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Using the electron-positron storage ring ?EEE%&

the multipionic ﬂ-vnnts have been observad at 't;he to—-
.ta;.]-.' energy of 1.18 - e 34 Gev. The axperlmen,’sal cvcss—
section appears to be ._cuzna_x‘t}erab._ly_ lg.z;f._gqr l_tl:ta_r_; the

sun of -'_-:rcra.&ﬂa-_ae_.c;.tidnas- f-'qr the _,pmq.f‘as-é;é's' e"’_;g"ﬂ P,’j‘;" )
Pé€ ,wii,y 4,7 « The duta on the total cross-section
obtaincd in the rframework of the s{.tafti_s’gj_qal.__,__Jg_q_rie_:l with
4 pions are presented. | &




In 1970 +the experiment to investigate the 4j-
meson and K - meson forr factors has been perfor-
med with the electron - positron storage ring VEPP=-2
at three values of the total energy : 2E = 1,18 ,
1.26 and 1,34 GeV [1 A EI. During its data proces-
sing the events were discovered in which twe non-
collinear charged particles had been detected (multi-
particle events), The preliminary analysis of these
events was submitted to the Kiev Conference [3/[.
Evidence for multiparticle production at the ener-
gy region of 1.0 - 2.0 GeV in Frascati was also re-
ported at the Kiev Conference [4,5[.

After these rc¢ports a number cf theoretical
papers | 6 -~ 14 f appeared which considered dif-
ferent mechanisms of multiparticle production.
In papers 16 %R { the parton and statistical
model were discussed, in [ 9 1 the existence of
the new vector meson Q' with the masc about 1.5
GeV was proposed.

Another type of the processes being widely dis—

cussed was that of the double eleclbroproduction
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(the detailed list of references is given in Vi 167 09 8
The process of the elactron—poaitron.pair elec—~
troproduction which was firstly observed in Novosi-
birsk /15/ can be disbinguished from the multihad-
ronic pfocesees by the peculiarities characteristic
for electrons passing through the detection system.
The contribution of the muon and pion pair electro-
production to the multihadronic events observed was
estimated to be negligible,

In papers / 1 - 14 / the quasitwobody proce-
sces with the subsequent decay of the resonances
produced are considered :

e" e 5 QT , € 4T, LT ‘ (2)
and total cross—-sections are_calculéted in the
framework of the vector dominance model. These
processes beyond any doubt contribute to the eXpe-

riment., However , the results of the calculations



are rather uncertain because experimental data on g of the large number of theoretical papers and new

coupling constants are not available., For example, experimental data no conclusion on the mechanism

for the‘?Ei—channel estimates of the cross-ssction . of the multiparticle production has been obtained,
in /13/ and /14/ differ by almost two orders, for In this paper we present the results of the de-
the AqﬁT -~3hannel differeﬁt models / 12,13,14 / gi- ' tailed analysis of the multiparticle events obser-
ve the cross—-sections differing by a factor of 4 - } ved / 2,5 /. 1t was alréady reported / 2,22 / that_
10, It should be also mentioned that the existence ; the part of these events is due to the double elec-
of the & - and A, - resonances is not well estab- ; troproduction of the electron-positron pair {117,
lished. Besides that the last experimental data on : The remaining multiparticle events are discussed
pion pair production / 1,2]6 / in the region of mo- | in this paper.

mentum transfers considered is not consistent with The detection system used in the experiment

the vector dominance model. ‘hus these calculations (Fig. 1) was described in / 1,22,24 /. It consis-

can hardly gi&ve the quantitative consistence with ted of the optical and wire spark chambers, the

the experiment, scintillation counters and the threshold water

Since the Kiev Conference in Frascati the num- Cerenkov counters /23/. The chambers and the coun-

ber of detected events became several times greater ters covered an angle of + 25° near the vertical

and the wider energy region was examined /16-19/. direction, the solid angle of the system was 2 x 0,8

steradian, The total matter thickness of the cpfida@
2

In the events with 4 charged pions first evidence

for the existence of the 5;'_mesgn wa.s obtained 1 chambers was 170 g/cn~, The triggering threshold

/20/. Nultiparticle events have been also observed of the system was 25 MeV for electrons and 50 MeV

in Orsay at the energy of 0,99 GeV/21/. In spite i for pions, The detection efficiency of the Ceren-

kov counters was 99 % for electrons; for pions it
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4 Geometrical scheme of the experiment.

1- anticoincidence scintillation counter;

2- lead; 3- range spark chamber; 4- shower
spark chamber; 5 , 7 - scintillation coun-
ters; 6- water Cerenkov counter; 8- coordi-
nate wire spark chambers; 9- interaction re-
gion; 10,11 ~ inner and outer vacuum cham~

bers; 12- storage ring magnet,

was 50 % at the kinetic energy of 80 MeV and
90 % for 120 MeV,

The working conditions of the machine during the
experiment were characterized by the following pa-
rameters : the initial currents were 70 mA and
40 mA for electrons and positrons , respectively,
the mean lifetlne of the beams was abecut 5 Rours,

the luminosity avereged over the measurement time
-

esides the n2in measurcments-the eilfect, two
kindg of background measurements have been perfor-
med ¢ with the beams vertically displaced fron
each other by a distance of 2 mm (background) and
without the beams (cosmic). Background measurenments
tock cbout 30 % of the total time of the experiment
and used the same beam currents. The analysis of the
background conditions showed that for the processes
considered the main background was due to the beam—
residual gas interaction in the vacuum chamber,

A1l the events detected in the experiment were

divided into 2 types according to the spacial non-
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Geometrical scheme of the experiment.

