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Abstract. We consider the coherent m°—photoproduction reaction on the deuteron, yd —
n9d, in the energy region from 7-threshold up to 1 GeV using an enhanced elementary pion
photoproduction amplitude on the free nucleon and a realistic high-precision NN potential
model for the deuteron wave function. Numerical results for total and differential cross
sections are presented for which the sensitivity to various models for the elementary pion
photoproduction operator is investigated. Considerable dependence of the results on the
elementary amplitude is found at photon lab-energies close to 7-threshold and above 600
MeV. In addition, the results for differential and total cross sections are compared with the
available experimental data and a satisfactory agreement was found.
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1 Introduction

The study of pion production processes on the deuteron are of fundamental interest in nu-
clear physics. The photoproduction of mesons is an excellent tool for the study of nucleon
resonances [1] and in consequence of the structure of the nucleon. In this context, meson
production on the deuteron is of specific importance due to the lack of free neutron targets.
With respect to pion production, both possible reactions, the coherent and the incoherent one,
are worth to be studied. Coherent pion photoproduction on the deuteron may be used as an
isospin filter and is especially sensitive to the coherent sum of the yp—n°p and yn—n°n am-

plitude. On the other hand, incoherent pion photoproduction on the deuteron may be used
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to obtain information about neutron cross section in quasi-free kinematics. Due to its relative
simplicity, the deuteron is the ideal target for such studies.

Most recently, an improved calculation of the incoherent pion photoproduction on the
deuteron has been performed in Ref. [2] in which final-state interactions (FSI) are included
completely in the NN- and N -subsystems and an enhanced elementary pion photoproduc-
tion operator taken from Ref. [3] has been used. The influence of the elementary operator
on cross sections and spin observables for both the neutral and the charged pion produc-
tion channels has been investigated and was found to be very important. In many cases the
deviation among results obtained using different operators is very large.

For a long time, coherent n%-photoproduction on the deuteron has been studied as a
source of information on the elementary n°-photoproduction off the neutron. This reaction
has been first studied by Koch and Woloshyn [4] by including the contribution from pion
rescattering with charge exchange contributions. This effect was then verified by Bosted
and Laget [5] in studies of coherent 7°-photoproduction from the deuteron in the thresh-
old region. In Ref. [6] an approach of NN—NA coupled channels for describing coherent
n0-photoproduction from the deuteron in the A(1232)-resonance region was used. In an-
other approach, developed in Ref. [7], relativistic Feynman diagrams have been evaluated.
Blaazer et al. [8] studied rescattering corrections to all orders by solving Faddeev equations of
the TNN-system. They have concluded that the contributions of the neutron and the proton
cannot be separated because of the charge-exchange rescattering of the pion. Using a micro-
scopic approach based on the Kerman-McManus-Thaler (KMT) multiple scattering theory [9]
in momentum space, Kamalov et al. [10] have studied coherent 7°-photoproduction from the
deuteron in the A(1232)-resonance region in a coupled channel approach.

The coherent n°-photoproduction from the deuteron was studied by Kudryavtsev et al.
[11]. In particular, it was demonstrated that at large c.m. angles and photon lab-energies be-
tween 600 and 800 MeV, the two-step process with the excitation of an intermediate 1-meson
dominates over single-step process photoproduction and pion rescattering. The main conclu-
sion of Ref. [11] were reproduced in another paper [12], where it was shown that in addition
to this two-step process, the full dynamics in the intermediate NN 7 system could be important
as well. Unfortunately, none of these theoretical studies considers the energy region above
the A(1232)-resonance region and/or investigates the sensitivity to the elementary pion pho-
toproduction operator on the free nucleon. Therefore, the coherent 7°-photoproduction re-
action on the deuteron has been investigated in the A(1232)-resonance region Ref. [13] with
special emphasize on the doubly polarized cross sections. The sensitivity of the results to the
elementary pion photoproduction amplitude was investigated, and considerable dependence
has been found.

