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Abslraet
Preliminary results of experiments with the neutral detector at
the electron-positron storage ring VEPP-2M are presented.
Branching ratios of the ®-meson radiative decays have been me-
asured:

B(®—ny) = (1.14+0.11)}%,

B(®—rYy) = (0.11%0.03)%.
Upper limits at the 909% confidence level have been cbtained for the
following ®-meson decays:

B(®D—nete ) <6:107%

B(®—>X,y) <2-1077,
where X, is a light boson with a mass less than 200 MeV undetec-
ted by the neutral detector,

B (D-—>x,7) <2:1073,
where X, is a light boson with a lifetime less than 107" sec and a
mass less than 10 MeV decaying into 2 photons. A process of Com-

pton scattering of quasireal photons by electrons and positrons has
been studied in detail.

introduction

This work starts a series of publications presenting results of ex-
periments with the neutral detector (ND) at the electron-positron
storage ring VEPP-2M [1]. The neutral detector [2] shown in fig.] is
a calorimeter of y-quanta and electrons based on 168 rectangular
scintillation counters with Nal(Tl) crystals [3] (total weight about
2.6 tons). Two layers of two-coordinate shower proportional chambers
to measure photon angles are installed inside the calorimeter. In the
detector centre there is a tracking system for charged particles
consisting of three layers of cylindrical proportional chambers [4]. To
suppress a background due to cosmic particles anticoincidence
scintillation counters have been installed outside the detector separa-
ted from Nal(Tl) crystals by an iron absorber 10 cm thick. A total
solid angle of the detector is about 656% of 4n steradian. The energy
calibration of the detector is performed by cosmic muons using a
special trigger. The energy resolution is determined by the amount of
«passive» material between Nal(Tl) crystals (walls of Nal(Tl)
counters, material of shower chambers, etc.) and for photons in the
energy range 50--1000 MeV is 25=-10% (FWHM). The angular
resolution for photons is 2 degrees (RMS) in an azimuthal direction
and 4 degrees (RMS) for a polar angle.

The experiment has been performed in the C.M. energy range from
1000 to 1048 MeV with an average luminosity of 0.7-10¥cm2sec™!.
The cited energy range was scanned several times with a step of 0.5
MeV. The integrated luminosity in the experiment was 2.7 pb™!, about
[3 millions events were recorded, 3 millions of them being ®-meson
decays. The luminosity monitoring during the data taking was
performed by a double bremsstrahlung, the final normalization during
data processing was based on the events of Bhabha scattering and
two-quantum annihilation at large angles and had a 3% accuracy.

About 6 millions events of these reactions were recorded. The energy
scale of the storage ring was calibrated using the table value of the
®-meson mass [5]. The excitation curve for neutral decays of the
®-meson is shown in Fig.2. The value of the observed cross section is
determined with a 109 accuracy by the decay mode ®—KK,
neutrals. Up to now about half of the recorded information has been
processed corresponding to the integrated luminosity of 1.5 pb~"



Radiative Decays of ®-Meson

Up to now the most accurate measurements of the ®-meson
radiative decays have been performed at the colliding beams [6] and
in photoproduction experiments [7]. This work presents preliminary
results on the investigation of the reactions

D—ny—3y (1)
O—nly—3y (2)

The fact that recoil photons in these reactions are monochromatic
allows separation of these reactions as well as the background

processes

ete 3y (QED) (3)

O—-+KK, neutrals (4)

For the preliminary selection of three-photon events the following
conditions have been used:
- there are no tracks in coordinate chambers,
- each photon triggers a shower chamber,
- total energy deposition in the detector exceeds 600 MeV.
2033 events thus selected have been subjected to a kinematical
reconstruction [8]. In this procedure energy-momentum conservation
is used to determine with a better accuracy particle energies and
angles measured in the detector as well as to improve a resolution in
an effective mass of n and n’-mesons (Fig.3). Events not satisfying
conservation laws are rejected completely eliminating a background
due to the process (4). A part of 1245 selected events is shown in Fig.4

together with the distributions for the processes (1), (2) and (3) ob-
tained by Monte Carlo simulation.

The detection cross section for each of the processes can we written
as

o(E) =ea(E)0,(E) + 0 (E);

where o,(i:)is a cross section in the first Born approximation, « (E) is a
factor taking into account radiative corrections [9], os(E) =const/E?
is a cross section of background processes, ¢ is a detection efficiency
calculated by the Monte Carlo method [10]. The following expression
for the cross section has been used:

90(E) =05 [(1—Ms/4E%) / (1 —M3/M3)1°’T5 /M3 |A+ [1/(1—4E*/ME +iTq/Mg) |

" " ¥ ¥ " . . T
where o§“* is'a cross section in the ®-meson maximum, M, is a n or a°
mass, A is a non-resonant interfering amplitude determined by a
contribution of ¢ and w-mesons.