1- anticoincidence scintillation counter;

2~ lead; 3- range spark chamber; 4- shower

spark chamber; 5 , 7 - scintillation coun-

ters; 6~ water Cerenkov counter; 8- coordi-

nate wire spark chambers; 9- interaction re-

gion; 10,11 = inner and outer vacuum cham-

bers; 12« storage ring magnet.
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was 50 % at the kinetic energy of 80 MeV and
90 % for 120 MaV,

The working conditions of the machine during the
experinent were charactérized by.the following pa-
rameters ¢ the initial currents were 70 mA and
40 mA for electrons and positrons , respectively,
the mean lifetine of the beams was abcut 5 Rours,
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rociion region wis 85 rm.at 1,26 GeV,

Besides the moin measurements;the effect, two
kindgs of background measurements have been perfor-
med ¢ with Uhe beamns vertically displaced fron
each other by a distance of 2 mm (background) and
without the beams (cosmic). Background measurenments

tock abvout 30 % of the total time of the experiment

L

!
ct

and used the same beam currents. L‘he analysis of the
background conditions showed that for the processes
considered the main background was due to the beam-
residual gas interaction in the vacuum chamber,

A£11 the events detected in the experiment were

divided intec 2 types according to the spacial non-



'collinearity angle Aw Dbetween the tracks in tThe process were also found in the range interval 20-

upper and the lower chambers : collinear - ad< 5° 30 g/cn°, These events are nol considered in this

and non-collinear (multiparticle) - Aw > 5°, The co- paper.The estimates showed that in the remaining

llinear events were due to The M -meson pair produc-— region there may be one event of the double electro-

tion /24/ as well as pair production of the charged production process.

pions and kaons / 1,2 /.

iv
'a'

ihe events without triggcerings of the Cerenkov

During the analysis of the non-collinear events counters had a large background , these events were

the particle ranges as well as triggering of the Ce- 1 not taken for the further analysis.

renkov counters were taken inte account. All the The number of the remaining events in the "long

events were divided into 2 types with respect to the range" group is given in table 1.

particle ranges : "short range" -~ both particles have

Table
a range from 10,5 up to 20 g/cma (from the detection
threshold to the shower chamber) and "long range" _
snergy 28 ,5eV 1.18 Tech (1 Sum for
type including all the remaining events. The ioniza- : ¢ 3 ener-—
3 e ’ gies
tion range of the "short range" group corresponded |
for pions to the energy region of 50 - 70 LieV, Tuninosity integral
er—* _'2 j
The "“short range" group events accompanied by the 10”7 cm 5.0 5¢ 2ot 155
trigzerings of both Cerenkov counters were identified Munber of events
w8 239 174 67 480
as electron-positron pairs due to the double electro-
| ; e : Kultipionic events |[|5.2+44.4 15.9+5.q 648H 2769+7.6
production process f1). Their analysis 18 glven sepa- i . 5_?— -

rately in / 2,22 /. The events probably due to tThis —




Three of these events were accompanied by the

¥ —quantum in the shower chamber, N¢ events were fo-
und with % charged particles detected.

The multiparticle events detected are in our opi-
ni on pionic, The experimental data on particle range
and trigeerings of the Cerenkov counters are consis—
tent With this statement, These events can not be
caused by the charged K-mesons because their energy
jslower than the threshold of the Cerenkov counters.
Besides that at the energy of 1.18 GeV the energy of
the non-collinear K-mesons is lower than the detec-
tion threshold. All the information concerning trig-
gerings of the Cerenkov counters, particle ranges and
the track picture in shower chambers indicates that
particles of the detected events are not electrons.

pﬁ;_ﬁaVe compared the experimental data with the theo-
retical calculations of the processes (E) ags well as
with the bremschtrahlung processes in which initial
electrons return to the @ - and P -resonances:
et 7 > th G (3)
Using the Monte-Carlo method we have integrated

hthe differential cross—sections of Altukhov and

10

Khriplovich /14/ under the experiment2l conditions

for the processes (2), For thelprocesses (3) the
differential cross-section was taken from the pa-
per of Baier and Khoze /25/. The calculations took
into account the finite size of the interaction re-
gion and nuclear absorption of the Ji =-mesons,

In table 2 are given the efficiencies to de-
tect 2 charged pions for the energy of 1,26 GeV and
the detection threshold T , =50 MeV, For compari-
son we list here the detection efficiencies for
the statistical model (matrix element equal to uni-
ty)e. One can see that the results of the statisti-
cal model are rather close to those of particular

processes with the exception of P€ and A,Ti-»TIHITP

The last column gives the expected aumber of
events summed over 5 energies of the experiment,

