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A general analysis of expressions for polarization observables in the reaction of coherent pseudoscalar meson electroproduction on
deuteron has been derived. This analysis does not depend on details of reaction mechanisms since it based on general symmetry
properties of the electromagnetic interaction with hadrons. Expressions for the following polarization observables have been
obtained: the asymmetries caused by the vector or tensor polarized deuteron target, the spin correlation coefficients which describe
the dependence of the cross section on deuteron target polarization and longitudinal polarization of the electron beam and the
asymmetry due to the longitudinal polarization of the electron beam. The experimental situation, when final deuteron and scattered
electron are detected in coincidence, has been considered.
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OBIIUIA AHAJIU3 OJISIPU3ALIMOHHBIX HABJIIOJAEMBIX B PEAKIAUA ¢~ +d > e +7 '+ d
A.T'. T'ax
Xapvrosckuil Hayuonanvuslll yhueepcumem um. B.H. Kapasuna, ¢uzuxo-mexnuueckuii paxynomem
np. Kypuamosa 31, 61108, Xapvkos

Brimonaen o0mmii aHanIM3 BBIPAKSHUH U TIOJSIPH3AIMOHHBIX HAONIONAEMBIX B PEAKIMH KOI€PEHTHOTO AJIEKTPOOOpa3oBaHMS
NICEBIOCKAISIPHOTO ME30Ha Ha JEHTpOHe. DTOT aHaJIM3 HEe 3aBUCHT OT AeTajell MeXaHN3MOB PEaKIHH, TaK KaK OH OCHOBAH Ha OOIIMX
CBOMCTBaX CHMMETPHH JIEKTPOMArHUTHOTO B3aUMOJICUCTBUS aJpOHOB. [10Ty4eHb! BEIpaKeHHs AJIsl CIIEAYFONINX MOISIPU3aHOHHEIX
HaOJIIOIaeMBIX: AaCHMMETPHH, 00yCIIOBJICHHBIE BEKTOPHOH WIIM TEH30PHOH MOJIIPU3ALMSIMHI JEHTPOHHONW MHUIIEHHU; KO3()(UIUESHTH
CIIMHOBOM KOPPEISIIMK, KOTOPBIE OIMCHIBAIOT 3aBUCHMOCTH CEUEHHUS! OT IOJSIPHU3AIMU ACHTPOHHONH MHIIEHH M IIPOJOJIBHOM
MOJISIPU3ALNH HIIEKTPOHHOTO ITyYKa; aCHMMETpHs, 00yCIIOBICHHAs IPOJIOJIBHOI MOJIpU3aiell JJIeKTPOHHOTo Iy4ka. PaccmoTpena
9KCTIEpPHUMEHTAIIbHAS TOCTAHOBKA OIIBITA, KOTJJa KOHEUHBIH IEHTPOH M pacCesTHHBIH 2JIEKTPOH JICTEKTHPYIOTCS Ha COBIAJICHHE.
KJIIOYEBBIE CJIOBA: monspu3aniioHHbIE HaONI0JaeMble, CEUYEHHE, aCHMMETpHS, JJIEKTPOH, NEHTPOH, 3IEKTpooOpa3oBaHHE
ME30Ha.

3ATAJIBHUI AHAJII3 MOJISIPU3ALIMHUX CIIOCTEPEXXYBAHUX Y PEAKIII ¢” +d > e +7 "+ d
AT Tax
Xapxiecvruil Hayionanvrutl ynieepcumem im. B.H. Kapaszina, ¢izuxo-mexuniunuii ghaxynvmem
np. Kypuamosa 31, 61108, Xapxie

Bukonano 3aranpHuii aHami3 BHpa3iB IS MOMSAPH3ALIMHHUX CIOCTEPE)XYBAaHMX Y peaklii KOTEpEeHTHOrO eJIEKTPOYTBOPEHHS
MICEBIOCKAISIPHOTO Me30Ha Ha JeiTpoHi. Lleil aHami3 He 3alNeXUTh Bij JeTalicii MeXaHi3MiB peakilii TOMy IO BiH 0a3yeTbcs Ha
3araJlbHUX BIIACTUBOCTAX CHUMETpIl €IeKTpOoMarHiTHOI B3aemonil anapoHiB. OTpuMaHi BHpa3W Ul HACTYIHHX IOJSIPH3AIliHHUX
CIIOCTEPEIKYBAHUX: aCUMETpil, sIKi 0OyMOBJIEHI BEKTOPHOIO a00 TEH30PHOIO IMOJLIPH3ALISIMH JEHTPOHHOI MilleHi; Koe(ilieHTH
CIIHOBOI KOpEeJALil, sSKi ONHCYIOTh 3aJICKHICTh Ilepepi3a Bij Hoysipu3amii JeHTPOHHOI MIIIEHI Ta IOB3IOBXHBOI ITOJSIPH3AL]
CJICKTPOHHOTO IIyYKa; acuMeTpis, sika OOyMOBJICHa TOB3IOBXXHBOIO HOJSIPU3ALIEI0 EIEKTPOHHOrO Iydka. PosrisHyra
eKCIIepUMEHTAJIbHA TIOCTAHOBKA KOJIM KIHIIEBUH TEHTPOH 1 €IeKTPOH KUl PO3CIIOETHCS AETEKTYIOThCS Ha 30ir.
KJIIOYOBI CJIOBA: nonsipusaniiifi criocTepexxyBaHi, mepepis, acuMeTpis, eNeKTPOH, IeHTPOH, eICKTPOYTBOPEHHS ME30Ha.