For the process ete™—3y (QED) a fit of the measured cross
section gave results consistent with a simulation prediction. This
process determines complelely a non-resonant part of the cross section
os(E) for radiative decays (1) and (2). The contribution of the
reaction (4) is negligibly small for all investigated processes.

Fixing a mass and a width of the ®-meson and assuming A =0, one
can obtain the following values of total cross sections for the reaction

(1)
op = (19.6x1.1+1.5) nb
os = (0.10=0.02) nb

and for the reaction (2)
o =(4.6x09%0.7) nb
g, = (0.034£0.008) nb

Optimum excitaton curves of the ®-meson are shown in Fig.5 and
are consistentwith the assumption of the absence of the interfering
amplitude. The first error of the values above is statistical, while a
second one systematical. The latter is estimated to be 6% and is
determined by the folloing factors: the accuracy in the detection
efficiency calculation, the accuracy of the absolute luminosity
determination as well as that of radiative corrections. Using table
values [5]

B(n—vyy) =(39.1=0.8)%
B (n%>yy) =98.8%
B(®—>eTe™)=(3.11+0.10) - 10~*
[p=1(4.21%£0.13) MeV

one can obtain
o(ete " >D—->ny) = (50.0+2.8+3.8) nb
o(ete”>®—>ny=(4.7£0.9%+0.7) nb
B(®—1ny) =(1.14+0.06+0.09) %
B(®—>na) = (0.11£0.02+0.015) %
[(®>ny)=(47.9£2.7+3.6) keV
[(®—>n") =(4.56+0.9+0.7) keV
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The errors of the table values were not included in these results
which are preliminary since the accuracy can be improved. In
particular, a statistical error can be diminished when the number of
events in experiment and simulation is increased (presented results are
based on a half of the recorded information). With the increase of
statistics the measurement of an interfering amplitude becomes
possible.

The value found for the decay width ®—nyis by 1.5 standard
deviations less than a world-average one and has a smaller error. This
result contradicts to the models of SU(3) and nonet symmetry [11,13]
(IT'=135+10 keV) and is in much better agreement with the prediction
of the effective quark model [12,13] (' =57 keV).

The decay mode ®—ny has been also studied in the channel
n—3n’. To this end events with 6 or 7 photons were selected. The
energy spectrum of a photon with a maximum energy is shown for
these events in Fig.6. The left side events are due to the decay
(O—K; K —neutrals. The peak at 360 MeV corresponds to the recoil
photons of the reaction ®—ny. The detection efficiency for this process
is (1.1£0.3)%. 87 events found in the experiment correspond to a

branching ratio B{(®—ny) = (1.8+0.6) %.

Search for ®—>nete™ Decay

Search for the decay ®—mnete™ is interesting since it allows to
study a transition ®—ny", where y" is a virtual photon with a mass
q*=mZ.>4m?2. The probability of this decay is connected with the
probability ®—ny by the following approximate relation

B(®—rnee) 20 Mq, L_, ;
Sloom 1% (9)

Formula (5) has been derived from a more accurate formula of Ref.14:

d (B(m-.-qee)) a_IF (m,) r2(1+2m2)( 1_4mﬂ)'f";
dmee B {'I'_"TI'F} 31'[ mee _-nTe{ mge.

2
[(l“ 4m2, )_ 4M2m?, ]”.fz
M3—MZ/) (M3 —M?2)?

where F(mZ) is a transition form factor significant large contribution
at m,=200 MeV. The main contribution to the decay ®—mnete™ is

&

given by a region of meclose to a threshold m..=2m. therefore to
derive (5) a form factor was taken to be 1.

To search for this decay events.were selected with 2 charged
particles and 2 photons satisiying energy-momentum conservation and
a total energy deposition greater than 600 MeV. Energy-momentum
conservation was checked by a kinematical reconstruction method
similar to that described in the previous section. An additional
condition required that an angle between a charged particle and a pho-
ton be greater than 30 degrees.

