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Differential cross section of ¢-meson photoproduction at threshold

A. L Titov,' T. Nakano,? S. Daté,? and Y. Ohashi’
'Bogoliubov Laboratory of Theoretical Physics, JINR, RU-141980 Dubna, Russia
2Research Center of Nuclear Physics, Osaka University, Ibaraki, Osaka 567-0047, Japan
3Japan Synchrotron Radiation Research Institute, SPring-8, 1-1-1 Kouto Sayo-cho, Sayo-gun, Hyogo 679-5198, Japan
(Received 20 March 2007; revised manuscript received 10 September 2007; published 19 October 2007)

We show that the differential cross section do /dt of the yp — ¢p reaction at threshold is finite and its value
is crucial to the mechanism of ¢-meson photoproduction and for the models of ¢ N interaction.
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Now it becomes clear that ¢-meson photoproduction at
low energies, E, >~ 2-3 GeV, plays an important role in
understanding nonperturbative Pomeron-exchange dynamics
and the nature of ¢N interaction. It is expected that in
the diffractive region the dominant contribution comes from
the Pomeron exchange, because trajectories associated with
conventional meson exchanges are suppressed by the OZI rule
[1]. The exception is the finite contribution of the pseudoscalar
7, n-meson-exchange channel, but its properties are quite well
understood [2]. Therefore, low-energy ¢-meson photoproduc-
tion may be used for studying the additional (exotic) processes.
Candidates are Regge trajectories associated with scalar and
tensor mesons containing a large amount of strangeness
[3,4], glueball exchange [1], or other channels with [5-7]
or without [8] suggestions of the hidden strangeness in the
nucleon.

One possible indication of the manifestation of the exotic
channels is nonmonotonic behavior of the differential cross
section do/dt of the yp — ¢p reaction, reported recently
by the LEPS Collaboration [9]. The data show a bump
structure around £, >~ 2 GeV, which disagrees with the
monotonic behavior predicted by the conventional (Pomeron
exchange) model. Another peculiarity of the LEPS’s data
is the tendency of do/dt at forward photoproduction angle
(0 >~ 0) to be finite when the photon energy E, approaches
the threshold value Ey,, 2~ 1.574 GeV. This is in contradiction
with relatively old [1,10] and recent [11] expectations of
do/dt =0 at @ =0 and E, >~ Ey,, based on a relation that
near threshold do/dt behaves as qé / k2, where k, and g4
are the momenta of the incoming photon and the outgoing ¢
meson in the center of mass, respectively. Thus, the equation
for the differential cross section do/dt in Ref. [11] derived
from the base of the conventional vector meson dominance
approach, being quite reasonable at finite g4, can not be applied
in the vicinity of g4 ~ 0, which is just a goal of our present
consideration.

The aim of our article is to concentrate on this particular
aspect of the experimental data. We intend (i) to show the
absence of the so-called “threshold factor” qé/kf, in the
differential cross section and (ii) to stress that do/dt at
E, >~ Egy,isrelated to the ¢ N scattering length, which can be
used as a test for the models of ¢ N interactions.

A. Threshold behavior of the differential cross section.
Assuming the vector dominance model (VDM) and using the
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optical theorem, the differential cross section of the yp — ¢p
reaction can be written according to Ref. [11] in the form

do VPP 2
T oe=0= %
dt 16y] k2

[1+r2oy®, (D)

where o!° is the total cross section of the ¢p interaction and
r is the ratio of the real to imaginary parts of the elastic
¢p scattering amplitudes r = Re T%” /ImT%?. The coupling
Yp = 6.7 is defined from the ¢ — e*e™ decay. Here we keep
only the diagonal transition yp — ¢p — ¢p. Taking r to be
constant, one gets the threshold factor qq% / kf, in explicit form.
Because Im7? ~ g, [11] and ReT?” related to the real part
of the scattering length is finite, we have

1
r*(gy — 0) ~ —. )
4y

This leads to the cancellation of qé dependence and the

elimination of the threshold factor qé / k}% in Eq. (1). The
value of r near the threshold is unknown, and therefore
one cannot utilize the threshold factor in practice without
additional assumptions.

