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p'’s in analyzing e*e™ annihilation: Mark Ill, LASS, and ARGUS data
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The results of an analysis of some recent data on the reactens —=z 7 7 7,
ete -7 7 7%7° with the subtractedwn® events,e’e —wn®, ee —yr'n, ete —at7,
K p—n'm A, the decays)/y— =7 °, 7 —v 7" 7 o #°% andr —v_wm , upon taking into ac-
count both the strong energy dependence of the partial widths on energy and the previously neglected mixing
of the p-type resonances, are presented. The above effects are shown to exert an essential influence on the
specific values of masses and coupling constants of heavy resonances and, hence, are necessary to be ac-

counted for in establishing their true natuf80556-282(97)00803-5

PACS numbds): 13.65+i, 13.25.Jx, 14.40.Cs

[. INTRODUCTION This paper is organized as follows. Section Il contains the
expressions for the relevant reaction cross section, for the
The potential interest in the energy range between 1 and mass spectrum of thew*#~ pair in the decay
GeV in e*e” annihilation is determined by the presenceJ/y— =" 7~ m°, and for the spectral functions in thelep-
there of both the higher excitations of the ground state vectgionic decays. The results of the analysis of some recent data
nonet and the possible existence of exotic mapstates pos- [3—10 in the framework of the approach when the reso-
sessing the quantum numbers allowed in thg quark hancesp(770),p;, py, and their mixing are taken into ac-
model. Earlier attempts at an interpretation of the observegount are given in Sec. lll. Section IV is devoted to the
resonance structures as manifestations of the production &Pnclusions drawn from the data analysis.
the states with hidden exoti¢4] were based on naive pure
Breit-Wigner model of the production amplitude with the
supposed fixed partial widths and with the neglect of the
complicated dynamics of reactions. In the meantime the
above energy range is characterized by the opening of a large Let us give the expressions for the cross sections of the
number of the multiparticle hadronic decay modes. Their in+eactions of interest taking into account the mixing of the
fluence on the dynamics of the amplitudes is caused by theesonancep(770),p;, andp; in the framework of the field
fact that the signals with the hidden exotics themselves catheory-inspired approadi 3] based on the summation of the
be imitated by the decays of the higher excitations of thdoop corrections to the propagators of the unmixed states.
ground state vector nonet proceeding via two-step processddie virtue of this approach is that corresponding amplitudes
with those hadronic states as intermediate d@¢sThe fast obey the unitarity requirements. First, consider the final
growth of the partial widths with energy side by side with states with the simple reaction dynamies,e™—=" 7",
their large magnitudes becomes essential. This results in an7®, ande*e”— n7 " 7™, leaving for a while dynamically
appreciable mixing via the common decay channels betweemore involved final statesr™ 7~ 7" 7~ and 7" 7~ 7%7°
both the heavy resonances and between them and the stateiéh subtractedo7° events. One has
from the ground state nonet.
Taking into account the crucial role of heayy reso-
nances in the problem of the identification of the states witho(e € —p+pi+py—T)
hidden exotics, we consistently take into account in the

II. EXPRESSIONS FOR THE CROSS SECTIONS
AND MASS SPECTRUM

present paper the above-mentioned effects of the mixing and ama? | [ m2 mZ, m>, 9ot
of the fast energy growth of the partial widths. To this end _ama N G-1 9p!t s}
; : _ = e (s)| “~ f
the production of such resonances is analyzed inltaé S o' for " fpr
channel of thee*e™ annihilation for the final states* 7~ Yoyt
[3,4], om® [5,6], 7t 7w 7w 7w [5,6], " w’=° with the 2.1)

subtractedw7® events[5,6], »7 7 [7], in the decays

Wp—ata 78], 7 —v.atm 7 7% 1 —v,em [9]

and in the reactiol “p— 7"~ A [10]. These effects were wheref=n"7", wn®, and p7w* 7, s is the total center-

ignored in earlier work$11,12), devoted to the analysis of of-mass energy squared=1/137. For a purpose of unifor-

the e"e™ annihilation data and in the papdi® 10| dealing  mity of the expression, Eq2.1) in the case of ther ™ 7~

with the reactions)/y— 7+ 7~ 7% andK p—=m* 7 A. channel, the contribution of thew mixing is omitted for a
while. It will be restored later on. The leptonic widths on the
mass shell of the unmixed states are expressed through the