A complete characterization of the photo- and electroproduction amplitudes for mesons requires measurements off
the neutron which must rely on meson production by real or virtual photons from light nuclei. It is known that deuteron
is used as neutron target. The experiments with deuteron targets have been done and are being performed. Recent
studies of the meson photoproduction are reviewed in [1].

In the last decade the progress in the investigation of the meson production by the electromagnetic probes has
been substantial and we moved forward in understanding of the resonance properties.

The data on pion production in electron-deuteron collisions are scarce. The experimental studies of this reaction is

now possible at Mainz and JLab due to the high-duty cycle of the accelerators. Threshold 7°-meson electroproduction
on protons and deuteron has been investigated by the Al collaboration at Mainz [2] at small Q2 < 0.1 GeV”. The first

experimental results for the coherent 7° -meson electroproduction off the deuteron at large O*, 1.1<Q* <1.8 GeV?,

from the threshold to 200 MeV excitation energy in the dz’ system, are reported in Ref. [3]. This data were collected
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during the f,, experiment, the primary aim of which was the measurement of the deuteron tensor polarization in elastic

electron-deuteron scattering [4].

A theoretical study of the coherent pseudoscalar meson photo- and electroproduction on the deuteron target was
considered in a number of papers [5-13]. The reaction of the neutral pion photoproduction on deuterons in the threshold
region was considered in Ref. [5]. The reaction was studied in the framework of baryon chiral perturbation theory
beyond next-to-leading order in the chiral expansion. A general analysis limited to coherent pion photoproduction on
deuterons was first published in Ref. [6], where the analysis of different polarization observables was done searching
sensitivity to possible dibaryon contributions. A study of the polarization phenomena in this reaction was continued in
Refs. [7, 8]. Spin observables for electro- and photoproduction of neutral pions on the deuteron have been derived in
Ref. [7]. The expression of the observables in terms of ratios of cross section combinations was given. But there is no
expression for the reaction amplitude in terms of 13 independent amplitudes and polarization observables were not
represented in terms of independent amplitudes. The cross section and polarization observables corresponding to the
polarized photon beam and/or the deuteron target were calculated in the A resonance region using a nonrelativistic
model based on time-ordered perturbation theory without rescattering [8]. The coherent neutral pion production on
deuterons by virtual photon, electroproduction, was considered in Refs. [9-13]. Near threshold neutral pion
electroproduction on deuterons was studied in Ref. [9] in the framework of approach similar to one used in Ref. [5]. A
new form of the multipole expansion particularly suited for the threshold region was presented in this paper. In the next

paper [10] these authors improved their previous analysis of the reactione d — e 7°d. They include the next-to-
leading order corrections to the three-body (meson exchange currents) contributions. An improved description of the
total and differential cross section data measurements at MAMI has been obtained. A general analysis which
independent on the structure of a spin-one target has been done in Refs. [11, 12]. In first paper, a set of 13 linearly

independent invariant amplitudes for the reaction e d — e 7°d were derived which respect Lorentz and gauge
invariance. A reduction of these amplitudes to operators acting in non-relativistic spin space was given. The helicity
amplitudes were derived also. In second paper, the crossing properties of the invariant amplitudes were discussed in
detail. The multipole decomposition was given also. The differential cross section and polarization observables were
considered in the general form. There are no expressions of the corresponding polarization observables (such as
asymmetries and analyzing powers) in terms of the reaction amplitudes. A general analysis of various observables for
coherent pion electroproduction on deuterons was done in Ref. [13]. The spin and isospin structures of the

e"d - e 7°d amplitudes were established and relationships between meson electroproduction on deuterons and on
nucleons were given in the framework of the impulse approximation. This reaction has been investigated in detail both
at threshold and in the region of A- isobar excitation. There are also no corresponding observables in terms of the
reaction amplitudes. Some formulas of this paper must be corrected since there are some mistakes.