For more consistent analysis of the threshold behavior we
express the differential cross section of yp — ¢p through the

differential cross section of ¢pp — ¢p elastic scattering,
do VP~ gn? do P—ep
@ Ty ae ®
Yo'y

At small g4, the differential cross section do??~% /dQ
becomes isotropic and it can be expressed through the spin
averaged ¢p scattering length ag),,

do %r—%p 5
d_Q a op* (4)
This leads to the following estimation,

do 7P ax?
— 7 5)

= ——4a,,.
dt threshold j/(g k)Z/ o

One can see that at threshold the cross section of ¢-meson
photoproduction is finite and its value is defined by the ¢p
scattering length.

1. Direct estimations. The direct estimation of the ¢p
scattering length on the basis of QCD sum rules was carried
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out by Koike and Hayashigaki [12]. They got ag, >~ —0.15 fm,
which results in

do, yp—>op
dr 1

This value is in qualitative agreement with the experimental
indication [9].

One can estimate agy using the ¢ N potential approaches.
Thus, for example, Gao, Lee, and Marinov [13] suggested
using the QCD van der Waals attractive ¢ N potential for
analysis of ¢-nucleus bound states. This potential reads

Von = —Aexp(—ur)/r, (7

where A = 1.25 and p = 0.6 GeV. The corresponding scat-
tering length, ag, >~ 2.37 fm, found by direct solution of the
Schrodinger equation, leads to large cross section do/dt =~
1.6 x 10?4b/GeV?. It is more than two orders of magnitude
greater than the experimental hint and provides a problem for
this potential model. Thus, to get the scattering length a4, ~
40.15 fm (and, correspondingly, the cross section do /dt close
to the experiment), one has to choose A = 2.56 or 0.226 for the
positive (strong attraction) or negative (weak attraction) ag,,
respectively. At A ~ 2.75, the elastic scattering disappears
(agp = 0) and we get some kind of Ramsauer effect [14]. In
principle, such analysis may be used for other potentials as
well.

2. SU(3) symmetry considerations. Estimation of the upper
bound of |ag,| may be carried out on the assumption that
the amplitudes of the ¢p and wp scattering are dominated
by the scalar o-meson exchange. Then the SU(3) symmetry
gives the relation

~ 0.63 ub/GeV?2. (6)

agp = sawp s (8)

where £ = —tgA6y (Afy >~ 3.7° is the deviation of the ¢-w
mixing angle from the ideal mixing [15]). More complicated
processes such as s-channel exchange with intermediate
nucleon or nucleon resonances, or box diagrams with w(¢)mp
vertices, would give terms proportional to £ and, generally
speaking, violate Eq. (8). But for crude estimation of the order
of magnitude of ay, one can utilize Eq. (8) using a,, as an
input.

Thus, the QCD sum rule analysis of Koike and Hayashigaki
[12] results in a,,, = —0.41 fm. The coupled channel unitary
approach of Lutz, Wolf, and Friman [16] leads to a,, =
(—0.44 +10.20) fm. An effective Lagrangian approach based
on the chiral symmetry developed by Klingl, Waas, and Weise
[17] results in a,, = (1.6 +10.3) fm. The corresponding
¢-meson photoproduction cross sections for these scattering
lengths, denoted with subscripts 2, 3, and 4, respectively, read

dayp—>¢p

—hr  —2.0x 1072 ub/GeV?, ©)
dt 2

dayp—ﬂbﬁ

S _ 2.7 x 1072 ub/GeV2, (10
dt 3

d yp—¢p
U‘*‘T — 3.1 x 10~! ub/GeV2. (11)
4
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FIG. 1. Differential cross section of the yp — ¢p reaction at
6 = 0 as a function of the photon energy. The enumerated symbols
“plus” correspond to the threshold predictions, given in Eq. (6) and
Egs. (9)—(11). Experimental data are taken from Refs. [9,18].