*Electronic address: achasov@math.nsc.ru leptonic coupling constantf:‘,,i as usual:
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4 a? conservation, the relatiogpopoﬂ,,f:Zgim can be consid-
Fpie+e_: ?rmpi- (2.2 ered as a guide for corresponding coupling consfa#d.
Pi

The amplitudeM; corresponds to the decay —p*p~.
Having in mind all these remarks, one can write the expres-

The factorPs for the mentioned final states reads, respec- . -
sions for the cross sections. One has

tively,
2 2
2 1 1 2 Ama)? [ m2 My My
P=P((S)=35077 30ur (M) X5 (23 ae+eﬂ+ww+w(s):(?2l|(f—”,—f,—f G Y(s)
I 2
The multiplier 2/3 in the case af* 7~ arising in the sim- 292
plest quark model relates they andw 7° production ampli- pmm
tudes, pr?vided the pseudoscalar mixing angle is taken to be x| 9pjp0mtm- [ ———3!
0p=—11°, and Gpyp0m -
(V5-2m,)?
(@3,)= 7 dmPp,(mg(Ysmm,). (2.4 (2.8
p7 (me)z
in the case of the final state™ 7~ 77—, and
Hereafter, the functiop ..(m) is aimed to account for the
finite width of the intermediat@(770) meson and looks as  Te+e— 7+ 7~ 7070(S)
1 > me m?
;me(m) (4ma)? | 1 (mp o; ', G (s
m)= , 2. - Bl S
p7T7T( ) (m2_m5)2+[ml—wp(m)]2 ( 5) S 2 p o} fpz
wherel’ ,(m) is the width of thep meson determined mainly 2g2 2
by the 7" 7~ decay, while pmm
X g 'pOmt o - -
dij=a(M,m;,m;) . Wt ata-(8)
1 gpép°7T+7T
= Sy VIMZ = (m=m)?T[M? = (m,+m;)?] (2.6 .,
m2 mp! mp/
0 1 2 —
is the magnitude of the momentum of either particte j, in + f—{ 7,6 Y(s)
the rest frame of the decaying particle. L T
Let us make some remarks about the way of accounting
for the 7" 7 w*w~ and w* 7~ #°7° decay modes. The Gprr |\ |2
details of the mechanisms of the decays Qs
pi—m'm wta” andp] 7t 7w 7070 with subtracted X[ Fppe Wt 7= 7070(S) (2.9
wm® events are still poorly understood. Therdmode is Yolptom

known to originate from the 7 states. Guided by the iso-

topic invariance, one can express the amplitudes of produGp the case of the final state” 7~ #°#° with subtracted
tion of the specific charge combinations through the ampli-, 70 eyents. Note that in view of universality of thecou-

tudesM, with the given isospir of the final pion pair. Then, pjing, the relationg 0, +,- =0,0,+ - holds. The final state

from the absence 0p°x°#° [5,6] which, in turn, permits
one to write W_+ - +_-(S)

(U

M(p’_>p077+77_)=M2, _ 1 f(\@*ZmTr)zdmz (m )J‘(\g,ml)z dmg
1 (2m)*4s) (2m 2 PamTa (2mp2  2my
’ ¥+ .0y_ =
M(p —p T )_2(M2+Ml) (27) q2(\/g'm1'm2)

