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ABSTRACT

Results of the experiments with the Neutral Detector
at ete” storage ring VEPP-2M at cm. energy
1.05—1.40 GeV are presented. The results are based
on integrated luminosity of 3 pb~'. The cross sections
of the reactions ete —an®, ata n nata— are mea-
sured and found to be significantly higher than simple
Vector Dominance Model predictions with only p-, w-
and @-mesons taken into account. The QED processes
eTe —seteete™, eteyy and yyyy were observed
where all the angles between final particles are large.

(© Hucruryr adepnoil ¢usuku CO AH CCCP

The experiments were performed using the Neutral Detector at
eTe” storage ring VEPP-2M [1]. Data were collected in the cen-
ter-of-mass energy range 1.05—1.40 GeV with an integrated lumi-
nosity of 3 pb™'. The Neutral Detector is a calorimeter with
Nal(TIl) crystals. It has been described in detail elsewhere [2]. The
data taking and preliminary results have been presented in [3]. He-
re we present the results of further analysis of experimental data.

1. INVESTIGATION OF THE PROCESS ete —an’

The reaction ete”—>a*n"n’a’ was studied earlier in the energy
range below 1.4 GeV [4, 5]. It was shown, that this reaction proce-
eds through the wn’, A;n and gan intermediate states wich are dif-
ficult to separate. Here we analyse the data on the process

- O > n'nly (1.1)

' —un
using greater statistics compared to [3].
The following criteria were applied to select the events of the
process (1.1):
—four or five photons are detected;
—total energy deposition is greater than 1.3E, where E, is a
beam energy;
—total transverse momentum of all photons is less than
150 MeV;
—the most energetic photon does not deposit in any Nal(Tl)
layer more than 75% of its energy;
—angle between any two photons is greater thar 15°.
These criteria completely remove the background caused by cosmic
rays, particles lost from the beams and significantly suppress the
background from neutral decays of @-meson. Further analysis has
been done separately for 343 four-photon and 182 five-photon events

thus selected.



For five-photon events the kinematical fit [2] was checked with
additional requirement, that there must be two n® mesons in each
event. The corresponding n’y-mass spectrum for 117 events thus se-
lected is shown in Fig.l,a (two entries per event). In 99 events one
of the masses is close to w-meson mass. The energy dependence of
the corresponding visible cross section is shown in Fig.2,a and
Table 1.

Table |
Cross Sections of the Reaction ete —on’

E,, MeV oss, pb ob, pb oQED: Pb . pb o4™ b
1020 — — — — 91213
1050 92 15 9 14 8.5+3.2
1070 36 60 8 7 8329
1090 89 15 3 5 9.2+3.5
1110 180 49 8 4 22.0+=5.9
11.3[) 92 26 3 3 11.0£3.7
1150 100 38 7 2 13.0+3.9
1170 o7 43 7 2 9.4+3.5
1190 49 12 7 2 7829
1210 113 5 i 1 11.1=2.4
1230 ol 72 6 1 13.8+ 3.7
1250 66 92 6 1 15.3+4.4
1270 92 35 b I . 16.7+4.3
1290 33 46 6 1 94+19
1310 91 50 6 1 - 13.4+24
1330 74 20 6 0 13829
1350 75 47 2 0 8.9+2.0
1370 98 4 5 0 13.2+23
1390 91 25 5 0 14.7+22

For four-photon events no kinematical fit required. For further
analysis the events with at least one n’-meson were selected. The
spectra of the mass recoiling against n’-meson and =’y mass for
these 280 events are shown in Fig.l. The peak at the w-meson mass
is clearly seen. This allows to select 199 events of the reaction
(1.1). The energy dependence of the corresponding visible cross sec-
tion is presented in Fig.2,b and Table 1. The background arises pri-
marily from the neutral decays of ®-meson and QED process [6]:

eTe —yyyy (1.2)

Since the cross sections obtained for four- and five-photon
events are in agreement, we further consider their sum and para-
metrize its energy dependence by the formula:

0u:(E) =e-B(w—>n’y) -6 (E) + 04 (E) +0gep (E), (1.3)

where o (E) is a total cross section for the process (l.1), 0ggp (E) is
the calculated visible cross section for the process (1.2) (ci. Tab-
le 1),e is a detection efficiency equal to (11.4%1.2) % independently
of the energy, o, (E) is the Breit-Wigner cross section for neutral
@®-meson decays (Table 1) with parameters obtained from the
analysis of four- and five-photon events recorded in previons @-me-
son experiment [7] using the selection criteria described above.
Taking B(o—ny) = (8.7+0.5)% [8], one can obtain from (1.3)
the total cross section of the process (1.1) shown in Fig.2,c and
Table 1. The energy dependence of the cross section was approxima-
ted using standard Vector Dominance Model with ¢(770) only [9]:

i m,\’ T'(o—eTe )I'(g—wn’)
o(£)= 12 72 GET—m2) +(m,To(E))

2 3
Plo—~on’)= =5,

452_ s 22_4 .
ERVACES AL (14)

; 4E?—4m2\** m
L@ =rutm-( Trgt) 8-

The only free parameter here was the coupling constant g2 /4m.
The following value for it has been obtained:

gl /An=28+4 GeV~2 (1.5)



The error here is due to systematic error of the Mante-Carlo simu-
lation (10%) and uncertainty ol the B(w—n’y). This value of the
coupling constant is noticeably higher than g2 /4n=20 GeV % pre.
dicted by VDM [9]. Recent QCD calculations [10] also yieid the
smaller value g2 /4n=23 GeV ™% The discrepancy observed can be
due to the contributions of the higher-lying resonances. We are
planning to perform data analysis taking them into account, as well
as continue a study of the reaction e"e™—wa” using the main mode

of the w-meson decay.
2. REACTION e¢te —ntn o’

The reaction

EFe==—=n*u=n" i (2.1)

was studied earlier at the energies lower than 1.l GeV at ACO sto-
rage ring [11] and higher than 1.35 GeV at DCI [12] (Fig.5). No
measurements have been done vyet in the energy range
.1—1.35 GeV. In the Vector Dominance Model [13] the reaction

(2.1) is described by the diagram of Fig.3, in which the w, ®—gn
transition is dominant. The calculated cross section of the process
with the energy dependence of widths of resonances taken into acco-
unt is equal to 7 nb at c¢.m. energy 1.05 GeV and decreases to
0.3 nb at 1.4 GeV.
Events of the process (2.1) were selected by applying the follo-
wing criteria:
—there must be two charged particles and two photons detected
in shower chambers in the event;
—energy and momentum must be balanced within the experi-
mental accuracy,
—the invariant mass of two photons M,, must be compatible
with a’-mass (110<<M,, <160 MeV).

The invariant mass distribution for the events thus selected
(Fig.4,a) shows a prominent peak at n"-mass in agreement with the
Monte-Carlo simulation (Fig.4,b). The main background is due to
reaction ete —ntn"nx’ (Fig4,c). Its subtraction was done by
using the number of events in the eifective mass ranges 85—110
and 160—1850 MeV. The total number of events aiter background
subtraction was about 550. The detection efficiency for the reaction

(2.1} with the selection criteria described above is about 59). In
6

Fig.5 the energy dependence of the measured cross section as well
as calculated one is shown. Our results are in agreement with the
previous experiments, but are based on higher statistics. The avera-
ge cross section in this energy range is equal to 3.6%=0.4 nb, that is
much higher than VDM prediction. This discrepancy is possibly cau-
sed by multihadron intermediate states [14], electromagnetic ¢—w

mixing [13] or by contribution of higher-lying resonances, for
example ®’(1680).

3. QED PROCESSES OF THE FOURTH ORDER IN o

The validity of QED was tested in two different types of experi-

ments:
— precise measurements of lepton magnetic moments, Lamb shift

etc., where high orders in a at small momentum transfers we-
re tested;

—experiments at high energy with colliding beams studying pro-
cesses of the second order in a e.g. ete —ete, eTe —>ptp™
where QED at high momentum transfer is tested.

