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The contribution of contact terms (originated by gauge invariance) to the yy A2~ m&

p n+m transitions is evaluated. Large cross sections are predicted immediately above
threshold.

The large values for o (yy ~ rr+n nor ) originally
observed at PETRA (TASSO detector') and at
SPEAR have recently been confirmed' by other
groups and —with enlarged statistics —by the same au-
thors. The sets of data are reasonably compatible
and all of them present a peak for the cross section,

this A2 my matrix element, '

T(A2 rry) = ge,s„—ss' k'Sq" ss"k»

one immediately deduces the contact term corre-
sponding to the yy A2 m ~ amplitude,

(2)

o (yy ~a+a n+n ) = 100 nb,
at center-of-mass energies 8'» =1.6 GeV. The
reaction is found to be dominated by the

yy p p m'+m' m'+m'

channel but there seem to be significant differences
between those groups concerning the p p signal. '
Theoretically, one has attributed this structure to the
formation of a new J =2 + resonance, " a glueball,
or a qqqq bound state. However, the large value of
the width required by the most recent set of data and
the shape of the structure seems to be more charac-
teristic of a threshold effect rather than a genuine
resonance. 3

The purpose of this paper consists in considering
the contribution to the four-charged-pion final state
proceeding through the chain

yy A2+ m + p'm+m m+m m+m

assuming that the first step is dominated by an elec-
tromagnetic contact term or point interaction analo-
gous to that responsible for large threshold effects in
other photon-initiated reactions. ~ One expects a ra-
pid growth of the cross section just above threshold,
8'» =1.45 GeV, due to the opening of the phase
space and the s-wave nature of this contact term, fol-
lowed by a suppression due to absorption. 7 On the
other hand, there is always one on-shell p meson
formed by one of the two m+m pairs appearing in
the final step of the chain (1), while for kinematical
reasons the invariant mass of the remaining m+m

pair is found to be not far from m~, thus simulating a
p p signal for 8'»=1.6 GeV.

The contact term initiating the chain (1) is generat-
ed by introducing covariant derivatives in the
phenomenological Lagrangian accounting for the

m y transition. From the usual expression for

TcT = ega p„ge' k' e e "k)', (3)
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FIG. 1. (a) —(c) Gauge-invariant set of diagrams for

y(k) +y(k') A2 (p) +~&(q). Wavy, dashed, and solid
lines correspond to photons, pions, and A2 mesons,
respectively. Crossed diagrams are required by Bose
statistics.

where s'", e", and s' (p, k, and k') are the polariza-
tion (four-moments) of the A2 meson and the pho-
tons, and q is the four-momentum of the pion. No-
tice that g2 can be deduced (see below) from the
data' on I'(A2 ny) or I'(A2 pm) [using vector-
meson dominance (VMD) in the latter case] in such
a way that no free parameters appear in our computa-
tion.

As is well known, the contact amplitude TqT, Eq.
(3), is only one term [corresponding to Fig. 1(a)] of
the whole gauge-invariant amplitude Tdescribing the
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AP m+ transition. The other terms [Fig. 1(b)
and l(c)] are given by

a (2q —k)
T~ ——eg ~ p„~~ k &p&~'"k),

a (2p —k
Tg =—eg - a '~k'~ ' '"k'

2k p
(5)

and contain the propagators of a m or an A~ meson,
respectively. At threshold, 8'»= m„+m~, the

denominator of Eq. (5) turns out to be much larger
than that corresponding to pion exchange,
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2k p =m~ F»&& m„W»=2k ~ q

=T(k, a, k', a') + T(k', a', k, e)

The differential cross section for the sum of both
charge states is given by

do. (yy Agm)

dQ 16 4
—X/A/'

»

(6)

(7)

where the sum extends to all polarizations of the ini-

tial photons and final A~.
%e now proceed to fix the value of the coupling

constant g defined in Eq. (2) and appearing in the fi-

nal cross section (7) through Eqs. (4)—(6). From
the Aq my amplitude (2) one immediately obtains

I (Ag ~rry) =g'~ p ~'/40n

where j p ~
=0.65 GeV is the final three-momentum.

