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A general analysis of the polarization observables in the reaction of coherent photoproduction of a pair pseudoscalar mesons on the
deuteron target, ¥ +d — d + 77 + 7, has been derived. This analysis does not depend on the details of the reaction mechanism since

it is based on the general symmetry properties of the electromagnetic interaction with hadrons. Expressions for the spin correlation
coefficients have been calculated in the terms of the reaction scalar amplitudes. These coefficients are caused by the linear or circular
polarization of the photon beam and by the vector or tensor polarized deuteron target. The helicity amplitudes describing this reaction
are also calculated. The experimental situation when scattered deuteron and one of the produced pions are detected in coincidence

has been considered. The expressions for the spin correlation coefficients for the case of the reaction ¥ +d — d+ 7 have been
also derived. The helicity amplitudes describing the reaction ¥ +d — d + 7 are also calculated.
KEY WORDS: polarization, cross section, photoproduction, spin correlation, electron, deuteron.

3ATAJIBHUI AHAJII3 NTOJISIPUBALIIMHAX E®@EKTIB Y PEAKIIE y+d > d+ 7+ 7.
II. KOE®IINIEHTU KOPEJIALII COIHIB

I'.IL Tax!, [O.I1. Pekano}, A.T'. Tax’
! Hayionanvnuii nayxosuii yenmp «Xapxiecokuil (pizuxo-mexuiynuii incmumymn
Yxpaina, 61108, Xapxis, eyn. Axademiuna, 1
2 Xapxisecokuil HayionaneHuil yrieepcumem imeni B.H. Kapazina @izuxo-mexwniunuii ¢haxyivmem
Yxpaina, 61108, Xapxis, np. Kypuamosa, 31
Bukonano 3aranbHUI aHami3 BHPa3iB U MONSPU3ANifHAX CHOCTEPEKYBAaHMX y peakiii KOTepeHTHOro ()OTO yTBOPEHHS MapH
IICEBJOCKAISIPHAX ME30HIB Ha AeiTpoHHii Mimeni, ¥ +d — d + 7+ 77 . Lleil aHani3 He 3a1eKUTh Bij AeTaneil MexaHi3My peakuil

TOMY, IO BiH 3aCHOBaHO Ha 3araJbHHUX BJIACTHBOCTSAX CHMETpIii eIeKTpOMarHiTHOI B3aeMopii ajnpoHiB. BupaxyBani Bupasu mis
Koe(ilieHTIB KOPEIIl CIiHIB y TepMiHaX CKaJLIPHUX aMILTiTyA peakiii. Lli koedinieHTn 00yMOBIIeHi JiHIHHOI a00 IUPKYISIPHOIO
HoJsIpu3anicro GOTOHHOTO My4yKa Ta BEKTOPHOIO a00 TEH30PHOIO IOJIpU3aLiclo nedTpoHa MimeHi. Takox BHpaxyBaHi CIipabHi
aMIUTITY/U, SIKi OMHUCYIOTH LI0 PeaKilito. Po3risHyTa eKkcriepuMeHTalbHa MOCTAaHOBKA JOCIILY, KON PO3CIIOBaHUIT AEHTPOH 1 OJUH i3
ME30HIB IO YTBOPIOETbCS JETEKTYIOThCA Ha 30ir. BupaxyBaHi Takox Bupasu Juisi KoedilieHTIiB Kopemduii chiHiB y peakuii
¥ +d — d+ 7 . Bupaxysani Takoxk cripanbHi aMmtiTyu, axi onucyrots peakuito ¥ +d —>d+ 7 .

KJIFOYOBI CJIOBA: nonsipusanis, nepepis, poToyTBOpeHHs, KOPEIsLis CIIiHIB, €IeKTPOH, ASHTPOH.

OB AHAJIN3 HOJIIPU3ALIMOHHBIX Y®PEKTOB B PEAKIIUA ¥ +d > d+ 7+ 7.
II. KO3®PUIUMEHTHI KOPPEJISAALIMU CIIMHOB

I.W.Tax', A.T. Tax?
' Hayuonansnelii nayunwiii yenmp «XapbKo8cKkuti (pusuKko-mexnuseckuii uHcmumymy
Yxpauna, 61108, Xapvros, yn. Axademuuecxas, 1
% Xapvrosckuii nayuonansubii ynugepcumem umenu B.H. Kapasuna @usuxo-mexnuueckuii paxynvmem
Yrpauna, 61108, Xapvkos, np. Kypuamosa, 31
BrinosHeH oOmuid aHaaM3 BBIPaXKEHUH IS MOJISPHU3ALMOHHBIX HAOII0JaeMbIX B PEaKIMU KOrepeHTHOro (orooGpa3oBaHuUs mapel
[ICEBIOCKAISIPHBIX ME30HOB Ha jeiitponHOil mumenu, ¥ +d — d+ 7+ 7. DT0T aHanu3 He 3aBHCHT OT JeTajell MeXaHH3Ma

p€aKkury, Tak Kak OH OCHOBaH Ha 06LL[I/IX CBOMCTBAX CUMMETPUU DJICKTPOMArHUuTHOI'O BSaHMOJICP'ICTBHﬂ aIpOHOB. Brruucienst
BBIpOKEHHS U1 KO3(D(GUIMEHTOB KOpPPENSALUU CIHHOB B TEPMUHAX CKAAPHBIX aMIUIUTY] peakuuu. OTH KO3((PUIMECHTHI
00ycCIOBIEHBl JMHEHHOH WM IUPKYJISPHON Moyisipu3aneld (OTOHHOTO IMydyka M BEKTOPHOW WM TEH30PHOM MNOJspH3aunueit
JNeUTpOHHOM MuIIeHH. Taxke BBIUMCIEHBl CHOHUpalbHbIE aMIUIMTY[bl, ONMCBHIBAIOIIME 3Ty peakuuio. PaccMmoTpena
SKCIIepUMEHTAIbHAsI TTOCTAHOBKA OIBITA, KOTJA PACCESHHBIH IEHTPOH M OJUH M3 OOpa3yIOIIUXCS IHOHOB JETEKTHPYIOTCS Ha

coBmajieHns. TTOMydeHs! TakkKe BEIPAKEHHS 1A Kod(HIHenToB Koppensmun cmuaoB B peakmmn ¥ +d — d + 7 . Boraucens:
TaKKe CIIAPANbHBIE AMIUTHTYIBI, onuchBaomue peakuuto ¥ +d — d+ 7 .

