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It is shown that class (a) relations following from the additive quark model for the
reaction 0~ 3+ — 1-2*‘ are not independent because some of the joint statistical tensors
satisfy bilinear kinematical relations.

A large amount of information has recently became available on the angular decay
distributions of resonances produced in high energy collisions of hadrons [1, 2].

Some interesting theoretical results on double resonance production have been ob-
tained in the quark model [3, 4], especially the relations between the joint statistical
tensors [5] of the decaying resonances. The so-called class (a) quark model relations which
follow from the additivity alone [3] are in a very good agreement with the experimental
data [1, 3]}

In this note we investigate the reaction

PB — VB*

where P and V are pseudoscalar and vector mesons, B stands for a 3 baryon and B*
is a 3+ isobar. We show that there exist a priori some bilinear relations between the density
matrix elements of the produced resonances and consequently between the statistical
tensors.
Our relations enable us to establish that not ali class (a) predictions are independent.
In fact, it follows from our bilinear relations that the class (a) relations
T22 — ___‘E_ _ _i_ T02 TZO — \/z T02 (1)
00 2 \/6 \/2 00> 00 00
imply another class (a) relation between even-even tensors
22 1 02
T2 = —z To; 2
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and two class (a) relations between even-odd tensors
T13 - 0, T1—3 == . (3)

Here T{,’,:, are the statistical tensors in the transversity frame [5]. The first index J; refers
to ¥V and the second J, refers to B*. Furthermore, if relations (1) are satisfied there exist
two additional relations between even-odd tensors, namely

V2T5~T3; =0 (4)

and

1
313 578 )+ TR 578 -0 ©®
In other words, two class (a) relations
To2=0, To3=0

are linearly dependent, and similarly three class (a) relations

1
T \/2 Too, Toz =0, Toz =0
are also linearly dependent if only relations (1) are fulfilled. Thus, it is evident that of
16 class (a) relations between even-even and even-odd statistical tensors only 11 are inde-
pendent.

In order to obtain our bilinear relations we examine the structure of the density matrix
055 of the VB* system produced on an unpolarized target. Here the indices ¢, ¢’ and d, d’
stand for spin projections of ¥ and B* on the normal to the scattering plane.

It follows from the parity conservation in the production process that ggg = 0
unless ¢-¢'+ d-d’ is even. Using the arguments quite analogous to those of Ademollo,
Gatto and Preparata [6], it is easy to show that the density matrix g5 splits into a direct
sum of two submatrices

O )
o)

The submatrices ¢, consist of elements o4, for which (—1)*~° = + (—1)**"% Each
element 55 of the submatrix g, corresponds to an element g—5_5 of the submatrix o_.
In our particular case amplitudes with initial baryon transversity equal to +#% contrib-
ute only to p+ and amplitudes with initial baryon transversity equal to —% contribute
only to o_. There is no summation over initial transversities at all.

If we express the density matrix in terms of the statistical tensors, we see immediately
that even-even and odd-odd statistical tensors contribute only to the sum o, + p_ whereas
even-odd and odd-even tensors contribute only to the difference g+— o-. Thus, given an

element p35 of o4 in the form of a linear combination of the statistical tensors, we can

0
0= 0:+®0- = (—g
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obtain an expression for "5 -5 of o— by changing signs of all even-odd and odd-even
tensors. This results from the obvious relations

0+ = %'[(@+ +o-)+(o+ "Q—)],

e- = 3o+ +o-)—(e+— 0]
Since the target baryon can have only two different spin projections %, the density
matrix of the target is of rank 2. The essential point in this discussion is that because of
this fact the rank of the final density matrix cannot exceed 2. Furthermore,

rank (9) = rank (g4+) + rank (g-)

and neither g, nor g vanishes identically. This implies that each of the submatrices g.
and p_ is of rank 1. Thus all the 2 x2 minors of p; and p- must vanish.

In this way we obtain a set of bilinear relations between the density matrix elements
and consequently between joint statistical tensors. Unfortunately only some of the statis-
tical tensors T,’,’j;, can be evaluated from the angular decay distributions in our case,
namely those with even J; and even J, or (for some reactions as ¥, (1385) production)
odd J, [7, 4]. It is impossible to measure tensors with odd J, in our reaction neither from
the three-body decay distributions [8] nor by method proposed by Chung [9] for sequen-
tial decays of the boson resonance.

Only four of the above-mentioned relations contain even-even and even-odd tensors
alone:

two relations for the submatrix o

9‘1"1’9‘1°3-3—|9‘1°3112 =0, (6)
033 02 1—03 01013 =0 M

and two relations for the submatrix o-

00 _00 00 2

03302 -1 —102%:i* = 0, 8)

011 0Z3-3— 013023 = 0. )
Here we write for the spin indices d, d’ twice the spin projections. Thus for instance
o33 corresponds to ¢ = —1, ¢’ =1, d= %, d = -1

The relations for statistical tensors equivalent to relations (6) and (7) are:

3 1’ 3 1! 1
_ T2 4T3 _ T2L_T20_ 2 _ o3 _ o2, 701,
(’—\/5 00 00 \/—5 00 00 \/_——1 o o0~ —= Loo \/—"10 00t 772
1 3 1 1 3 1
x ___TZS_T22+_:T21_T20_ —‘T:T03+—_T02"‘ __:T01+ —_—1 -
(\/5 00 00 \/5 00 00 Jio 00 \/2 00 \/10 00
- W2T33~ J2T5;—To3+To3l* =0,

1 3 3 1
(Fraerse 5m8)(5-8- 5 7H) -

— AT, +T2)(T5+T35) =0.
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One can obtain two remaining relations by changing signs of all even-odd tensors. It should
be emphasized that our relations do not depend on any dynamical assumptions.

Similar relations have been derived by Bialas and Kotanski [10], Ringland and Thews
[11] and Thews [12] under specific dynamical assumptions, namely the exchange of a
define set of quanturn numbers in the r-channel and consequently, the common phase of
all helicity amplitudes.

Now, we obtain our result on the dependence of the class (a) quark model predictions
in the following way : The diagonal density matrix elements p°%_; and @33 must be nonnega-
tive and the relations (1) imply that their sum 9303-3 -+ gg‘; vanishes. Thus, both ¢%%_,
and p33 must vanish. Consequently, we can write the relation

s = 0

which is equivalent to the constraint (5).
Moreover, it follows from the relations (6) and (8) that also ¢°%, =0 and

0%%; = 0, thas is

0% +0%%3 =0, 0%%,-0%; =0.

The last relations are just relations (2) and (4). To get equations (3) we use in the similar
manner relations

035 0253102517 =0, 0%y 5055 —le3%* =0
and the corresponding relations for the submatrix g..

A similar analysis can be performed directly by expressing statistical tensors in terms
of transversity amplitudes. One can see that relations (1) imply the vanishing of the double
transversity flip amplitude, as noted by Gizbert-Studnicki, Golemo and Zalewski [13].
As a consequence some of the density matrix elements must vanish, and this imposes
constraints (2), (3), (4) and (5) on the statistical tensors.

The author would like to thank Dr A. Kotanski for suggesting this investigation and

for helpful discussions. He is also grateful to Dr A. Bialas for a critical reading of the
manuscript and for valuable remarks.
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