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We discuss the possibility of experimentally observing isoscalar excitation in a
system of nonstrange quarks, the ®'(1250, 1--) meson. It is shown that the
picture of the p—ow interference in the mass spectrum of the 7*7~ mesons in the
reaction e "e ~—w*7 -0 is quite critical to the existence of this excitation.

PACS numbers: 13.65.+1i, 14.40. —n, 12.40.Dd

Theoretical arguments that a quark-antiquark system should have higher ex-
cited states with a given angular momentum have been advanced long ago.
There are also experimental indications of the existence of heavy p'(1250,1)
and p”(1600,1) resonances. 2] The latest experiments at Stanford aimed at
observing the new particles ¥, ¥’, ”,... are undoubtedly the strongest indi-
cations of the existence of such excitations.

The main difficulty in observing excitations in a system of uncharmed
guarks in their large width. A possible exception is the lowest excitation in the
system of strange quarks, the ¢’(1450,1°%) meson, for which one should expect
a width T'y, ~40 MeV, !

If p'(1250) does indeed exist, then according to the quark model w*(1250, 1°7)
should also exist. Experimental observation of this resonance is a very diffi-
cult task. The point is that the p’ meson, as indicated by experiment,(!? decays
in the main into wm with width I',» = 150 MeV, Then, according to the quark
model, the width of o’ is

Pwp- 3rpn- 450MeV, (1)

since the w’ should decay in three channels w’— p'r0+ p*r=+ p-n+. At such a
width, the observation of the resonance by means of the energy dependence of
the cross section is quite difficult. It is therefore very important to have addi-
tional information favoring its existence.

We shall show below that a phenomenon due to electromagnetic p-w mixing
exists, and is clearly manifest in the region of the o’ and p’ resonances.

It was shown in"? that in the reaction e*e"— 31 at Vs >1 GeV (V5 is the in-
variant mass of the e*e” pair), 10% of the events should be due to the effects of
electromagnetic p-w mixing and to the process e*e”— wr — pn®— 37. For the
reactions e*e”— vy g — w7 and e*e”— yy i — p'1’, SU(3) predicts that

A, /4, =1/3, (2)

where 4, and A, are the amplitudes of the processes e*e”— v,y — p%70 and
€*e” — g4 — wm, respectively. The total amplitude of the processes e*e” — pr
— 37 and e*e” — wr— p'n" — 37 is
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F~,4/l 1 ! (l+ m2m8))’ (3)
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where Dy=m} —K§~imyTy; V=p*, p°, 0°, w, K3=K%; 6 is the constant of the
electromagnetic p < w transition. Generally speaking, relation (2) is-valid
outside the resonance region, and may be violated inside the resonance region.
In the considered case of w’ and p’ resonances at Vs~ m ,»~ m,, the violation
of relation (2) is determined by the formula

p

f 4 - » P ' L4
4, <’ mye + imy T, \.;_EL._I.. (4)
A(o fw' s -mzjo+lmwnrw: le 9

Here f, and f,. are constants of the vy~ V' transitions, for which SU(3)
predicts f,. /f,. = 1/3.

Relation (4), as seen from formula (3), greatly enhances the influence of the
p-w mixing. Thus, approximately half the number of the events in the reaction
e*e— 31 at Vs~ m, should be due to the process e*e”— p’ — wr—p O0n®— 3.
This is seen from the following estimate:

olete”™ +3n)molete” + 0w’ pm~3n) + alete”™ o p’ » wm = pr -+ 3n)

L T f.¢
=a(e"e'-om'~’pﬂ-3rr)<l+ il i<—-?—))=2a(e’e°*w’-'3ﬂ).

L, T,e\f.
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We have used here formula (3), and took for the ratio I' 4,/T, the value

(7 3.7%) obtained in the investigation of the p-w interference in the reaction
e*e”— r*r~. [5) We note that there is practically no interference between the
channels.

It is obvious that the contribution of e*e~— p’ — 3r should lead to a steeper
behavior of the cross section in the region of the v’ meson—to an effective de-
crease of the w’-resonance width by a factor 1.5—2.

The considered effect can be directly verified by measuring the mass spec-
tra of the n*r~ mesons at #m -~ m, = m, for beam energies in the region of the
w’ resonance and outside this region. Figure a shows the mass spectrum of the
71~ mesons outside the region of the »’ resonance, where the relation (2)
predicted by SU(3) symmetry is valid, Figure b illustrates the enhancement of
the effect in the region of the ' resonance as a result of violation of (2), due
to the difference between the widths of the w’ and p’ mesons. The dashed lines
in the figure show the mass spectrum of the 7*7 - mesons without allowance for
the electromagnetic p-w mixing. The relative change of the effect at different
energies can be traced (independently of the normalizations of the cross sec-
tion) by comparing the r*7- and 7*r’ mass spectra, since the influence of the
electromagnetic p-w mixing on the latter is obviously small.
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