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neve peen studied at the c.m. Cnergy below 1.4 GeV. At th
energy above 1,2 GeV the eross-section of the reaction

a'e -3 J] T J 2J!" 1s considerably megher than that predicted

VvecLor dominance with ¢ T6). In i g=genti [ the
"2act10on & ¢ ¥ Lhe Dilature aracterigtic of i nterye-

erence pbetween two “esonances P (776) and © (1600) has been

dbhserved.
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In 1978 an experiment devoted to the study of e'e amni-
hilation into hadrons has been performed at the storage ring
VEPP-2M wsing the detector "OLYA" /1/. The c.m. energy region.
0s64 # 1.4 GeV was scanned with a step approximately equal to
an energy spread in the beam: A (2E) « 0.5 MeV at 2E < 1.0 GeV
and A (2E) = 0,66 MeV at 2E > 1.0 GeV. The integrated lumino-
sity in the experiment was ~ 1500 nb~ ', In contrast to our
previous works /2,3/ the detector "OLYA"™ was additionally
equipped with shower chambers to detect coordinates of § -
- quanta and range chambers for selection of M - mesong. The
triggering threshold was 45 MeV for JJ ¥ - mesens and
65 MeV for Kt - mesonse, the solid angle of the detector was
0.65 x 437 St .

In this work preliminary results are presented concer-
ning production of four pione in the reactions

ete. > Jtizin> }
ete = Z2nridn-

at the energy from 1,01 up to 1.4 GeV. It is known from the
previous experiments in Orsay /4-7/, Prascati /8-12/ and Novo-
gibirsk /2,13/ that higher multiplicities are rare below

1.5 GeV.

To study the reaction e'e” =J1*71" 277° the events were
selected with two tracks coming from one point in the inter-
action region and having a' - gquanta in shower chambers of
the quadrants without tracks. Analysis showed that events
with one detected § - quantum were strongly "contaminated®
by the radiative processes like ete” > e*e~d . The number of
events with four detected ¢ - quanta was negligibly small.
Therefore only events with two tracks and two or three d’ -
- quanta were considered. These events could be caused by
the processes €7@ > T ~T° ang €t T 1J-201°, 9o under-
stand which of the processes dominated, the ratio of the num-
ber of events with 3 and 2 § - guanta was considered. The
detailed Monte-Carlo simulation of our experiment showed that
for processes with two created #71° ( «w JT° o PN )




this ratio is conasjiderably higher than thet for the process
etesmi~o® /14/. In Table 1 the results of simulation are
compared with the experimental values of the ratio. It is
seen thaet in the (@ - meson energy region (1.0 - 1.05 GeV)
the experimental value of the ratic is much lower than that
predicted for efe ™ > c.uw'jp‘r °/1°0 The ratio somewhat
exceeds the expected value for €*@3M*J71°77° that is probably
due to the contribution of QD-:KS KL decay mode. At the
pame time at higher energy the experimental fraction of events
with 3 & = quanta increases and is in good agreement with
the values calculated for ete - cw1° and ete » pomron°

Table 1
Experiment Simulation
1.0-1,05GeV  1,05-1.4GeV GF7AJT° wIr®  pemegre
H‘“/Mg 0.13%0.04 0.2520.02 0,04%0.02 0.27%0.09 0.24%0.08

Another important characteristic sensifive to the produc-
tion mechaniem is a fraction of the events with two § - quanta
in one quadrant. All events with two § 's were divided into
two groups: ¢ 's in different quadrants or in one only. Fig.1
presents the ratio 2 of the number of events in two groups
versus the experimental energy. It can be seen that /2 is
meximum near the P - meson and is practically constant at
higher energies. It is clear that for e'e” o JTTH~-7° X2
grows with energy as an increase of the 7 ° average velocity
resultes in & decrease of the limiting angle between ¢ 's from
its decay. The calculated value of 2 for ete” a3 T+ A-T7°
ies shown by a solid curve of Fig. 1. At the energy higher than
the @ - meson mass the curve is notably above the experimen-
tal points which are in good consistence with the expected
value of 7, for the process e'e - G 71 ° (the upper shaded
area in Fig. 1). The second production mechanism e"e'-af"??‘ﬂo

predicts ‘. = 0.18%0.07 (the lower shaded area in Fig. 1)

which ie well below the average experimental value 2 =

= 0.53%0.04. This analysis allows to conclude that the maj-
ority of the observed events is due toc the reaction 4
ete™3 NtA- 271° proceeding via wi® intermediste mechanism.