KJIFOUYEBBIE CJIOBA: nonspusanys, cedeHue, GOTOPOKICHHIE, KOPPEISIUS CIIMHOB, YIEKTPOH, ICHTPOH.

Hadrons are complex systems of confined quarks and gluons and, therefore, exhibit the characteristic spectra of
© Gakh G.I,, Rekalo AP, |Gakh A.G., 2011




13

physical series «Nuclei, Particles, Fields», issue 4 /52/ General analysis of polarization...

the hadron excited states. A thorough investigation of the hadron (and, in particular, nucleon) excitation spectrum is
important problem for our understanding of quantum chromodynamics and of the effective degrees of freedom
underlying hadronic matter.

As we noted in our previous paper [1], the various versions of the quark models is a source of the comprehensive
predictions of the nucleon excitation spectrum. While many predicted properties of the nucleon resonances with low
mass (< 1.8 GeV) agree fairly well with experimental measurements, there are discrepancies for the nucleon resonances
with masses greater than this value. It is the well known problem of the "missing" resonances.

It was suggested that such resonances have small couplings with pion-nucleon state. So, to find them it is
necessary to investigate the so-called multimeson final states.

The experimental investigation of the photoproduction processes has already proved its efficiency for the
understanding of the excitation spectrum and the properties of baryons (see the review [2]). In comparison to single
meson photoproduction the importance of the double-meson photoproduction increases at higher energies due to higher
cross sections. The experiments on the meson photoproduction showed that double pion photoproduction is an
important reaction channel in the second resonance region. The cross sections for single meson photoproduction (pion
or 77-meson) and double pion photoproduction are almost equal at the photon beam energies in the range
600 - 800 MeV [3.4].

Measurement of the differential cross sections alone lead to ambiguous sets of resonances contributing to a
particular photoproduction channel since almost all information on interference effects is lost. So, it is necessary to use
the measurement of various polarization observables. Current experimental efforts with the CLAS spectrometer at
JLAB (USA) use highly-polarized frozen-spin targets in combination with polarized photon beams. The status of the
recent double-polarization experiments and some preliminary results are discussed in Ref. [5].

A general analysis of the polarization observables in the reaction of coherent photoproduction of pair pseudoscalar
mesons on the deuteron target, yd — zzrd , has been derived in this paper. Our analysis does not depend on the details
of the reaction mechanism since it is based on general symmetry properties of the electromagnetic interaction with
hadrons. Expressions for the spin correlation coefficients have been calculated in terms of the reaction scalar
amplitudes. These coefficients are caused by the the linear or circular polarization of the photon beam and by the vector
or tensor polarization of the deuteron target. The helicity amplitudes describing this reaction are also calculated. The
experimental situation when scattered deuteron and one of the produced pions are detected in coincidence has been
considered. The expressions for the spin correlation coefficients for the case of the reaction yd — wd have been also
derived. The helicity amplitudes describing the reaction yd — zd are calculated. In the Appendix A we give some
formulae describing the polarization state of the deuteron target for different cases. In the Appendix B we present the
expressions for the reaction scalar amplitudes in terms of the helicity amplitudes.

The aim of the paper is the analysis of the polarization observables in the reaction d — zzd , which can help in

elucidation of the reaction mechanism and clarify the properties of the "missing" resonances.

REACTION y+d > d+n+7w
Let us consider the process of the photoproduction of a pair of the pseudoscalar mesons ( 7zz, 777 and etc.) on the
deuteron target

y(k)+d(p,)— d(p,)+z(q,)+7(q,). (1

where the four—momenta of the particles are given in the brackets. All notations which are absent in this paper can be
found in Ref. [1].

The differential cross section of the reaction (1) in the experimental set-up when the scattered deuteron and one of
the produced pions are detected in coincidence can be written as follows (for the case when all particles participating in
the reaction are unpolarized)

do o p2 |q’ | - L
———*——=KD, K= 1 W—-—w)+E cos ,
dwdQ._ dQ, 3(4m)t s— M> [p( D+E, |G |cosy] )

where S=W?*= (k+p, )2 is the square of the reaction total energy, M is the deuteron mass, ®, (|E]l|) and E,(p) are

the energy (magnitude of the momentum) of the first meson and scattered deuteron in the reaction CMS, y is the angle
between momenta of the scattered deuteron and the first meson. K is the kinematical factor and the quantity D is

D=x[ AP+ AT +lgnl +1gu P +7 1 LT+ DI+l AP+ AT +lgof +

3)
+|g15 |2 +712(|f7 |2 +|g11 |2)]+x3[|f4 |2 +|f9 |2 +|g13 |2 +|g17 |2 +712(|f3 |2 +|g16 |2)]+
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2y, Re[ figly + /280 + fo&ra + fi&is + 1 (fsg + @)1+ 20, ReLASS + fifs + g8y +
+g14g|*7 + 712(f3f5y + glégl*S)] +2y, Re[fzgl*a + f4g1*o + fsg1*7 + f9g1*5 + 712(f3g:1 + f7g1*6)]a

where quantities £, (i=1-9) and g, (i=10-18) are the scalar independent amplitudes for the reaction (1) which are

functions of the five kinematical variables (the definition of these amplitudes is given in Ref. [1]). We introduce the
following designations

2 2 2
X, :1+%sin2¢9cos2 o, X, :1+%sin26sinz o, X, :1+%cos2 0,

2 2 2
J2 : J2 p
=5 sin’ @sin2¢p,  y, = e sin2@cosp,  y,= 5

1

Ve sin 26sin @, 17 =ﬁ’

where € and ¢ are the polar and azimuthal angles of the recoil deuteron momentum, E, is the energy of the initial

deuteron in the reaction CMS.