The experimental investigation of the nucleon resonance properties by means of the meson production processes
can be used for the verification of the modern models of the hadron structure. The production of the neutral mesons by
the real or virtual photons is of special interest since background contributions in these reactions are suppressed due to
the weak coupling of the photon with neutral mesons.

The aim of this paper is to perform the model independent analysis of the polarization observables using the
formalism which is based on general properties of the electromagnetic interaction with hadrons. We derive the
expressions of the polarization observables (such as the asymmetry due to the longitudinal polarization of the electron
beam and analyzing powers caused by the vector- and tensor-polarized deuteron target) in terms of the reaction scalar
amplitudes. We obtain the explicit dependence of the polarization observables on the azimuthal angle (the angle
between the electron scattering plane and the pion production plane) and on the virtual photon linear polarization.

MATRIX ELEMENT AND DIFFERENTIAL CROSS SECTION
The general structure of the differential cross section for the e” +d — e~ +d + P’ reaction, where P° is a neutral
pseudoscalar meson (7z° or 77), can be determined in the framework of the one—photon—exchange mechanism. The

formalism in this section is based on the most general symmetry properties of the electromagnetic interaction with
hadrons, such as the gauge invariance (the conservation of the hadronic and leptonic electromagnetic currents) and P—
invariance (the invariance with respect to the space reflections) and does not depend on the deuteron structure and on

the details of the reaction mechanism for e” +d — e~ +d + P°. In the one—photon—exchange approximation, the matrix

element for the process of the coherent P’ —meson electroproduction on the deuteron
e_(k1)+d(p1)—>e_(k2)+d(p2)+P0(q) M

(the four—momenta of the corresponding particles are indicated in the brackets) can be written as
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2

M(ed — edP)= Z—2 Judws Ja=ully)yulk), J,=<dP|J,|d>, )

o

where k =k, —k, is the virtual-photon four-momentum and J, is the electromagnetic current describing the transition

¥y +d —d+P° (¥ is the virtual photon).

The electromagnetic structure of nuclei, as probed by elastic and inelastic electron scattering by nuclei, can be
characterized by a set of response functions or structure functions [14]. Each of these structure functions is determined
by different combinations of the longitudinal and transverse components of the electromagnetic current J,, thus

providing different information about the nuclear structure or possible mechanisms of the reaction under consideration.
Those ones, which are determined by the real parts of the bilinear combinations of the reaction amplitudes, are nonzero
in the impulse approximation, other ones, which originate from the imaginary part of structure functions, vanish if the
final state interaction is not taken into account.

The formalism of the structure functions is especially convenient for the investigation of polarization phenomena
in the reaction (1).

Using the conservation of the leptonic j, and hadronic J, electromagnetic currents (k- j=k-J =0), one can

rewrite the matrix element (2) in terms of space components of these currents only

M(ed—>edP)=Z—ej, e= k-7, (3)

where k = (ko,lg ) and £, (Ig ) is the energy (three—-momentum) of the virtual photon in CMS of the " +d —d + P’
reaction. All observables will be determined by bilinear combinations of the space components of the hadronic

currentJ : H »=J,J,. As a result, we obtain the following general structure of the differential cross section for the

reaction (1), when the scattered electron and P°—meson are detected in coincidence, and the electron beam is
longitudinally polarized (the polarization states of the deuteron target and scattered deuteron can be any)

d30' . k2
dE—'dQEdQP = N[HXX +H, +£cos(2(p)(HXX -H, )+£sm(2(p)(ny +H, )_ngHZZ _

L i Eleosgl, 1) e elsnolh, 4 Yo, 4, )

/ 2 / 2
Fil —k 1/26(1—z;")cosgo(Hyz—sz)ii/l —k J2e(l-g)sinp(H . —H_)l, “
0 0
2 ’ - 2
=2 3E lg] 1 12 , €1=1—2](L—‘2’btan2(§),
64’ E MW 1—¢ (- k?) k 2

Fsllr s 0 -0 —anwt, (gl s - b f —avi,

The z axis is directed along the virtual photon momentum k , the momentum of the detected P—meson q lies in
the xz plane (reaction plane); E (E ') is the energy of the initial (scattered) electron in the deuteron rest frame
(laboratory system); d€Q, is the solid angle of the scattered electron in the laboratory (Lab) system, d€2 P(q) is the solid
angle (value of the three-momentum) of the detected P—meson in the Pd—pair center—of-mass system (CMS), M, .M
are the masses of the P-meson, deuteron, respectively; ¢ is the azimuthal angle between the electron scattering plane

and the plane where the detected P-meson lies (xz), k, = (W2 +k*—M? )/ 2 s the virtual photon energy in the Pd—

pair CMS, W is the invariant mass of the final hadrons, W? = M* + k> +2M(E—E’); A is the degree of the electron
longitudinal polarization, £ is the degree of the linear polarization of the virtual photon. The upper (bottom) sign in
this formula corresponds to the electron (positron) scattering. This expression is valid for zero electron mass. Below we
will neglect it wherever possible.

