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Abstractét

Estimates of the cross-sections of the proces—
ses e e*-w 39, 4JI are obtained, They do not con-
tradict the present experimental data at the energy

~~ 1,2 GeV and explain in natural way the
data in the energy interval 1l,6-2 GeV,
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Recently the experiments were carried out/1'2’3/

which showed that the cross-section of the multiple
JT <meson production on the colliding electron-po-
sitron beams in the energy region 1-2 GeV exceeds
essentially the cross-section of the reaction

e et—s JTt JTand is comparable with the point-
like one - the cross-section of the muon pair pro-
duction,

The processes of the multiple hadron produc-
tion on colliding beams were discussed earlier
from the point of wview of parton-schsmequ and in
the frame of statistical model/5/ (see alsofe/).

It =eems to us however that those approaches is
hardly applicable in the energy region 1-2 GeV.

As for ihe processes of particle production in
higher orders in J with the cross-sections not
decreasing with energy widely discussed recently/7 &/
(see alsoigf), their contribution is certainly

small at the energlies below 1,5 GeV.

Meanwhile, there are usual mechanisms of
the multiple pion production at the e e’ annihila-
tion that certainly give considerable contribution
To the total production cross-section in the energy
region under discussion., We mean the reactions
e et — PJT; NI ‘/4, Jr and.ﬁi with the subse-~
quent decay of the produced resonances ({UJhwbroduc-
tion was discussed earlier in the work /10/ in con-



nection with the possible test of the higher sym-
metries schemes). To estimate the cross-sections
we use the vector dominance model, i.e.,, we suppose
that the virtual photon goes to the final state via
P-neaon in all reaction except the first ome which
goes viaW and Lf o The contribution of the inter-
mediate l{ -meson may be neglected however since the
coupling constant gqﬂjj' is small that follows
from the data on the (> 3JJ decay.

The matrix element of the W ' pJI transition
needed to compute the first two processes we write
as

MWJDJ?: ’ 'gru;f—-‘ﬁ E,/.u)a-:i w,“_/ol-’ Kx 91 (1)

where Wy and Pv are the polarization vectors of
the (W ~ and 0 -mesons and K and q/ are their mo-
menta, MW is the ) -meson mass, The total cross—-
sectlions of these praceases are

éJoJ? Qﬁ"ﬂi) (‘f" MZ) (2)
bwir = Q—JL”‘)Z e (f m) (3)

We neglected here the 9— {-meson mass, the widths and
mass difference of & - and P -mesons, Besides that
we took into account in formula (2) three charge
states in the PJ/system. From collidlng beam expe-
rinents’ 1113/ 1t 1s kmown tnat J5 457, 9iy, =14,
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The constant 5 wprimay be estimated using the
assumption of the [) —-dominance in W->3J] and

w =J1° decays/ 1%/ that gives for the constant
Qu{pf' /ysithe values == 20 and ~c 10 corresponding-
ly. We shall use the first number since it is
obtained in the regiomn of invariants that is near-
er to ours, '

The matrix element of the J4-f P JI transition
present as

Mugn= i Aol 08w Kego +flpdG=tnps] j it

where ﬂ/.{ and Jﬁ;} are the polarization vectors
of .»4 - and P-—meaans, q/ and K are their mo-
menta, P is pion momentum. All the momenta we
take as incoming. Then the total cross-section of
the Jqu— production taking into account two pos=-
sible charge states is

4 gy zzrrafz lpl(ég} (m? i_L [[gf.mj_

m?2-8/ ms

—m2 +ﬁ[p-mﬁ+m )] +—z [Zmﬁ-f-ﬁ(f*’m"”ﬂ)]j(ﬁ

The gquantities and /4 may be estimated using
the hard-pion teahnique/ 12,18/ ¢rom the J‘?,-mesan
width which we take 130 MeV, Then 2 o7 =113,

/A =1,6. To estimate the cross-section of J/-meson
production via this mechanism somewhat below the
threshold of .,4,.7? production one may as before use



the formula (5) taking into account for computa-
tion of / ,5; / the Breit-Wigner distribution of./ﬂ—
meson mass,

At last, the matrix element of PpPE€transi-
tion we take as

M_ﬂﬂf,:'%ﬁﬁ[”(x")d/:‘”ﬂK'/"k"’]\/aﬂ_/aﬂ’ (6)

where fu and [Oyy are the polarization vectors
of ﬂ -mesons and Ky and Kf/q are their momenta,
Then the total cross-section of real P - and
¢ -meson production with neglect of their mass
difference is

ps = ﬂdz[%ffg) (wz § m*'{ zmﬁ/ %?32 (7)

But first of all we are interested in the pion
production by this mechanism below the threshold

of real 0 amd & production., Using the matrix
element of ﬁ and 2 JJ production via the virtual
¢ -meson, we get the following approximate expres-
sion for the total cross-section of this process

near the threshnld

_ JTd? g [e (2 2 [ o %,
6p29 =5z s {iﬂ‘. ;,.:z i ( /
« fa. ariry a]
xgm[( }': “m? Qs (89
where « Q4+ = f} + l/{mf"/ . Following the



analogy between the matrix elements (1) and (5)(one
of them is the product of two field strengths and
the second is the product of the field strength and
the dual field strength), assume that Qﬁ.,,: 4 pwyie
Note, that the assumption of the universal interac-
tion of the & -meson with the trace of the hadronic
energy-momentum tensor leads to considerably larger
value of the constant 9;;: . Take alsofMg=700 MeV,
[; = 400 MeV.