1. The photon beam is elliptically polarized and deuteron target is vector polarized.

The part of the differential cross section of the reaction (1) which proportional to the spin correlation coefficients
can be written as follows for the case when the photon beam has an elliptical polarization and the deuteron target is
vector polarized

99 A% 11 cos2B(ClE +ClE +CHE )
dwdQ,dQ, dwdQ, dQ, e 4)

+sin28cos (C\6, +C)8, + CHE,) +sin2sin 6(CE, + CE, + L)),

where & is the unit vector of the deuteron vector polarization in its rest system and the quantities CiL , élL and (Cl.c ),

i=x,y,z, are the spin correlation coefficients caused by the vector polarization of the initial deuteron provided the

photon beam is linearly (circularly) polarized. These polarization observables have the following expressions in terms
of the reaction scalar amplitudes

DC.: :371 Im[xl(fsgfs _fsgl*z)""xz(fzgrl _f7gr5)+x3(f9g1*6 _]rsg;)+y1(f2f;* _f7f; +

+81581s — &118&1) + V2 (fs&16 + fo&1s — 381 — [5813) + i (o fs — 115 + 815816 — 81813)): ®)
DCf =3y, Imx,(g,s81, = /1S5) =%, (fo fs + &0&1) + X (i fy +81681) + 3 (fs&o + 11814 — ©6)
~J6&is = h&) = Vo (Ss + s + 2186+ 8181s) + V5 (&1 + 1281 = [i&11 — [5&16)):
DCzL =3Imlx,(fig), = f3814) + X, (fs&s = ,€10) + X, (fagis = o)+ (L fs + fofs + )
810801 + 814&15) t ¥, (18 + 1181 = 1381 = 1521+ vs(fofs = i + 210815 — &15&17))
Déi =3y Im[x1(g12gi*s _fsfs*)"'xz(fzﬁi _gllgl*s) +x3(g13g1*a _fsf«)*)"'%(fzg:s _fsgl*s - (@)
_f7gi*2 +fsg1*1)+y2(g12gre +g13gfs _f3fs* _fsf;)"'ya(fzgfe _f7gf3 _fsgl*s +f9g1*1)]7
D¢y =3y, Im[x, (fig1, — figis) + %, (3210 — fe&1) + %, (fg1, = fagie) + i (fsfs — /S5 + ©)
+g11g1*4 _glogl*s)"'yz(f}giz _flgfs _f4gi*s +f5gi*7)+y3(f3f: _f;lf: +g11g:=7 _glogre)]’
Déf = 3Im[x1(f|fs* —glzgil) +x2(g|0g1*5 _fzfe*)""x3(.f4f; _g13g|*7)+ yl(flgrs _fsgl*o _) (10)
_fzg;; +.f6g1*2) +Yz(f1f9* +f4fx* _g12g1*7 _g13g1*4)+ J/3(f4g:55 _f9g1*o _fzgl*7 +f‘6gl*3)]’
DC; = -3y, Re[x,(g,,815 = f5./5 )+ X%, (o fy —81815) +X5(813816 = [i15 )+ 1 (&1 — [3&1s + (11

1580 = 1:81) + 11(81,816 + 813815 — fofs — S5 J5)+ v (o816 + [r81 = fr&is = o))
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DC§ = _371 Re[xl (f5g1‘4 _.]F]grs)_xz(ﬁgro _f(,gl*l)""xs(fsg; _f;tgl*ﬁ)-i-yl(-fi-/: _fl.f; +

* * * * * # o * % * (12)
+81181s — 8108&1s) + 12 (3814 — /1816 = fa&is + 1581) + Vs (fsSs — Jof7 + 81817 — €10816))

DC? =-3Re[x, (flf; _g12g1*4) +x2(g10grs _fzf(f)"'xs(ﬁtf; _g13gr7)+y1(f1grs + fsgro -

% s s % % % s * s # (13)
&1 — 1e&) t (i Sy + [ofs — 812817 — €13&1) + Vs (1815 + [o&10 — 12817 — [5&13) ]

From these expressions one can see that there are 9 spin correlation coefficients for the case of the vector polarized
deuteron target instead of 5 ones for the case of the y+d — d+x reaction. The spin correlation coefficients

(o (Ef), i=x,y,z can be determined using the photon beam with linear polarization at an angle f=0" and 90°

(B =45 and 135"). Using the circularly polarized photon beam allows to determine the spin correlation coefficients
Cli=x,y,z.

Note that real amplitudes (the amplitudes in the impulse approximation for this reaction) lead to zero values of the
following spin correlation coefficients C/, ¢/, i=x,y,z, i.e., when the photon beam is linear polarized. In the case of

the circularly polarized photon beam, the rest spin correlation coefficients may be non-zero ones.