X(l+ )q(\/g!mlimZ)q(mZ!mﬂ'!mw)y

2
The amplitudeM, will be further taken into account as a 3m;
pointlike vertex p1’2—>p°7-r+7r*. Such an approximation Wi o.o(S)
seems to be justifiable since the possiblg1260)r and e
h,(1170)r intermediate states containing the axial vector 1 (s-2mp?, , (V8—myp)?
mesons have two partial waves in their decay iote, thus T ons (2m 2 dmip . .(my) (2m )2
resulting in a structureless angular distribution of final pions. N N
An analogous form is assumed for the vertex X dmap.. (M) a3(y/s,my,my). (2.10

p°(770)— p°(770)* v~ for the s-channelp meson laying
off its mass shell. Taking into account the vector current The matrix of inverse propagators looks as
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=1, -1I,, dr
Dp PPy PPy d—(J/l/I—>7T+7T_7TO)
Gs)=| ey Dy ] (219
1
"oy i, Dy = 5z A(myy mmo)a(m,m,. m))°
It contains the inverse propagators of the unmixed states fo-z . 2 2
. X dcosh;sirt ;- |A(m?) + A(m?% ) +A(m?)|?
pi=p(770) p1.p5 o100 O A+ AL ) + Al
2.1
D, =D, (s)=mj —s—iysT,(s), (212 (219
with
where
gpww
r ggim-r 3 iiw’ﬁ' 3 3 2 3 A(mz):(FlrFZ:FB)Gil(mz) gpiTm ’ (2-16)
pi(s)_%qudl_ﬁ qw7T+qK*K+§<qp77> gpéﬂ"ﬂ
+ Egpipoﬂ-+ 71—*W7TJr ot 'n'*(s) where
+9° . W+~ 0.0(S) (2.13 m2=3(m2 +3m2—m?)
pp+p— T ' =72 I T

are the energy-dependent widths, and the nondiagonal polar- *2my;,Qq(Myyy M, M) (M, M., m,;)coss, /m,

ization operators (2.17

. =Rdl. +ilmIl F1,2,3 are the production amplitudes of th€770), p;, and
Pj j iPi in . .. .
p, resonances in th& ¢ decays whose explicit form will be

specified belowm being an invariant mass of the” 7
describing the mixing. Their real parts are still unknown and ;-

further will be assumed to be some constants while the The ARGUS data [9]

) ; . o . on the decays
imaginary parts are given by the unitarity relation as

T —vata o 7% andr —v,07” are analyzed, respec-
tively, in terms of the spectral functiom, (m) [16]:

gpiﬂ'ﬂ'gp-ﬂ'ﬂ' gpiwﬂ'gp»wﬂ'
Ime-p-:\/g —3,t : dr,,,(m) 16m°m3 1
1" 6ms 127 v (m): v T
! dm  GZcoghc m(mZ—m?)%(m2+2m?)
2
X qiw+qi*K+§<qin>) _ m2 1 2
- W[f 0e+e_~>7r+ﬂ'_‘rr+ﬂ'_(m )
3
+§gpipowJ”rr*gpijﬂ'*Tr*Wﬂ'*w*w*w*(s) +O-e+e’—»77+ﬂ"770770(m2)] (218)
[17], and
+gpip+p’gpjp+p’wfrr+w’wowo(s) . (2.14) 2

vlwﬂ'( m) = Woe+e_~>w7ro( mZ), (219)

The states vectarpseudoscalar in Eq§2.13 and(2.14) are
taken into account assuming the quark model relations bewith m being an invariant mass of corresponding hadronic
tween their couplings with thg; resonances. However, the final state.
possibility of the violation of these relations will be included Finally, to fit the LASS datd10] on the modulus of the
below. TheKK final states in the decays of thg , have 7 7~ production amplitude in the reaction
relatively small branching ratio15] and hence are ne- K p—="7 A, one can use the expression analogous to
glected. In the meantime the deca§770)—KK at \s>1 Eq (2 1) in the case off=="=", but without the factor
GeV is included assuming the quark model relation for thes > pertinent to the one-photaa” e~ annihilation and with
off-mass-shelp(770) couplings. the proper relative production amplitudes |nstead1§f/f

