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Experiments with unpolarized particles determine only partially the scattering amplitudes.
For reactions 073}*— 078" and 07}*~ 17§+ we give the most geneial transformation of the
amplitudes, which leaves the experimental results unchanged. Implications for the quark model
are also discussed.

1. Introduction

In this paper we discuss the transversity amplitudes for the reactions

PB —» PB* 1)
and

PB - VB*. @)

Here P denotes a pseudoscalar meson, B denotes a 1/2+ baryon, B* is a 3/2% isobar and V
stands for a vector meson. The problem is stated as follows. What can be said about the
transversity amplitudes in the present experimental situation i. e. without the measure-
ments on polarized targets and without polarization measurements for the final particles.

Our discussion for each reaction consists of two parts. First, without making any dynam-
ical assumption, we propose a simple formalism. Then we assume that double transversity
flip amplitudes vanish. This assumption seems to be consistent with the experiment.

Further, we use our formalism to settle which of the formulae given by the quark
model for the transversity amplitudes are supported by experiment and discuss an extension
of the quark model proposed recently by Lipkin [1].

* Address: Instytut Fizyki UJ, Krakéw 16, Reymonta 4, Polska.
(227)



228

In Section 2 we consider the processes (1). The formalism in this case is very simple.
We present it in some detail, however, in order to prepare for the more complicated case
of the reactions (2), which are investigated in Section 3. Finally, Section 4 contains our
conclusions.

2. Reactions PB — PB*

For a reaction PB —> PB* the most general set of parity conserving amplitudes is
0 \
T = f (1]

0 * (3)
F

OSShio

Here the columns are labelled by the transversities of the initial baryon and the rows by the
transversities of the final isobar. Thus e. g. F is the amplitude for the transition of a baryon
with transversity +1/2 into an isobar with transversity —3/2. This set of amplitudes cor-
responds to eight real independent parameters, each of them a function of the Mandelstam
variables s and :.

In experiments with unpolarized targets four real quantities are measured [2] e. g.
in the transversity frame: the differential cross-section, the real statistical tensor T and the
complex statistical tensor Tz.

For further reference it is convenient to introduce the two-dimensional complex

vectors
- £ ~ (F
e = (f}) and g= (F*) {4)

where the asterisk means complex conjugation. All the measurable quantities can be
expressed in terms of these vectors as follows:

do _ s+i4 5+ =N,
dt

T3 = o (-84,

1
N TP
3= 502 etg. 5)
Here the superscript + means hermitian conjugation.

It is easily seen that the measurable quantities are invariant under the simultaneous
transformations

e>Ue and g-—Ug (6)
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where U is an arbitrary 2X2 unitary matrix. Such a matrix is parametrized by four in-
dependent real parameters. These parameters can be functions of s and ¢. One possible
parametrization is

U = “®,B®,,

o, — (Sw,, ((3)”{%)’ B ( cos f§ sin /3) ) 7

—sin f cos

The transformation @, introduces an overall phase, which, even in polarization experiments,
cannot be measured.
The transformation

e—>e% g->eg 8
corresponds to the following transformation of the amplitudes
fo— €% fy F - &°F
f; > e_"“f; F—> e F. (8a)

This has a simple physical interpretation. As long as the spin deasity matrix for the initial
baryon is diagonal, the scattering amplitudes for spin-up and spin-down baryons add in-
coherently. Conscquently their relative phase is not measurable. In the framework of the
quark model transformation (8) corresponds to a change of the additivity framel. 2« is
the angle between the additivity frame and the transversity frame for the initial baryon,
assuming that the transversity frame is used for the final isobar. The parameters &, § and ¢,
can in general be obtained from experiments with polarized particles. In particular, ignoring
the overall phase, it is possible to fix § and @, from experiment with particles polarized
perpendicularly to the reaction plane.