Our purpose in the present paper is, therefore, to extend the model, recently presented in
[13], to make theoretical predictions for unpolarized total and differential cross sections of the
process yd —n°d in the energy range from 7-threshold up to 1 GeV. For the elementary yN —
ntN amplitude, an enhanced elementary pion photoproduction operator taken from Ref. [3] is
used. This model displays chiral symmetry, gauge invariance, and crossing symmetry, as well
as a consistent treatment of the interaction with spin-3/2 particles. It also provides a reliable
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description of the threshold region. For the deuteron wave function, we used the realistic
high-precision CD-Bonn potential model [14]. The calculation of this work is of theoretical
interest because it provides an important test of our understanding of the elementary neutron
amplitude in the absence of a neutron target.

This paper is organized as follows. In Section 2, a brief review of the formalism for the
reaction yd — 7°d, in which the transition matrix elements are calculated, is given. Results
for unpolarized total and differential cross sections are presented and discussed in Section 3,
focusing on the sensitivity of results to the elementary pion photoproduction operator. Finally,
we provide conclusions in Section 4. Throughout the paper we use natural units h=c=1.

2 Formalism

As a starting point, we will first consider the formalism for coherent 7°-photoproduction on
the deuteron which contains only two particles in the initial and in the final states. The
general form of the two-body reaction is

a(pq)+b(py) — c(p.)+d(pa)s )

where p; = (E;, ;) denotes the four-momentum of particle “i” with i € {a,b,c,d}.
Following the conventions of Bjorken and Drell [15], the general form for the differential
cross section of a two-particle reaction in the center-of-mass (c.m.) system is given by

do 1 b. EaEbEcEd 1 2
- . N T (ﬁd}ﬁ 551)55 ) (2)
dQ, (2nW)2p, F,F,F.Fq s Mé’uj Habbeibia c a |
with T, ,, ., 4, as reaction matrix, u; denoting the spin projection of particle “i” on some

quantization axis, and F; is a factor arising from the covariant normalization of the states
and its form depends on whether the particle is a boson (F; =2E;) or a fermion (F; =E;/m;),
where E; and m; are its energy and mass, respectively. The factor s = (2s,+1)(2s,+1) takes
into account the averaging over the initial spin states, where s, and s; denote the spins of the
incoming particles a and b, respectively. All momenta are functions of the invariant mass of
the two-body system W, i.e. p;=p;(W ), where W =E,+E, =E.+Ej,.

Focusing on coherent 7%-photoproduction from the deuteron and choosing the photon-
deuteron c.m. frame with the z-axis along the photon momentum k, the y-axis parallel to Exq’
and the x-axis such as to form a right-handed system. Thus the outgoing pion is described by
the spherical angles ¢ 0 and 6,0 with cos0,.0 —=4§-k. The reaction (1) then becomes

v(EykA)+d(Eq,—k) — 7°(Eq0,d) +d(E},—7), 3)

where energy and momenta of the participating particles are given in the parentheses, and A
stands for the circular photon polarization. Diagrammatic representation of this reaction is
shown in Fig. 1. The F; factor is given by

F,=2E,  F,=2E;, F,=2En, F4=2E), C))
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Figure 1: Diagrammatic representation of the yd — %d reaction in the impulse approximation with
definition of momenta in the yd c.m. system.

and therefore one finds s =6 taking into account the averaging of the cross section over the
initial two possible polarizations of the real photon and the three spin projections of the
deuteron.

