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It is shown that the study of the w — p° interference pattern in the J/% — (p° +w)p —
— mtr~1n decay provides evidence for the large (nearly 90°) relative phase between the
one-photon and the three-gluon decay amplitudes.

PACS: 11.30.Hv, 13.25.Gv, 13.40.Hq, 14.40.Gx

In the last few years it has been noted that the single-photon and three-gluon am-
plitudes in the two-body J/¢¥ — 170~ and J/¢ — 070~ [1-3] decays appear to have
relative phases nearly 90°.

This unexpected result is very important to the observability of CP violating decays
as well as to the nature of the J/¢ — 170~ and J/¥ — 0~0~ decays [1-6]. In particular,
it points to a non-adequacy of their description built upon the perturbative QCD, the
hypothesis of the factorization of short and long distances, and specified wave functions of
final hadrons. Some peculiarities of electromagnetic form factors in the J/1 mass region
were discussed in Ref. {7].

The analysis {1-3] involved theoretical assumptions relying on the strong interac-
tion SUy(3)-symmetry, the strong interaction SU(3)-symmetry breaking and the SU¢(3)
transformation properties of the one-photon anmnihilation amplitudes. Besides, effects of
the p —w mixing in the J/¢ — 1707 decays were not taken into account in Ref. [1] while
in Ref. [2] the p — w mixing was taken into account incorrectly, see the discussion below.
Because of this, the model independent determination of these phases are required.

Fortunately, it is possible to check the conclusion of Refs. [1, 2] at least in one case. We
mean the phases between the amplitudes of the one-photon J/1 — p%n and three-gluon
J/ — wn decays.
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Indeed, the w — p interference pattern in the J/¥ — (0 + w)p — p%n = 7t7 79
decay is conditioned by the p® — w mixing and the ratio of the amplitudes of the p° and w
production. As for the p° — w mixing amplitude, it is reasonably well studied [8—14]. Its
module and phase are known. The module of the ratio of the amplitudes of the p and w
production can be obtained from the data on the branching ratios of the J/1-decays. So,
the interference pattern provides a way of measuring the relative phases of the p® and w
production amplitudes.

The 7t 7~ -spectrum in the w, p energy region is of the form

av _

2 1 1,50 (m)
e N,,(m);ml"(p - AT, M)

Ny(m) e .
Dy(m) M D,(m)D,(m) [Np(m)] exp {i (0o — &)} +

2

) 1)

1 Gorn [Nw (m)

1/2 .
Dy (m) gprx Np(m)‘] exp {i (8, — 6p)}

where m is the invariant mass of the 7+~ -state, N,(m) and N, (m) are the squares of
the modules of the p and w production amplitudes, J, and 8, are their phases, II,, 0 (m)
is the amplitude of the p — w transition, Dy (m) = m} — m? — imIl'y(m), V = p, w.

In the discussion that follows, Eq. (1) is conveniently rewritten as
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As known {8-12], the imaginary part of the p — w transition amplitude is due to the
nw, 3w, yx and vn intermediate states
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The quite conservative estimate of the contribution of the n7 and 37 intermediate states
gives
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=4m, 1072 .T(w = 37, m,) = £5.84-107° GeV 2. (5)

The constituent quark and vector meson dominance models both give the same result

w‘qm—"I‘(w =S YT, M) =My + 1 T(w = y7,m,) =1.86-107% GeV~2,
Juyr 3
M PP (w — 9, my) = my - 3-T(w - 1, my) =1.28-107° GeV 2. (6)
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Notice that the predictions of the constituent quark and vector meson dominance models
on the w — yw(n) and w — yw(n) decays agree adequately with the experiment.

As is seen from Eqs. (3) and (4), the contribution of the 7 intermediate state in
Im (I, ,0(m)) and the g~ direct coupling constant cancel considerably in the ggff
effective coupling constant:
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where II, o (m) is the amplitude of the p® — w transition without the contribution of the
7w intermediate state in in the imaginary part, the numerical values are calculated at
m=m,.