The freedom of the transformation (7) enables one to choose the parametrization of
the amplitudes in such a way that all the parameters can be in principle determined from
experiment with an unpolarized target. The choice of parametrization is of course not
unique.

Let us now assume that the transitions with double transversity flip are forbidden:

F=F=0. ©)
In terms of the statistical tensors this assumption is equivalent to
T2 = —1/2 (10)
and implies also the equality
T2 = 0. (11)

This gives the Stodolsky-Sakurai distribution which is consistent with experiment (for re-
ference, see e. g. [4]). Now the only remaining measurable quantity is the differential cross-

1 For a discussion of this problem and references to earlier work see Ref. [3].
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-section, which reduces to

—— = et 23

e (12)
Choosing properly the parameters of transformation (7) we can always get

fo=fy - (13}
The relations (9) and (13) are the predictions of the additive quark model in which the
additivity and transversity frames coincide [4]. We conclude that experiment is consistent.
with (13), however, it is also consistent with any pair of amplitudes obtained from (13)
applying the transformation (7). The fréedom of phases is usually incorporated in the model
‘but there remains the untested prediction f§ = 0.

Recently Lipkin [1] suggested that the quark amplitudes consistent with (13) should

be multiplied by formfactors which are arbitrary functions of the initial spin projections.

For reaction (1) this is equivalent with our transformation, which gives the most general
amplitudes consistent with (9).

3. Reactions PB —» VB*

For the reaction PB — VB* the most general set of transversity amplitudes consistent
with parity conservation reads:

—f 0o
0 —f7/]/3
fely3 0
0o £

S

T=| —fyf6 0 | (14)
0 —fl)f6
F 0

A0
0 - f5/‘/3

—fly3 0
0 —f

Here the columns are labelled by the transversities of the initial baryon. The groups of
elements separated by the dashed lines correspond to the meson transversities +1, 0 and
—1 respectively. Within each group the rows are labelled by the transversities of the isobar.
Thus e. g. f5 is the amplitude for the transition of a baryon with transversity +1/2 and a
pseudoscalar meson into an isobar with transversity +3/2 and a vector meson with trans-
versity —1. The amplitudes for the production of mesons with zero transversity are denoted
by the same symbols which were used in formula (3). This does not mean that the correspond-
ing amplitudes are equal.
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Like in the preceding section it is convenient to define a set of two-dimensional vectors
52({5)5=(f5 gz(fz)
Ié /e fé&

-(5) =(E)e-() o

All the quantities to be measured in an experiment with an unpolarized target can be ex-
pressed in terms of the scalar products of these vectors. The list of the measurable quantities
and the detailed formulae can be found in the Appendix.

It can be seen that only the following combinations of the vectors (15) are measurable:

Gravae,  Brbrdrd, &6, gt
sa, b, &d, b, et (16)
ctb+atd, cre+)2btg,  —eta+)2g4d.
‘This gives twenty real numbers for every s and ¢.

The combinations (16) obviously do not change when each vector is transformed by
the matrix defined in Eq. (7). Thus the transversity amplitudes for a reaction (2) can be
fully determined from experiment if all the parameters entering the transformation (7)
i. e. if als, t), B(s, 1), gufs, t), and @yls, ¢) are fixed. The interpretation of the transformation
remains unchanged.

Let us assume that also for the reactions PB — VB* the double transversity flip am-
plitudes vanish i. e.

F=F=0. 17

This assumption can be directly checked by measuring the combination of statistical tensors
1 1 ata

T8 — 72—‘ TH+T183 — %— ~ gtg. (18)

The conjecture g*g = 0 equivalent to (17) is well supported by experiment (see Ref. [4]).
The equality (17) implies another relation

1
T82=T/§-T§% (19)

which is also consistent with experiment [4]. Thus there remain apparently seventeen real
numbers to measure. However, these numbers have to obey one real relation because there
exists the freedom of the four-parameter transformation and the nonvanishing amplitudes
need only twenty real numbers to be entirely known.

