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Double statistical tensors for resonances produced by polarized photons are presented.
The joint decay distribution in double resonance production is expressed in terms of four
double statistical tensors ‘OT, & = 0, 1, 2, 3. The tensor (T describes the process induced
by unpolarized photons, while the tensors O7, i = 1,2, 3 correspond to the processes
induced by linearly or circularly polarized photons. The quark model predictions for the
decay distributions of resonances photoproduced in the reaction yB — VB* are rewritten
in terms of four statistical tensors T, @ = 0, 1, 2, 3.

1. Introduction

In this paper the formalism for double statistical tensors describing the polarization
of vector meson and isobar for the reaction:

yB — VB* )

is developed. Symbols y, B, ¥V and B* denote respectively: a photon, a 1/2* baryon, a vector
meson and a 3/2* isobar. It is assumed that the target nucleon is unpolarized.

The single statistical tensors for resonances produced by polarized photons in the
reactions yB ~ VBand yB — PB* (P denotes a pseudoscalar meson) are proposed in Ref. [1].

Experiments with polarized photons are very useful, as they can verify many more
predictions of the various models than experiments with unpolarized photons. Now
bubble chamber experiments with high-energy polarized photons at 2.8, 4.7 and 9.3 GeV
photon energies are performed [2] for the process yp — p4. We are especially interested
in testing a number of quark model predictions regarding angular decay distributions.

Quark model linear relations between the joint decay distributions of resonances
photoproduced in the proces (1) are given in Ref. [3]. In Ref. [3] these relations were
written in terms of the standard statistical tensors for linearly polarized photons; per-
pendicularly and parallelly to the scattering plane. Such a description, however, is not
particularly convenient because the predictions depend on the degree of photon polariza-
tion, so now this parametrization is useless for the analysis of the experimental data with
polarized photons.
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In this paper we introduce double statistical tensors describing the polarization of
the vector meson and isobar in the reaction (1) showing explicitly the dependence on the
polarization vector P, of the initial photon.

The definitions and the general properties of the double statistical tensors T, a = 0,
1, 2, 3 are discussed in Section 2. In Section 3 we present a method of measurement of
elements of double statistical tensors @T, o = 0, 1, 2, 3. In Section 4 we give as a special
case the double statistical tensors for photons polarized perpendicularly and parallelly
to the scattering plane and rewrite the quark model predictions from Ref. [3] in terms
of the statistical tensors T and V'T.

2. Double statistical tensors for resonances produced by polarized photons

According to Ref. [4] the joint density matrix of photoproduced vector meson and
isobar can be written in a form showing explicitly the dependence on the polarization

vector P, of the initial photon:

3
o(V,B) = Do+ ‘Zl P9, )

where the length of P, is equal to the degree of photon polarization, while the direction
of P, depends on the kind of polarization. Here, @y is the joint density matrix of photo-
produced isobar and vector meson when the photon is unpolarized.

Such formalism gives matrices Vg, « = 0, 1, 2, 3 which do not depend on the degree
of photon polarization.

We use the definitions of matrices @p, o = 0, 1, 2, 3 similarly to Ref. (51

O iy - % Z T;,VA.A,A,,/IBT;V’ A4’y Aydg Q)
Wglvtv) — %V z Toyin- 128 Tov 2a i )
) i:;: = i Z/I,T;.VAA,—AyzBT;v' 24’ AyAp 3
Boiviv, = 1 z 2Ty taiinTav aar aptm (©)

where
—1/2 Z |T;.VAA,171,,52-

Aviddy

The matrix clements of ®p, a = 0, 1, 2, 3 fuifil the following relations given by the
parity conservation in the hehcny frame:

(a) lm _.( 1)“ #HA-A (“)Q_ -i, =01, (7)

@ty = —(=D)THIE @ TiTE, 2= 2,3 ®)
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For each matrix @p, « = 0, 1, 2, 3 the corresponding statistical tensor T, « = 0, 1,
2, 3 may be defined. The statistical tensors ‘"7, ®T and T include the degree of photon
polarization P,.

