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Absgstract

The reaction e'e”— 477 has been studied at the gtorage
ring VEPP-2M at the c,m. energy from threshold up to 1.34 GeV,
at the energy above 1.2 GeV the cross-sections of the proces-—
ses ete” — JTTI-27W°, 2T712T1~  exceed considerably tho-
ae predicted by vector dominance with _P{TTE-}.




In 1975-1976 experiments devoted to the study of ete”
anninilation into hadrons have been performed at the storage
ring VEPP-2M uging the detector "OLIAM /1,2/. This work deals
with the events of the process ete” — 457 observed in these
experiments at the c¢.m. energy 0.77+#1.34 GeV. The detailed
description of the detector ie presented elsewhere /3/. Its
golid angle is 0.65 x 43 eteradian, the triggering thresh-
hold for pions is 45 MeV., The integrated luminosity in the
experiments was about 370 hﬁ"‘. Preliminary resulis of this
work have been reported at the Tbilisi Conference /2/.

To study multihadronic production events with three or
four tracks coming from one point in the interaction region
were gelected as well as those with two tracks and two pho-
tone. An event was considered ss that with a photon if a sig-
rnal in sendwich counters of the quadrant without tracks has
been detected. To euppreaé;iﬂﬂ hackground due to radiative
processes the acoplanarity eangle w=s required to be larger
then 15°, In order to avoid systematica. ~ertainties due to
in:fficiency of the chambers only events wit. » number of
tracks in one quadrant not larger than one were considered.
The energy range was divided in the 20 MeV intervals (exclu=-
ding the regions near W =~ and P - mesons). In Table 1 the
energy distribution of selected events is presented as well as
integratad luminosities calculated by the number of events of
elastic e'e” scattering at large angles. The background mea-
sured without beams or with the beam collision in another in-

teraction region wae negligible.

The pulse height specira in sandwiches are consistent
with the hadronic origin of the particles. is the detection
threshold for Kt - mesonas waeg 65 MeV, vwhile the maximum ener-
&y was f£70 MeV, the detected particles could not be kaons,
i.e. events of the multipionic reactions were observed:

ete”» Rt nT-mI° (1)

where N2 1, M>0,2n+m> 3 . During data pro-
cessing multiplicities higher than 5 were not considered. The




smallness of the cross-sections corresponding to production of

Pable 1 gix and more piong was confirmed by the absence of events
___________________________ . s ; with 5 or more tracks.

-4
E,MeV = L,n€" Nareay Nar = Nur _ The detection efficiencies for each class of experimen-

%gg:igg g-g T; Ii g tal events and different reactions (1) were calculated by the
405=-415 5:4 10 4 0 - detailed Monte-Carlo simulation of the reaction kinematics
i;g:jgg g*% ? g g and interaction of the final particles with the detector mate-
435=445 8.5 7 3 0 rial /4/. The energy dependence of the detection efficiencies
445=455 Te1 4 2 0 ig slight, so in Teble 2 we present their values averaged
455=465 1¥e I I 0 -

465=475 649 5 4 I QN EE PROTEY

i;g:igg E:S ; § é | Because of Dalitz decays of J7°’s and conversion of
ggg:ggg :;'é ﬁ; Ig ? §'S in front of coordinate chambers the processes

5205130 10.5 ! 3 5 ete~» it~ TT° end e e »GTH2TA° can also contribute
gig:ggg g?-é %g ig ; to events with 3 or 4 tracks, thus simulating production of
550=5860 16.5 57 130 0 four charged pions. However, in the energy region higher than
560-5T0 38.8 56 35 9 the @ - meson mass most four- track events are due to the
ggg:ggg 38:% ?% %3 5 process ete”» 27t271~ . To prove this the method of kine-
ggg:g?g g.; Ié E% i matical reconstruction of four- ftrack events has been applied,
610=620 100 15 10 4 allowing determination of particle energies by their angles.
g%g:gfﬁ fg-% gg gg g Por an event with four charged pions produced such reconstruc-
640-650 . 13 23 p tion is in principle imposeible only in the case when all
Egg:g%% 1*? g {g g particles lie in one plane. Finite angular resolution and mul-
bl RS I RN PR 1ot LI G e 5 G tiple scattering always distort the event geometry, there-
Total 353:ﬁ___ 599 ﬁ'3TE 80 by incressing the probability of non-reconstruction. The cal-

culation shows that for true four-particle-events the ratlo
of the number of nonrecenstructed events to that reconstructed
is much less than unity, while for simulating events it is
mucH larger (see Teble 2). In the region 2E > 1.04 GeV 6

