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Abstract: The influence of double scattering effects on cohemphotoproduction on the deuteron is studied in the energy
region near the)-production threshold at backward center-of-mass andl#isecoutgoing pion. The model is based on the impulse
approximation and double scattering diagrams with inteliate production of botht and n-mesons. Numerical results for the
differential cross section and tensor target asymmetniespaedicted and compared with available experimental dath other
theoretical models. The effects of double scattering anaddo be much larger in the tensor target asymmetries thdmeidifferential
cross section. Compared to the experimental data from CLélBabration, sizeable discrepancies are found.
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1 Introduction evaluated. Blaazeret al. [6] studied rescattering
corrections to all orders by solving Faddeev equations of
The study of meson photo- and electroproductionthe iNN-system. Using a microscopic approach based on
processes on the deuteron is of fundamental interest ithe Kerman-McManus-Thaler (KMT) multiple scattering
nuclear physics. The photoproduction of mesons is artheory [7] in momentum space, Kamalat al. [8] have
excellent tool for the study of nucleon resonancdsapd  studied coherert®-photoproduction on the deuteron in a
in consequence of the structure of the nucleon. In thiscoupled channel approach. The energy dependence of the
context, meson production on the deuteron is of specifidifferential cross section was explained in R&j. ip the
importance due to the lack of free neutron targets.photon lab-energies between 600 and 800 MeV. The main
Coherent pion photoproduction on the deuteron may beconclusion of Ref. 9] was reproduced in another paper
used as an isospin filter and is especially sensitive to th§1(], where it was shown that in addition to the two-step
coherent sum of thgp — n°p andyn — n°n amplitudes.  process, the full dynamics in the intermediafN
Due to its relative simplicity, the deuteron is the ideal system could be important as well.
target for such studies. : :
Coherent m®-photoproduction on the deuteron has Unfortunately, none of these theoretical studies

been studied as a source of information on the elementar O'E'dyforj ng:rlatlﬂczaamcr)gshg?dsg;\fa%?jsuctfig; %br?eréfeoﬁtlon
mP-photoproduction off the neutron. This reaction has P ' '

been first studied by Koch and Woloshyaj py including n Rgfs. ﬂl12’1%4’15’.16] we have con3|dered the
the contribution from pion rescattering with reaction. yd — m°d with special emphasize on
charge-exchange contributions. This effect was thenoolanzatlon observables.

verified by Bosted and Lagef] in studies of coherent Our purpose in the present paper is to report on
m°-photoproduction on the deuteron in thethreshold  theoretical predictions for the differential cross seutio
region. In Ref. #] an approach ofNN — NA coupled  and tensor target asymmetries for the reaction- 11°d.
channels was used. In another approach, developed ifhis work is motivated by the measurements of the CLAS
Ref. [5], relativistic Feynman diagrams have been Collaboration 17,18], where a cusp-like structure in the
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Fig. 1: The considered diagrams in coherefftphotoproduction on the deuteron, (a) impulse approximna(iA) and (b) double
scattering contribution with intermediate production offor- andn-mesons (FSI).

energy dependence of the differential cross section hadenoted, respectively, byandk. Moreover, the invariant

been observed at extremely backward pion angles. Thenergy of the/d system is given as

calculation presented in this work is of theoretical ingtre

because, on the one hand, it provides an important test 8V,q = Ey+ Eg = ||+ 1/k2+ M7,

our understanding of the elementary neutron amplitude in

the absence of a free neutron target. On the other hand, = E;+E}= \/q2+ m2 -+ \/q2+ M2, (3)

we would like to see whether the cusp structure observed )

in the differential cross section at backward direction canWhere My and my; are the deuteron and neutral-pion

be explored via polarization observables. masses, respectivelfiymy  (k,q) denotes the reaction

This paper is organized as follows. In sectyra brief ~ matrix, where the initial and final deuteron spin

description of the formalism ingredients for the reaction projections are given byy andny,, respectively.