Using standard normalization of particle states, the unpolarized differential cross section
of the reaction yd — 7°d in the c.m. system is then given by

A0 (4nW,q)2 R

do E4E, |q|1
< 2 , 5)

mgmi; A

where mé (my) is the spin projection of the outgoing (incoming) deuteron and ¢ and k are
the c.m. momenta of the pion and photon, respectively. Moreover, the invariant energy of the

yd system is given as
W,g=E, +4/k*+M3,  E,=Ik|,

=Epo+4/T4+Mg,  Epo=4/3+m2, (6)

where My and m o are the deuteron and neutral-pion masses, respectively.
The scattering amplitude of coherent n%-photoproduction on the deuteron is given in the
impulse approximation by
-, d3p N T .
dem(’il(kiq)zz (271)3 ¢m/d (p )tyn(k,pi,q,pf)qud (p) (7)

with t;‘n standing for the corresponding elementary amplitude yN — ntN. Furthermore, the
vectors p; and p; denote initial and final momenta of the active nucleon in the deuteron, for
which we have p;=p—k/2 and Pr =p—G+k/2, and p’ =+ (k—q)/2 denotes the relative
momentum in the final deuteron state. The time-ordered diagrams taken into account in the
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present work for the scattering amplitude of coherent 7°-photoproduction on the deuteron
are depicted in Fig. 2. As the neutral pion has neither charge nor spin, the photon cannot
couple to its charge and magnetic moment. So, the mechanisms embodied in diagrams (c),
(d), and (e) in Fig. 2 and the corresponding ones in Fig. 3 for charged pions do contribute to
neutral-pion production, but only in the intermediate state, where first a charged particle is
produced, that turns into a neutral one upon rescattering.

Introducing a partial wave decomposition, one finds for the scattering matrix the relation

dem A(k Q)_e {(ma+2)¢ =ty ’l(WYd59n0), (8)

where the reduced t-matrix elements are the basic quantities that determine cross sections
and polarization observables. If parity is conserved, the reduced t-matrix obeys the symmetry
relation

_ 1+mg+m/+2
t d—l—(_) ¢ Emgm/ A+ ©)

—mg—m d

For the deuteron wave function we use the familiar ansatz

Pm, (P Lzo:zrw;n: (LmyImg|img)uy (p)Yim, (D) XmsSos (10)
Y ot Lt Y ot
B N e

/P,

Figure 2: The considered diagrams in coherent pion photoproduction on the deuteron. Born terms: (a)
direct nucleon pole, (b) crossed nucleon pole, (c) pion pole, and (d) Kroll-Rudermann contact term; (e)
vector-meson exchange (p and w); resonance excitations contribution: (f) direct and (g) crossed.
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Figure 3: Feynman diagrams for pion photoproduction from a single nucleon. Born terms: (A) direct
nucleon pole, (B) crossed nucleon pole, (C) pion in flight, and (D) Kroll-Rudermann contact term; (E)
vector-meson exchange (p and w); resonance excitations contribution: (F) direct and (G) crossed.

where the last two terms denote spin and isospin wave functions, respectively. In the present
work, the radial deuteron wave functions of the initial and final deuteron state are chosen
to be identical for consistency, i.e., both from the realistic high-precision CD-Bonn potential
model [14].

For the elementary pion photoproduction operator on the free nucleon, yN — N, we use
in this work the effective Lagrangian approach (ELA) elaborated in Ref. [3], which has been
applied successfully from threshold up to 1 GeV of photon energy in the laboratory reference
system and succeeds to reconcile [16] pion photoproduction experiments in the A(1232)
region [17,18] with the latest Lattice QCD calculations of the quadrupole deformation of the
A(1232) [19]. Recently, the model has also been applied successfully to eta photoproduction
from the proton [20]. This model is based upon an effective Lagrangian approach which from
a theoretical point of view is a very appealing, reliable, and formally well-established approach
in the energy region of the mass of the nucleon. It displays chiral symmetry, gauge invariance,
and crossing symmetry as well as a consistent treatment of the spin-3/2 interaction. The
model includes Born terms (diagrams (A)-(D) in Fig. 3), vector-meson exchanges (p and w,
diagram (E) in Fig. 3), and all the four star resonances in Particle Data Group (PDG) [17] up
to 1.7 GeV and up to spin-3/2: A(1232), N(1440), N(1520), A(1620), N(1650), and A(1700)
(diagrams (F) and (G) in Fig. 3). Born terms are calculated using the Lagrangian