The additive quark model contains the assumption (17) but it predicts also the following
equalities among the transversity amplitudes

fi=f (=0,5678). (20)
The resulting class (a) relations among the statistical tensors seem to be consistent with

experiment [5}. The experiment is of course consistent also with any set of amplitudes
obtained from (17) and (20) by applying the transformation (7).
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We conclude that if the class (a) relations are valid for the reactions PB — VB*, the
general amplitudes can be obtained from the quark model amplitudes introducing two
additional functions f(s, £) and @u(s, t). The remaining degrees of freedom of the transfor-
mation. (7) i.e. the overall phase and orientation of the additivity frame are usually incorpo-
rated in the quark model.

Lipkin's suggestion [1] implies

fi=>  fi>ufe @1)
If

A=l = 1 @2)

this is a particular case of our transformation with § = 0. If (22) is not fulfilled, (21) does
not reduce to transformation (7}, and experimentally deviations from the class (a) relations
predicted by the quark model should be observed. We assumed that the differential cross-
-sections are given correctly both before and after transformation satisfying (22). This
excludes |4} = lu| #1.

4. Conclusions

1. In experiments with unpolarized particles the amplitudes for the reactions PB — PB*
and PB — VB* cannot be determined unambiguously. We have found the most general
transformation of the amplitudes, which leaves all the measurable quantities unchanged.
It is the four-parameter transformation given by formula (7). The freedom of this transfor-
mation makes it possible to choose in the framework of any dynamical model the most suitable
parametrization of the transversity amplitudes.

2. Tt is possible to test directly the quark model prediction about the vanishing of the
double transversity flip amplitudes. This can be done in a model independent way by measur-
ing certain linear combinations of statistical tensors (Eqs (10) and (18)). Here experiment
supports the model.

3. For reactions (1) and (2) the amplitudes given by the quark model seem to be one
possible set consistent with present day experimental data [5]. According to our discussion
any other set of amplitudes obtained from this set by applying transformation (7) is also
consistent with experiment. Transformation (7) depends on four functions of energy and
momentum transfer. The overall phase @,(s, ¢) is irrelevant. The function afs, t) is incor-
porated into the quark model. It fixes the orientation of the additivity frame. According
to the quark model the function f(s, t) should vanish. This is the only prediction of the model,
which can be tested in experiments with polarized particles only. If 8 = 0, the function
@o(s, t) can be absorbed into the function ¢,(s, ?).

4. The formfactors proposed by Lipkin [1] are sufficient to obtain the general ampli-
tudes consistent with the vanishing of double spin flip amplitudes for reactions PB — PB*.
For reactions PB — VB* if the class (a) relations are valid, Lipkin’s formfactors have to
reduce to those already inherent in the usual version of the quark model.

The authors thank dr A. Bialas and dr A. Kotanski for reading the manuscript and for
clarifying discussions.
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We list here the formulae relating the statistical tensors of the VB* system to the
vectors defined by Eq. (15). Only the tensors measurable in experiments with unpolarized

particles are included.

%-‘ti = % [6(G+3 +&+¢) +2(b+b+d*+d) +e+e +63+3] =N,
1 A A
TR = —— [6(G*d +c+¢) —2(b+b +d+d) —ere +65+8],
% 241/3N[( ) —2( ) —ete+65+4]
Y = 3(a+6+¢¢) + (B0 +drd) —e+e —65+3),
% 12V5N[( ete) +( ) —ete—6g+8]
TE = 1 [3(a*a +cte) — (Brb+d+d) +eve —6g+z],
12)/6N
+ + +
T8 = — o [V2(Gd80) 444,

T3 = — o [Gd+ 8 2844,

T8=-13 N [3¢+d +-b+d],

il

2 ard —btd
55 N[Sca bd],

A

= 2)/6N &,
Ti= 2)/6N b,
TH = WEN [eve+V2Zbv)
Tti= e e 2gd
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