yd — m°d is given. Numerical results for the differential For the calculation of thel matrix we include in

cross section and tensor target asymmetries are presentéddition to the pure impulse approximation (IA), i.e., the

and discussed in secti@ Finally, we provide conclusion ©one-body contribution, the double scattering diagrams

in section4. with intermediate production of botlr- and n-mesons
(FSI). A diagrammatical overview of these contributions
is given in Fig.1. The first diagram describes the pure 1A

2 Formalism and the second one comprises the contribution from FSI.

. . e . . In this approximation, the total transition matrix elengent
As a starting point, we will first consider the formalism of |54

the coherenti®-photoproduction reaction on the deuteron A Es)
y(k.£2) +d(d) — 7(q) +d(d), @ o (K@) = Ty (Ko 0+ T (K, Q). )

where k = (Ey,k), 9 = (Er,q), d = (Eq,d), and  The explicit expressions for the two terms in the right-hand

d' = (Eg,d’) denote the four-momenta of the incident side are given in Ref.1jg] and we refer the reader to this
photon, outgoing pion, initial and final deuteron, paper for the details.

respectively. The circular polarization vector of the

photon is defined by, with A = +1. We will consider

this reaction in the photon-deuteroydj center-of-mass Resul i ion
(c.m.) frame. There we choose thexis along the photon 3 Resultsand discussio

momentum & = k = k/|k|), they-axis parallel tok xq \yg start the discussion with the results for differential
and thex-axis such as to form a right-handed system. qoss section as plotted in Figg.as functions of the
Thus the outgoing pion is described by the sphericalyoion energy. The dotted and solid curves correspond,
anglesg; = 0 and6 with cosfr = §- k. _ respectively, to the results of the IA alone and with
In theyd c.m. system the differential cross section for jnclusion of double scattering effects. We see that the
coherentr’-photoproduction on the deuteron is given by goyple scattering contribution is tiny at forward directio
[16] With increasing pion angles, a noticeable contribution
do 1 M EqEy 1 ‘T (k,q) 2 @) from double scattering is obtained in the photon energy
dQ,  16m |K| Wyzd 6 ZA myma (G Q)] range fromg, ~ 700 to 800 MeV. The double scattering
My effects become maximum at extremely backward angles.
with initial (final) deuteron energiq = /k2+M§ (Ey = For photon lab-energies near the threshold of
n-production, the double scattering effects lead to
02+ M3). The c.m. momenta of the pion and photon areincrease the cross section at all angles. Furthermore, Fig.
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Fig. 2: (Color online) Then®-angular distribution ofd — 1°d versus laboratory photon energy at different@g theyd c.m. frame.
Shown are the prediction of the IA alone (magenta dotteddtidinclusion of rescattering effect (red solid).
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Fig. 3: (Color online) The tensor target asymmetpy of yd — m°d versus laboratory photon energy at different @ the yd c.m.
frame. Notation of the curves as in FRj.
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Fig. 4: (Color online) The tensor target asymmeTpy of yd — 1°d versus laboratory photon energy at different g the yd c.m.
frame. Notation of the curves as in FRj.