To describe the Mark Il datg8] on the 7" 7~ mass as is exemplified in Eq2.16.
spectrum in the decay/y— =" 7~ #°, taking into account
the cut in the cosine of the angle of the momentum of out-
going pions in ther* 77~ rest system relative to the® mo-
mentum in the center-of-mags.m.s), |cosf;|<0.2, one can Let us describe briefly the procedure of the fit to the data.
use the expression Since the data on the"e™ annihilation

Ill. RESULTS AND DISCUSSION
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efe —sata atw, (3.1 Rell,,; lying close to zero. By this reason, having in mind
e 4+ - 0.0 the existing accuracy of the data, it is natural to set these

ee —mm (3.2 parameters to zero from the very start. These considerations

justifiable in the case of the(770) resonance whosgq

with subtract 0 event o . :
subtractedo ™ events nature is firmly established, however, cannot be applied to

ete s wnd, (3.3 the case of heavy, , resonances. The nature of these reso-
nances is, in fact, not yet established, and one cannot exclude
efe —nwtwy, (3.9 that they may contain an appreciable portion of exotics like
gqg, qqggq, etc.[20]. Hence, it is a matter of principle to
ete —wta, (3.5  extract from the existing data the values of masses and cou-
pling constants of bare unmixed states in order to compare
on the decays them with current predictions. By this reason,[Bﬁfpé is
+._—.0 considered to be a free parameter.
Yy mom™m, 39 The parameters of the(770) are chosen from the fitting
R T (3.7) to the pion form factor from the threshold to 1 GeV upon
taking into account both thpw mixing and the mixing of
T VT, (3.8  the p(770) with thep, , resonances originating from their
common decay modes. To allow for thew mixing, one
and on the reaction should add the term
K p—mtm A (3.9 minw
. . . . f D D gpﬂ'ﬂ'
are gathered in diverse experiments and still possess large wZpTw

uncertainties, the fit is carried out for each channel separately, ihe expression in between the modulus sign in@d) in
by means of thee? minimization. The fitted parameters for the case of ther™ 7~ channel. where

the reactions ine*e~ annihilation and for ther leptonic

decays are D,=D,(s)=m?—s—i\s'(s),
Myt Gp gt w2 Gpp o G 0t Gpg o oy RET 1, opr
(3.10 L(8)= = —~Ws.(s) (3.12

while for the reactiong3.6) and (3.9) one should take the are, respectively, the inverse propagator of éheneson and
its width determined mainly by ther* 7~ #° decay mode

relative production amplitude§,, F,, and F5 [see Eq. . .
(2.15] instead of the leptonic couplings, because the produc/hile Wa,(s) stands for the phase-space volume of the final

tion mechanisms in these reactions are different. The real” State(see its expression in, e.§18]). Here, the real part

parts of nondiagonal polarization operatorsfl%gi and ?rl]‘etr]lgrrp;]olanzatmn operator of thew transition is taken in
Rerpé are set to zero. Indeed, in a sharp distinction with the

imaginary parts Irﬁ[pipj fixed by the unitarity relation, the
real parts RHpipj cannot be evaluated at present and should

be treated as free parameters. However, one must have in ) .
5, is the amplitude of the w transition as measured at the

mind that nonzero Réppifo result in an appreciable mass “»r : v Ha -
. . o mass while the last term is aimed to take into account the
shift of the p(770) resonance, fast-varying one-photon contribution. The expression for
imaginary part Inbl,, is given in [21]. Note that
9pwr=Ywpr—14.3 GeV ! [5]. The p(770) parameters ob-
tained from fitting the e*e " —«*#~ channel are
m,=774+10 MeV, g,,,=5.9+0.2, f,=5.1+0.2,
(3.11 0po=2.4+1.4 MeV. The error bars are determined from the

B 2 . - - . B
[18,19. Since the minimization fixes only the combination functlon)( . Notice that thepe mixing in the reaction(3.

m,+am, , it is natural to assume that the dominant contri-'S "dlected, since the Mark Il data show pe interference
bl.ll)tion tg,the mass renormalization equati@1l) coming pattern and hence the fit is insensitive to additional free pa-