. 2 2 o Lo s
gBom:—leFlVAaejkgnj(aank)—eA“FlvNyag(Fl/ +73)N

v e ~1sv
—ieF) = FyN=(Fy"" +73)y,pNF*P

P 1
AN —[T; N —
YaYSZ[T]’TS]TC] 4My 2

T

Fon -
+ 5Ny qysTN (2%m)), b
T

where e is the absolute value of the electron charge, m,, the mass of the pion, My the mass of
the nucleon, f, 5 the pion nucleon coupling constant, F ]V :F]P —F ]Tl and F JS =F JP +F Jﬂ are the
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isovector and isoscalar nucleon form factors, F*¥ = 9#A” —9"v A is the electromagnetic field
(A* stands for the photon field), N the nucleon field, and 7t; the pion field. The coupling to
the pion has been chosen pseudovector in order to ensure the correct parity and low energy
behavior.

The main contribution of mesons to pion photoproduction is given by p (isospin-1 spin-1)
and w (isospin-0 spin-1) exchange. The phenomenological Lagrangians which describe vector
mesons are:

_ . K eGony
Lo=—Fu,nnN [Ya—lﬁyaﬁaﬁ} w*N+ om, euvaﬁF“ﬁ (8”7tj) 6jz0",
%, =—F,ynN ya—iK—pyaﬁﬁﬁ T-p‘."N—I—EGﬂe mﬁF“ﬁ (8“n-)py. (12)
P P ZMN JFj 2mn w J J

As already mentioned above, these terms are absent in the case of direct neutral-pion produc-
tion.

The model displays chiral symmetry, gauge invariance, and crossing symmetry as well as
a consistent treatment of the spin-3/2 interaction which overcomes pathologies present in
former analysis [21]. Under this approach for spin-3/2 interactions the (spin-3/2 resonance)-
nucleon-pion and the (spin 3/2 resonance)-nucleon-photon vertices have to fulfill the condi-
tion q,0% =0 where q is the four-momentum of the spin-3/2 particle, a the vertex index
which couples to the spin-3/2 field, and the dots stand for other possible indices. In particular,
for the A(1232), the simplest interacting n-N-A(1232) Lagrangian is [21]

h
_ N B.5 WAV A
LNA= anANGMMﬁY Y (8 Aj) (8 ﬂ:])-i—H.c., (13)
where H.c. stands for hermitian conjugate, h is the strong coupling constant, f, =92.3 MeV
is the leptonic decay constant of the pion, M, the mass of the A(1232), and AJV. the A(1232)
field. The y-N-A(1232) interaction can be written [22]
e _[i
1% N [ﬁ
2

T F+ ngSFW} (e#Ay)+H.c, (14)

where g; and g, are the electromagnetic coupling constants, M, = My +M,, and Fuv =

eul/ aﬁFaﬁ .

The dressing of the resonances is considered by means of a phenomenological width which
contributes to both s and u channels and takes into account decays into one 7, one 7, and
two 7. The energy dependence of the width is chosen phenomenologically as

Tsu)= > TX;(su), (15)

j=mnmn

where s and u are the Mandelstam variables and

Xi(s,u)=X;(s)+X; (u) =X (s)X; (u), (16)
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with X (1) given by
(“—é)' 2L+1
), :
X;()=2—22 0 (1- (My+m;)*), 17)
+

where L is the angular momentum of the resonance, © is the Heaviside step function, and

K| = \/(Z—M]%—mjz_)z_4mjz.M§,/ (2ﬁ), (18)

with m,,=2m, and IlszI = |12j| when [ =M*? (M* stands for the mass of the resonance).
This parameterization has been built in order to fulfill the following conditions

(i) T=T, at s=M";

(i) T—0 when |k;|—0;
(iii) a correct angular momentum barrier at threshold IEj|2L+1;
(iv) crossing symmetry.

For the resonance-pion-nucleon vertex, the form factor /X, (s,u) has to be used for con-
sistency with the width employed.