The same final state can appear in the decay ®—ny, n—>ete y in
which one of the photons is monochromatic with an energy about 360
MeV and in the non-resonant process of double bremsstrahlung (DB)
at large angles. It is convenient to analyze these processes by means of
a two-dimensional plot of Fig.7. Its vertical axis shows an eflective
mass of the photon pair, while a horizontal axis depicts a photon
energy closest to that of the recoil photon in the decay ®-—ny,
n->eTe"y. A characteristic feature of the process under study is the
constancy of the effective mass of the photon pair. Results of the Monte
Carlo simulation of these processes are shown in Fig.7a, the calculated -
detection efficiency is (1.5%£0.4) %. Total number of events in the ex-
periment was 12. They a shown in Fig.7 from which one can see that 4

events can be ascribed to the decay ®—ny, n—>ete "y wheres one ex-
pects 1.7 events and about one event due to DB. 2 events are found in
the region of the decay ®—ne*e™, n—2y corresponding to a branching
ratio of (2.2%1.8)-107* The rest of events in Fig.7 have continuous
distribution and are probably due to DB. Their number agrees with a
qualitative estimation. Since no detailed calculation of DB is available
at the present time and taking into account a smallness of the number
of experimental events, one can’t determine a contribution of DB to the
region of the decay ®—nete™. Therefore as a result we present an
upper limit for this deeay which at the 909% confidence level is
B(®—nete ) <6-107%

An increase of the experimental statistics by one order of
magnitude will allow a reliable determination of the branching ratio.
To investigate a transition form factor in the accessible range of

me.<<470 MeV one needs an increase in the number of events by a fac-
tor of about 100,



Search for the Process ete X+

Recently a problem of the existence of new light bosons was
actively discussed, for example, an axion [15] or a supersymmetric
boson [16] and their experimental search has been performed. In our
work we looked for events of a hypotetical reaction ete™—>X,+v where
X, is a boson of such a type with a mass not greater than 200 MeV. It
was assumed that neither this boson nor its decay products are detec-
ted by ND. For analysis events were selected with one photon coming
from an interaction point triggering two layers of shower chambers
and three layers of Nal(Tl) with a threshold of 5 MeV. The detection
eificiency for . photons with an angular distribution

dN= (1 +cos’@)de obtained by the Monte Carlo simulation is
(AT,

An energy spectrum of 1163 events thus selected is shown in Fig.8.
An insertion to the figure shows an expected spectrum for photons with
a beam energy and 13% resolution (FWHM). 35 events have been
found within these boundaries in a hard part of the srectrum. The
energy dependence of their detection cross section depicted in Fig.9
does not give evidence for some increase in the ®-meson region.

The events found are mostly synchronized with a beam by the time
of the detector trigger and possess a flat distribution in the interaction
point along the beams. This is an indication that the main source of
such events (with the exception of a hard part of the spectrum) is a
process of bremsstrahlung at large angles due to a residual gas in a
vacuum chamber. Results of the «background» runs when beams
collided in another interaction region are in consistence with this
assumption. It is also confirmed by numerical estimation of the number
of events at the pressure of the residual gas of 10~® torr. Besides the
bremsstrahlung process connected with a residual gas a 109
contribution is given by the bremsstrahlung of electrons on positrons
and by triggers due to cosmic particles.

As to the hard part of the spectrum (Fig.8), the main contribution
comes from the process of three-quantum annihilation in which only
one photon is detected. The Monte Carlo simulation of this reaction has
not yet been done, however, estimations gave the number of events
close to the observed one.

The energy dependence of the detection cross section (Fig.9) is
consistent with being constant (x? equals 6.1 at 9 degrees of freedom)
and corresponds to a value of the detection cross section (23+=4) pb
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(an error is statistical) or to a total cross section 130+=20 pb. Since no
quantitative subtraction of the background due to three-quantum
annihilation has been performed, one must consider this result as an
upper limit on the cross section of the reaction o(ete =X, +y) < 160
pb in the energy region 10001048 MeV at 90% confidence level. The
absence of a peak in Fig.9 in the d-meson region allows to establish an
upper limit for the decay B{(®—X,+7) <2-107° (90% c.1.) Our value
is very close to an upper limit for a similar decay of the ¥-meson
produced by the Crystal Ball group [17].

If a hypothetical particle X, decays into two photons with a small
lifetime t<<10™'' sec a1d has a small mass M(X,) <10 MeV, a final
state will be eTe™X,+y—>3y. An angle between decay photons is
very small (a<1°), therefore photons merge into one photon in ND
and such event is undistinguishabie from that of two-quantum
annihilation. Thus the decay ®—X,+y will reveal itself as a peak in
the cross section of two-quantum annihilation at 2E=M,. The cross
section observed in the experiment is presented in Fig.10. One can see
that within several per cent accuracy no peak is observed in the
(-meson region. The detection efficiency in this case is (25+4)%
giving after a fit a value B(®—X,+vy—>3y) <2-107% at 90% c.l.