In this paper the processes of the fourth order in a at relatively
large momentum transfers are studied:

ete——ete ete (3.1)
ete —eTe vy, (3-2)
ete —ypyyy . (3.3)

The investigation of these reactions in colliding beams experi-
ments is of interest for several reasons. It allows to check QED for
higher order in o comparing QED predictions with measured diffe-
rential cross sections. In the final states of these reactions new
hypothetical particles like charged or neutral leptons may manifest
themselves [16, 17], affecting the invariant mass spectra of final
particles. Furthermore, the reactions under study may cause a
background for rare hadronic processes. The reaction (3.1) was
earlier observed at PEP and PETRA with total statistics of 10
events [18—22]. The reactions (3.2) and (3.3) were not observed
up to now. At present time the calculations have been done for all
processes (3.1—3.3) [6, 23—26], however it is still difficult to com-
pare them with the experimental data because of computational dif-

ficulties.
.



To look for the processes (3.1—3.3) we imposed following selec-
tion criteria: '

—an angle between each particle and the beam axis exceedes
45°;

—the energy and momentum are balanced within the experimen-
tal accuracy;

—spatial angle between any two particles exceedes 20°;

—each particle has an energy higher than 0.04E,;
—the procedure of e/n separation [15] is used to suppress the
n-meson background;
for the reaction (3.2) an additional cut is imposed. Each pho-
ton must have an energy higher than 0.14E, and fire a shower
chamber.
These criteria reduced the sample to 11 events of the reaction (3.1)
and 45 events of the reaction (3.2). The energy dependence of the
cross sections for these reactions is consistent with expected
E~? (Fig.6). The estimated background due to hadronic reactions
ete —>ntn atn, ete —>nta a’x® etc. is less than 10% of a visib-
le cross section.

To obtaine the differential cross section of the processes (3.1)
and (3.2) integrated over the detector acceptance, we are planning
to carry out Monte-Carlo simulation based on the results of Refs
[25, 26].

To search for the process (3.3), 283 four-photon events were se-
lected in which at least three photons fired shower chambers. The
most of them were due to the reaction (1.1). Its contribution was
reduced using the difference between (1.1) and (3.3) in two- or
three-photon invariant mass spectra. For this purpose the events
with n%mesons were isolated by the requirement, that at least one
photon pair had an invariant mass M;,=135+70 MeV, and proces-
sed separately. In such events invariant masses of all n% sets as
well as n%mesons recoil masses were calculated. All the events, in
which at least one mass calculated was in the interval
660—900 MeV, close to w-meson mass, were removed. This cut re-
duced several times the contribution of the reaction (1.1). The re-
maining background was subtracted using Monte-Carlo simulation.
The detection efficiency for the reaction (3.3) and some other data

are listed in the Table 2. The measured total cross section (Fig.7)
of the process (3.3) is in agreement with QED expectations [6].

Table 2
Detection Efficiency and Cross Section of the Reaction ete™—yyyy (QED)

] ] _'.1"
E,, E als "l HG'ED, n? 4 OQED:
MeV ph~! nb % ; % Nes v Ngep pb
1100 0.378 1202 0.14 2.33 4 6 0+3 0+ 340

1200 0.581 10.4+2 0.14 6.77 15 8.4 75 178130

1300 1.442 13.7x2 0.14 6.50 42 27 15+8 154 =80

1400 | 0860 | 123x2 | 014 | 638 | 17 | 15 | 2% 36439

In this paper we present the first observation of the processes
(3.2) and (3.3) when all the particles are produced at large angles.
In future we intend to increase statistics considerably and to com-
pare invariant mass spectra of the final particles with QED predic-

tions.