In order to regularize the high energy behavior of the model a crossing symmetric and
gauge invariant form factor is included for Born and vector meson exchange terms,

Fy(s,u,t)=F(s)+F(u)+G(t)—F(s)F(u)—F(s)G(t)—F (u)G(t)+F(s)F (u)G(t), (19)
where

F(l)= [1+(1—M§)2/A4]_1, [=s,u, (20)

G(t):[1+(t—mi)2/A4]_l. 1)

For vector mesons Fy, (t)=G(t) is adopted with the change m,—m, . The cut-off A=1.050
GeV in the case of dressed pion production amplitudes, whereas A=0.951 GeV in the case of
bare ones.

In the pion photoproduction model from free nucleons [3] it was assumed that FSI fac-
torize and can be included through the distortion of the N final state wave function (pion-
nucleon rescattering). nN-FSI was included by adding a phase 6yg; to the electromagnetic
multipoles. This phase is set so that the total phase of the multipole matches the total phase
of the energy dependent solution of SAID [23]. In this way it was possible to isolate the con-
tribution of the bare diagrams to the physical observables. The parameters of the resonances
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were extracted fitting the data to the electromagnetic multipoles from the energy indepen-
dent solution of SAID [23] applying modern optimization techniques based upon a genetic
algorithm combined with gradient based routines [24] which provides reliable values for the
parameters of the nucleon resonances. Once the parameters, including phase shifts, are fitted
to data we can distinguish between bare and dressed photo-pion production amplitudes on
the nucleon. In what follows we call bare amplitudes to the ones provided by our model using
the fitted values for all the parameters except those of the phase shifts which are set to zero.

In order to examine the various observables for pion photoproduction on the free nucleon
we provide in Fig. 4 results for the polarized nucleon-target asymmetry T as a function of
pion angle at photon lab-energy of E, =300 MeV. Results for the various pion photoproduction
channels from the free nucleon are given using the ELA model [3]. We see that the agreement
of the results using the ELA model (solid curves) in comparison with the data from SAID [23]
is good and give a clear indication that the ELA model [3] can be applied directly to calculate
the electromagnetic photoproduction of pions from the deuteron.

0.8 - 08 | -
0.4 - 04 | -
St
- 0.0 00 N~_
-0.4 | - 04 | -
pr° n
-0.8 | - 0.8 | -

p Tt nT

20 40 60 80 100120140160 20 40 60 80 100120140160
0 (degrees) 0 (degrees)

Figure 4: Polarized nucleon-target asymmetry T as a function of pion angle for the four different
channels of pion photoproduction from free nucleons calculated at E, =300 MeV. Solid curve

stands for the calculation using the effective Lagrangian approach (ELA) [3]. Data are taken from
SAID [23].
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3 Results and discussion

In this section we explore the dependence of the results for the observables in the yd — n%d
reaction on the input elementary pion photoproduction operator. We show results for the
unpolarized total and differential cross sections in the energy region from r-threshold up
to 1 GeV in comparison with the available experimental data, using as elementary reaction
amplitudes the ones provided by the ELA model from Ref. [3] and those obtained using MAID
model [25]. For the deuteron wave function, we use for both the initial and final deuteron
states the realistic high-precision CD-Bonn potential model [14].

We would like to explain carefully what we call IA and how we compute it. Our IA calcu-
lation does not employ directly the amplitudes that fit the data on electromagnetic multipoles
for the yN — N process. This is due to the fact that TN -rescattering is unavoidably included
in the amplitude in these fits to data. We call IA to the bare contribution to the observables.
Therefore, if we wish to calculate the contribution coming from the pure IA, the bare IA con-
tribution to the amplitude has to be extracted from the analysis of the yN — nN, where the
final state interaction has to be removed. This was done in Ref. [3]. We name IA* to the
calculations where the wN-rescattering is included in the elementary pion photoproduction
reaction on the free nucleon.

