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Abstract

Experimental date obtained recently have confirmed the pred-
icted possibility for an appearence of winimum in behaviour of the
e’e -annihilstion into six pions near fil threshold.From the theor-~
etical analysis of the observed irregularity in the framework of
coupled channel model existence of narrov vector state correspon-

33

ding to 2 Sl~state in NN syastem vith the wmass about 1800 MeV and

the width 15 HeV is followved.
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Experimental study of e'e” snnihilation inteo hadrons reveals
a structure in wmenypionic channels near fin threaholdl. The behav-
iour of the cress section e' e = ZST*ZST'ZSTO iz shown in Fig. 4.
Well proncunced minimum iz seen to coineide within several tens MeV
with the mess of tvo nucleons.Possible existence of such structure
cauvsed by vicinity of fik chennel vas predicted aarlierz. In this
work ueing wost common properties of the [RH interaction {atrong
ettraction betveen N and H, end shortrengness of snnihilation) the

unmonotonic beheviour of the e'e annihilation vas predicted. Such

a ph 30 hould be ob ved in wmanypionic wmodes which corres-
ponds te main channels of HN snnihilstion.

¢ e ennihiletion into hadrons near NN threshold wes consider-

ed in the work® ss e pled ch 1 model: e'e”, HN, snd nT (in
these calouletions for siwplicity one two-bhomson channel withJ) and
€ -mesons vas taken into account). This process ocan be described
using the Feynman grephs in Fig. 2. The reaction amplitude corres-
ponding to the diegrawm (a) is proportional to

B o~ TO G,—m le » ($ 9]
here Gﬁﬁ im NN Green function (dotted block in Fig. 2(a)), TO im
the wplitude for e e =+ BN (without N final state interaction),
th 22 the short range potentisl realizing connection between fin
end nTfi chennels. The diagram 2(b) corresponds to unpotential con-
tribution intoc e'e” =» a% annihilation and is considered as back-

ground one. Using 2 short-range charscter of To and th the amp-

litude M can be rewrittem in the following form

1¥cori2 Jd kg o1 ?
leghe €+ 4y 2 '

2)
K - € - iy

where ?R(?) and $(¥) are the AN vave functions of continuum spec-

trum and discrete one, éb is the binding energy of fiN level, exis-

tence of which is ceused by the utcong attraction between i and N,



- 4§ -

E= J& - 28 is §N kinetic energy in c.m.®. It is easy to see that
the integral over continuum et € < 0 is positive everyvhere vhile
the pole contribution corresponding to bound state changes sign at
€= -\85‘ peint. Therefore the exact compenseation of these two
terms is possible. An esppesrence of zero im Green functien im cor-
responding brackets leads to elimination of the e’e” -= af anp-
litude without background (the exact position of this zero depends
chvicusly on relative contribution of pole term end integral over
continuum i.e. on KN interaction dynamics). In the region € < "EhJ
one mey be aveit the grovth of the annihiletion cross-section due
to constructive interference betveen beth terms in formula (2).Let
us note that the statemente wentioned above do not depend on the
nusber of ennihiletion chennels and concrete forw of sanihilation
interaction, but depend on the fact of existence of the bound sta-
42 and smallness of ennihilstion radius in comparison with guasi-
nuclear state one.

There is another instructive exemple, in vhich transition aam-
plitude discussed here caen be calculated analytically. Let us con-
pider HN nuclesr interaction and annihilation one (tranmiton pot-
ential from AN inte nfi chennel) in separable form: Vﬁ“ = g i»<i
and V“m s Q| 2><2} correspondingly. In thies case the amplitude for
e’e” annihilation has the form

At¢L - g 6,,,96 + g 6 8 _,,1 <2}
Mo 111" %12 112 “ell , (3

. Y Y
(1 - g 6yg2¢8 =~ A%ppp Bpy2) = A%9 B4y B3 Gpyp
vhere Gijk = <1|Gj\k>. 1,3,k = 1,2, G; is the free Green function
in the NN chennel, G, i one in the nd chennel, Gk ® To Gllk>.
Zero of the smplitude N in (3) corresponds to zero of expression
in the square brackets. Consider the form-factors (1> and [ 2> in

the followving Yukavae-like form <1\?> -lF&/Zﬁ expl-~ Pir)/r (4 = &,

2). For such form-facteors we have
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g6 =g
111 P
2
29 PP
1 B2 Pl
98,58

(?1 opznu * 1B )k ipz)

vhere 3 is dimentionless constant g = (FEIH)E. B 4is the nucleon

mass, k i® the momentum in the NN channel. Alsoc we have

ke iP,
Bg1275e11 'IPz’ B .

k+iBy
In teking imaginary momentum k -» i g it is easy to deter-

mine the zero of M in (3):
o r——

e, -®
Uero * P2 [‘._2’___1“'5 - 13 . (4>
B2 " Ba

This zero lies on real axis of momentum if P2 Pl .§ > 1 and

P2* B

PZ > Pl' Compare this expression with one for pole position in the

nuclear Vﬁu potential, which is given by the solution of the eg-
uation

i-g Glll = 0.
For the form-factor considered above we have

Apore = P d5 - 1. s)
From comparison of the expressions (4) and (5) wve conclude:

1) The zero of ! exists only in cese, when the nuclear poten-
tial Vﬁ" has & bound state. This zero lies between the pole and NN
threshold.