Then, the experimental value'

I'(A, my) =0.46 +0.12 MeV

leads to

g'/4m =0.039 + 0.010 GeV~

There exists, however, an independent method—
based on VMD —to estimate the value of the cou-
pling constant g. From the well established experi-
mental values'

I'(Ap pm) =71+3 MeV

and f,'/4rr =3.0 one easily obtains

g'/4~ = ( e '/f p') (gg p '/4m) =0.07 GeV~,
which is considerably larger than the more direct

and the contribution of T~ to the total amplitude is
much smaller than that of T and almost negligible
for the whole range of energies. For this reason, the
A A qy vertex and the A q polarization sum have been
taken in the simplest form ("orbital current" parts)
compatible with the required gauge invariance of
T—= TCT+ T +T& for both photons.

Taking Bose symmetry into account one obtains
our final amplitude for the yy Aq

—m+ transitions

A —=A(yy-A ~+)

value quoted in Eq. (8). This lower value will be
used in all the following computations and, therefore,
we feel that this rather conservative procedure could
probably represent an underestimate of the effe t

T
ec.

he predictions of our model for the differential
cross section da(yy Aqm)/d 0 for all the final
charge states have been plotted (solid line) in Figs. 2

and 3 for center-of-mass energies 8'»=1.5 and 1.7
GeV, respectively. The contributions coming from
the five helicity states, A. =0, + 1, and +2, of the f'

nal Aq mesons are also shown (dashed lines). The
total cross section has been plotted in Fig. 4 as a
function of W» (solid curve). The dominant contri-
bution to the cross section is due to the contact term,
which has also been plotted (dashed curve) in Fig. 4.
t is the only term contributing to an s-wave A~a fi-

nal state and its dominance justifies the approximate
isotropy expected for the angular distributions (Figs.
2 and 3).

The most relevant feature of our results is obvi-
ously the large values predicted for the cross sections.
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FIG. 3. Differential cross section do(yy APm+)/dQ
for 8'» =1.7 GeV with the same conventions as in Fig. 2.

FIG. 2. Differential cross section do(yy A/a+)/dO
for W =1.5 GeV deduced from the amplitude originated

by Eq. (2) (solid curve) and by Eq. (9) (dot-dashed curve).
Dashed curves stand for the contribution to the differential
cross section due to the A& helicity states 0, +1 (or —1), and
+2 (or —2).
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FKf. 4, Total cross section cr(yy A
2+-m+) vs 8'».

The conventions for the solid and the dot-dashed curves are
the same as in Fig. 2. Dashed curve stands for the contribu-

tion of the contact term.

respectively. As previously stated, absorptive effects
are expected to decrease our predictions. However,
according to the discussion of Ref. 7, absorption be-
comes important only for 8'» values far from
threshold. For this reason (and also because the use
of the VMD value for g could still increase our pre-
dictions) we have investigated whether these large
cross sections are a necessary consequence of our
model or can be somehow avoided.

To this end we have replaced the phenomenologi-
cal Lagrangian leading to the A2 ~ye matrix ele-
ment quoted in Eq. (2) by a second one leading to

T'(A2 my) =go p,~e' k' p'a "q„ (9)

Obviously, Eqs. (2) and (9) are fully equivalent when
describing (on-shell) A2«m y transitions. However,
as is often the case when dealing with phenomeno-
logical Lagrangians, Eq. (9) leads to a different am-

plitude for the contact term,

Tcr =—ega, »s(e' k'&p"s "e& e' k'~e"e q&)—, (10)

Indeed, at 8'» =1.6, 1.7 GeV one has

o.(yy A2m) =79+10, 121+31 nb

and, taking into account the experimental branching
ratio' for A2~ p sr~,

o(yy m+w n+m ) =o(yy m+n. m'n')

=28 +7, 42 +10 nb,

and for T~,

Tz =+eg e pose' k'~(k p)—~e'"q& . (11)
2k p

Repeating the previous calculations along the same
lines with this new gauge-invariant set of amplitudes
(10), (4), and (11) leads to the values of the dif-
ferential and total cross sections (summed for all the
A2 helicity states) plotted in Figs. 2, 3, and 4 (dot-
dashed lines). In view of the similarity of the results
one has to conclude that the large values of
o (yy A2n ) are an unavoidable consequence of
contact terms.