Test of Quantum Electrodynamics in Compton Scattering
of Quasireai Photon by Electron

One of the first processes identified in experiments with ND was
that of Compton scattering of a quasireal photon by a colliding
electron. This reaction has first been observed in experiments at the
ACO collider in 1973 [18] with the total number of events less than 20.
The integrated luminosity of our experiment allows to increase
considerably this number and perform a detailed study of the reaction.

The process under study is described by diagrams of Fig.11 and is
a particular case of single bremsstrahlung when a virtual photon with
an energy close to that of a beam is near a mass shell @3 ~—m? Its
kinematics is rather simple: one of the initial particles is scattered by
an angle a~1/y and escapes detection while another electron and a
photon fly at large angles. Let us refer to this process as virtual com-
pton scattering (VCS). Its theory in Weizsacker-Williams
approximation was developed in [19], a more detailed expression for
the cross section was presented in Ref.20. Investigation of VCS allows
a test of QED with e*e -colliding beams in a region where the cross



section is determined by an electron propagator at positive q2. This
region differs from those in standard QED tests by ete™ elastic scat-
tering, production of p*p~ and two-photon annihilation. Also of
interest in this reaction is the possibility to look for a heavy electron
[21] which must reveal itself as a peak in a distribution of invariant
masses of one final electron and a photon. Recently such a search at
g?<1 GeV? has been performed with the OLYA detector at VEPP-2M
collider [22]. An additional peculiarity of the VCS is a possibility of
unambiguous determination which of the initial particles scatters a
photon, i.e. to compare directly VCS for an electron and positron.

To study VCS the data of two first scannings corresponding to the
integrated luminosity of 800 nb—"' has been used. Events were selected
with one charged particle and one photon having an energy deposition
greater than 400 MeV. These events contain these of VCS as well as
background events of the two tyres: the two-photon annihilation with
the conversion of one photon in front of the coordinate chambers and
these due to hadronic decays of the ®-meson. To suppress this
background events with an acollinearity angle greater than 10° and a
acoplanarity angle less than 10° were selected. Special method using
the information on energy deposition in Nal(Tl) layers allowed to
discriminate electrons and pions. Rejecting events with pions we ob-
tained 4796 events due to VCS. The energy dependence of the observed
cross section is presented in Fig.13. One observes no peak in the region
of the ®@-meson.

Comparison of the experimental results with theoretical predictions
was performed both by an observed cross section and by angular and
energy characteristics. The theory predictions were obtained by the
Monte Carlo simulation of the following formula from Ref.20:

doa=a®/E? [dcos 8,/ (1 —cos 8,)?] (d&/E) In (E/mE) [(1+n%) [(1—E)2+n?] /47
(6)

dos=doa(—cos 8., E=E,/E; n=1—(1+cos 8)-£/2;

The accuracy of (6) is about 10%. The calculated detection cross
section is 6.60 £0.16 nb (an error is statistical), while the experimental
- value is 6.0£0.3 nb (an error is systematical). One can ascribe the
observed difference in these values to an accuracy of formula (6).
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The following distributions confirm that the process observed is
really Compton effect:
1) acollinearity angle between an electron and a photon,
2) transverse momentum of a system electron+ photon,
3) effective mass of a virtual photon.
All these distributions (Figs.14,15) have a narrow peak near zero with

- a width determined by the process properties and an apparatus

resolution of ND. The distributions in the polar angle of electron and
photon presented in Fig.16 also demonstrate good agreement between
experiment and theory.

An important dynamical characteristics of VCS is a spectrum of
invariant masses of electron and photon usually serving to check QED
(see Fig.17). No significant deviations from theory are observed
implying that QED is valid in the process under study and no heavy
electrons are produced. To obtain guantitative characteristics of QED
validity as well as restrictions on heavy electron parameters we are
going to perform VCS simulation using exact QED formulae.

The total detection cross sections of VCS by an electron and
positron coincide within a 2% accuracy (the error is statistical), the
angular distributions of Fig.18 also do not show statisticall significant
diiferences. These results test C-invariance in photon scattermg by
electrons and positrons.

In conclusion the authors express their profound gratitude to
E.A.Kuraev and G.N.Shestakov for useful discussions.
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chambers, 6—absorber (10 c¢cm iron), 7—anticoincidence
counters.
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