2. The photon beam is elliptically polarized and deuteron target is tensor polarized.

The part of the differential cross section of the reaction (1) which proportional to the spin correlation coefficients
can be written as follows for the case when the photon beam has an elliptical polarization and the deuteron target is
tensor polarized

do do
= n 1+cos23[CE -0 )+C:tO_ +CtO_ +CEQ. +C* +
d0d0, 40, dodo, de{ BlC(0,.-0,)+C.0_+C.0.+C.0 +C.0,]

. _ _ _ _ _ 14
+5in2Bc0s S[TL(Q,, ~0,)+C-0.. +T 0. +T-0, +T-0,.1+ (14)
+5in28sin S[C5(0,, —0,,)+CL0.. +C.0, +C5,0, +C-.0, 1},

where Q,,ij = xx, yy,zz,xy,xz, yz is the symmetrical tensor describing the tensor polarization of the deuteron target in
the reaction CMS and the quantities C,f and E,.L/. (C;) , 1=xx,zz,xz,xy, yz , are the spin correlation coefficients caused
by the tensor polarization of the initial deuteron provided the photon beam is linearly (circularly) polarized. These
polarization observables have the following expressions in terms of the reaction scalar amplitudes

3
DC,\iZE[xl(lfi |2 +|fs|2 -lgn, |2 g |2)+x2(|g10 |2+|g15 |2_|f2|2_|f6|2)+

+x5( 1, |2 +| /s |2 -l&s |2 -l g |2)+2lee(f]gl*0 +-f;§g]*5 - 1,80 _feg]:)"'

. . . . . (15)
2y, Re( fify + fofs — 12815 — 81a&17) T 2VsRe(fig10 + f3815 — 12813 — fe&17)),
DC:Lz =3{x,( /5 |2 —l & |2)+x2(| & |2 =1/ |2)+x3(| Js |2 —| & |2)+2y1R€(f5gf1 —ﬁgfg)+2yzR€(f3f: _glsgrs)"'
. 1
+2y,Re( f38, _f‘7g16)+7|:x1(| Js |2 +|&u |2 -/ |2 -|&n |2)+xz(| /s |2 +]gs |2 -/ |2 —[ & |2)+ (16)
1
+x3(| Js |2 +lg; |2 -1/ |2 -lgs |2)+2y]Re(.f6g]*4 +.fsg1*5 _fzgl*z _ﬁgl*o)+2y2Re(.f;§fl‘; +g14g1*7 _.f;.fr _glzg]*3)+
+2y,Re(fg), + f321s = 1281 = £1g0) ]}
DCxLy =6Re[x,(f g, _.f;%g]*4)+x2(.f2gl*0 _-fégl*S) +x3(f4gf3 _f9g:57)+y1(f1f2* +g10g1*2 - (17)
_f(wfi: _g14g1*5) +y2(f,g1*3 +f4g1*2 _fxg; _ft)g1*4) +Y3(f2f: +g10g1*3 _féft; _glsg;)]’
Dc)fz =6Re[x, (flfs* —g14gfg)+xz(glogi*l —f(,f7*)+x3(f3f4* _gl()gr7)+yl(f5gl*0 +f1g1*1 - (18)
_fﬁgfs _f7gf4)+y2(f1f3* +f4f; _g14gf() _g17g1*3)+y3(f3gi*0 +ﬁ1gf1 _fégl*é _f7gf7)]a
DCyLz =6Rel[x, (fsgl*z _fég:£8)+x2(.f2gl*l —fvgfs)+x3(f3g{2 _f;g]*6)+yl(.f2.f5* +g11g:52 - (19)

_f7f; _glsgrs)'i'yz(fJgrz +f5g1*3 _fxg; _fogfs)"'yJ(fzf; +g11g1*3 _f7f; _gISgl*(y)]’
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DC' =6Rea,, DC: =6Ima,_,
a. :E[xl(flgm =8 )T %,(8 0S5 — 12&15) + X5 (fa81 — &35 )+ Vi (i s +&1081s — (20)

_fzfi: _glzgl*s)"'yz(flg; +f4gi§ _glzf: _glsfs:)+ y;(f4f§ +g10gr7 _fzf: —gugi*s)],

DC:=6Rea_, DC:=6Ima_,

. . ) . . . . 2D
a. =X, /s81s + %8107 + X [3816 + V(s f7 +81815) + 12 (1815 + [:816) + ¥ (oS5 +81816) —
1 * * * * * * * * * *
_W[Jﬂ (/1814 + 80 )+ X, (810 S5 + 12815) + %:,(f1817 + &S )+ Wi S + 81081 + oSy +812815)+
|
+y2(f1g1*7 +f4g1*4 +g12f; +g13f;)+y3(ﬁtﬁ: +g10gr7 +f2f; +g13grs)]’
DC; =6Rea,,,  DC; =6Ima,,
* * * * * * * * 22
a, = X (N fs +812813) +%,(80&1s + /o fs )+ X, (fufs +81380) + (/185 + /281 + (22)
+g10f; +g12fs*) +)/2(f1f; +f4f; +g12gf7 +g13g1*4)+ ys(fzg; +f4g:5 +g10f«; +g13f(j)v
DC: =6Rea_, DC: =6Ima_, (23)
a. = xl(.f]g{; +fsg1*4)+xz(g10f7* +g11f:)+ xs(fp}g;; +ﬁtg]*6)+y](.fl.f:l* +g10gl*8 +
Hfifo +€1&1) + V. ([1816 + 181+ 181 T [581) + V3 (i fe +&0&is + o7 +21810)s
DC- =6Rea,, DC° =6lma,, 24

a, = X, (fifs +8181) +%,(8181s + o )+ X, (fofs +213810) + 11 (agis + figis +
+g11f; +g12f7*)+ yz(fz,fs +f5f; +g12g]*6 +g13g1*8)+y3(fzg1*6 + ./:’:gl*i + gn.f; +g13f7*)~

From these expressions one can see that there are 15 spin correlation coefficients for the case of the tensor
polarized deuteron target instead of 7 ones for the case of the y+d — d +x reaction. The spin correlation coefficients

