [17]. The parameterα = gρ′ωπ/gρωπ was also
fixed at the value obtained in our analysis abo
1 GeV [22]. Since thef0(600)mass and width ar
badly known [17], we use a wide range of the
parameters:Mf0(600) = 400–800 MeV, Γf0(600) =
300–600 MeV. For theρ andρ′ resonances the energ
dependence of the total width was described simila
to Ref. [22] while for theω meson the total width wa
assumed to be energy independent. We perform t
main fits: withgρωπ equal to the value(16.7± 0.4±
0.6)GeV−1 obtained in our analysis above 1 GeV [2
(fit I), with freegρωπ (fit II) and without a contribution
from theρ0 → f0(600)γ decay (fit III). The results o
the fits are shown in Table 2 and in Fig. 2 by the curv

The value of the coupling constantgρωπ = 16.2±
1.4 obtained in the second fit is in good agreem
with the one from our measurement of thee+e− →
ωπ0 cross section above 1 GeV [22], where a comp
ison with other measurements and theoretical eva
tions can be found.

The fits taking into account theρ0 → f0(600)γ
decay mode (fits I and II) better describe the da
The branching fractionB(ρ0 → f0(600)γ ) differs
from zero by two standard deviations. However,
fit III also has goodχ2/n.d.f. = 26.7/28. There are
additional reasons to choose a fit with theρ →
f0(600)γ decay.

• The branching fraction of theω → π0π0γ de-
cay obtained in the fit III,B(ω → π0π0γ ) =
(11.8+2.1

−1.9 ± 1.4)× 10−5 is above the GAMS re
sult (7.4± 2.5)× 10−5 [19] by two standard devi
ations. The latter result obtained inπ−p collisions
has noρ contribution.

• The value of the coupling constantgρωπ = 18.6±
1.1 obtained in the fit III is above that from ou
previous analysis [22] by almost two standa
deviations.

• The recent analysis of the processe+e− →
π0π0γ by SND [21] also showed evidence for th
ρ0 → f0(600)γ decay.
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Thus, we choose the first model as our final result.
ρ0 → f0(600)γ branching fraction is calculated from
the results listed in Table 2 taking into account t
B(f0(600)→ π0π0)= 1/3.

3.3. Invariant mass spectrum

Fig. 3 shows theπ0π0 invariant mass distribution
for π0π0γ events from data in theω meson energy
range (770–800 MeV). The experimental distributi
agrees well with theω→ ρπ0 decay model; howeve
a contribution from theω→ f0(600)γ decay canno
be excluded. The existing statistics is not enough
distinguish between these contributions, therefore
quote only the total branching fraction of theω →
π0π0γ decay.

3.4. Search for the decayω→ ηπ0γ

For a search of events of the processe+e− → ηπ0γ

we first apply the same criteria as for the prelimina
selection ofe+e− → π0π0γ events. Next, a kinemati
fit requiring energy–momentum conservation is p
formed with the additional reconstruction of one s
π0 meson and a good reconstruction quality,χ2< 6, is

Fig. 3. Theπ0π0 invariant mass distribution in theω meson energy
range. The points with error bars represent the experimental
the solid histogram shows the MC simulation of theω → ρπ0

decay, the dashed one corresponds to theω→ f0(600)γ decay. The
hatched histogram is the estimated background contribution.
required. To reject the dominant background from
processe+e− → π0π0γ , we perform an additiona
kinematic fit with theπ0π0γ hypothesis and rejec
events that are consistent with it,χ2

π0π0γ
< 6. Then we

look for a possibleη signal in the invariant mass of tw
hard photons of the remaining three,Mγγ . TheMγγ
distribution is approximated with a Gaussian for t
signal and a polynomial function for the backgroun
The Gaussian mean value and width are fixed fr
the MC simulation of the signal events. The ba
ground shape is obtained using theπ0π0γ MC. In all
energy ranges the resultingηπ0γ signal is consisten
with zero. Fig. 4 shows theMγγ distribution for events
from theω resonance region: 381 MeV< Ebeam<

401 MeV. The 90% CL upper limit for the number
ηπ0γ events is obtained:Nηπ0γ < 2.4. Using the de-
tection efficiency of 1.3%, we set the following upp
limit for the e+e− → ηπ0γ cross section:

(10)σ
(
e+e− → ηπ0γ

)
< 57 pb,

and for the branching fraction of theω meson:

(11)B
(
ω→ ηπ0γ

)
< 3.3× 10−5.

Fig. 4. The Mγγ distribution for the ηπ0γ candidates. The
histogram represents experimental events and the solid curve s
the fit result. The dashed curve corresponds to theηπ0γ MC.
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Table 3
Main sources of systematic errors

Source Contribution (%)

Selection criteria 8
Background subtraction 6
Model uncertainty 5
Luminosity 2
Trigger efficiency 2
Radiative corrections 1

Total 12

3.5. Systematic errors

The main sources of systematic uncertainties in
cross section determination are listed in Table 3.
systematic error due to selection criteria is obtained
varying the photon energy threshold, total energy
position, total momentum, andχ2. The model uncer
tainty corresponds to different detection efficienc
for the ωπ0, ρπ0 andf0(600)γ intermediate states
It also includes dependence on thef0(600)mass and
width. The uncertainty in the determination of the
tegrated luminosity comes from the selection crite
of Bhabha events, radiative corrections and calib
tions of DC and CsI. The error of the neutral tri
ger efficiency was estimated by trying various fitti
functions for the energy dependence and variation
the cluster threshold. The uncertainty of the radia
corrections comes from the dependence on the e
ted photon energy and the accuracy of the theore
formulae. The resulting systematic uncertainty of
cross section in Table 1 as well as of the branch
fractions in Table 2 is 12%.