Figure 1 shows predictions of Eq. (6) and Egs. (9)—(11) by
the enumerated symbols “plus.” Experimental data at 6 = 0
are taken from Refs. [9,18]. The predictions of Egs. (6) and
(11) seem to be preferable. The difference between Egs. (9)
and (10) and data can indicate a small wp scattering length or
the necessity to introduce a large OZI rule evading factor in
Eq. (8) that can be related to the finite hidden strangeness in the
nucleon. For example, analysis of ¢-meson photoproduction
at large angles in Refs. [2,19] favors the large OZI rule
evading factor xozr =~ 3—4. Such values result in increasing
the threshold predictions based on a,, by almost an order
of magnitude. Employing this evading factor seems to be
consistent with predictions in Egs. (9) and (10) and create
a problem for one in Eq. (11).

B. Nondiagonal transitions. The nondiagonal transition
yp — pp — ¢p also contributes near threshold. Such an
example is ¢-meson photoproduction with - and n-meson
exchange, shown in Fig. 2, which is associated with the p — ¢
transition.

The corresponding invariant amplitude written in obvious
standard notation reads

e
Tnll’”_"ﬁp = —i Mewaﬂgﬂ(y)gj(gb)kyaqd)ﬂ

M¢ (t — m,zn)
x [ty ysup | Fp(t), (12)

where m = 7, 17, g, ¢ has asense of g,4, /2y, coupling and it
istaking from¢ — ym(n)decay: (g, ¢x¢ = 0.14(0.71) [15]).
For the gynr coupling constant we take its standard value
gvne = 13.3, and following estimates based on QCD sum
rule [20] and chiral perturbation theory [21], as well as the
phenomenological analysis of 7 photoproduction [22], we use
gnny = 1.94. The function Fnzl(t) is a product of the form

FIG. 2. Diagrammatic presentation of the pseudoscalar 7, n
exchange processes in the yp — ¢p reaction.
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factors in y¢m and N Nm coupling vertices, taken as
2 2

F(y= 2> ""m. (13)
t—m2

The amplitude of Eq. (12) leads to the estimate

2
_altol(Mg —10)" [ gnnagyen F2(t0)
64E0 My M,

do YP—=9op (T.m

dt threshold Io — m72r

2
F2(1)
I ENNn8yepn 'I(O ) 7 (14)

to — m%
where Eq = En = QMyMy + M3)/2My ~ 1.5745 GeV
andfg =ty = —MNMé/(MN + My) ~ —0.49 Ge V2. All pa-
rameters in Eq. (14) are fixed, except the cutoff parameter
A in Eq. (13). Actually, this parameter defines the relative
contribution of the pseudoscalar exchange channel and can
be determined from the spin density matrix element Pll—l»
which defines the angular distribution of the ¢ — K™K~
decay as a function of the angle between the decay plane and
the plane of the photon polarization and has a sense of asym-
metry between transitions with natural (Pomeron exchange)
and unnatural parity (pseudoscalar meson) exchanges [23].
The experimental measurement of this value at [f]| — |fpax]
<0.2GeV?and E, = 1.97-2.17 GeV gives p;_; ~ 0.2 [9].
Using for the “diagonal” transition the Donnachie-Landshoff
Pomeron model [2], one can get p117 1 >~ 0.2at A =1.05GeV.
Using this data one can find

do YP—=op@m

— ~ 0.1ub/GeV?, (15)

dt threshold
giving about of 50% of the total cross section at the threshold.
So again, do¥?~?? /dt is finite and its magnitude is in the range
of the uncertainty of other estimations. This example has a
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practical significance. As long as only the “diagonal” transition
is related to the scattering length, then for its determination,
one has to subtract the “nondiagonal” contribution from the
total cross section. For this aim, the precise data on ¢-meson
decay distribution in reactions with linearly polarized photon
near the threshold are required.

Finally we notice, that the differential do”?~ " /d 2 and the
total 7P~ P cross sections have the obvious kinematical phase
space factor g4/ k, . For example, for the diagonal transition
we get

do vPor _gpam 5

2
ao _ 2o 97 yp—>¢p_q_¢40‘” 2
d 2 threshold k Vlfg 2

Olhreshold — ky Vq% a¢p. (16)
If one accepts the threshold behavior of do/dt as in Eq. (1)
with a constant r, then the cross sections do /d2 and oVP=er
will decrease near threshold as (g4 / ky)3’ which seems to be
rather strong.