The theoretical values of the cross-sectipns
of the processes ¢ § and P § are reliable enough,
thus for comparison of the experiment with the
processes (2) one can subtract the processes 530/

and 9 J from the experimental one,

11



TABLE 2

Process

Detection effici-

ency ‘', %

cE = 1426 GeV

Lxpected num-

ber of events

(Bum for . 5
energiss)

PES ST TN} 6,0 1.8
i e i e [ %,8
T IR Tl O¢"7
G TT = Jitggrene) e 242
AdiaTita-mtn-| 4.0 Bl
AN e n e Qa2
Py - TitTi-§ 14 3,2
PYF K K X ) 0.6
LTitT™
Statistical 4,0
model ﬂffrfﬁml
T+Te 7%l 0.8
Jith h© 1.4
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The experimental nugber of events 24.1+ 7.6 thus
obtained is in obvious inconsistence with The ex-
pected number of events 7.1 for the processes (2).
One should note that to calculate the number of
events due to the gquasitwobody process (2) we used
the total cross-sections from the paper of AlUu-
khov and Khriplovich /14/ in which the cross-sec—
tions were the largest among ﬁhose in simlilar pa-
pers/11 - 14/, The exceeding of the experimental
data over the calculations apparently indicates
that some new effects respensible for multiparticle
production exist.

Fig, 2 shows the experimental number of events
VS detection threshold. The calculated number of
events due to The processes jﬁﬁr and P is sub-
tracted., The calculated number of events of the
processes (2) i§ given by the solid curve., All
the experimental values apear to be greater than
the calculated ones,

In Fig, % the number of events is given o1

ezch value of the energy. For convenience the num=-

13 .




Fige 2
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Distribution of events with respect to
the matter thickness passed by both partic—
les., The solid_curve gives the results of
the calculations for processes f‘ﬁ y PE

Wil AﬂIT with the cross—-sections of /14/
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The number ol events normalized to the
luminosity integral obtained at 1.18 GeV,

Ik = 67 1055 cmg. Light and dark points
correspond to the detection threshold of

50 and 95 MeV respectively. The dotted
and the solid line show the results of
the calculations for processes (I3, (&,
Jit, A, for the detection threshold
of 50 and 95 MeV. The events due to P&

and CPE are subtracted,
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ber of events is normalized to the luminosity in=
tegral obtained at 1,18 GeV. Light and dark points
correspoﬁd to the detection threshold of 50 and

95 MeV respectively, The latter value bf the thros-—
hold is close to that in Frascati, The dashed and
the so0lid curve show the results of the calcula-
tions for the processes (2) for the threshold of

50 and 95 MeV respectively. One can sec that 2T

the energy of 1,18 GeV the experiment is consistent
with the calculations while for twe other values

of the energy the experimental values exceesd

these of the calculations.

No peculiarities can be cbserved in the 2ngu-
lar distribution of the detected events, the ei-
perimental results do not contradict to the dis-
tribution in the statisticel model with 4 pions.
However it shculd be mentiored that for rather
smooth angular distributions the sensitivity oi
the experiment to the form of the distribution is
wealk due to the small solid ansle of the detection
system,

The calculated cross-sections for the quasli-

16

twobody processes contein large uncertainties,
thus we have considered the results of the expe-—
riment assuming the statistical production of 4
final pions : 50 % Tl @ A R and
80 7o Tty -T2 01 7 (Fige 4)¢ The detection thres-
hold is 95 MeV, The same figure shows the data of
Orsay /21/ and Frascati 5f5r - group /19/.

The calculations show that the quasitwobody
processes lead to the number of events with 3
detected charged pions N3 = Q0,6 and to the num-
ber of events with an accompanying b’ —~guantun
Ng PR 1¢% o while for the statistical model
considered H5 = A g N2+5 = 1¢7« The experimen-
tal reﬁults_are N5 =_O Vs e F 3 , this does
not contradict to both calculations.

On the other hand , the absence of events
with 3 charged particles leads to the upper limit
cf the-crossmsection of the statistical production
of 4 charged pions averaged over 3 values of the
energy |

S T REUNESE T 0 nirn

with 95% confidence level,

17




In conclusion the authors are grateful to the
large group of cb ~ workers who participated in
the preparing of the apparatus, data recording
and data handling and to l.B.Khriplovich and

AJi Altukhov for the calculations of the diffe-

Lo e rential cross-ssctions of the multipionic proces-—

Gu.__ i - TR an £g ge pLong

! 4 : =t 3 3
mT ¥ ACO ses and useful discussions.

4 VEPP-2
: ' § ADONE -r{
|

iﬂDIr

|

|

}

| 4
50|

|

2E Cev €3 -

The total crosgses-section of the rulti-

[}

Fige 4

hadronic processes : ACC - /21/, VEPP=2 -

this paper , ADONE - § & - /19/.
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