4. Discussion

The obtained values of the branching fractio
B(ρ0 → π0π0γ ) = (5.2+1.5

−1.3 ± 0.6) × 10−5 and

B(ω → π0π0γ ) = (6.4+2.4
−2.0 ± 0.8) × 10−5, are in

good agreement with the previous measurement
GAMS [19] and SND [21]. Both values are signifi
cantly higher than those predicted by the vector do
inance model with the standard value of the coupl
constant:∼ 1× 10−5 and∼ 3×10−5 [4], respectively.
An attempt to explain the obtained branching ratios
sults in a high value ofgρωπ contradicting the othe
Table 4
Predictions for branching fractions ofρ, ω → π0π0γ , ηπ0γ

decays

Mode Branching fraction

ρ0 → π0π0γ (1.1–4.7)× 10−5

ω→ π0π0γ (1.4–8.2)× 10−5

ρ0 → ηπ0γ 2× 10−10–4× 10−6

ω→ ηπ0γ 8.3×10−8–6.3×10−6

observations like, e.g., the experimental values of
ω→ π+π−π0 andω→ π0γ widths.

Theoretical papers on the subject [1–13] of
a broad choice of effects influencing the discus
decays. In addition to theωρπ transition they include
ρ–ω mixing, pion and kaon loops, various sca
(f0(600), f0(980), a0(980)) and tensor (f2(1270)and
a2(1320)) intermediate mesons decaying intoππ
(ηπ).

Predictions of these models differ rather stron
from each other, reflecting various approaches app
by their authors [10]. While most of the rece
papers agree that the observed value of the branc
fraction for theρ0 → π0π0γ decay can be ascribe
to the intermediatef0(600) state, the situation with
the correspondingω decay remains controversia
The corresponding ranges of the predicted value
branching fractions are summarized in Table 4. N
that from the upper limits for the non-(ωππ0π0γ )

cross section obtained by us at higher energy
Ref. [22] a significant contribution from thef0(980)γ
or f2(1270)γmechanisms seems not very likely.

Much higher data samples of theρ and ω de-
cays expected in experiments at the upgraded col
VEPP-2000 in Novosibirsk [28] will help to signifi
cantly improve our understanding of their radiative d
cays.

From the obtained results on the cross section
the radiative processese+e− → π0π0γ , ηπ0γ one
can estimate a possible contribution of the pre
ously unstudied radiative processes to the leading
der hadronic correction to the muon anomalous m
netic moment. To this end we first calculate the con
bution of the processe+e− → π0π0γ using the “bare”
cross section,̂σ , from Table 1 in the energy rang
below 920 MeV. The result contains a piece com
from the ω → π0π0γ decay already taken into a
count in Ref. [29] in the wholeω meson contribu-
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tion, aωµ = (37.96 ± 1.07)× 10−10. This ω meson
contribution is subtracted from the value above
ing the branching ratioB(ω → π0π0γ ) with the re-
sult (6.08 ± 0.82)× 10−12. A possible contribution
from the processe+e− → π+π−γ is twice that of
e+e− → π0π0γ , so that

aLO,ππγ
µ (600–920 MeV)= (18.2± 2.5)× 10−12.

Adding the contribution from theηπγ final state, we
finally obtain

aLO,rad
µ (600–920 MeV) < 0.24× 10−10 at 90% CL.

Adding the upper limit from the energy range 92
2000 MeV obtained previously [22], we obtain

aLO,rad
µ (600–2000 MeV) < 0.7× 10−10 at 90% CL

or about 10% of the current uncertainty ofaLO,had
µ

[29,30]. The obtained upper limit does not contrad
the lower estimate of Ref. [31], in which the valu
(0.10 ± 0.13)× 10−10 has been obtained using th
QCD sum rules, but is by far smaller than their upp
estimate of(6.95± 5.60)× 10−10 based on the PDG
value for theγ γ width of thef0(600)meson.

5. Conclusions

The following results are obtained in this Letter.

• Using a data sample corresponding to integra
luminosity of 7.7 pb−1, the cross section o
the processe+e− → π0π0γ has been measure
in the c.m. energy range 600–970 MeV. T
values of the cross section are consistent w
those obtained by the SND detector [21] a
have similar accuracy. The following branchi
ratios have been determined:B(ρ → π0π0γ ) =
(5.2+1.5

−1.3 ± 0.6) × 10−5 and B(ω → π0π0γ ) =
(6.4+2.4

−2.0 ± 0.8)× 10−5.
• We confirm evidence for theρ→ f0(600)γ decay

with the branching fractionB(ρ → f0(600)γ )=
(6.0+3.3

−2.7 ± 0.9) × 10−5 reported by the SND
Collaboration [21].

• A first search for the processe+e− → ηπ0γ was
performed allowing to set the 90% CL upp
limits: σ(e+e− → ηπ0γ ) < 57 pb in the c.m.
energy range 685–920 MeV andB(ω→ ηπ0γ ) <

3.3× 10−5.
• A possible contribution of the studied radiati
processes to the muon anomalous magnetic
ment was estimated to be negligible.
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