Let us introduce, for convenience and simplifying of following calculations of polarization characteristics, the

orthonormal system of basic unit m2, 7, and k vectors which are built from the momenta of the particles participating
in the reaction under consideration
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oy ]; ~ I Xd - -
k=—, n=— ? s m=nxk (5)
|k lkxq|

The unit vectors k and m define the ¥ +d — d + P reaction xz—plane (z axis is directed along the three—-momentum
of the virtual photon k , and x axis is directed along the unit vector m ), and the unit vector 7 is perpendicular to the
reaction plane.

First of all, let us establish the spin structure of the matrix element for the 3" +d — d + P reaction without any

constraint on the kinematical conditions.
The amplitude spin structure can be parameterized by different (and equivalent) methods, but for the analysis of
the polarization phenomena the choice of the transverse amplitudes is sometimes preferable. Taking into account the

P—invariance of the electromagnetic interaction with hadrons, the dependence of the " +d — d + P amplitude on the

virtual-photon polarization vector and polarization three vectors Dl and 52 of the initial and final deuterons is given
by

+&i| gDy D + g i Dii- By + g k- DB + g Bk - B + g,k - Dy )+ ©)

where g, (i =1 — 13) are the scalar amplitudes, depending on three variables k>, and @9 (& is the angle between the

virtual photon and P-meson momenta in the " +d — d + P reaction CMS), which completely determine the reaction

dynamics. If we single out the virtual-photon polarization vector ¢, we can write down the amplitude F as follows
F = F.e, and the hadronic tensor can be written in terms of F, as

i

H;= FiF.i* : Q)

The process ¥ +d —d+ P is described in the general case by a set of nine amplitudes for the absorption of a

virtual photon with transverse polarization and four amplitudes for the absorption of a virtual photon with longitudinal
polarization. Number of these amplitudes is determined by the values of the spins of the particles and by the P—
invariance of hadron electrodynamics. Therefore, the complete experiment requires, at least, the measurement of 25
observables. Let us mention in this respect specific properties of polarization phenomena for inelastic electron— hadron

scattering: in exclusive e” +d — e~ +d + P processes the virtual photon has a nonzero linear polarization, even for the
scattering of unpolarized electrons by an unpolarized deuterons target.

POLARIZATION STATE OF DEUTERON TARGET
Let us consider the general case of the polarization state for the deuteron target which is described by the spin—
density matrix. We use the following general expression for the deuteron spin—density matrix in the coordinate
representation [15]

1 pl/zplv i

p/jv = _g(gyv - M2 j_ﬁgﬂvaﬁsaplﬂ + S/jv > (8)
where s, is the four-vector describing the vector polarization of the target, s> =—1, s-p, =0and S v 18 the tensor
describing the tensor (quadrupole) polarization of the target, S, =S,,, p,S,,

the tensor S, has only five independent components). In Lab system all time components of the tensor S, are zero
Sii =0;

=0, §,, =0 (due to these properties

and the tensor polarization of the target is described by five independent space components (S, =S,

i,j=x,y,z). The four—vector s, is related to the unit vector f of the deuteron vector polarization in its rest system:
Sy = —IEE/M , 8= E + lg(lgé?)/ M(M +E| ), E, is the deuteron— target energy in the " +d — d + P reaction CMS.
The hadronic tensor H,; (i,j=x,y,z) depends linearly on the target polarization and it can be represented as

follows
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Hi/=H;‘,‘(0)+Hi/(é:)+H;‘j(S)a ©)
where the term H (0) corresponds to the case of the unpolarized deuteron target, and the term H ,/(f) (H !./.(S))

corresponds to the case of the vector (tensor-)-polarized target.