C,.jL. (55), ij = xx,zz,xz,xy, yz can be determined using the photon beam with linear polarization at an angle f=0° and
90° (=45 and 135"). Using the circularly polarized photon beam allows to determine the spin correlation
coefficients Cj,

Note that real amplitudes (the amplitudes in the impulse approximation for this reaction) lead to zero values of the
following spin correlation coefficients Cj, ij = xx,zz,xz,xy, yz , i.e., when the photon beam is circularly polarized. In

I = XX,2Z,XZ, Xy, VZ .

the case of the linearly polarized photon beam, the rest spin correlation coefficients may be non-zero ones.
HELICITY AMPLITUDES
This reaction, as any other reaction, may be described either by the scalar amplitudes or by the helicity ones. In the

last case the axis of quantization of the spin of each particle is the direction of its momentum. The helicity states of the
photon are (it moves along z axis)

el = %(0, F1,—i,0). (25)

The momenta of the particles in the reaction CMS are chosen as
k=(@k), p=(E,-k), ¢,=(@.q0, ¢,=(2.q), p,=(E,p). (26)
The z axis is directed along the photon momentum k , the momentum q lies in the xz plane and the momentum of

the final (scattered) deuteron is determined by the angles € and ¢ . The y axis is directed along the vector kxq , and
X axis coincides with the direction (kxq)xk . The helicity states of the initial deuteron are



17

physical series «Nuclei, Particles, Fields», issue 4 /52/ General analysis of polarization...
@y _ 1 : o_1
Ul/l = E(()? * 1’ -1 0)7 Ul/l = H(_k’ 0’ 0’ El) (27)

Here we take into account the phase agreement for the particle moving along the negative direction of the z axis.
The helicity states of the final deuteron can be written as

€

N

U, =—=(0,FcosOcos g +ising, Fcos @sinp—icos @, £sinb), (28)

1 . . .
Uy, = M(p, E,sin@cos @, E, sinfsing, E, cos ).

The matrix element of the reaction (1), with three-body final state, results in specific properties of the helicity
amplitudes describing this process Hfd,"i”, where 4, and A,(4)) are the helicities of the photon and initial (recoil)

deuteron. In the case of the binary reaction (for example, the reaction y+d — d+x), the P invariance of the

iﬂdl

electromagnetic and strong interactions implies that |H_7j5%” I=| H;7* | [6]. But for the non-coplanar process (as the

reaction (1)) the helicity amplitudes with opposite sign of the helicities are different ones. Therefore, the number of the
independent helicity amplitudes for the reaction (1) is equal to 2s,(2s, +1)(2s, +1) =18, where s, and s, are the spin
of the real photon and deuteron, respectively. Naturally, this number coincides with the number of the independent
scalar amplitudes. The number of the independent helicity amplitudes for the reaction y+d — d + & (binary collision)
is twice smaller.

Let us calculate the helicity amplitudes of the reaction (1). We introduce the set of the helicity amplitudes Hi{i" .
As it is shown above, the matrix element of the reaction (1) can be described in terms of the scalar amplitudes. The

relations between the helicity amplitudes and the scalar amplitudes are the following

0w _ e . . . . . .
H ,=H; :+2\/§[sm9(f4—lgl3if9 *ig,,)—(cos@cosp+isin@)(f, —ig, = f; Tig,)+ (29)

+(—cos@sinp+icosp)g,, —if, £ g,s Tif,)],

. e . L ) .. L )
H,,=H* =+2«/§ [sinO(f, +ig,s F f, Tig,,)—(cos@cos@—isin@)(f, +ig, F fiy tig,,)— 30)

—(cos@sinp+icos)(g,, +if, F g5 £if;)],

e EFE . . . . . .
Hi, =H,° :¢$ Z\l/lzz [cosO(f, tig,,)+sinBcosp( f; tig,)+sinbsing(g,, £if,)], (31)
e € . ) .. .. . .
H,,=HZ" =% 2\/5 [smé’(zg13 - fiF f, Fig,,)+(cosOcosp—isin@)(f, —ig, = f; Tig, )+ (32)
+(cos @sin @ +icos @)(g,, —if, £ &5 £if)],
Hypy = H2 =55 L [sin0(f, £~ cos Ocos g +ising) f; £, ~(cosOsin g~ 1cos ) g, £15)] (33)
H,,=H*= lg%[—sinﬁ(f3 tig,,)+(cosOcosp—ising)(f, tig, )+ (cos@sing+icosp)(g, tif:)], (34)
o ek . . . . . . . . .

Hy,=Hy = +5M2[C059(f4 —ig,tig, T fo)+sinfcos@(f, —ig, Tig, T fy)+sinbsing(g,, —if, L if igls)]’ 35

o ek . . . . . S U
H]s,m =H, = —__Z[COS o(f, +ig; tig), +.f9)+sm‘9005¢(f1 +ig, Tigy, +f3)+s1nt951n (g +if, i?fﬁ +g15)]’ (36)

2M
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o
H17,18 =H_ =%

[~sin6lig,, + £, 7 /, +ig,,) + (cosOcos g+ isin @) f; +ig,, T f; +ig, ) +
22 (37)

+(cosOsinp—icos)(g,, +if, F &s ilfé)]

The expressions for the reaction scalar amplitudes f,(i=1-9) and g,(i=10-18) in terms of the helicity
amplitudes H,(i =1-18) are given in the Appendix B.

REACTION y+d > d+nx

In this section we apply at first the formalism of parametrization of the reaction amplitude with the help of the
orthonormal basis to the case of the coherent photoproduction of a pion (or 7 —meson) on the deuteron

y(k)+d(p)) = d(p,)+7(q), (39%)

where the four-momenta of the particles are given in the brackets.
The coordinate frame in the reaction CMS is chosen as: z axis is directed along the momentum of the photon k ,
and the momentum of the pion q lies in the xz plane, y axis is directed along the vector kxq .