To some extent, these large values for the
A2m cross section could have been anticipated

from the results of previous work" on the reaction

yy pm, for which rather large and growing cross
sections had been similarly predicted. First, because
in yy collisions the per final state can be produced
only in a p wave (or higher), while an s-wave produc-
tion, generally associated with large threshold
enhancements, "is fully allowed for an A2m final
state. Secondly, because the different (isovector
versus isoscalar) nature of the photons involved,
respectively, in the A2 and p m y vertices tends
again to enhance the cross section for yy A2m over
that for yy pm [notice that, accordingly, one knows
that' I'(A2 my)/I'(p my) =7]. Finally, an in-

dependent hint indicating the relevance of contact
terms in yy A2m follows from the results of a
second work" predicting large values (an im-

portant fraction of the experimental ones) for
o (yy «porr+n «rr+n mr+a ) in a similar context.
Indeed, the first step of the latter chain does not con-
tain a genuine (i.e., without propagators) contact
term as that of Fig. 1(a) responsible for the large
values of o(yy«A2m). This compensates the
phase-space suppression near threshold due to the
large A2 mass.

A comparison of our global predictions for
o.(yy p m+n ) with the available data is in order.
To this aim one has to observe that the phase of our
amplitude for yy A2-+a+ porr+rr (with an-shell
A2 mesons) and that for yy p n+rr (Ref. 12)
differ in 90'. Thus, our global prediction for
o (yy «pox+a ) can be obtained by simply adding
the contributions from these two channels. The
results are displayed in Fig. 5. The two upper curves
have been obtained from the two amplitudes dis-
cussed in this paper and ignoring the effects of ab-
sorption. These effects can be estimated by introduc-
ing a conventional absorption factor of the form

exp[ —( W»- Wth)'/e']

for each channel (where W;h is the corresponding
threshold and 8=0.8 GeV has been taken from Ref.
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13). One then obtains the two lower curves of Fig. 5

showing a rough agreement with the data.
The contact terms discussed in this Brief Report

could in principle also be of interest when considering

FIG. 5. Total cross section a(yy~p m+m ) vs 8'»,
with the same conventions as in Fig. 2. The two lower (upper)
curves include (ignore) absorptive corrections. The experi-
mental data are from TASSO (triangles), Mark II (crosses),
CELLO (open dots), and PLUTO (full dots) (Refs. I, 2, and 3).

A2-meson decays into pay and myy final states
along the lines of Ref. 14. However, this does not
seem to be the case due to the smallness of our pre-
dictions. Indeed, we have estimated the branching
ratios of the Az—+ meson into (pn) ~y and rr~yy ob-
taining 1.1 x10~ and 5 x10~, respectively. As in
the case of the A2 yy transition, whose small
branching ratio (-7 && 10~) has been established'
indirectly through a yy A2 formation experiment,
our large predictions for o(yy A2-m+) imply small
values for the A2 pm y and mary decay widths. The
corresponding branching ratios have not been mea-
sured and, unfortunately, seem to escape the present
possibilities of a direct detection.

Therefore, it seems reasonable to conclude that the
transition yy A 2~ m+ pox+a should present an
important threshold enhancement due to a contact
interaction in its first step. A very substantial frac-
tion of the large cross section for yy m+m m+m

observed at PETRA and SPEAR for 8'»=1.4—2
GeV, i.e., just above the A2m threshold, could be at-
tributed to this mechanism, especially, if the A2m y
coupling constant is taken from the well-established
A2 pm' decay width and VMD. Then, the contribu-
tions to the yy ~m+m m+m cross section coming
from our simple contact-term mechanism for the
A2m channel, together with those of Ref. 12 for the
porn+a. one, could easily account for the whole ex-
perimentally observed effect with no need of new
speculative contributions. 4~ The observation or not
of the Az-+resonance peak in the (pn) ~ invariant-
mass spectrum will represent a crucial test for our ap-
proach.
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