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The quark model predictions for the decay distributions of resonances photoproduced
in the reactions yB — PB*, yB — VB and yB - VB* are given. The numbers of relations pre-
dicted for the three reactions are: three, three and sixty respectively.

1. Introduction

High energy photoproduction processes are usually interpreted in terms of the Vector
Meson Dominance Model (VDM). For a recent review see Ref. [1]. In the framework of the
VDM a photoproduction amplitude is expressed by the amplitude for the strong process
with a vector meson replacing the initial photon. This makes it natural to apply the quark
model to high energy photoproduction. References to early work in this field may be found
in Ref. [2].

In this paper we consider the processes

yB — PB*, 1)
yB - VB, 2)
yB - VB* 3)

where y, P, V, B and B* denote respectively: a photon, a pseudoscalar meson, a vector
meson, a 4+ baryon and a ¥ isobar. For these reactions the quark model gives definite
predictions for the decay distributions of the resonances. Gorezyca and Hayashi [3], [4]
derived some linear relations between the statistical tensors or equivalently between the
elements of the spin density matrices. Here we give more general formulae, which may
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be used to test both the linear and the nonlinear (¢f. Ref. [5]) relations predicted by the
quark model.

For the incident photon a general polarization state was assumed. Thus in the photon
helicity frame the density matrix reads

1 l4a 0 —p+iy
—f—iy 0 l-a

In order to get simpler formulae we work with the transversity basis, i.e. with the spin
projections on the normal to the reaction plane, where Eq. (4) implies

1 148 Y2y —ia) —1-f
e=7 V2(y +ia) 2(1-§) ~V2(y +ie) | ©)
“1-f By 146

We use the symbol ¢™" to denote the elements of this density matrix. Thus e.g. ¢% means
$(1—8). The interpretation of the Stokes parameters «, §, y is easily found from formula (4).
In particular for an unpolarized beam & = § = y = 0. Parameter « is a measure of the
circular polarization. The probability of finding the right-handed polarization is 1(1+a)
and the probability of finding the left-handed polarization is $(1—a). The probability of
finding the linear polarization along the x-axis is {1+ ) and the linear polarization along
the y-axis is $(1— B). Similarly, y describes the linear polarization along the two axes forming
with the x-axis angles +45°.
The target baryon is assumed unpolarized.

2. The reaction yB -> PB*

Using the formalism of the scalar amplitudes [7] it is easy to see that in the framework
of the VDM the most general amplitude consistent with the quark model is

T=K [_ —%e"f" +1/ % (@5t Z* + agetE +aet Zt +ageZ)). (6)
Here and everywhere in the following all the spin reference frames are assumed to have

their spin quantization axes (z axes) normal to the reaction plane. Symbols £ and 2 denote
the sets of matrices defined in Ref. [7]. Here they are written in the spherical basis, thus

1 0 0
et={0}, &={1}), e={0}, (7)
0 0 1
30 00 0 0
+ 1] 01 0 10 - 1140 0
Z"‘V_g oo Z=01’ Zzl’/flo @)
00 00 \0 /3
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The coefficients a; do not depend on the spin states of the interacting particles. They are
closely related to the quark quark scattering amplitudes f; used in previous papers (see e.g.
Ref. [5]). The coefficient K is characteristic to the VDM approach. It ensures the transver-
sality of the photon. It is zero if the photon is longitudinal, and one otherwise.

From (5) and (6) a straightforward calculation yields for the statistical tensors [8]
expressions in terms of the parameters a;, &, § and y. We list the formulae for the statistical
tensors, which can be determined from data about the decay distribution of the B*:

1
Ti= —_V6 [0 (asay +aeay) + 01~ taga; +o Magay), ©)
1
T = g [0t e e ey + o, (10)
1 1
=7 gl ay

with the normalization condition

1 2 4 . .
] = 3 0%ay|? + 37 olal? + 3 Re [o' X a,a; +agap)], (12)

where
la|? = §0532+Iaslz+fa7{2+¥%12' (13)

Here and in the following the asterisk means complex conjugation.

By counting parameters it is easily seen that the formulae (9)~(12) imply three relations
between measurable quantities. These relations are quite simple [3]. For photons polarized
perpendicularly to the reaction plane

o
)

For photons polarized in the reaction plane
T3 = 15)
0= 7" (

The prediction 77 = 0 does not count, since in both cases it follows from parity conserva-
tion.