The differential cross section of this reaction for the case of unpolarized particles can be written as

do, -NG, N=—Y . 4 (39)
dQ 96xW* w
where @ is the energy of the photon beam in the reaction CMS and the quantity G is
2 2 2 2 2 2 * #
G=|g1| +|g6| +al(|g3| +|g5| )+02(|g4| +|g8| )+2a3Re(g3g4+g5g8)+
2 2 2 i
+7 118y 1P vay | 2o P +ay | g5 * +2a3Re(g725)) )
2 2 2
a; = 1+q—25in219, ay = 1+q—2005219, as = q 5 sin22,
M M 2M

where ¢ is the angle between the photon and pion momenta in the reaction CMS.

1. The deuteron target is vector polarized.

The differential cross section of this reaction for the case of the vector polarized initial deuteron and elliptically
polarized photon beam can be written as

cal,g = %[1 +4,cos2+ 4,8, +C cos2fBE +sin2Bcos0(C. S +C.&)+sin2Bsin6(C S, + ézfz)], 41

where &,i=x,y,z, is the unit vector of the deuteron target vector polarization in its rest system, A4, is the asymmetry

caused by the linear polarization of the photon beam provided that all other particles are unpolarized (the so-called
single beam asymmetry), A, is the asymmetry due to the vector polarization of the initial deuteron provided the photon

beam is unpolarized (the so-called single target asymmetry). The expressions of these asymmetries in terms of the
reaction scalar amplitudes are given in the paper [1]. The quantities C,C,,C. (C,C.) are the spin correlation

coefficients caused by the vector polarization of the initial deuteron provided the photon beam is linearly (circularly)
polarized. These spin correlation coefficients have the following expressions in terms of the reaction scalar amplitudes
do,,

70 Cy = 371N1m[g1g2* _algsg; +a2g7g; _a3(g5g; +g3g;)]a

(42)

do,,

d_QC" =3y, NIm[-g,g, +a,g,g, +a,8,8, +a,(g,8; +,85)],
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da * * * * *
d_;;cz =3NIm[g g, —a,8:85 — a,8,8; —;(8:85 + 8485)],

do,, _ .

d_éncx =-3y,NRe[-g,8, +a,8:2, +2,8,8; +a,(2,8; + £,8,)}:
do, _ . " .
40 C.=—3NRe[g gy —a,8,85 —a,8,8; — a;(g:8; + 8.85)]-

Note that real amplitudes (such amplitudes arise, for example, when the reaction mechanism is considered in the
impulse approximation) lead to zero values of the following spin correlation coefficients C,,C, and C_, i.e., when the

photon beam is linearly polarized. In the case of the circularly polarized photon beam, the spin correlation coefficients
C, and C, may be non-zero ones.

2. The deuteron target is tensor polarized.
The differential cross section of this reaction for the case of the tensor polarized initial deuteron and elliptically
polarized photon beam can be written as

do do
—— =14 4.0 +4,(0,-0,)+4.0, +cos2[ C.0. +C.(0,.-0,)+C.0. |+

dQ  dQ (43)
+sin2fcos6(C, 0, +C,.0 ) +sin2f8sind(C,0,, +C,.0,.)}

where A4 ,A_,A_ are the asymmetries caused by the tensor polarization of the initial deuteron provided the photon

xx?

beam is unpolarized and their expressions in terms of the reaction scalar amplitudes are given in the paper [1]. The
quantities C_,C_,C_,C, ,C,_ (C,,C,.) are the spin correlation coefficients caused by the tensor polarization of the

xx? xp?
initial deuteron provided the photon beam is linearly (circularly) polarized. These polarization observables have the
following expressions in terms of the reaction scalar amplitudes

2z

do 3
d_gu;cxx =5N[| & |2 +| &s |2 _al(l &3 |2 +| &s |2)_az(| 84 |2 +| 8y |2)—2a3 Re(g,g; +258)); (44)
do—,m * * * * * 45
Ecxz =6NRelg,g, — 4,858y — a,8,85 — a;(858, + &:&y)) (43)
do . (46)
—o Ca=3N{e, [ -a lg, [ —a,| g, ' —2a; Re(g,g5) +
1 « B
+W[| & |2 _lgl |2 +a1 (l &s |2 - | &; |2)+a2(| &3 |2 - | &4 |2)+2a3 Re(gsgg _g3g4)]}a (47)
1
da[l” * & * * * (48)
ECX}' =6NRe[g,g, +a,8:85 +a,8,85 + (8,8 + 8.85)]
dG”n * * * * * (49)
40 C,vz =6N Re[g2g6 ta,8;8, ta,8,8; +a3(g3g7 +g4g9)]7
O-un — * ® ® * *
d_Qny =3N1Im[g g, +a,8,85 +a,8,8; +a;(2:8; + &485)).
(50)

do

un

dQ

C,.=3N1Im[g,g, +a,g,g, +a,8,8; +a,(2,g; + £,8,)]

Note that real amplitudes (the amplitudes in the impulse approximation for this reaction) lead to zero values of the
following spin correlation coefficients C,, and C,., i.e., when the photon beam is circularly polarized. In the case of

yz o

the linearly polarized photon beam, the rest spin correlation coefficients may be non-zero ones.
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Let us calculate the helicity amplitudes for the y+d — d + 7 reaction.

| .
e =—(0,F1,-4,0). (51)

NG

The helicity states of the initial deuteron are

Ush = L 0.£1,-1,0) U® = %(—k, 0,0, E,), (52)

2

where k =(W?* - M?)/2W is the energy of the photon beam in the reaction CMS. Here we take into account the phase

agreement for the particle moving along the negative direction of z axis. The helicity states of the final deuteron can be
written as