In Table 2 the selected number of events with twe tracks .
and 2 or 3 J 's 18 presented for each 10 MeV energy interval,
Also showvm is the value of the integrated lumincsity caleula-
ted by the number of events of e'e™ elastic scattering /15/.
The third column gives the crogs=-section caleulated in the
assumption of the wJ° mechanism. The detecticn =fficiency
for this process is (5-0310;':36):’:5 independently of the energy.
In the energy intervals below 1.1 CeV the &£ - megon contri-
bution was taken into account.

To inveatigate the reaction e'e = 2a" 427  the events

with 3 and 4 trecks have been selected coming from one point
in the interaction region without ¢ - quanta in shower
chambers., Pigures 2a and 2b sghow distributions in a transver-
se coordinate DYM and pointlikeness DELM respectively for
selected events with 4 tracks. The arrows indicate experimen-
tal cuts.

In Fig. 3 we present the distributions in the sum of pul-
se neights in sandwich counters calculated for each track. of
three-track (hystogram) and four-track (points with errors)
events.

Note that only events with one track per quadrant were
selected for Fig. 3 and each event contributes 3 or 4 times
depending on the number of tracks. The distributions for
3-track and 4-track look similar, providing evidence for their
common origin. However. the experimental ratio of evente with 4
and 3 tracks ﬂq/ﬂ‘g = 0,30%0.02 is congiderably lower than the
predicted value 0.47'—"-0.03 for the procegs ete™= 27t 427~
(production in the LIPS model is assumed). Partially thig dip-
erepance is due to the fact that the procese ete” > VT
has a rather high detection efficiency for 3 tracks caused by
Delitz decays of J/? or conversion of § 's in front of coordi-
nate chambers (& vecuum chamber with & thickness 0.015 X, and




Table 2

- caleulates the cross-section of ete™» EJﬁEH

E,MeV ij ng? N&;zﬁ G mtn2n)nfl Naer G'(Ilnf.?r* ;b
-1505-520 29.2 87 ;13.-‘_':1 28 (2.

520-530 28.8 | 23 8.1%3.5 29 3.4%0.8
530-540 31;0' 27 | 14.0%3.7 26 2.,7*-?9._,7
580-550| 31.8| 34 19.4%4.2 41 540%0.8
550-560] 31.6 | 25 | 15.7%3.6 32 3455047
560-570| 30.4 | 30 19.6%4.2 38 4.2%0.8
S70-580] 28.5| 35 | 24.4%4.9 47 5,610
580-590 | 28.4 | 47 3249%6,0 57 6.751.1
590-600 | 34.3 | 45 | 26.1%4.9 65 6.4%0.9
600-610| 35.0 | 47 2647449 60 5.9%0.9
610-620| 34.7 | 45 | 25.8%4.8 88 8,7%1.0
620-630| 36.3| 63 | 3445%5.8 101 943%1.1
630-640 | 46.4 | T4 | 31.TE5.1 163 - 12.0%1.1
640-650 42.5| 68 | 31 .8%5.2 161 1 ?,_.0‘—*-1:_2
650-660| 43.1 | 70 | 32.3%5.3 187 14.9%1.3
ssu-éw 43.2| 83 38.2%6.0 207 16.2%1.3
670-680 | 52.3 | 118 44;9#5.5 219 17.9%1.3
680-690| 49.5| 93 37.4%5.7 281 19.2%1.4
690-700] 58.6 | 115 39.0%5.7 349 20.1%1.3
TE.I"IFEJ. ?15;6 1129 - 2239 -

the first triggering counter - 0.017X, ). At the same time
the detection efficiency for 4 tracks is very small for.
e"'a"-a wn®, so that the contribution of this process decreanges
the ratio Ny /N3 . Table 3 presents the detection efficien-

cles for the processes e'e™» 27% 27 (LIPS) and e*e™s cw®

]
averaged over energy.