UNPOLARIZED DEUTERON TARGET
The general structure of the part of the hadronic tensor which corresponds to the unpolarized deuteron target has
following form

H, (0)= hympm, +hynn, +hek, +hy{m, K} +ing| m.k |, (10)
where {a,b}ij =ab,+a;b,, [a,b]l.j =a,b,—a;b;, and the real structure functions 4, depend on three invariant

variabless =W?* = (k+ p,)’, k*and 7= (k- p, )’ . The structure functions 4, — /4, determine the cross section for the

e +d — e +d+ P reaction with unpolarized particles. Let us emphasize that the structure function /%, (the so—called

fifth structure function) determines the asymmetry of longitudinally polarized electrons scattered by an unpolarized
target and is determined by the strong interaction effects of the P-meson and deuteron in the final state and it vanishes
for the pole diagram contribution in all kinematic range (independently on the particular parametrization of the

y'N — NP amplitude and dnp—vertex). This is true for the nonrelativistic approach and for the relativistic one as well,

in describing the 7" +d — d + P reaction. The scattering of longitudinally polarized electrons by unpolarized deuteron
target allows to determine the 4, contribution. Then the corresponding asymmetry is determined only by the strong

interaction effects. More exactly, it is determined by the effects arising from nonpole mechanisms of various nature
(meson exchange currents can also induce nonzero asymmetry).
The structure functions A, — h; corresponding to the interaction of the virtual photon with an unpolarized

deuteron target can be written, in terms of the scalar amplitudes g, — g,, describing the ¥ +d — d + P reaction, as

1 *
h=la P+ g valg P able, P +2eReggl)

h, :%hgs i +a(| 85 § +712 | g ‘2)+b(‘ 8s ¥ +712 lg; |2)+20Re(g5g; +}/12g7g;)],

1 *
hy =§hg10 |2 +712 lgn |2 +alg, |2 +b| g |2 +2€Reg12g13], (1)

1 * * * * * *
hy =Re4,, hs =1m 4, 4 =§[g1g10+712g2g11+ag3g12+bg4g13+0(g3g13+g4g12)],

=2 ) =2 =2 ) E
a=1 +q—zs1n2 %, b=1 +q—200s2 ¥, c= q—zcos dsindd, 7, =—L,
M M M M

where § is the P—meson momentum in the ¥ +d —d+P reaction CMS and ¢ is the angle between the

pseudoscalar meson and virtual photon momenta in this system.
In the one—photon—exchange approximation, the general structure of the differential cross section for the reaction
d(é,e'P)d (in the case of longitudinally polarized electron beam and unpolarized deuteron target) can be written in

terms of five independent contributions [15]

3

,d—a = Nlo, + €0, +£cos(20)0, +/2e(1+ £)cospa, + A4/2e(1 - €)sinp o, ] (12)

dE'dQ,dQ
where the individual contributions are related to the structure functions of the spin—-independent hadronic tensor, Eq.
(10), by:

2 [ 12 72
o, =h+h,, 0,=h—h,, O, =—2k—2h3, o, =—2—kh4, o,==2 k h . (13)
kO kO kO

One can see from this equation that there exists the single—spin asymmetry caused by the longitudinal polarization of
the electron beam and it is defined as [15]
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do(A=+1)-do(A=-1) singy2¢e(1-¢) o
Z(p)=7 —3 = : (14)
o(A=+1)+do(A=-1) o, +c0, +ecos(2p)o, +2¢(1+ €)cospa,

Due to the p—dependence, this asymmetry has to be measured in noncoplanar geometry (out— of—plane kinematics).
We see that this asymmetry is determined by the structure function %, which is defined by the interference of the

reaction amplitudes that characterize the absorption of virtual photons with nonzero longitudinal and transverse
components of the electromagnetic current corresponding to the process y* +d — d + P . One finds that A, o sindd for

any mechanism of the " +d — d + P reaction. It vanishes at P-meson emission angles #=0" and #=180° due to
the conservation of the total helicity of the interacting particles in the ¥ +d — d + P reaction. The structure function

h is nonzero only if the complex amplitudes of the y* +d — d + P reaction have nonzero relative phases. This is a

very specific observable, which has no corresponding quantity in the process of the P-meson photoexcitation on the
deuteron y+d —>d+P.

VECTOR-POLARIZED DEUTERON TARGET
The part of the hadronic tensor depending on the deuteron vector polarization has following general structure:

H, (&)= 5171(%16 {m,n}[_j +h, {/:t,n}l_j +ihg[m,n] + ih, [l&n} i ) +
+5ﬁ(hmmimj g, + bk, + g {m k) o+ im [mk} ,.j)+ (15)

+§l§(h15 {mn} +h {lg,n}ij +ihy, [m,n] +ikg [lg,n} U)

The structure functions A, — &, which describe the effects of the vector polarization of the deuteron target can be
written, in terms of the scalar amplitudes g, — g,, describing the " +d — d + P reaction, as

1 1 1 1
h6 = —EImAZ, h7 = —EImA3, I’l8 ZERGAZ, h9 = —ERGA3,

A, = 2,2 —ag,g, —bg,gs —clg,gi + 2,8 A = —geg +ag,g +bgrgp +clgogh + grgth ),

ho=-Img,gs,  hy, =Iml-ag.g; +bgg; —clz.g; + g.2; )}

: 1 ; ; 1 : . (16)
h, =-Img,,g, hyy = _Elm(glgn _gzglo)n hyy :ERe(glgll _g2g10)7

hys = —%ImAM hyg = —%ImAS, h, = %ReAM hyg = —%ReAS,

A, =—g,g, +ag,g. +hg,g; +elgigs +2.80) A = 8.8 —agsg), —bg.gr, — clasg + gu8) ).