1 1
() _ P— 0) _ ;
Oy ——\/E (0, xcos?}, —i, Fsin ), U,, =—(=q, E,sind, 0, E, cos V). (53)
We introduce the set of the helicity amplitudes Hj;l" (where 4, and 4,(4;) are the helicities of the photon and

initial (recoil) deuteron). As it is shown above, the matrix element of this reaction can be described in terms of the
scalar amplitudes. The relations between the helicity amplitudes and the scalar amplitudes are the following

ie
h,=H"=———[g,+g.tcos —g,)tsindg, —g)),
1.2 + 2\/5 (g +&s Hgs—g3) (84— 8]

e — . —_
h3,4=H0 =_7/2[00519(g4 Fgg)+sindNg, Fg5)),
(54)

hs ¢ =H[ = 2\/_ — 8 cos kg, +g;) FsindHg, +gy)l,

" ie . 4 ie .
hy=H! = —E}Q[gz +cos g, Fsin g, ], hy=H;" = _E%%[COS g, +sindg, ],

where y, =FE,/ M.

Let us present the inverse relations, i.e., the expressions of the reaction scalar amplitudes in terms of the helicity
amplitudes. They are

i i
81 :E(}H"'hz_hs_he)’ &> :e_}/l(h7+hs)’

g, = —Lz[cos h, —h, +h, —h6)+£sin Iy +h,)],
e

2

g, = —Lz[sin Hh, —h, +h, —h5)+£cos Iy +h,)),
e 2

(35)

gs= [cosH(h, —h +h,—h )—Qsmz}‘(h —h,)],
\/—e 7
2

& :L(hl +hy +hs + hy), &= _L[Sinﬁ(}% —hy) =——cos O],
V2e e 72
&3 = _é[sin O(h, —h, +hy _hs)_ﬁcos Hhy—h,)], 8 = eL[COS h, _hs)+£5in Ohy].
2 1 2
CONCLUSION

The model-independent analysis of the polarization observables in the process of coherent photoproduction of a
pair pseudoscalar mesons on the deuteron target 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 hadron electromagnetic interaction, such as the gauge invariance
and P-invariance.

The polarization observables for the process considered are expressed in terms of the reaction scalar amplitudes.
The helicity amplitudes describing this reaction are calculated in terms of these amplitudes. The inverse relations, i. e.,
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the expressions of the reaction scalar amplitudes in terms of the helicity amplitudes are also calculated. The features of
the reaction y+d —d+x+x, which are due to the three-body final state, are shortly discussed. The following

experimental set-ups have been investigated:

- the photon beam is elliptically polarized (which includes the particular cases of the linear and circular
polarizations of the photon beam) and the deuteron target is vector polarized;

- the photon beam is elliptically polarized and the deuteron target is tensor polarized.

The formalism used for the analysis of the polarization observables for the process (1) was applied also to the
reaction of coherent photoproduction of pseudoscalar meson on the deuteron target, y+d — d + . We discussed the

differences between the polarization observables of this process and of the reaction (1). The helicity amplitudes
describing this reaction are calculated in terms of the reaction scalar amplitudes.

Let us note that the new results, which are obtained in this paper, are the following:

- The expressions of the spin correlation coefficients, which are caused by the linear or circular polarization of the
photon beam and by the vector or tensor polarization of the deuteron target, in terms of the orthogonal reaction scalar
amplitudes.

- The helicity amplitudes in terms of the reaction scalar amplitudes and inverse relations.

They are represented by formulas (4) - (24), (29) - (37) and (B.1) - (B.18).

APPENDIX A
Now we give some formulae describing the polarization state of the deuteron target for different cases. For the
case of arbitrary polarization of the target it is described by the general spin—density matrix (in general case it is defined
by 8 parameters) which in the coordinate representation has the form

p.p, i
;42 2M€,uvip sﬂ pp+Q‘uV9

Q;n/ = Qv;(’ Qy;l = 0’ pryv = 0’

1
Py =—§(gm,— )+

(A.1)

where p, is the deuteron 4-momentum, s, and Q,, are the deuteron polarization 4-vector and the deuteron

quadrupole—polarization tensor.
In the deuteron rest frame the above formula is written as

1

pij :_5

i g
3% _Egijksk +0,,=x,,2. (A2)

This spin—density matrix can be written in the helicity representation using the following relation
Pur=pyee, A, =+-0, (A3)

(4)

where e” are the deuteron spin functions which have the deuteron spin projection A on to the quantization axis (z

axis). They are

et = :L(l, +i,0), e =(0,0,1). (A4)

The elements of the spin—density matrix in the helicity representation are related to the ones in the coordinate
representation by such a way

1,1 1 1 1 .
Pz :Eigsz _EQZZ’ Poo :§+sz’ P = _E(Qxx _ny)+ley’
1 1 1 1 . (A-5)
p+0 = m(sx - isy)_ﬁ(sz - iQyz )’ p—() = m(sx + isy) +E(Q\*z + iQyz )’ pﬂﬂ.' = (pﬂ'ﬂ. ) .