Usually two ambiguities have to be discussed when applying the VDM and the quark
model to photoproduction. Firstly, formula (6) is valid only if the additivity frames, cor-
responding to the initial transversity frames, are used for the final particles. A discussion
of this point and references to earlier work can be found in Ref. [6]. Secondly, in order
to use the VDM it is necessary to know the fundamental frame, i.e. the frame where the
amplitude changes little when the mass of the photon increases from zero to the mass of
a physical vector meson (see e.g. Ref. [9]). The second point will not be discussed in this
paper. It affects the numerical values of the amplitudes a;, which here are considered to be
unknown parameters anyway. The formulae (14) and (15) are invariant with respect to
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rotations of the spin reference frames around the z axes. Therefore for the reactions consid-
ered in this section the orientation of the additivity frame is irrelevant. It will be important
for the reactions considered further.

3. The reaction y B —~ VB

For the reaction y B — VB the general form of the amplitude is

1
T—K [-‘ Ve (b1 BaB0 +bgo B, B0 — (b5 B0~ byt~ + by o bsE—o—)] .

(16)

Here o are the Pauli matrices. In the spherical basis

or+—-~]/2(01), a°=((1)_(1)), o~ = 2(23) (17

Further E are matrices with rows and columns labelled by the spin projections of the vector
meson and the photon

010 10 0 000
Er=l001), E=[o0 o}, E={100]}. (18)
000 00 —1 010

The measurable statistical tensors are

T = 0%(bsb;+b, b*)+ ! 071|152 — |bgy!®+2i Tm (b0, +b3b))], (19)

1
T} = —= ("1 — ") (bsbs +bgbp) + 7~ (0% bsg|2—071bes |?) +

Vz

1
+ o/ [071%{1b43] % — (bob] -+ Dyb)} — 0H{ib1a |+ (0103 +b3b)3, (20)

V_ (—=2+430%1b]+ 0™(|b15]+ 102417))- 2D

The normalization condition is

1 — (@0 %162 + 3 @ (bual* + Ihol®) + - bl 42 Re G5t 15,501 (22)
and
1By1% = (524 1B,
1BI2 = [bgl2 4 bel2 + 1Byl + [bg2. (23)

Counting the parameters one finds that the formulae (19)~(22) imply four relations
between statistical tensors. Putting @ = 0 we loose two measurable parameters and get rid
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of two free parameters. Thus from the point of view of testing the quark model nothing
is lost by putting & = 0. With & = 0 we find two linear relations

Re T2 = -Z2§— T§ for p=0, (24)

1 3 3 1
y‘lReTf=§ReT§+-8—‘l/—2—'T§+—lg for f= -1 (25)

Relation (24) was already given by Gorczyca and Hayashi [4]. Relation (25) can be tested
in experiments with photons polarized at an angle of 45° with respect to the reaction plane.
When p = 0, the left hand side in (25) is a zero over zero symbol and the relation cannot
be tested.

In order to test the full set of four relations a more complicated analysis is necessary.
Eliminating the normalization condition we can represent each of the statistical tensors
(19)-(21) as a ratio of two functions, each linear in «, § and y. E.g.

o A+B
27 C+Dp

(26)

where C+DfB =1 is the normalization condition. Here 4, B, C, D are known functions
of the a;, but do not depend on the polarization state of the photon. 4 and B are complex,
while € and D are real. Therefore measuring the complex number T} for various values of
B, we can determine five real parameters, e.g. Re 4/D, Im A/D, Re B/D, Im B/D and C/D.
Similarly 7% (for @ = 0) and T% yield two real parameters each. These nine parameters
should be fitted with a suitable choice of the five real free parameters occuring in the right
hand sides of Eqs (19)—(22). A similar analysis was reported in Refs [5] and {6].

The relations derived in this section are not covariant with respect to rotations of the
spin reference frame of the vector meson. This may be checked, for instance, by applying
the transformation rule

R(p) Ty = e™°T3y, 27

where R(¢) denotes a rotation by an angle @ around the z axis, to relation (24). Our results
are valid by definition in the additivity frame corresponding to the transversity frame used
for the initial photon. Since it is not known which is the additivity frame, there is in practice
one more parameter in the theory. We may use an arbitrary spin reference frame, e.g. the
transversity frame or the Jackson transversity frame, but we have to rotate the tensors
(19) and (21) from the additivity frame into the chosen frame according to (27). By direct
inspection of the formulae (19)—(22) it is found that (27) is equivalent to an irrelevant re-

definition of the cofficients @; supplemented by the transformation
i(m—n)lpgmn- (28)

g™ —>e

Thus (28) may be used instead of (27). Here ¢ is a free parameter, which, like the q;, de-
pends in general on s and t. This reduces the number of predicted relations to three.
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4. The reaction y B - VB*

For the reaction yB — VB* the general expression for the amplitude reads

T—K [— _Vlg_— (6, 50+ FOZ0) +1/ % (csE—Z“f+c6E+Z'—+c,E+Z'++c8E—Z-)] ,
(29)
where E and X are defined by the formulae (18) and (8) and the coeflicients ¢; and K are
discussed in the text under relation (8). It is remarkable that this formula is simpler than

the corresponding formula (16) referring to the reaction yB — VB.
The formulae for the measurable statistical tensors are