2 demonstrates the peak observed in the energyo draw specific conclusions about details of the reaction
dependence of the differential cross section at extremelynechanism. At extremely backward direction, the
backward pion angles and photon lab-energy slightlyasymmetryTyo exhibits a minimum value aE, ~ 700
above 700 MeV 17,18]. The origin of this effect is the MeV when only the IA prediction is considered. When
presence of th&;;1(1535)-resonance in the diagram with the double scattering effects are switched on, one sees a
n-rescattering. In comparison with the calculation of Ref. peak atE, ~ 700 MeV. Also, theT,g-asymmetry shows a
[10], we can only compare with results for the differential drastic influence from FSI effect.
cross section at cd@’=0 and -0.85, where differences are The influence of double scattering effects on the target
found. These differences may be due to the full dynamicsasymmetryT,; is clearly addressed in Fig, where the
in the intermediatg)NN system which was considered in calculation of the pure IA is compared to the one with
[10Q], but not included in the present calculations. Anotherinclusion of rescattering diagrams. We found that the
reason lies in the fact that the author of Ré&Qj[used the  results of theT,;-asymmetry are sensitive to the double
MAID-2003 model [L9] for the elementary amplitude and scattering effects at backward direction. We would like to
the Bonn potential model (OBEPQ versio20] for the emphasize that th&;-asymmetry shows a considerable
deuteron wave function, while in the present work we double scattering effects. The difference between the
used the extended version MAID-2007 mod&][for the dotted and the solid curves is noticeable wEgrchanges
former and the Bonn potential (full model2d for the  from 600 to 900 MeV. It emphasizes the importance of
latter. It was found in 12,13,15 that the computations double scattering effects in this energy region at
with different elementary amplitudes and various backward direction. However, this difference is tiny at
potential models for the deuteron wave function are quiteforward direction. The tensor asymmeiy, is sizable in
different. the nearn-threshold region, exhibiting a sharp peak in
Next, we turn to discuss the results of tensor targetabsolute values and a drastic influence from the double
asymmetries as displayed in Figs.4, and5. The tensor  scattering effects. Th&,;-asymmetry reaches a second,
asymmetries are much more sensitive to the rescatteringuite broad maximum above thpthreshold. Moreover,
effects. This is particularly apparent in the targetthe peak observed in the angular distribution of the
asymmetry T,o for tensor polarized deuterons and differential cross section near tleproduction threshold
unpolarized photons which is displayed in Fig.as a at backward angles is also seen here when double
function of photon lab-energy at fixed values of égsn scattering diagrams are considered.
the yd c.m. frame. For the reactiopd — 11°d at forward Results for the tensor target asymmeffy, are
and backward pion angles, the asymmé&kyallows one  depicted in Fig.5. As for the To;-asymmetry, one notes
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Fig. 5: (Color online) The tensor target asymmetpy of yd — 1°d versus laboratory photon energy at different @ the yd c.m.
frame. Notation of the curves as in FR).

_, 150 60 —
2 I i c0s8,,=-0.65
o) %3
£ 100 40 |
= [ %
g s0 20
o) L L
©

0l— 0

05 07 09 11 05

_.60 —— 60
s c0s6,=-0.757
Qo
240 4 40
- L ]
g2 4 20
5 — =

O L | L | | L |

n O 1 I O 1
05 07 09 11 05 07 09 11 05 07 09 11
Ey [GeV] E, [GeV] E, [GeV]

Fig. 6: (Color online) The differentiald — n°d cross section calculated in thyel c.m. frame versus laboratory photon energy at
different co®;;. Notation of the curves as in Fig, but the curves of this figure are multiplied by a factor 4 ®aclthe peak observed
in our predictions. Experimental data are fro23][(open circles), CLAS Collaboratiori}] (open squares), and CLAS Collaboration

[18] (solid circles).

for the Ty,-asymmetry a noticeable contribution from This maximum disappears when only the pure IA is
double scattering effects at backward pion angles. ltconsidered.

shows an oscillatory behavior. We found also that, the
asymmetryT,, exhibits a peak aE, ~ 600 MeV and a Last, but not least, we would like to point out that the

second, quite broad maximum above thethreshold. cusp caused by the opening of thBl channel is strongly
smeared by the Fermi motion effect and can hardly be

visible in the reaction on a deuteron. The structure which
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we really see at backward angles in Fig$o 5 is nothing Finally, we would like to point out that not all of the
but a consequence of interference between the |IA and FSpossible rescattering diagrams are considered in this
terms. It is also clear that in forward and backward pionwork. Our calculations do not include vector-meson
emission, the spin asymmetifyg; vanish at6,=0 or 1, exchange terms in the rescattering amplitude or any other
because of the helicity conservation, i.e., in this case the@esonance amplitudes besides $¢1535) contribution.

differential cross section should not depend gp, In addition, the three-body problem of tie\N system is
because af;=0 or rrthe azimuthal angley; is undefined of special importance for understanding the reaction
or arbitrary. dynamics. Thus there is a way for further improvements

We now turn to a comparison of our results with of the present model.
experimental data, where available. Figugeshows a
comparison of the results for the differential cross sectio
calculated in the/d c.m. frame versus laboratory photon References
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