- four- track events of 77 detected are nonreconstructed, i.e.
the ratio above is N{;/M}" = 0.,08%0.04 in statistical consis-
tence with the calculated value for ete s 2myt291" .

d Another important parameter sensitive to the production
mechanism is the ratio of events with 4 amd 3 tracks. The cal-
culation gives for ete™y 20127 ﬂfy/ﬂ{; ~ 0+5, while for,
gimulating reactions Nq/ﬂr’g is much lower (see Table 2),
In the experiment for 2B > 1.04 Gev Ny /M3 = 0.24%0.03,
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while for 2E > 1.04 GeV only 3 four-irack events have been
observed compared to 57 three-track events, i.s. N;“ff’drj is
notably lower., This indicates clearly that mechanisms of
three- and four- track evenits are different in these two ener-
gy regions. Qualitatively these data can be interpreted in
the following manner: st the c.m. energy below the @ - me-
son three-'track events ere due to the process e'e 5 J1T35 7%,
whereas at higher energies two reactions (efe™» JtT-271° ,
2nt27i ) give contribution.

Analysis of angular distributioneg shows that in the Jtnén®
channel the intermediate (GvJ7 - mechanism dominates. The
digtribution in invariant masses of pion pairsg obtalined after
kinematical reconstruction doesn't allow to choose between
the PJIT and LIPS (Lorentz - invariant phase spece)
intermediate mechanisms because of the limifed statistics.
However, recent experimental data of Prascati showed that at
the c.m. energy higher than 1.5 Ge¥ the P I J] mechanism is
importent in the chammel ete™ 2nrlw- /5/. It is natural to
aggume that the situation is the same in our energy region.

Po find the croes sectiones the following set of equatlons
should be solved in each energy interval:

Mool Bef ey (2)
K

where N;, ig the number of events in i-th experimental claass,

L is the integrated luminosity, €.k is the detection effi-
ciency of events in i-th class for the process with the
cross section 5",: « The pet (2) is overconstirsined, its coef-
ficients are known with some inaccurscy. Therefore to solve
it the maximum likehood method has been applied. Asg the rati-
os between different detection efficiencies for the proces-
ges ete" = JTTTI-231° end ete™»>Nt7-J1° are close to each
other the set (2) doesm't allow to find them separately with
good accuracy. On the other hand in this energy r

h

egion the
reaction ete —> f7+ Ji~ 77 ° was already siudied experi-

mentally and its crose section is governed by the contribu~
tion of interfering «/ - and P - mesoms /3,6,7/. Near




@ - meson the contribution of ete™ > KK, must be al=-
go taken into account. The calculation shows that for our
selection criteria. radiative processes like e'e s P(w,®)+¥
("return to the resonance")are unimportant.Thus, three un-

known perameters must be determined from (2): cross sections .
of the processes e'e — JT"'JT"zﬂTGJ .211"‘23?'3 2ntln-n° >

The results obtained after the solution of (2) are shown
in Pigs. 1 eand 2. These multihadronic channels have been alsgo
studied in Orsay /8-10/, Frascati /5, 11-13/ and Novosibirsek
/14/. Shown in the figures are the latest data of each labo-
ratory.

The cross section of the reaction ete” —» 171~ 27°
presented in Fig. 1 at the energy higher than 1,2 GeV ex-
ceeds congiderably predictionsg of the vector dominance model
(VDM) with one D (776) shown by a solid curve /15,16/. As
noted in /17/, the best description both of this chamnel and
ete”»J1TT~ iS5 achieved if _P'[1250} is introduced. Besides
that another resonances definitely exist in this energy regi-
on (9'{1600) or even _p' (1533) and JD' (1690) according to
/9/) and their influence must be also taken into account,
which 1s not simple from the theoretical point of view. We
conclude that further effortes, both experimental and theore=-
tical, are needed in this channel, especially in the c.m.
energy region higher than 1.4 GeV.

The cross. section of the reaction ete™ = 27117 2T~

ghown in Fig. 2 exceeds the VDM predictions (the solid cur=-
ve). Its energy dependence is clearly resonant, however data
of DCI and ADONE differ in the energy range 1.4+1.6 GeV, ma-
king the determination of resonance parameters rather diffi-
cult. It should be also noted that during such determination
the contribution of P (776) is essential. One more comment is
in order. As shown in /18/, interference of different mecha-
niems due to identical pions and a 1§rge - megon width re-
sults in the energy dependence of the ratio G’(E"'E"-up J'TTJT,}/'

S(ete™ » PreTe)

« In the energy region under con-

gideration it is cloege to 3, rather than 2} ag 1ls usually as-
sumed. This fact is also important for precise determination

“\

of resonance parameters in this energy region.