1
4. REACTION ete —»qata

The reaction

ete —>qatn (4.1)

is determined by isovector part of electromagnetic current
ete~—0,0"...—~nata~. Vector Dominance Model [27] predicts a ra-
pid growth of the cross section at a total energy abnve_the}hres-
hold of the reaction ete”—g—>no—nnn~. The cross section increa-
ses by a factor of 25 in the c.m. energy range 1.2—1.4 GeV and re-
aches the value of the 0.25 nb. Furthermore, in the reaction (4.1)
one can expect manifestations of the ¢(1250) meson, the existence of
which is discussed for many years. At last, recently a narrow peak
in nutn~ system with the mass of 1.28+0.01 GeV and width of
0.08=+0.01 GeV was observed in photoproduction experiment [28].
The analysis carried out in Ref. [28] indicated that quantum num-
bers of this state may be the same as photon ones, hence it may be
produced in eTe™ collisions.

The search for the process (4.1) was performed for the decay
mode n—yy. Events with two charged particles and two photons
with an invariant mass M,, greater than 300 MeV were selected.

9
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ete~—swn’, Ajn, ena—ntaa'n® . (4.2) 13. Achasov N.N. et al. Phys. Lett. 50B (1974) 448.

\4. Baier V.N., Fadin V.S. Pisma v ZhETP 15 (1972) 219.

15. Golubev V.B. et al. Report at the 3-rd International Conference on Colliding Be-
am Instrumentation. Novosibirsk, 1984.

Its cross section is about 40nb in the energy range l.1—1.4 GeV,

which is by more than two orders of magnitude greater than the , 16. Gornau M. et al. Phys. Rev. D29 (1984) 2539.
cross section of (4.1). Using Monte-Carlo simulation the detection 17. Thun R. Phys. Lett. 134B (1984) 459.
efficiency for the reaction (4.1) was determined to be (9%£2)9%. The - 18. Peri M.L. et al. Preprint SLAC-PUB-3515. Massachusetts, 1984.
expected two-photon invariant mass srectra for the reactions (4.1) i - ‘;gf;'“ﬁf;if;_ljggﬁr?j:'gﬁg_;%(ﬂl_%%ﬂl}ﬁr?i}i'smnsin_ 1082,
and (4.2) are shown in Fig.8. The same distributions for selected 91 Bartel W. et al. Z. Phys. C24 (1984) 223.
events are shown in Fig.9 separately for c.m. energy regions 99 Behrend H.I. et al. Preprint DEZY 84-103. Hamburg, 1984.
1.06—1.3 GeV and 1.3—1.4 GeV. There is no statistically significant 23. Berends F.A. et al. Preprint KUL-TF-84/7.
peak at n-meson mass in Fig.9,a, while an enhancement of 1.5 stan- 2;- K:_-‘f"_ﬂfﬂRE-ﬂ fl‘ clfh ireﬁgl".t-ﬂiﬁﬁiﬁg' Novosibirsk, 1985.
T e F i gﬁ: ﬁfﬁiiu EA, ef al, Submitied to Yadernaya Fiziks.

For background subtraction we separated three regions in M, 97. Achasov N.N., Karnakov V.A. Pisma v ZhETP 39 (1984) 285.
(Fig.9). The interval 530<M,, <570 MeV contains the most the of 98. Atkinson M., Axon T.J. et al. Nucl. Phys. B242 (1984) 269.
process (4.1), while the intervals 490<M,,<530 MeV and 99, Delcourt B., Bisello D. et al. Phys. Lett. 113B (1982) 93.

070 <My, <610 MeV contain mostly the process (4.2) and were
used to calculate background which was further statistically sub-
tracted. Then, taking into account the detection efficiency, cross sec-
tion of (4.1) was obtained (Fig.10). One can see, that only in the
energy interval 1.36—1.40 GeV, cross section significantly differs
from zero and exceeds VDM prediction [27] based on ¢(770) con-
tribution only. Our result is in agreement with DMI data [29] at
higher energy 1.4—2.8 GeV (Fig.10), indicated that main contributi-
on to the reaction (4.1) in this region is caused by g’(1600).

The resonance with the mass of 1.28 GeV and width of 0.08 GeV
[28] is not seen, so we can obtain only upper limit on the product
of its electron width and branching ratio into nn*a—:

Tty Bogin-<6 eV (90% C.L.)
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