Table 3

Detection efficieney,%

4 tracks 3 tracks
23t + 27~ 8.50%0.42 18,16%0.61 0.47%0.03
B 711/ A <0.14 0.75%0,22 < 0,19

Some excess of the number of 3-track events over 4-track
ones (compared to the expected) remains after subtraction of
the contribution of ete > wan® » This excess is probably due to
~some inefficiency of coordinate chambers when two. tracks are
in one quadrant. Therefore a part of 4-track events is detec-
ted as 5-track events, while the loass of 3-track evente due to
the inefficiency is small becsuse the probability for two
iracks to be in one quadrant is much lower then that for
4-track events. After corrections tn.ung into seccunt this in-

efficiency the ratio N?/N_-; =0.43%0.02 which is conglatent
with simulation.

Note that the ﬁerﬁ.ej.m afract is compensated if one
by the total

number of 3-track and 4-track events. Table 2 gives this num=-.

ber and cnrrespunaing cross-section for each emergy intervael.

The errors cited are statistical only, .i.r-cnrding ta our estima—-
tes the inmurur of the detection Efflciﬂnu]" ete” %rA.T? as

well as corrections for the chamber inefficiency can resul+ in

a 15% systematicel error of the cross-sestion.

Assuming that produced particles sre pions from the pess-

+

tion e e "5 201"%27 one can pericrm complete recometruction of

4-track wents, i.e. calculate particle energles by theinp




angles. Then invariant masges of different combinations of
plion pairs are obtained (their total number ig 6). The corres—
ponding distribution is shown in Fig. 4 for 1.35 ¢ 2E < 1.40CeW,
One can clearly see the excess of experimental events over the
curve (simulation in the LIPS model) in the vieinity of the
- meson mase. The excess is ensured statistically: 43%12
events are obeerved, i.e. 3.5 standard deviation effect. This
indicates to the PJ/JV/ mechanism of 27" +27  production in
agrecment with recent observations in Prascati at 2E > 1.5GeV
/16/. One should note that such a - meson signal is obser-
ved only at the highest attainable energy. This is not stran-
ge 1f one takes inbo account strong interference among. finel
states differing by permutationa of identical pioms /17/. At
our energy this effeect smears the P = meson peak. Besides
that we do not distingiish between neutrsl and charged com-
binationg of pion pairs, therefore two "charged" combinations
are added to four "neutrsl", in which P - meson can be
geen.,

In Pig. 5 the cross-section of the process e'e” -

Fito—RA@° is presented. Also shown are the results of
experimented ACO /5/, DCI /6/ and ADONE /20/. No structuwes
are present in the cross-section, it grows with energy and at
2E 2 1.2 GeV exceeds considerably the prediction of the vec-
tor dominance model based on P (776) /18,197 (a solid curve).
The accuracy of this experiment is much higher than that in
the previous one /2/, the results being consistent.

It is clear that while discussing whether or not the
large value of the cross-section in the reglon 1.2-1.4 GeV is
due to the new resonance {JOJUEEG}) one should take into ac-
count a contribution of p'(1600). In fact the main mechanism
of thedecay\j)'-:, 2.?'1‘++E??‘ is the P-ﬂ‘"’ﬂ" one, therefore
its isotopic partner p 77°77° must aleo contribute to the
channel e*e 7177~ 27 ° . Simple considerations based on
the isospin conservetion predict the ratio G(_P 7?'"-'-'1')/0'@??"??'“)
toc be two. However, the interference due to a large [ - me=
gon  width and identical pions leads, as shown in /17/, to
vhe energzy dependence of the ratio. It approaches 2 only at

very high energy when © «~ meson is produced with s large
momentum, while in the region 1.2-1.6 GeV it is much higher