Therefore, the dependence of the polarization observables on the deuteron vector polarization is determined by 13
structure functions. On the basis of this formula one can make the following general conclusions:

1. If the deuteron is vector—polarized and the vector of this polarization is perpendicular to the " +d —d +P

reaction plane, then the dependence of the differential cross section of the ¢~ +d — e~ +d + P reaction on the ¢ and ¢
variables is the same as in the case of the unpolarized target, and the nonvanishing components of the H, (f) tensor

are:
Hxx(g)iHyy(g)=(h10ihll)gﬁ’ sz(5)=h12§ﬁ7
H_(§)+H_.(§)=2h,8, H (&)~ H (£)=2ih, .

2. If the deuteron target is polarized in the " +d — d + P reaction plane (in direction of the vector k orm ), then

an

the dependence of the differential cross section of the e” +d — ¢ +d + P reaction on the ¢ and ¢ variables is:
» for deuteron disintegration by unpolarized electron beam:

£sin(2¢), 2e(l+€)sing, (18)
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» for deuteron disintegration by longitudinally polarized electron beam:
+ill-¢?, Fild2e(1-¢)cosp. (19)

The differential cross section of the reaction d (é,e'P)d , where the electron beam is longitudinally polarized and
the deuteron target is vector—polarized, can be written as follows:
d’c
=0 |1+ AT, + (A + 24 E + (AT + A+ (AT + 24 )E ), 20
dE,dQedQP 0[ e ( X X )fx ( y y )éy ( z z )‘fz] ( )

where o, is the unpolarized differential cross section, X, is the beam analyzing power (the asymmetry induced by the
electron-beam polarization), 4° (i=x,y,z) are the analyzing powers due to the vector polarization of the deuteron
target, and A4° (i=x,y,z) are the spin— correlation parameters. The direction of the deuteron polarization vector is

defined by the angles ©, ¢ in the frame where the z axis is along the direction of the three—-momentum transfer k

and the y axis is defined by the vector product of the detected P— meson and virtual photon momenta (along the unit
vectorn ). The target analyzing powers and spin—correlation parameters depend on the orientation of the deuteron

polarization vector. The quantities Ze and A4 are T-odd observables and they are completely determined by the
reaction mechanism beyond the impulse approximation, for example, by the final-state interaction effects. On the
contrary, the quantities 4° are T-even observables and they do not vanish in the absence of the final-state interaction
effects.

The expressions of the 47 and A4 asymmetries can be explicitly written as functions of the azimuthal angle ¢,
of the virtual-photon linear polarization ¢, and of contributions of the longitudinal (L) and transverse (T) components
(relative to the virtual-photon momentum k ) of the hadron electromagnetic current of the ¥ +d — d + P reaction:

Alo, = Nsin¢[ 26(1+ €)™ + ecos ¢A£TT)],
Alo, = Nsin(p[ 2e(1+£)a") + scos(pAz(TT)]’
A;{O'o = N[Aim + SA)(;LL) +42¢e(1+¢€) c0s¢A§,LT) + 8005(2(/))2577)],

21
A0, = N[ 1-£2B"™ + J2¢(1 - 8)c05(pB£”)}, @1
A0, = N[ 1-2B'™) 4+ \J2¢(1 - S)COS(pBZ(LT):|,

d . LT
470, =N 2¢(1 —£)smgoB}(, ),
where the individual contributions to the considered asymmetries in terms of the structure functions #4; are given by

X

15>
2 2
IS U IS CAPE)

_ ZVQZ h A(LL) 2Q2 h
¥y Z 162 ¥ P 129
k, k, k, ky (22)

2
B = V97,

x v 14> 2 18>
k, ky k,

A = 4hg, AfrTT) =hyy +hyy, Z}(,TT) =y =y, AZ(TT) =4h

where O = —k” . At this stage, the general model-independent analysis of the polarization observables in the reactions

c?(e,e'P)d and d (E,e'P)d is completed. To proceed further in the calculation of the observables, one needs a model
for the reaction mechanism and for the deuteron structure.