L2 ameters characterizing thew coupling to thed/. As for
from (Rd_[””lyz) 's already subtracted, so that the mass 01{he reaction(3.9), the amplitude of thew transitioné,,,, is

the p meson minimizing thex? function differs from the  fixed to be 2.4 MeV, while the relative production ampli-
actual position of the peak by the magnitudes quadratic in yqe is varied. The fit of the LASS dafa0] turns out to be
ImHPPi,z‘ In practice, it manifests itself in that one seeks thejnsensitive to the specific value of this amplitude.

minimum of they? given by the values ah, which are near It seems to be rather natural that the function of 13 vari-
770 MeV. Then, the minimization procedure automaticallyables, Eq.(3.10, x? possesses a number of local minima
chooses(with rather large errors, of cours¢he values of characterized by the parameters considerably diffefimg

Admamim’
Rell,,=2m,d,,+———F——(1/m;—1/s), (3.13

@Oro TR,

2
1 pri,z( my)

2 .
P 2m, m, = mg—lmp[Fpiyz(mp)—I‘p(mp)]
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TABLE I. The magnitudes of the parameters of the giving the best description of the data on the
reaction equationg3.1)—(3.9. The error bars are determined from the functigh. The parameter
Fpiz F,/F, is the relative production amplitude pf, .

Eq mp]’_ (Ge\/) gp]'_‘n'*ﬂ" gp:’lw‘n- (Gevil) gp]'_po‘n”rﬂ" gpip*p’ Fp]'_
(3.1) 135005 -9%1x107! 14.9°38 <25 <72 21505
(32  1.4090% <18 16.6'35 <210 7+3 24158
(3.3 ~1.4 <72x1071 <10 <210 Undetermined <66x10?
(3.4  1.46°3% <39 1972 <240 <114 3.7#1.0
(35  1.37°3% -1.0+0.3 16.6'22 <150 <45 2.3-0.2
(36  1573% (—177H)x107t 2173 <660 <57 12t8x 107t
3.7 ~14 <15 <110 <240 Undetermined <16x10!
(39 136018 <57x10°! 13.7°%3 <540 <48 2.1+05

more than three standard deviatipfi®m channel to chan- the value rpieezs.zti;g keV obtained from the reaction

nel, Eqs.(3.1)—(3.9. The final choice is implemented under ¢, ,ation(3.1), though not going from the double standard

the demand of possibility of the simultaneous fit to all theyeyiation. The final resolution could be possible only after
channels in the framework of a uniform approach. The reqyathering new consistent data. Note that the contribution of
sults are presented in Tables | and Il and in Figs. 1-9. Takq,o p%p~ state in the decay™ — v 7t m @0 is calcu-

ing into account yet large uncertainties of the data, one cajyiaq to be small in accord with the ARGUS dées).

conclude that the magnitudes of the parameters obtained 1o pare masses of the resonanpes are seen to be
frrc])n:hthre fitting of diverse channels do not contradict Oneconsiderably higher than the actual poéition of the peaks or
another. structures in cross sections and mass spectra. This is ex-

Let us.dwell on the. role played by the coupling CO.nStantplained by two reasons. First, the fast growth of the partial
Gp; ptp~ N the analysis of the reaction equatit®2) with widths with energy results in the shift

the subtracted7° events. The current data on this channel

are contradictorysee Fig. 2 In the meantime, the NID5]

and DM2 [6] data on the reactioete — w7 7w o™, Sm
Fig. 1, are consistent in the region of overlap. So it would be ’
quite natural to take the parameters of resonances extracted

from fitting the reaction equatiofi3.1) and to vary them
within the error bars in order to describe both the d&h . . -

with \/s<1.4 GeV and the nonoverlapping dgi@] with :Cv%restz((lassts the shift due to the mixifg8] of the upper of
Js>1.7 GeV. As it appears, the better description is ;
achieved under introduction of a nonzegp,, ,-=7=3in

the case of the channel'e” — 7" 7~ 7%, in the mean- 5y, =

dr
P AUl Js=m, ) (3.14

towards the lower values from the bare masses. Second,

1
time the analysis of the remaining channels gives the mag- P12 2mp112
nitudes of this coupling constant which do not contradict