— 200

y+d —> n’+d

(Mb

© 180
R IA* using MAID with tN—FSI

..... IA" using dressed ELA (with "N—FSI)
IA using bare ELA (without TN—FSI)

160
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40

20

/ e — e

ol et T o] )
100 200 300 400 500 600 700 800 900 1000
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Figure 5: Total cross section for coherent pion photoproduction on the deuteron yd — n%d as a function
of photon lab-energy. The solid curve shows the results of IA* using the MAID model [25]. The dashed
(dotted) curve shows the results of IA* (IA) using the dressed (bare) electromagnetic multipoles of ELA
model [3].
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Figure 6: Differential cross sections for coherent n°-photoproduction on the deuteron as a function of pion
angle in the c.m. frame at nine different values of photon energy in the lab. frame. The meaning of curves
is explained in the caption of Fig. 5.

The first comparison (Fig. 5) shows the sensitivity of the results for total cross section
on the elementary pion photoproduction operator using the CD-Bonn potential [14] for the
deuteron wave function in the energy region from 7-threshold up to 1 GeV. The solid curve
shows the results of IA* using the MAID model [25], whereas the dashed (dotted) curve shows
the results of IA* (IA) using the dressed (bare) electromagnetic multipoles of ELA model
[3]. As already mentioned, IA* denotes the deuteron calculation when the 7N -rescattering is
included in the elementary reaction.

We find that the total cross section presents qualitative a similar behavior for different
elementary operators. One sees that the total cross section has a peak at photon lab-energy of
about 350 MeV due to the dominant excitation of the M; , multipole on the free nucleon. The
maximum of this peak is greater in IA* than in IA and therefore careful must be taken when
one uses elementary reactions in nuclear applications. It is also clear that the computations
with different elementary amplitudes are quite different. For example, at the peak position
we obtain larger values using MAID and ELA with nN-FSI than using ELA without wN-FSI.
Similarly, a bump-like structure is observed at photon lab-energy of about 750 MeV using
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the MAID model, whereas it is observed at higher energies when one uses the ELA model.
These discrepancies show up the differences among elementary operators which are obvious
at photon lab-energies above 500 MeV. This means that the total cross section is sensitive to
the choice of the elementary amplitude, especially at high photon lab-energies. The difference
between the dashed (dressed ELA) and dotted (bare ELA) curves shows the effect of nN-
rescattering in the elementary yN — N amplitude, which is also found to be important.

Fig. 6 shows our results for differential cross section as a function of pion angle in the c.m.
frame at various values of photon lab-energy. We show the sensitivity of the results for dif-
ferential cross section on the elementary pion photoproduction operator using the CD-Bonn
potential [14] for the deuteron wave function. We find that the differential cross section
presents qualitative similar behavior for different elementary operators. It is clear that the
computations with different elementary amplitudes are quite different, in particular at for-
ward pion angles and at high photon energies. At backward angles, one sees that the differ-
ential cross section is small in comparison to the results at forward angles. It is seen that the
differential cross section vanishes at energies above 500 MeV at backward angles. As in the
case of total cross section, obvious differences are shown when one uses the MAID model [25]
(solid curve) and ELA model [3] (dotted and dashed curves). These discrepancies show up
the differences among elementary operators which are very clear at forward pion angles for

0 (b)

10

10

100 200 300 400 500 600 700

E, (MeV)

Figure 7: Total cross section for coherent m°-photoproduction on the deuteron, using the logarithmic
scale, as a function of photon lab-energy in comparison with experimental data. The meaning of curves is
explained in the caption of Fig. 5. The data points are taken from TAPS [26].
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photon lab-energies above 500 MeV.

Now, we compare our predictions for unpolarized total and differential cross sections of
the yd — °d reaction with the available experimental data. Fig. 7 shows the results for the
total cross section as a function of photon energy in the laboratory frame in comparison with
the experimental data from TAPS [26]. We compare results using as elementary reaction
amplitudes, the ones provided by the ELA model of Ref. [3] and those obtained using MAID
model [25]. For the deuteron wave function we use the realistic high-precision CD-Bonn
potential model [14]. The solid curve in Fig. 7 shows the results using the MAID model
[25], the dashed (dotted) curve shows the results using the dressed (bare) electromagnetic
multipoles of the ELA model [3].