TENSOR-POLARIZED DEUTERON TARGET
The part of the hadronic tensor H, (S), which depends on the deuteron tensor polarization, has the following

general structure:
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H, (S) =S ,mm, (hlgmimj + hzo”,-”j + h21/€i/€j +h,, {m,/g} it ih,, [m,lé} p ) +

+S ,n,n, (h24ml.mj + hzsnl.nj + hzél%/gj + hy, {m, l:r} it ihy [m, l:r} p ) +

+Sabmal€b (h29ml.mj + hwnl.nj + h3ll€il€j + hy, {m, l:t} it ihs, [m, IQ} , ) + (23)
+S ,m.n, (h34 {m,n}ii + hy, {/:t,n} +ihy, [m,n] it ih, |:/€, n] , ) +
’ if

+Sabl€anb (h38 {m,n}ij +hy, {l@,n}ij +ihy [m,n] irihy, [/g,n] i )

The structure functions 4,y — h,, which describe the effects of the tensor polarization of the deuteron target can be
written, in terms of the scalar amplitudes g, — g, describing the " +d — d + P reaction, as
by =g P =718 Py hw=algs P +blg, P +2cRegigl ~7ilalg, [ +b|g, F +2cReg,g; )
hy gl -7 lgn P by =Relggl-72g.gn) by =Imlg,gl, - 72g.e0,)
by =alg; P +blg, P +2cRegiei 1 1&g, P s =lge P -7ilalg, [ +blg, P +2cRegg; )
he=alg, " +b|g; | 4—2(:Reg12g1*3 -vi g, hy, =Re A4, hye =Im A,
A, =ag.g), +bg.gls +elgsgl + 2,80 )- e
hy=2Reg,gs, Iy =2Relag,g; +hg,gi +elosg) +gugs)l  hy =2Regygn,
hy, = 2Re(g2gf0 +g1g1*1), hy = 2Im(g2gf0 +g1g1*1 ), hy, =Red,, hy=Red,, hy=Im4d,, hy; =—ImA,,
A =ag,gi +hg,gs +elgigy 2.8 v gz, Av=agigh +hgugr +elgagl + g8 )+ g8
hy =Red,, hy,=Red,, h,=Im4,, h,=-Im4,,

(24)

A =ag,g,+bg,2,+clgigi+ 2,20+ 2280, A =ag.g, +bgrgl+elgogh + grgh )+ 2o

In this case, the dependence of the polarization observables on the deuteron tensor polarization is determined by
23 structure functions.
From equation Eq. (23) one can conclude that:

1. If the deuteron is tensor polarized so that only S_, S, and (S_+S. ) components of the quadrupole

zz> Py
polarization tensor are nonzero, then the dependence of the differential cross section of the e +d —>e +d+P
reaction on the parameter ¢ and on the azimuthal angle ¢ must be the same as in the case of the unpolarized target (more
exactly, with similar e— and ¢— dependent terms).

2. If the deuteron is polarized so that only (Sxy +S yx) and (Syz + Szy) components of the quadrupole polarization
tensor are nonzero, then the typical terms follow sing and sin(2¢)) dependencies - for deuteron disintegration by
unpolarized electron beam, and terms which do not depend on &, ¢, and cos¢ - for deuteron disintegration by

longitudinally polarized electron beam.

The reaction amplitude is real in the Born (impulse) approximation. So, assuming the T-invariance of the
electromagnetic interaction with hadronss, we can do the following statements, according to the deuteron polarization
state:

1. The deuteron is unpolarized. Since the hadronic tensor H; (O) has to be symmetric (over i, j indices) in this

case, the asymmetry in the scattering of longitudinally polarized electrons vanishes.
2. The deuteron is vector polarized. Since the hadronic tensor H; (f) has to be antisymmetric in this case, then the

deuteron vector polarization can manifest itself in the scattering of longitudinally polarized electrons. The
perpendicular target polarization (normal to the ¥" +d — d + P reaction plane) leads to a correlation of the following

type: £ M,/Za(l - E) sing . The longitudinal and transverse (along or perpendicular to the virtual-photon momentum)

target polarization (lying in the y +d — d+ P reaction plane) leads to two correlations of the following type:



12
«Journal of Kharkiv University», Ne 946,2011 A.G. Gakh

iiﬂm and F iﬂ\/mcosgo.

3. The deuteron is tensor polarized. The hadronic tensor H, (S) is symmetric in this case. In the scattering of
longitudinally polarized electrons the contribution proportional to AS,, vanishes. If the target is polarized so that only
the (Sxy +S yx) or (Syz + Szy) components of the quadrupole polarization tensor are nonzero, then in the differential
cross section only the following two terms are present: £sin(2¢) and 4/2&(1+ £)sing . For all other target polarizations
the following structures are present: a term which does not depend on ¢ and ¢ variables as well as terms with the
following dependencies: 2¢, £cos(2¢), and +/2£(1+ €)cosp .