2

zero (see Table)l [22]. If the value ofgpiyzpﬂ,fzo were R priyz(mpivz)

fixed from the very start, the central value of the leptonic 2 2. '
' m, —m:—im_ [T, (m, )—T,(m_

width T'ree=12.9"3 3 keV extracted from the reaction equa- Pla P o1 Toy Moy )= Lo(Myy )]

tion (3.2) would deviate by more than the factor of 2 from (3.15

TABLE II. The same as in Table | but for th€ . To avoid the introduction of additional free parameters
in the case of the reaction equatiof¥6) and (3.7), Rd’[pipé is fixed to zero, while the slope of the mass
dependence of the relative production amplitude in the decay equ&ti@n(see the body of the papes

varied. Note that the LASS data do not put any constraint orpthgarameters.

Eq. mpé (GeV) gpévﬂf gpéw (GeV’l) gpépoﬂwf gpép+p— Fpé Rd—lﬂiﬂé (GEVZ)
(3.1 1.851°5%% (18x11)x10°t  -6.1735  —222+9 <24 2.9:0.1 <3x10°t
(32 1.79°9% <20 -10+3 -184'% <15 2.9-0.4 <5x10°!
(3.3 1.71x0.09 <33x10! -6.0-12 —188+22 <48 2.9-0.4 <12x1071
(3.4 191759 <42 <45 <960 <165 <28x10°!  <36x10!
(35 19091 <18x10? <18 -6373 <30 2.8+0.8 <6x10°*!
(3.6) 2.08'515 <33x10°! -12*7 -180"10 <144 -18"2x10°! =0

(3.7 1.86'0% <15 -7*3 —-210°%%, <75 4.3-0.6 =0
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FIG. 1. The result of the description of the reaction equation FIG. 3. The result of the description of the reaction equation
(3.1). The data are: NI)5], DM2 [6], CMD [24], and OLYA[25]. (3.3). The data are: NI)5], DM2 [6].

which is negative, since the nondiagonal polarization operathis parameter though with large errors. This means that the
tor of the pp; , mixing dominates over thpjp, mixing and  quality of the data is still insufficient to establish Hﬁipé

possesses, in the present case, the imaginary part muchy Note also that a better description of the channel
greater than the real part. In the meantime, the corresponding+ - 7 is achieved upon introducing the suppression factor

mass shift of .thep(770) in thew" 7~ channel due to the y,=0.7+0.2 of the coupling constar,,, as compared to
mixing with higher states, see E(3.11), turns out to be 1

rather small, Sm,=4 MeV, since Infl,,, is small at the value\/2/39pim given by the simplest quark model.
12

: . )
Js=m,. Plotting the contributions of the unmixed states in } The fit to Oth?r? e Imqss spdectrgm n tlheddeqay
Figs. 1-4 shows that the dominant contribution to the mas% ‘/’_’g T r:N'H the refative production amﬁ 'tﬁ es In-
shifts comes from the fast growth of the partial widths, be-dePendent of ther ™z~ -invariant mass gives all the reso-

— +0.5 ; ;
cause the resonance peaks without the mixing being takef2NCe parameters bgj, ;- = —2.8_q;in agreement with
into account are also displaced considerably. other channels. This latter value strongly deviates from

The magnitude of the real part Rg: does not contra- —0.9"1? and — 1.0+ 0.3 extracted from the channels equa-

dict zero. Howevery? is minimized with nonzero values of tions(3.1) and(3.5), respectively. Hence, we tried to include

5

40 T T T T v T T T T T T ! ) ! ) ' '
v DM2
= ND $(TT0)p %0, |
B v DM2 - -~ -p(TT0)
A YY2 ] 4 _ 91'
-g e M3N -= 0
- p(770)+p,'+0,} er
o‘; - o(770) ?,, i i
3 - 91' N '
t ——py £
|q, 2 l:
2 ‘2
<] o
' N
8 1
Y
{
+q> 0
(]
s
b L 1 1 I I3