( ~ 3). Thus, the contribution of the channel 2;‘,1*+,?ﬁ‘ to the
channel 71771~ 271° ig esmentielly lower than it is usually
assumed. This circumstance was not taken into account in a
recent analysis of the experimentsl sgituation performed in
/20/. Wote that in /20/ contributions of P (776) .anﬂLP'HEUDJ
were added incoherently. In our opinton this is not true as
in the region 1.2 - 1.4 GeV' these contributions are of the
same order, so that their interference can notably change the
energy hehaviauz- of the cross-section.

The conclusion about nonexistence of kPJ (1250) made in

/20/ is based essentially on the value of ite leptonic width
Pj”ee ~ 4 KeV and, as a result, very large cross-section

6" (e*e™ w1°)~ 150-250 nb in contradiction with the
experiment. On the other hand data on p'{1250} photoproduc~
tlon indicate to a much lower value /plee ~ 0.6 KeV f21/. .
This value is in line with the work /22/ in which F ‘(1250)
with the main decay mode & 7° is used to describe simultane-
ously data on e*e™ - T TJI™ ang o*te~ — TTFT-27°
If one assumes that the excess over the P - meson tail ig
due to ,?I (125@) only, then F}‘ee. ~ 0.5 KeV in consistence
with /21,22/. One conclude that it is $oo early to make final
judgements. To describe the whole situation in this energy
region one mugt congider simultaneously all the resonsnces.
This problem geems not very simple from the theoretical 'puint
of view. It is clear that experimental separation of different
mechanieme (¢ 779, p nene AT ete.) will considerably im-
prove our understanding of the problem.

In Pig. 6 the cross-section of the reaction e'e-s
27*+27” is shown. As in the case of J7* J7- 277 “chennel
these results are in consistence with our previous experiment

/2/, while the accuracy is much better. Also shown are data
from ACC /5,7/, ICI /6,23/ end ADONE /20/, The picture indica-
tes at the resonance with a masg about 1,6 GeV. Hmrévar in
the region 1.1—1.2 GeV a kind of a "éhnuldar' is observed.
which can be due to the interference betwesn P (776) ana
y’ (1600) contributions. A solid curve shown in Pig. 6 is a




two-resonance fit ( F’[ﬁﬁ) = T3%). Although one resonance fit
iz also posgible ( P (X%) = 5%) we belisve that in this
energy range one should take into account the contribution of
P (776) as well.

In conclusion the authors express their profound grati=-
tude to the whole staff of VEPP-2M for excellent performance

of the accelerator and to V.M.Budfev and A.I.Vainshtein for
fruitful discussions.
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Pigure captions

Figs 1. The ratio of the number of events with two b’ 's
in one quadrant to that with ¥ 's in two gquadrants:
points-experiment, solid curve - ete™ - 71+ 77- i
(simulation), dashed areag - ee™; w7’ ana ete,
= p°nenme (simulation). ; _

Fig. 2. a) Distribution in a transverse distance from the
beam for 4-track events,

b) distribution in & pointlikeness for 4-track eventa.

Fig. 3. Distribution in g sum of pulse heights in a sandwich

counters for each track (hystogram - 3-track events,
pointe - 4-track events). Only events with tracks in
different quadrants are selected,
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Pig. 4. Distribution in inveriant mgases of pion pairs,

1e35< 2E <1.40 GeV. Solid curve — prediction of the
phasa_ space (LIPS) model.
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Fig. 5. Cross-section of the reaction ete™ = JJtTI- 2T °
aolid’curre ete” P2 wn®,
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Pig, 6, Cross-section of the reaction a"'a'_—a 2J1++2J';'. Selid
cfirve - two resonance fit (p(776) and P '(1600)),
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