1
T3 = —Vg—‘ 0%cqcy, (30)
1 00 * * 1 ~11 PR
T# = 3 0%(csc; +Cscs) ~ 3 e (03—04)(03"‘04)’ (31
T22 — 1 00, *
22g = —/g 07 C5Cq5 (32)

TR = —”176— ~ 0%(cs¢; +egch) +(cz+ep)eMes +o7 M) — (c3— etz +o7 ey, (33)
R, = 4;1}5 [0®(cscy+cscl) +(ca—ca)eMicy+e 1) — (G +e)(eles +e e, (34)
% = —f [(0%— 20 cl2+ (@ — g1 ¢ — @ |cy 2— 4 Re (8 Hegey +c5ep))],  (35)
TH = - [(2"~ ) (e +axe)) + 20 ency Yy, (36)
T3) =2 [e°°<c5c;+csc;) + ;i-e-“<c3—c4><c;+c:>] : 37

THY) = 7 | @200 g - et +
+ %glllc,;l?—tl Re (o' Yeze; + CSC;))] ) (38)

THB*) = —=[(o®+e")(cocs +csc5) +0 7 eec + 0 Heey], (39

V—

THB?) = ¢ [+ ™Iel® — o Wi~ Meq® +2 Re (s +esci)]:  (40)
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1= 71._? [—07%ca— o)y +0%eg(c3 +c3)]s (41)
].,22 ]- —10 * (i)} * o
31 = Z-ET [071%(c3— cgcg— 0%%c5(cg+c)]; (42)
1 01 2 1 * R )
16 == gﬁ: 0| legsl® + 563(034‘04) +
1
+ (01— 010 {cse; +cgc) —071° ( |cezl® + CDCs)] (43)
1

TH# = 2)/3 [es(0®c; +o'2cq) — c3(e ™% +0'%)] (44)

L1, P I
T = —= 61/» [ m(ﬂ‘scs + 507(53'*’04)) —o% (c305 + ‘§Cs(cs+64))+

+o720 (c,,c3 5 csles— 64)) et (0307 + ‘;‘gs (G ‘CD)] ’ (45)

1
T, = 2]/?7 [es(0®2cg +0%%cg) — c3(07%; — 0"%;)], (46)

1
10) = 57 [ (2 ~ g stired )+

¢ *x l o
+2(0% 1 — 019 (c5¢; +cac) +071° ( —2legl? + 5 % (c3—cy) ) ] s “7

1 * ¥’ * * %
T}(B*) = ZV—ZS_— [01((c5 +ca)cy— cacy) +0°Mescs — colez +¢3)) +

+0710(c5(c3—cq) —cqc3) — 0% Heglez —cp) + c3¢y)] (48)

with the normalization fixed by

2 1 1
1= 2 (@ +gWlel? + 5 0Miel®+ 5 0Mewl? + 3 Re liesi el (49)

Relations (30)~(49) involve 71 measurable quantities and, after the elimination of the overall
phase and the overall normalization, ten parameters. Thus the formulae yield 61 predictions.
Some of them are simple and linear [3], [4], a complete test, however, must be done as
described in the preceding section: by using the formulae as they stand. The uncertainty
in the choice of the spin reference frame introduces one more parameter. It may be included
by modifying the spin density matrix of the initial photon according to (28). It can be checked
that this is equivalent to the transformation of the statistical tensors according to the usual
rules followed by a redefinition of the parameters a;.
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5. Conclusions

We considered the decay distributions of the resonances produced in the processes
yB - PB*, yB — VB and yB — VB*. For each reaction all the information about the
decay distribution is contained in the statistical tensors. The statistical tensors depend on
the initial spin states of the photon and of the baryon. For unpolarized initial baryons we
found that the numbers of independent measurable parameters for the three reactions
are 11, 11 and 71, respectively. These numbers exceed the numbers of parameters necessary
to describe the corresponding processes in the framework of the quark model. Consequently
the quark model predicts relations between the decay parameters.

For the process yB — PB* there are three relations given by the formulae (14) and (15).
These formulae are valid whatever is the orientation of the additivity frames.

For the process yB — VB there are also three relations. There would be one more
if the orientation of the additivity frame for the vector meson were known. The relations
may be tested by substituting (28) into the relations (19)-(22) and fitting simultaneously
all the measurable quantities by one choice of the parameters a; and @. In principle the
fit should be done for each energy and momentum transfer (s and ¢) separately, but experience
with hadronic processes [5] suggests that for the parameters averaged over ¢ a fit should
also be possible.

For the process yB —> VB* there are 60 predictions. The test is similar to that in the
previous case.
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