The branching ratio of the w — nm decay

B (w — 7T1l') = F_(B_ch:_gn"_rj)_m_w) Ie(mw) +gw1r1r/gp1r1r|2 . (8)

It follows from Eqs. (6) and (7) that imaginary part of the numerator in Eq. (7)
is dominated by the ym intermediate state to within 35%. This imaginary part gives
B (w — ww) ~ 5-107° instead of the experimental value [14]

B(w = 777~) = 0.0221 £ 0.003. (9)

So, one can get the module of the real part of the numerator in Eq. (7) which is clearly
dominated by Re (II, 0 (m)). Besides, the interference pattern of the p° and w mesons
in the ete™ — 7t 7~ reaction and in the 77~ photoproduction on nuclei shows [8-12]
that the real part of the numerator in Eq. (7) is positive. So, from Egs. (3), (7), (8) and
(9) one gets

Re (110, (m,)) = (3.80 £ 0.27) - 1072 GeV? (10)
and

€(My) + Gurn/Gonr = (3.41£0.24) - 10 2 exp {i (102 £ 1)°} . (11)



The data [15, 16] were fitted with the function
2
N(m) = L(m) + [(N,)"/* FZ¥ (m) + (N.)"/* F2¥ (m) explig}| , (12)

where F2W (m) and F.2W (m) are the appropriate Breit — Wigner terms [15] and L(m) is
a polynomial background term.
The results are

¢ =(46+15)°, N,(m,)/N,=8.86+1.83 [15],
¢=—0.08+0.17 = (—4.58 £+ 9.74)°, N, (m.)/N, = 7.37+£1.72 [16]. (13)

From Egs. (2), (8), and (12) follows

N, = Ny(my,) 1 — e(m,) [N««:('mp)/Np(mp)]l/2 exp{i (6, — 3p)} ’ , (14)
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From Egs. (11), (13) and (16) we get that

8, — 6, =6, = (60+15)° [15], 17)
8, — 6, = 6, = (106 £ 10)° [16]. (18)

A large (nearly 90°) 4, was obtained in Ref. [1, 2]. So, both the MARK III Collabo-
ration [15] and the DM2 Collaboration [16], see Eqs. (17) and (18), provide support for
this view.

The DM2 Collaboration used statistics only half as high as the MARK III Collabora-
tion, but, in contrast to the MARK III Collaboration, which fitted N,, as a free parameter,
the DM2 Collaboration calculated it from the branching ratio of J/¢¥ — wn using Eq.
(15).

In of Ref. [2] the effect of the p — w transition in the J/¢ — wx® decay is neglected
for it is assumed that this effect is less significant than in the J/¢ — pn one. Actually
the effect of the p — w transition on the J/9 — wn® decay intensity is

Fo = Nu(ma) [+ (ma) [Ny (mo)/Nu(ma)] 7 expti (5, - 80}, (19)

where N,(m,) and N,(m,) are the squares of the modules of the J/¢ — wx® and
J/¥ — pn°® amplitudes, 8, and &, are their phases. In Refs. [1, 2] it is suggested
that §, — 6, = 8, — 8, = 8,. Experimentally [14] N,(m,)/N,(m,) ~ 10. So, the
corrections due to the p — w transition in Egs. (14) and (19) have the approximately

equal modules. For 4, = 90° they are approximately equal to 20% but opposite in



sign. It is significant that N, and N, are measured with an accuracy of 14% and 12%
respectively. In Ref. [2] it is mistaken that the p contribution had not been isolated from
the J/¢ = (p + w)p = 7w~y decay. An isolation is done there by some means and
a magnitude of N,(m,) is obtained which differs from the true one by three standard
deviations.

In summary, we should emphasize that it is urgent to study this fundamental problem

once again with BES in Beijing . Needless to say the 7-CHARM factory [14] would solve
this problem in the exhaustive way.

We thank G.F. Xu very much for discussions. The present work was supported in
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