2) For eappesaring of this zero swallness of the annihilation
range- in compaerison with the nuclear forces range (i.e. Fz >> Fl)
is of vital importance. In opposite case this zero does not exist.

Other wethod +to prove the existence of Green function zero
which ig followed from the common properties of transition amplit-
ude with A = o= vas considered in rei.z.

. + -
in present numerical calculations the annihilation e e =% a%
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near AN threshold is idered in the realistic coupled channel

model. This wmodel vas used earlearg for description of all up to
date experisental data on the lov energy fil interaction. The con-
nection between AN and e’e” channels ves realised using -function
potential Vo~8(i’), vhereas direct transition from e’e- inte n'JT
vas absent, i.®. e’e” and ennihilation channels are connected only
through the fiN one {diagram in Fig. 2{(a)).The value Vo wvas choosen
the same as in calculations of the nucleon electromagnetic forwm-

factor near NN threshold in the frame of this n!n:«!el.4

{note that the
sbsolute value and energy behaviour of proton electromagnetic form-
factor esre in good agreement vith experimental dstas). Finally the
amplitude for e'e” =» 2F 2% "2 &—-O process can be written in the
foloving form
H = neff * Hbg (6)

vhere neﬁ is the amplitude calculated using coupled channel wod-
el, "bg is background one corresponding to the direct annihilation
e'e” = 2% 2% 2F °|diagrnm in Fig.2(b)). The background amp-
litude vas fitted by swmooth polinowmial curve and normalized at the
o{?= 2 BGev point vhere ite contribution is dominant. The factor
(514!12)2 taking into account the dependence of six pionic annihil-
ation on the wmass of annihilating fin system vas included te the
calculated amplitude "eft' The relative phase of these amplitudes
vas fixed from a condition of best agreement with the experimental
data and is equal to § = - T /4.

The results of calculations for the cross-section of annihil-
ation e'e” =» 2727 2% C are shown in Fig. 1 (solid curve).It is
seen that the wain qualitative characteristics mentioned sbove are

proved by exact calculations in the realistic model. Let’s emphas-

ize that the e'e -= NN -= 6% annihilation cen take place only

from the 3351 state of NN system (isospin and spin of AN pair are

equal to 1). 1t follows from the definite G-parity (G = + 1) and
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from the limitaetion of S-vave only (due te short renge cheracter
of s-functional e'e” = i potential). The enslysis of the disc-

aasl-ﬂtate carried out after describing of the

rete spectrum in
experimental date hes shown thet im this pertial wave the bound
state with binding energylehla 20 HeV and the width 15 MHeV existe.
This state corresponds te the exited 23351 state in BN systen. Such
level should menifest itself as & narrov ("2 15 HeV) vector weson
(JPCB 177) with the mess M = 1790 HeV.It is necessary to note that
the existence of a narrov level ceuses sufficiently wider esnomely
due to specific nature (zero of Green function) of the energy
structure observed in e e  «-e 6% annihilatien.

The direct observation of predicted narrov vector state is
possible in the experiment with deuterium terget i.e. pd ==
- p ¢ 2535 "F 9 1t ie interesting that in the ref.® first ind-
ication on the existence of wmeson stete with the mass 1794 MHeV and
width 15 HeV in (4+6)-pionic wode for Ed annihilstion wes obtain-
ed. Other method of experimental investigetion could be a study of
U-apectra in Sp-annihilatioﬂ at rest vith gasecous hydrogen terget.
In this case ﬁp-nnnihilntion (due to suppression of Stark effect)
corresponds to one from P-state of protonium and relative probab-
ility of El-transition from 2P-state of ﬁp—atom to 23331 quasinuc-
lear NN state could be equal of the order of 10-2i 10-3 vhich is

possible to study in the experiments planned now at LEAR.

The auvthors sre sincerely grateful to Prof. I.S.Shapiro for
ugseful discussions and Prof. R.Baldini for kindly supplying new

experimental data.
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Figure captions

Fig. 1 Annihiletion '@ == 2?.‘*237_2570 in the wess region
1.5 - 2.5 GeV. Experimental dsta were taken from
rei.". Solid curve is the theoreticel celculation.

Fig. 2 The Feynwman disgraws for snnihilation e'e” o= nk .
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