The cross section of the reaction ee =2+ 27" 71°
obtained by solving (2) is small and consistent with zero.
Its value at the maximum energy of the experiment is

e +2.2
Sg"‘ah,ﬂwﬂn-nﬂ ~ 2'0- 1.9 hé

From the absence of events with 5 or 6 tracks the follo-
wing upper limit has been obtained for the cross gection of
the reaction ete = 3F+37i~ at 2E > 1.3 GeV

6-’3'!-2-_' Gn: <.’ 2,6 hg
at 90% confidence level.

Thug, in the explored energy region from the threshold
up to 1.34 GeV production of four pions dominates. In Fig.3
the energy dependence of RI”t is shown (the contribution
of ete” 5 TN~ wae also taken into account /19/). It can be
geen that slready in this region of rather small c.m. energy

RPT=1 i greater than 1 and approaches its asymptotic
value predicted by the quark model.

In conclugion the authors express their sincere grati-
tude to A.D.Bukin, V.M.Budnev, A.G.Khabakhpashev, I.B.Khripe
lovich, A.I.Vaeinghtein for useful discussions and to the
whole staff of VEPP-2M for participation in the experiment.




References . Figure Captions

1. VeM.Aulchenko et al., Proceedings of the 5 International Pig. 1. Oross section of the reaction etg~4 JITII 27 ° g
Symposium on High Energy Physics and Elementary Particles, golid curve is the prediction of VDK with O (776),
Warsaw, 1975, p. 163. points- experimental resulis:

2. V.A.Sidorov, Proceedings of the 18 International Conferen- A - Orsay, M2N/8/, M3N/9/;
ce on High Energy Physics, Tbilisi, 1976, v. 2, p. B13. 8 - PFrascati, ¥ ¥ 2/5/;

3. A.D.Bukin et al., Yadernaya Fizika 27 (1978) 976. i X - Frascatl, md /12/;

® - this experiment.

4, A.D.Bukin and S.I.Eidelman, Preprint INP 77-101, Novosi-
birsk, 1977. Fig. 2. Cross section of the reaction ete™ » 27+27i~ "

5, G.P,Murtas, Proceedings of the 19 International Conferen- solid curve 1_5 the prediction of VDM with P (776),
ce on High Energy Physics, Tokyo, 1978, p. 269. points - experimental results:

6. D.Benaksas et al., Phys. Lett. B42 (1972) 507. Oresy, M2N/8/, M3W/9/;

7. G.Parrour et al., Phye. Lett. B63 (1976) 357. Orsay, DM1 /10/;

Frascati, ¥4 2 /5/;
8. G.Cosme et al., Phys. Lett. B63 (1976) 349. Prascati, A% /12/;

- this experiment,

1

i

o xmdp
1

9, J.Perez-Y-Jorba, Proceedings of the 19 International Confe-
rence on High Energy Physics, Tokyo, 1978, p. 277. r-4
Fig. 3. Energy dependence of R :
10 A.Cordier et al., Preprint LAL 78/1, Orsay, 1978. :
1. M.CGrille et al., Huovo Cimento 13A (1973) 593.
12+ M.Conversi et al., Phys. Lett. B52 (1974) 493,
13. M.Bernardini et al., Phys. Lett. BS3 (1974) 384.

14. L.M.Kurdadze et. al., Phys. Lett. B42 (1972) 515.

Orsay (ACO),

Orsay (DCI),
Novosibirsk (VEPP2),
Novosibirsk (VEPP-2M).

o8B <X P
|

15. Y.Layssac and F.M.,Renard, Nuovo Cimento Lett. 1 (1971) 197.
M.Altukhov and I.B.Khriplovich, Yadernaya Pizika 14 (1971)

16+ AoH
-~y -~
[E= "

iT. N.M.Budnev et al., Phys. Lett. B76 (1977) 365.
18, S.I.EBidelman, Pisma v JETP 26 (1977) 563.

19, A.D.Bukin et al., Phys. Lett. BT3 (1978) 226.




*2 *31d

e AT A I

*} *BTd
mE g o g W & o “
R
e
WEEERE ,
Tl } W 4
| 1| b ol 1] |
! Il _ L
WL R
r's

._1.._...:

12

13




Fig. 3.

PaGora moctynuaa - 5 cenrabpa 1979 r.

OrpercreenHufi 3a Bwmyck - C.I.I0I0B
flogrmcano & neuarn 14.IX-1979 r. MH 16505
Yex. 0,8 nev.xn., 0,7 yuerHo-m3g.x.

Tupax 200 sxs. Becnaartho

daxas k 78.

Orneuatano Ha porampwsre WA® CO AH CCCP