The estimate using the formula (2), (3), (5),
(7) in the energy region 1,6-2 GeV gives the summa-
ry crosg-section of ‘pion production constituting
more than a half of the observed one/z'E/. Therefore,
the explanation of the experimental data/a’E/ by
order of magnitude causes no difficulties. Although
the results based on the vector dominance model are
not reliable in this region, the obtained estimate
of the total cross—section is hardly overestimated
since there are many channels (including quasi-two-
particle ones) not taken into account by us,

In this energy region one may use for estimates
cther considerations, As was noted by V,E.Balakin,
it is natural to ¢xpect that the average multiplici-
ty of pions produced in colliding beams at energies

2 GeV iz the same as for the PP annihilation

at rest, The point is that PP annihilation at rest
takes place in the states (0~ and 1~ , the state 1~



giving large contribution to this process, and the
e"et annihilation goes via 1~ state only. By means
of this amalogy one can estimate also the total

cross~section of e"e' annihilation at energy
o2 GeV

_Bg2(m Py
ée-*e" 2¢ y ZFMP) é”p (9)
Using the value/ 17/ éppﬂ = 1,5.10"'1501:15/5_&0,

we get 6e+g- oY 3.10“’3‘?‘cm2 in agreement with expe-~
r:i.ment/ 2y3/ .

Pass now to the comparison with experimental
data’/l/ at energies 1,18; 1,265 1,34 GeV. The re-
sults of comparison present as a table,

W 118 | 126 | 1394

1 bp5-10%%n] 0,7 e e

2 buwi10%2 1,6 1,4 1,2

3 bam10°?| 04 1,0 1,4

§ bpaw-103%| 02 0,3 0,4
- 103 2,9 3,3 35
8 prpu--10%] 6,2 55 g




Here (G is the sum of computed cross-sections of
pion production; the cross—section_of‘/U*fl”pmnduc—
tion éafvu-is given for comparison, Note, that
even in this energy region the average pion multi-
plicity approaches 4,

The estimate gives 3-5 non-collinear events
under the conditions of the experiment /1/ at each
energy. Some remarks on this estimate, The effective
sclid angle of counters in the experimentfl/ was %
of total solid angle, pairs of charged particles
with relatively small angle of non-collinearity
being registrated., Since the matrix element of the
process e e” —s JT *J7~J7° for collinear pions
turns to zero, the registration effectivity for the
first process is very small and we neglected its
contribution, The angular distribution of I/ -mesons
in the processes 2 and % we take isotropic. Then
the registration effectivity for the 2nd process
where two charged and two neutral particles are pro-
duced constitutes % in respect to the two-particle
process, For the third process where in the half
of cases 4 charged particles are created the re-
gistrating effictivity constitutes 7/16 accounting
for combinatorics. When estimating the contribution



of the fourth process, we took into account that
the P -meson is produced in it with small momentum,
so that the average angle of non-collinearity of
pions from its decay equals approximately the angu-
lar size of counters, and that in 2/3 of cases
four charged picns are produced. go the p 291
production is essential for explanation of the ,
cxperimental results /1/. If one takes into
account that some of registrated non-collinear
svents correspond evidently to the production of
non-collinear e~et and /U*fi'pairs, then our esti-
mate doec nobt contradict experimental data. But the
discrepance between the estimates and the average
experimental points is large. The persistence oI
this discrepance for improved experimental accura-
cy would indicate possibly The existence ol some
new effects of pion interaction in this energy
region,

One more, rather exotic one, mechanism of
the non-collinear particlesz production is possible.,
We mean the hypothetical heavy lepton, produced in
colliding beams with point-like cross-—-section and
decayinz quickly due to weak interaction. The usual
assumption of the universal structure of weak inter-
actions leads to the following expression for the
rate of this lepton decay. into pion and neutrino

2 fe 5
oo =4 ; m ) §=10"", {9
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At Mgy ~ 700 MeV this rate exceeds by order of

magniiude the rate of leptomnic decay (G_;g(/.,)w =
- % ) and leads to the range -~ 0,5 cm, To
explore such a possibility one needs to increase
somewhat the statistics and the resolution in the
intersection of non=-collinear tracks of the regist-
ration apparatus/ 1/ . Note, that when taking into
account the dominance of the decay ~L—J7 V s the
experiment/ 18/ gives no limitation on My,

After this work was finished we became aware
of the articles/19'20/ where the same questions
were treated. Our results somewhat differ from
the results of these articles., In particular, we
got essentially larger estimate of the production
cross-section of four charged 7/ -mesons, essenti-
ally due to the PZ.‘TT production, This process is
not discussed in the articles /19, 20/. The wvalue
of 9 P& taken in the work /21/ is much smaller,
then ours., But the contribution of the final P 291
state in the PP annihilation at rest is large.

It is reasonable, by our opinion, to expect that
this channel will be important also in the ete™
annihilation,

In conclusion we¢ saincerely thank V,E,Balakin,
A,I.,Vainshtein. A,.P,Onuchin and V.M.Shekhter for

numerous valuable discussions,
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