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Abstract. We present the coupled channel model of the scalar isovector resonance pho-
toproduction including the 777, KK and 7’ channels and calculate resulting mass dis-
tribution and the cross section in the m; channel. We show that the shape of this mass
distribution, is strongly affected by the phase of background amplitude. We also discuss
the effect of inclusion the 77" channel on the overall isovector photoproduction process.

1 Introduction and motivation

Electromagnetic processes are known to be a good source of information on the meson inner structure.
Analysis of these processes turned out to be particularly fruitful in case of scalar mesons which emerge
eg. in the ¢(1020) radiative decays in both 7z and 7 channels. Photoproduction of isoscalar and
isovector scalar resonances can be treated as a complementary source of information on the scalar
meson structure. Here we are concerned with the photoproduction of isovector scalar resonances,
particularly the ao(980). Moreover, we are interested in photoproduction at photon energies of about
10 GeV, ie. energies achievable in new JLab experiments CLAS12 and GlueX. In this kinematic region
the process is dominated by the t channel meson exchange which leads to production of pseudoscalar
pairs 75, KK and 7', These in turn can resonantly interact in the final state as shown in Fig.1. So,
construction of the photoproduction amplitudes is inevitably the coupled channel problem. In Ref.[1]

Figure 1. Diagram for the photoproduction process with final state interactions.

we constructed the 77— KK coupled channel photoproduction amplitudes where a(980) and ao(1450)
resonances emerged due to final state interactions. Here we present the extended version of this model
which takes into account also the 7" channel. The model is also applicable to higher partial waves
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(see [2]) and is relevant in the context of CLAS12 and GlueX experiments to be started shortly at
Jefferson Laboratory. In these experiments the 777, KK and 7’ pairs will be photoproduced copiously
(also by polarized photons) enabling the partial wave analysis. Reliable models of the resonance
photoproduction are thus timely and opportune.

In practical situations the resonance signal observed in the 777, KK and 717’ mass distributions is
accompanied by the background resulting from the direct pseudoscalar pair production, Drell mech-
anism [3] or cascade baryon resonance de-excitation [4]. The baryon resonance contribution to the
background is believed to decrease with photon increasing energy but as we show below, its phase
strongly affects the shape of mass distribution.

2 General amplitude structure

Our model assumes that the scalar resonance photoproduction is a two stage process. First, a pair of

pseudoscalar mesons 7, K°K°, K*K~ or 7y’ is photoproduced, which we describe in terms of Born

amplitudes. The final state rescattering is described in terms of the coupled channel and unitary model.

The complete i photoproduction amplitude, which takes into account the final state rescattering reads
o k12 dr’

</l,|Am]|/ly/l> = </lllvmy|/ly/l> + 477;";}‘[) WF(k,)tm];mm'Gmm’ </l,|me'|/ly/l> (1)

where Vz,, (Vi) is the Born amplitude of the s (mm’) pair photoproduction, fz.u. is the coupled
channel rescattering amplitude, 4, A" and A, are respectively the helicities of the initial and final proton,
and photon helicity. G, is the propagator of the intermediate mm’ pair defined as

-1

Gum = . 2
Mmm’ - M,mm’(k/) + 1€ ( )

and F (k") is the form-factor needed to regularize the divergent mesonic loop of the diagram shown in
Fig. 1. Projecting out the higher partial waves, we arrive at the following coupled channel S —wave
7 photoproduction amplitude:

N (
KK \/z
where 1y, = —kpyMy, /87, 1 = —kggpMpy /87, Yy = —Kmy My /8 and My, is effective mass of the

nn system. The tf,;l, tj(}lm and tf;],l;m] are isovector elastic 77 amplitude and transition amplitudes

. I=1 . 1= 1
Amy = [1 + iyl ] Vi + KRy Vg + V,(oﬂ) + Uy Lo 3)

respectively. The ky,, kyz and kr,, are CM momenta in the 77, KK and af’ channels. In this intro-
ductory study we neglect the effects of the off-shell propagation of intermediate mesons. Thus, the
third term in Eq.(3) vanishes below the ;" threshold and does not affect the amplitude for masses
corresponding to ap(980) resonance. Further we use numerical channel indices for the elements of the
final state scattering amplitude and denote #., as Ty, Lok 38 T2 and ty,..,y as T3 respectively.

3 Born amplitudes

In Fig. 2 we show the general structure of Feynman diagrams representing Born amplitudes. In these
diagrams a corresponds to p or w in the 7;y and 777’ channels and K or K* in the KK channel. b
corresponds to the p and w exchange. The diagram c) is required by the gauge invariance of charged
kaon pair production amplitudes. The general form of amplitudes corresponding to diagrams of Fig.
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Figure 2. Diagrammatic representation of Born amplitudes for 77, K°K® K*K~ and an’ intermediate states.