One readily observed, that the dotted curve which represents the results using the bare
electromagnetic multipoles of the ELA model [3] is the nearest one to the experimental data,
especially after the peak position. However, the agreement between the results using the
MAID model [25] and the experimental data from TAPS [26] is quantitatively not good. One
also sees, that none of the models is able to describe the right position of the peak, as well as
the behavior of the data points after the peak. In principle, one can speculate that our results
using the bare electromagnetic multipoles of the ELA model [3] agrees with the slope at high
photon lab-energy, but the results using the MAID model are not. This means in particular that
the results are strongly dependent on the pion production on the free nucleon and, therefore,
one must look more in deep for the reasons in the different results.

As next, we compare our results for the unpolarized differential cross section of the yd —
n%d reaction as a function of the emission pion angle at four various values of photon lab-
energy with the experimental data from TAPS [27] as shown in Fig. 8. As in the case of total
cross section, we compare results using as elementary reaction amplitude, the ones provided
by the ELA model of Ref. [3] and those obtained using MAID model [25]. For the deuteron
wave function we also use the realistic high-precision CD-Bonn potential model [14].

At energies less than the A(1232)-resonance region, one notes that the agreement be-
tween our results using different elementary operator is not satisfactory. The reason for this
may be due to the neglecting wN-rescattering in the intermediate state which is found to
be important [12]. On the contrary, we obtained a qualitatively reasonable agreement be-
tween our results and the experimental data from TAPS [27] at energies around the A-region.
At forward pion angles and high energy, an overestimation of our results using various ele-
mentary amplitudes is found. The solid curve which represents the results using the MAID
model [25] is the nearest one to the experimental data even at forward pion angle and small
energy. Discrepancies between the results using different elementary amplitudes are found at
extreme forward pion angles, whereas at backward pion angles discrepancies are observed at
small energies. An experimental check of these predictions at extreme forward pion angles is
needed.

From the preceding discussion it is apparent that the choice of the elementary operator
has a visible effect on cross sections. Summarizing, we can say that the MAID model [25]
provides different predictions for cross sections than the ELA model [3] and that these cross
sections provide excellent observables to test different pion production operators.
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Figure 8: Differential cross sections for coherent °-photoproduction on the deuteron, using the logarithmic
scale, as a function of pion angle in the center-of-mass frame at four different values of photon lab-energy.
The meaning of curves is explained in the caption of Fig. 5. The data points are taken from TAPS [27].

4 Conclusions

The main topic of this paper was the investigation of the coherent 7°-photoproduction reac-
tion on the deuteron. Results for total and differential cross sections are presented, in the
energy region from m-threshold up to photon lab-energy of 1 GeV, and compared with the
available experimental data. For the elementary pion photoproduction operator, a realistic
effective Lagrangian approach has been used which displays chiral symmetry, gauge invari-
ance, and crossing symmetry, as well as a consistent treatment of the spin-3/2 interaction. For
the deuteron wave function, the realistic high-precision CD-Bonn potential model [14] was
used. The sensitivity of the results to the elementary pion photoproduction operator on the
free nucleon has also been investigated.

Within our model, we have found that the total and differential cross sections are sensitive
to the choice of the elementary operator. In many cases, the deviation among results obtained
using different elementary operators is very large. In view of these results, we conclude
that the process d(y,n°)d can serve as a filter for different elementary operators since their
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predictions provide very different values for observables.

Finally, we would like to point out that future improvements of the present model can
be achieved by including pion rescattering and two-body effects. In addition, polarization
observables constitute more stringent tests for theoretical models due to their sensitivity to
small amplitudes. At this point, measurements on the deuteron spin asymmetries will certainly
provide us with an important observable to test our knowledge of the pion photoproduction
on the free neutron process.
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