The elements of double statistical tensors are defined in terms of the joint density
matrix elements by the formula [6]:

(’)Tzlwl;]i{z = Z (_1)sl+s2+m+"_h_hc(51 —m; sym’|J M ,)C(s,—n; 52"I|J2M2)(a)€’:;nm > 9)

where a = 0, 1,2, 3, 5, and s, are the spins of the decaying particles and C is the Clebsch-
Gordan coefficient.
Now we present the properties of double statistical tensors @7 «a=0,1, 2, 3.

i) Double statistical tensors 7 and VT

The principal properties of the tensors PT and ‘T are the same as for the case in
which the resonances are produced in a collision of unpolarized particles [6], with one
difference: there is no trace condition for (g% so

DTEe = 5 §T1'(1)9u (10)

ii) Double statistical tensors ‘YT and T

In the transversity frame (Z)TJ{,‘{A}Z = O, A’,‘ffh = 0 for M, + M, even. In the helicity
frame all statistical tensors with even J, + J, are purely imaginary, while the tensors with
odd J,+J, are real. Moreover PT99 = PTZ) = BT = T3 = D199 = 7123 =
=T52 = 71l =

Formulae relatmg the double statistical tensors @7 and T to the density matrix
elements Pp and ®p are given in Appendix.

3. Measurements of double statistical tensors @7 ¢ =0,1,2, 3
The statistical tensors @7T a=0, 1,2 can be measured from the decay angular distribu-

. L do*\ (do® . .
tion W for linearly polarized photons:

dt d
(0)rd1J2 i
Fi(UDF,(J2) V' Tim, = :”2‘7;( A ‘P1)Y (02, 920015 1
P,F\(JOFy(J,) VT, = — = <COS 20Y3,(01, 9)Y 35,02, 9201, (12)

PyFl(Jl)F2(J2) (Z)Tﬁ;’ilz = - (sm 2(15}’ (019 <P1)Y (02, [ 23)3% (13)
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where @ is the angle between the polarization vector of the photon and the production
plane. Index “L” denotes that the expressions (11)-(13) are averaged over the decay

do™\ (de®\ !
angular distribution W"( 7 )( dt) . The formulae (11)~(13) hold for any spin quanti-

zation axes.

From the formulae (11)-(13) it is seen that to evaluate experimentally e.g. a component
of the statistical tensor (T we have to calculate the corresponding spherical harmonics
multiplied by cos 2 for each event, add up their values and divide the results by the
number of events and (—nF(J)F,(J,)P,).

To measure experimentally the statistical tensor T the decay angular distribution W¢
for circularly polarized photons must be used. Thus, in the helicity and Gottfried-Jackson
frames:

iFl(J1)F2(J2)Py Im (3)T1{4’{1512 = {Im Y{wll(ou @) Im Y (92, ®2)0c (14)
moreover
Fi(J)Fy(J,) Re (O)lewlljifz = (Re Y (81, 1) Re Y ,(02, @2))c (15)

The signs “x” in formula (14) correspond to circular polarization with 4, = +1.
Index “C” denotes that the expressions (14)-(15) are averaged over the decay angular
distribution W€,

In all formulae (11)~(15) F,(J,) and F,(J,) are real coefficients [6]. For a vector

T
meson o F,(O)_\/* and F,(2) = \/—~ while for an isobar 4 F,(0) = /
T

andF,(2) = —~\/§

4. Double statistical tensors for photons polarized perpendicularly and parallelly to the
scattering plane

As a special case we give the double statistical tensors for linearly polarized photons.

In terms of the statistical tensors the production of resonances by photons polarized

perpendicularly to the scattering plane is described by the following expression (normalized
to the unity):

OTi+ P, Tk
1+2/3P, T

5 (16)

while the case of production of resonances by photons polarized parallelly to the scattering
plane is described by the quantity (normalized to the unity):
OTfh P, Ttk

1-2/3P,"T59

(17)
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With linearly polarized photons one can measure independently fifty five double
statistical tensor elements in contrast to the nineteen elements obtainable with an un-
polarized beam.

We quote here the linear relations between the joint decay angular distributions of re-
sonances produced in the process yB — VB* obtained in the quark model [3].

There are the following relations of class (a)

O30 +P, DT = J2(OT+P, VT3, (18)
O35 +P, VT35 = (VT30 +P, VTH), (19)
1

OT53+P, VTG; = \/—2(‘°)T8§+Py 153, (20)

Orii+p, VT = 2¢ (1+2 /3P, T80 -3 ((°)T°0+P Moy 1
OT3—P, VT3 = — (0T -P, T3, (22)

OT3-P, VT3 = —J2(T8-P, VTG, (23)

OT% =P, <1>T§§4 for M =2,-2, 24

©T22_p W2 - _ N V3 P, (VTgy), @9)

VIO P, “>T33>+<°>T33—P7 “T3 =
= 2\/_(1 2./6 P, VT80 (26)

There are the following relations of class (b):