10 12 1,4 16 18 20 2,2 14 16 18 2,0 2,2

E. GeV E GeV

FIG. 2. The result of the description of the reaction equation FIG. 4. The result of the description of the reaction equation
(3.2. The data are: NI)5], DM2 [6], yy2, and M3N[26]. (3.4). The data are from Ref7].
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1(m’ 3 L L L L LML DL SR B ] E 1 t 1] ¥ T
E 10 F s [ ASS -
| + OLYA o(770)+p, +p,
1000 ¢ - CMD 3 17Py |
; » DM2 ; = = p(770)
(T70)+p, +p,’ : sl --- - P1' 4

—— o770}

b
8

),
3

1P,

o(e’e —

01k
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FIG. 5. The result of the description of the reaction equation FIG. 7. The result of the description of the date0] on the
(3.5. The data are: OLYA and CMD3], DM2 [4]. modulus of thep-wave amplitude of the reaction equatit®9).

the mass dependence in the simplest linear fornfrom the fitting of the cross section of the reaction

Fi(m?) =a;+b;(m?—m?). This is equivalent to the intro- ete"—w 7w 7w m . The p; resonance is not needed for

duction of a background which generates the structure g@xplanation of the mass behavior of the spectral function
Js~1.3 GeV. As a result, the agreement with other channelg1(m). The result is shown in Fig. 8. With these parameters
is achieved but at the expense of poor determination of thwe calculate the spectral function,,,, for the decay

p} mass. It is this variant that is included in Table I. Note 7 —v,w7 . The result is shown in Fig. 9.

that the slopes of the mass dependenge are compatible Note that the Blatt-Weiskopf range parameters which are
1.2 sometimes introduced into the expressions for the partial

with zero while b,(770) is not. Specifically, the relative o of thep(770) to make acceptable their fast growth

p(770) production amplitude normalized to unityrat=m, with energy, are chosen to be zero by fpeminimization.

H 2\ -+ 3 — 2 -2 2 2
is F,(m%)=1+20"5X10"° GeV"~ (m"—m). Hence, corresponding factors are omitted in the expressions

As for the 7 dec+ays:, we fgt only the spectral function for tq e partial widths. In the meantime, the inclusion of such
the moder™ —v_ 7" w7 7 . The obtained parameters co-

incide, within the error bars, with the parameters extracted
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FIG. 6. The result of the description of the' 7~ mass spec- FIG. 8. The spectral function for the decay

trum [8] in the decay equatio(8.6). r —v.a m 7 «°. The data are from9].
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factors in the case of heawy, , resonances is unnecessary
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pletely necessary when describing the data on the reaction
equations(3.1)—(3.9). The possibility of simultaneous fit of
the existing data and the specific magnitudes of the extracted
parameters necessary for the comparison with current mod-
els, are crucially affected by these effects. It should be em-
phasized that the fits to the data on the reactions, Bob—

(3.4), (3.7), and(3.8) do not at all demand the presence of
the resonancg; . The large magnitudes of the coupling con-
stantgpiw for these reactions given in Table | are already

pointed out to be chosen under the demand of the possibility
of simultaneous description of all variety of data including
the #* 7~ production reaction3.5), (3.6), and(3.9). If one
discards these latter reactions, the variants of the fits exist
giving the couplings of thep; resonance compatible with
zero.

The novel dynamical feature revealed in the present
analysis is the possible nonzero magnitude of the coupling
constantsg,: ,+,-- The threshold region in the reaction

ete —atm 7%7° with the subtracteds® events is es-
pecially promising for improvement of the quality of extrac-
tion of above coupling constants. The real part of the polar-
ization operator Rﬁpipé is determined poorly from the

current data. The study of the"e™ annihilation channel
equations(3.1)—(3.5 with good statistics and on the same
facility is urgent for measuring these important dynamical
parameters required for establishing the nature of heavy is-
ovector resonances and for the final elucidation of the situa-

because the energies of the present interest are in the mags,

range of these states.

IV. CONCLUSION
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