To obtain these relations weuse O, +0, +0_ =0.
The polarized deuteron target which is described by the population numbers #n,, n_ and #n, is often used in the

spin experiments (see, for example, Ref. [7]). Here n,, n_ and #, are the fractions of the atoms with the nuclear spin
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projection on to the quantization axis m=+1, m=—1 and m =0, respectively. If the spin—density matrix is normalizd
to 1, i.e. Spp=1, then we have n, +n_+n,=1. Thus, the polarization state of the deuteron target is defined in this
case by two parameters: the so—called V' (vector) and T (tensor) polarizations

V=n-n_, T =1-3n,. (A.6)
Using the definitions for the quantities 7.,
n, = et e, )= p,e e, (A7)

we have the following relation between V and T parameters and parameters of the spin—density matrix in the coordinate
representation (in the case when the quantization axis is directed along the z axis)

1 1,1 1
ny=—+0._, n,=—ft—s ——0_, A8
0 3 QAZ + 3 2 2Q ( )
or
T=-30_, V=s,. (A.9)
APPENDIX B

In this Appendix we present the expressions for the reaction scalar amplitudes f;(i=1-9) and g,(i=10-18) in

terms of the helicity amplitudes H,(i =1-18). These expressions are

A 22;\/§e[z'sin¢)(H2 —-H +H,-Hy)—(cos@cosp+ising)(H,—H,+H,—H,)+
+£sin¢9005(p(H14 -H+H-H,)l
6
A =2;\/§e[(cos¢)+icos05in(0) (H,-H,+H;—H,)—(cosp—icosOsing)(H,-H,+H,-H;)-

—iﬁsinﬁsin(p(H13 -H,+H-H,)l

I

[sin@ (H,,—H,+H, —le)-i-ﬁcos@(H6 -H))],

f‘3:
e I
2
fi= \/_e[sme(H -H +H,-H,+H,-H,+H,, - H18)+7cos¢9(H14—H13+H15—H16)],
2
fi= o [(cosﬁcos¢+isin(p)(H12—H11)+(cosﬁcos¢)—isin(p)(H9—H10)+%sin9cosq)(H6—H5)], (B.1)
1 2
f6=2\/156[(cos¢—icosﬁsin(0)(Hl+H2—H17—ng)—(cos¢+icosﬁsin(p)(H3+H4—H7—Hg)+

2 ..
+i£sm¢9sm(p(H13 +H,—H—-Hy)l

I

I/ =2L[(cos¢—icosesin¢) (Hy+H )+ (cosp+icos@sing) (H,, +H,2)+i£sin95in(p(H5 +Hy)l,
V.

1 2

[(sinp+icos@cos@) (H,+H,+H,+Hy)+(sinp—icos@cosp) (H,+H,+H,+Hy)—

h=37

2 .
—i£sm¢9cos¢(H13 +H,+H,+H,))]
14

2
[sin6 (H,+H,+H,+H,—-H -H,-H,, - HS)—£cos0(H13+H14+H15+H16)],

\/>€ 1 7>
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i

g10=2\/§e

[(cosp—icos@sing) (H,—H,+H,—H,,)+(cosp+icos@sing)(H,-H,+H,—H,)—

2 .
—i£51n6’s1n(p(H14 -H,+H-H,)],
0

g, = —#[(cosq)—icos@sin(p) (H,y,—H,)+(cosp+icosOsing) (H,, —H11)+igsin6?sin(p(H6 -H))],

1 2

g =;[(icosl9cosgo—sin(0) (H,-H,+H;—H,)+(sinp+icos@cosp) (H,-H,+H,—H,)—

24/2e

—iﬁsiné?cos(p(lr-l13 -H,+H;-H,)l

72

i 2
gs=— \/, [sin6 (H,-H,+H,-H,+H,—H,+H,-H)+—cos0(H,,—H,+H—H,)],
2/2e 7>

1
g14_2\/§e

[(singp—icos@cose)(H,+H,—H,—H,)—(sinp+icos@cos@)(H,+H,—H,,—H )+

V2 .
+i—sinfcos¢ (H;+H,,—H,;—H,)],
V2

g5 =;[(c05(p—icos€sin(p) (H+H,+H,,+Hyg)+(cosp+icosOsing) (H,+H,+H,+H,)+

2\/56

-H'Qsim?sin(p(H13 +H,+H+H,)]
7,
! [sinH(H9+H10—Hll—H12)+£cosﬁ(H5+H6)],
ey, %

816 =

i . \2
g = [sin (H,+H,+H,+H,-H,-H,—H,-H)+—cos0 (H,+H,-H,—-H,)]
2/2e A

s =2L[—(sin(0+icos€cos¢) (Hy+H))+(—sinp+icos@cos) (H), +H12)+i£sin¢900sqo(H5 +H)l,
1 }/2
where e is the electron charge, & and ¢ are the polar and azimuthal angles of the recoil deuteron momentum,

v,=E /M, i=1,2 and E (E,) is the energy of the initial (final) deuteron in the y+d — d + 7+ x reaction CMS, M
is the deuteron mass.

REFERENCES

1.  Gakh G.I, Rekalo A.P. and Gakh A.G. General analysis of polarization effects in the reaction ¥+d — d + 7+ . 1. Single-
spin asymmetries //The Journal of Kharkiv National University, physical series Nuclei, Particles, Fields. - 2011. - Ne969. -
Issue 3 /51/. - P. 4-15.

2. Krusche B. and Schadmand S. Study of non-strange baryon resonances with meson photoproduction // Prog. Part. Nucl. Phys. -
2003. - Vol. 51. - P. 399-48s5.

3, MacCormick M. et al. Total photoabsorption cross sections for 'H, ’H ,and *He from 200 to 800 MeV // Phys. Rev. -
1996. - Vol. C53. - P. 41-49.

4. Krusche B. Meson photoproduction in the first and second resonance region // arXiv:nucl-ex/0304008.

5. Crede V. Light Baryon Spectroscopy using the CLAS Spectrometer at Jefferson Laboratory // arXiv:1108. 5199v1 [nucl-ex]
2011.

6.  Gibson W.M. and Pollard B.R. Symmetry principles in elementary particle physics. — Cambridge — London — New York —
Melbourne: Cambridge University Press, 1976. — 343 p.

7. Airapetain A. et al. Measurement of the Tensor Structure Function 5, of the deuteron // Phys. Rev. Lett. - 2005. - Vol. 95. -

P. 242001. (6 pgs.)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