2 reads:
Vo = Y TP, S ) - 8, X )u(p, s), )
{mm’}
where the sum is over intermediate states mm’, J, ,» is the hadronic current, u(p, s) and u(p’, s’) -
wave functions of the initial and final proton respectively and ¢ - the polarisation 4-vector of the inci-
dent photon. To perform the partial wave expansion of the Born amplitudes we have used procedures
discussed in [1, 2].

4 Final state interaction amplitudes

To obtain the final state rescattering amplitudes one solves the coupled channel Lippman-Schwinger
equations which in momentum space read [5-7]

&p

(2n)?

(qITky = (qIVIk) + f (@IVIpXpIGIpXpITIk), S

where V, G and T are 3x3 matrices in channel space. G denotes the diagonal propagator matrix, with
the elements defined as

Gi(p) = (6)

E-Ei(p) +ie
V is the interaction matrix which is assumed in a separable form
(qlVijlk) = Aijgi(@)g j(k), (M

where A;; is a 3x3 coupling constant matrix and the form factor is defined as

[4nr 1
gi(p) = E m, (8)

with m; being the reduced mass of mesons in i—th channel. Given the symmetric matrix of couplings
and 3 form-factor parameters (;, the total number of model parameters for 3 channels is 9. The
on-shell scattering matrix elements 7;;(k;, k;) can be expressed in terms of the S -matrix elements

i
Sij=0ij— - ykiaikjaj Tij(ki, k) ©))

where i and j enumerate channels, k;, k; are center of mass momenta in respective channels and a; are

defined as:
E.E, B & E.E,

= ) ) = ) @3 = ———.
Ex+E, T2 T E+E,

(10)
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Here E,, E,, Ex and E,, denote the 7, n K and " energies in the center of mass of respective channels.
For the 3-channel case, the relation between elements of the § —matrix and the Jost function can be
described by the following expressions [6]:

D(—ky, ky, —k3)

§2. =811833 - ———= 2 11
13 133 D(ky, ko, k3) an

Si = D(=ki1, k, k3) = D(ky, —ka, k3)
D(ky, k. ks) D(ky, ko, k3)

Further matrix elements can be obtained by proper change of signs in channel momenta. The experi-
mental data on pseudoscalar meson scattering in the isovector channel is very scarce. So, to evaluate
the model parameters we combine the information on the location of resonance poles in the complex
momenta planes with the values of known @((980) branching fractions and amplitude threshold pa-
rameters. This approach is the extension of the method used in [7]. One must be aware, however, that
the quantities used to constrain model parameters are burdened with large uncertainties which impacts
the accuracy of model predictions. The resonance poles of ag(980) and a((1450) correspond to zeroes

of Jost function
DKy, k5, K3) =0, D IS K5y = 0, (12)

where superscripts r and R relate to ap(980) and ao(1450) respectively. Thus, Egs.(12) impose 4
constraints on model parameters, see [8] for details of parameter evaluation.

5 Cross sections and mass distributions
The double differential cross section for the photoproduction of proton and two pseudoscalars reads

do 11 Ik
dtdM,, 4 (21)3 32m2

3 WA, (13)

Y A

where m and E, are the proton mass and photon energy in the laboratory frame respectively. To
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Figure 3. Born cross sections do-/dM,dt for the nn, KK and mn” channels at E,=9 GeV and M,,=1.4 GeV.

evaluate the relative contribution of 777, KK and 77y’ channels to the overall process we first calcu-
lated the respective ¢ dependent cross sections and mass distributions. Fig. 3 shows that for effective
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Figure 4. Born mass distributions for 75, Kk and 77’ channels at E,=9 GeV and —1=0.55 GeV?

masses corresponding to ao(1450) resonance, the 77’ contribution is much stronger that the KK con-
tribution. The mass dependence of Born cross section in Fig.4 confirms that the 777’ channel may
strongly influence the amplitude for masses corresponding to ap(1450). In Fig.5 we show the effects
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Figure 5. Dependence of the mass distribution on the phase of the background amplitude.

of the real Born amplitude interference with the final state interaction amplitude and conclude that, for
real background the resonance is represented by the minimum (double dot-dash line). The resonance
is represented by the maximum in the mass distribution only when the background acquires some
nonvanishing imaginary part. Dot-dashed, dashed and dotted curves in Fig. 5 represent mass distri-
butions resulting from interference of the final state interactions terms with the background amplitude
"corrected" by additional phases of 5, 7 and %ﬂ respectively.
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6 Summary

Our introductory study of the three coupled channel scalar isovector photoproduction suggests that
the 757’ channel gives important contribution to the photoproduction cross section for effective masses
above the 77y’ threshold. For the purely real background resulting from the Born 75 photoproduction
amplitudes, the ao(980) resonance is represented by the minimum rather than maximum. To develop
the maximum in the mass distribution, the background amplitude must acquire some non-vanishing
imaginary part. This imaginary part may arise, for example, from the cascade decays of baryon
resonances.
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