In summary, we analyzed the differential cross section
do /dt of the yp — ¢p reaction at threshold and have shown
that it is finite. A part of the threshold cross section is directly
related to the ¢ N scattering length. This offer to put constraints
on the ¢N interaction. Non-natural parity exchange (or
nondiagonal VDM) transition also gives a finite contribution at
threshold. The way to separate diagonal (Pomeron exchange)
and nondiagonal (pseudoscalar meson exchange) transitions
requires the performance of high statistic experiments with
linearly polarized photon beams. The problems discussed
above may be studied experimentally at the electron and
photon facilities at LEPS of SPring-8, JLab, Crystal-Barrel
of ELSA, and GRAAL of ESRF.

We thank E. L. Bratkovskaya, W. Cassing, A. Hosaka, and
B. Kémpfer for useful discussions. One of the authors (A.L.T.)
appreciates H. Ejiri for the hospitality in SPring-8, where this
work was performed.

[1] T. Nakano and H. Toki, in Proceedings of the International
Workshop on Exiting Physics and New Accelerator Facilities,
SPring-8, Hyogo, 1997 (World Scientific, Singapore, 1998),
pp.- 48.

[2] A. L. Titov and T.-S. H. Lee, Phys. Rev. C 67, 065205 (2003);
A. L. Titov and B. Kdmpfer, Phys. Rev. C 76, 035202 (2007).

[3] R. A. Williams, Phys. Rev. C 57, 223 (1998).

[4] J.-M. Laget, Phys. Lett. B489, 313 (2000).

[5] E. M. Henley, G. Krein, and A. G. Williams, Phys. Lett. B281,
178 (1992); E. M. Henley, T. Frederico, S. J. Pollock, S. Ying,
G. Krein, and A. G. Williams, Few-Body Systems Supplementa,
edited by H. Mitter (Springer, Vienna, 1992), Vol. 6, pp. 66-76.

[6] A. L. Titov, Y. Oh, and S. N. Yang, Phys. Rev. Lett. 79, 1634
(1997).

[7] A. L. Titov, Y. Oh, S. N. Yang, and T. Morii, Phys. Rev. C 58,
2429 (1998); Nucl. Phys. A684, 354 (2001).

[8] N. I. Kochelev and V. Vento, Phys. Lett. B515, 375 (2001).

[9] T. Mibe et al. (LEPS Collaboration), Phys. Rev. Lett. 95,182001
(2005).

[10] D. P. Barber et al., Z. Phys. C 12, 1 (1982).
[11] A. Sibirtsev, H. W. Hammer, U. G. Meissner, and A. W. Thomas,
Eur. Phys. J. A 29, 209 (2006).

[12] Y. Koike and A. Hayashigaki, Prog. Theor. Phys. 98, 631
(1997).

[13] H. Gao, T.-S. H. Lee, and V. Marinov, Phys. Rev. C 63,
022201(R) (2001).

[14] P. M. Morse and H. Feshbach, Methods of Theoretical Physics
(McGirill Hill Book Company, Inc., 1953).

[15] S. Eidelman er al. (Particle Data Group), Phys. Lett. B592, 1
(2004).

[16] M. F. M. Lutz, G. Wolf, and B. Friman, Nucl. Phys. A706, 431
(2002) [Erratum, A765, 495 (2006)].

[17] F. Klingl, T. Waas, and W. Weise, Nucl. Phys. A650, 299
(1999).

[18] The Durham Data Base. HEP REACTION DATA.

[19] A. Sibirtsev, Ulf-G. Meissner, and A. W. Thomas, Phys. Rev. D
71, 094011 (2005).

[20] S. L. Zhu, Phys. Rev. C 61, 065205 (2000).

[21] J. Piekarewicz, Phys. Rev. C 48, 1555 (1993).

[22] L. Tiator, C. Bennhold, and S. S. Kamalov, Nucl. Phys. A580,
455 (1994); M. Kirchbach and L. Tiator, Nucl. Phys. A604, 385
(1996).

[23] K. Schilling, P. Seyboth, and G. E. Wolf, Nucl. Phys. B15, 397
(1970) [Erratum, B18, 332 (1970)].

048202-3