OT0+P, VT = —J2( 0T} +P, VTS, (27)
OT35+P, VT = —(OT+P, VT3 (28)
Im @732, = —P,Im‘PT3%,, (29
Re T}, = —P,Re "T}2,. (30)
There exist the following relations of class (¢):

Im OTy, = —P,ImOTHy,  for J,M,J,, M, =
=2,2,0,0;0,0,2,2;2,2,2,2;2,2,2,0;2,0,2,2, (31)
Re OTi = —P,Re VT3}, (32)

OTZ+P, TR TP, OTH-OTF ,—p, VTP, =

1 _
= —=(1+2./3P,VT30), (33)

J6
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Im 9T = P, Im PT§ for J=0,2, (34)

Or32—-p, T = OT22 P DT (35)

OT+/2OTE +./6 OT} = P(VT+/2 VT30 +./6 VTS, (36)
_ 2

Re OT3? = —2,/2Re OT}} = \—/§(Re (722 L Re ®T22)), 37

_ 1
Im P18} = /2Im ®TE = ﬁ(lm (722  —Im ATE}, (38)
Im®T3, =0 for M =2, -2 (39)

There is a set of class (a") relations:

O — i_Re ©TZ  for = 0,2, (40)
/6

OTH+OTL) = V69T, (41)

OT = (VT (42)

RePTH =0 for J=0,2, (43)

Re ¥T}2, = —Re VT3, (44)

J6Re VTR +OT30 = 2 /20T, (45)

Im OT38 = — Im DT, (46)

2Re ‘VT35—-./6 "T35 = —4 Re T, (47)

We note that relations (18)~(21) and (27)-(33) correspond to the case when resonances
are produced by photons polarized perpendicularly to the scattering plane, while relations
(22)~(26) and (34)—(36) correspond to the case of photons polarized parallelly to the
scattering plane. The relations (37)~(39) and (43)-(44) are obtained for circularly polarized
photons, relations (40)-(42) for an unpolarized photon beam and relations (45)-(47)
for linearly polarized photons.

The discussion of linear quark model relations between the joint decay angular distri-
butions in the process (1) can be found in Refs [3] and [7]. The analysis of nonlinear quark
model relations between the decay parameters for the process (1) is contained in Ref. [8].

In this paper the formalism necessary to analyze the production of double resonances
with polarized photons in terms of double statistical tensors is given. Consequently, a tool
for checking the quark model relations between the joint decay angular distributions of
the resonances produced in the process yB — VB* is presented.

The author would like to thank Dr A. Kotanski and Dr K. Zalewski for a careful
reading of the manuscript and remarks.



APPENDIX

Formulae relating the double statistical tensors YT and T to the density

elements Pp and Pp

1
( 22 -11  _ (2),—11
a)TZI = 0= ((a)9-3 1= Q13 )

1
22 —11 —11
(a!)T2 2 = 5 ((a) (a)Q

J2

(a)TZZ — l((a) —10+(a)\‘:}0 (zz)QOI Q 13)
(@) 22 1 -10 01
Tio = ((a) (a)Q )s
22

22 S10_ @01 4 (@,=10_ (@01
@722, = 3 (@1 23—l + @03 20—l ),

(a)T(ZJ% = \/~ (( )9 3-17 01_3)5

1
20 —-10 01
(E)Tm = 5 ((a) (u) ),

2.5

@02 _(<a)

76

®T32 =i /2Im @ 1] (helicity frame),

- 3—1—@913),

@722 — j(Im @33 +Im @o-1}) (helicity frame),
@722, = J2iIm @Dpr ] (helicity frame),

OT22 — j(Im @p% +Im @3, ") (helicity frame),
@722 _ \_/’_5 Im (Woll,, +@olh, —2 @0%, ) (helicity frame),
@722 = j(Im @l +Im @o;!°%) (helicity frame),
@02 —;—Im ®@o_,, (helicity frame),

@T29 — i \/ZTm @' (helicity frame),
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matrix

(A.1)

(A.2)

(A.3)

(A4)

(A.5)

(A.6)

(A7)

(A.8)

(A.9)
(A.10)

(A.11)

(A.12)

(A.13)

(A.14)

(A.15

(A.16)
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where o = 2,3. We use the symbols:

o = 0y — ety — o™ o 0™ s, (A.17)
O = Omw— 200 +0m' ', (A.18)
™ =Y o, (A.19)

n
O = Z g::f'. (A.20)

We write for the isobar indices 2rn and 2»’ instead of n and n'.

Formulae (A.1)-(A.8) give the double statistical tensors elements in the transversity
frame as well as in the helicity frame.
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