The differential cross section of the P-meson production in the scattering of longitudinally polarized electrons by
tensor polarized deuteron target (in the coincidence experimental setup) has the following general structure

d’c _ T T _ T L L — L
m - N{O-T + szsz +Axx( xx ny )+ Azzsz + g[O—L + szsz + Axx( xx ny )+ Azzsz]+

+2e(l+€)cosplo, + 4.0, + 410, -0, )+ 4.0, |+ 2e(i+&)sinp(4L 0, + 4.0, )+
+esinp)(420,, + 420, )+ ecos(2p)lo, + 470, + 4L (0, -0, )+ 420. |+

+ 2e(l=e)singlo; +4l0,. + 4! (0, -0, )+ A0 ]+

+ 22e( =€) cosp(d'Q,, + A0, )+ A1 - &> cospla’0,, + 470, )}

where the quantities O, (i, = x,y,z) are the components of the quadrupole polarization tensor of the deuteron in its

(25)

rest system (the coordinate system is specified similarly to the case of the Pd—pair CMS). These components satisfy to
the following conditions: O, =0, @, = 0. By writing this formula we take into account that 0., +Q, +Q_. =0.

Thus, in the general case the exclusive cross section of the P—meson production in the scattering of longitudinally
polarized electrons by tensor polarized deuteron target is determined by 23 independent asymmetries (16 (7) ones in the
scattering of unpolarized (longitudinally polarized) electrons) Al.;.” (W,kz,ﬂ), where i,j=x,y,z; m=T,P,L,I. These

asymmetries can be related to the structure functions %, which are the bilinear combinations of the 13 independent

scalar amplitudes describing the " +d — d + P reaction. These relations are:

1) 1 @’ 1
AxTz = 2M(h30 + h31)’ Al = E(hzs + hyg )’ Asz = W(hzo + h21)_5(h25 + h26)> AxTy =4h,,, A; =4—h,,,

xx

ok k? (.o w \-k?
AxLz = _4ﬁk_gh29’ Aix = _k_ghzw Asz = _E 2th —hyy |, A.:z = _4ﬁk—0h32’ Az{x = _Thzw
72 p) [ 12 72
Az[z == d 2a)_zhzz —hy |, Aiv = _4—khzsr Alz = _4£—kh34» Af; = 4hy, Ai = 42}’35’
k, M i’ k, 7 M k, ’ 7 M (26)
@ 1 o’ 1 - o N-k*
Axf; = zﬁ(hso _hSI)’ A)I; = E(hzs = hy )s Azi = W(hzo _hzl)_E(hzs = hyg )s Axlz = 4ﬁTh33’
1 _V_kz —[_ V_kz C()Z I _ V_kz -1 _ 6() _kz
Ax_x - —h289 z 2_2h23 - hzs > Axy - —4—h40, Ayz - _4_—]’135»
o o M k, Mk,

where o is the P-meson energy in the CMS of the reaction considered.
One can see from this formula that the scattering of unpolarized electrons by a tensor polarized deuteron target
with components O, =0,. =0, is characterized by the same ¢— and &~ dependences as in the case of the scattering of

unpolarized electrons by the unpolarized deuteron target. If O, #0, Q_#0, then new terms of the type
1/21&‘(1+5)sin(o and esin(2(p) are present in the cross section. The asymmetries with upper indices 7, P(L) are

determined only by the transverse (longitudinal) components of the electromagnetic current for the 3 +d —d + P

reaction, while the asymmetries with upper index / are determined by the interference of the longitudinal and transverse
components of the electromagnetic current.
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CONCLUSION

The model-independent analysis of the process of coherent electroproduction of pseudoscalar meson on deuteron
has been done. This analysis does not depend on the details of the reaction mechanism and does not require the
knowledge of the deuteron structure. The formalism used in the analysis is based on the most general symmetry
properties of the electromagnetic interaction with hadrons, such as the gauge invariance and P-invariance.

The polarization observables for the reaction considered are expressed in terms of the scalar amplitudes of the
reaction. The explicit dependence of the polarization observables on the azimuthal angle between the electron scattering
plane and the hadron reaction plane and on the degree of linear polarization of the virtual photon has been obtained.
The following experimental set-ups have been considered:

- the electron beam is longitudinally polarized;

- the deuteron target is vector polarized,

- the deuteron target is tensor polarized.

Let us note that the new results, which are obtained in this paper, are the relations of the structure functions,
determining the hadronic tensor, with reaction scalar amplitudes. They are represented by formulas (11), (16) and (24).
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