TABLE 2.2. - Relation between differenl even pelarization parameters of spin 1 partiel

(a) Even part of the densiiy maitrix for spin 1 particle
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(c) Relation between the multipole parameters for tramsversity
and helicity quantizations
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(d) Relation between the wultipole parameters for two different
transversity quantizations (rotation on the normal of angle ¢b;
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(BH) For B-symmetry and helicity quantization, the parameters in this co-
lum are zero.

(BT) For B-symmetry and transversity quantization, the parameters in this
line are zero.

(B) For B-symmetry, the parameters in this column are zero.

(B2) TFor B-symmeiry, M = 2.
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2.3. Polarization domain for B-symmetric spin I particle.

The domain of possible values of the three even polarization parame-
ters of a B-symmetric spin 1 particle is fixed by the requirement that the full
density matrix, including eventually some ghost parameters, must be positive,
i.e.,the probabilities of the different pure states present in the statistical mixture
must be positive (cf.1. A.6).

This "polarization domain" can be studied intrinsically, i.e., indepéen
dently of any concrete system of parametrizaticn., It is & truncated cone. Further-
more, for the conveniently normalized intrinsic metric of the matrix space, this
polarization domain is a "equilateral cone" which can be inscribed in a unitary
sphere, i.e., each meridian plane cut them along a equilateral triangle which
can be inscribed in a circle of radius 1 (see Fig.2.1). The unpolarized state is
represented by the center of this sphere,O . The distance of any representative
point to this "isotropy center" gives directly the degree of even polarization of
the corresponding state. Therefore the only even pure states are represented
by the vertex of the cone and the circumference of its base. The vertex, P3 5
represents the pure state with polarization vector directed along the normal
(in other words, a pure state whose magnetic quantum number is zero for a
quantization along the normal, a pure state that in some usual terminology will
be called longitudinally polarized, or simply, polarized along the normal).

Any point of the circumference of the base represents a pure state with polari-

zation vector in some real direction inside of the production three-plane, so that
correspond to two ortho-

two diametrically opposite points, like P1 and P2 .
gonal directions of polarization. (Remark that pure states with polarization
vector along a non-real direction, like the pure states with magnetic quantum
number +1 or -1, are not even, and that pure states with polarization vector
along a real direction outside of the normal and the production three-plane are
not B-symmetric).

Any representative point inside this truncated cone can be intrinsi-
cally interpreted in the following way. 1t will be contained at least in one of the
meridian sections of the cone. Therefore it will represent a mixture of the
three pure states represented by the vertices of the equilateral triangle,i. e.,
three pure states with polarization vector along three orthogonal directions. If

the probabilities of these three pure states are materialized by weights at the
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vertices of the triangle. the point representative of the mixture is their bary-
center. (Equivalently, these three probabilities are proportional to the triangular
coordinates of the representative point, the proportionality coefficient being 2/3).

A concrete frame of quantization will allow to fix a basis for the
polarization parameters, and to write down the inequalities defining this polari-
zation domain. Table 2 3. gives the inequalities and Fig. 2.1 indicates the axes
of the normalized muitipole parameters, rlsf) , for any pair of associated trans-
versity and helicity frames of quantization. As shown by the relations of Table 2.2
(c), they are related through a rotation of 7 radians around the axis a .

If the quantization frames are rotated by an angle laljba around the
normal, according to Table 2.2 (d), the parameter axes of Fig.2.1 are in turn
rotated by an angle 2. Wba around the symmetry axis of the cone. (Thus, ].:’1 s
P2 and P3 represent the pure states with polarization vector along the axes x,
y , and z of the chosen transversity frame).

Therefore any such rotations leave invariant the polarization para-

—
meters Trf)z) and \\IFT 2)1 {Tr(z)] 2 . Thus, a convenient

2
two dimensional representatlon of the pomts inside the cone, that displays their

cylindrical coordinates, is proposed in fig.2.2. Its diagram a) presents these
two polarization parameters which are invariant under rotations of the quantiza-
tion axis around the normal. In this diagram, the representative points must be
the same for measurements corresponding to s,t or u frames of quantization.
The positivity conditions require that the points be inside the half equilateral
triangle. Their distance to the origin O shows directly the degree of even pola-
rization. On the other hand, the diagram b) of Fig.2 2 giving the angle of these
cylindrical coordinates Trg) . depends completely on the chosen transversity
parametrization. Because ofzthis it would be worthwhile to measure and to draw
this diagram for s, t and u frames of quantization.

For t frame of quantization this parametrization is equivalent to
the parametrization supplied by the so called "dynamic reference system"
(cf. Donohue and Hogaasen, 67). This system is obtained from the t-helicity
frame by means of a rotation around the normal by so an angle @ that the
double rotation of the polarization axes will place a given polarization point
inside the triangle P_P_ P_ of Fig 2. 1. (and inside its right half). Therefore

17273
T (2 ' T (2
our r;é_)) ® 2 @ Instead our rectangular coordinates Tré’Z) and r(o) they
: 2
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propose the triangular coordinates o, \: . and [ (with « + G + ¥ = 1), which
give the probabilities of the pure states P1 s 13'3 and P2 .

Instead of these normalized multipole parameters one could use the
density matrix elements, let us say 911 , Re Pl-l and Im Pl-l for transver-
sity, and ()11 , Re ()1_1 and Re PIO for helicity quantization (so, e.g.,Gottfriec
and Jackson, 64, for t-helicity quantization). According to Table 2.2 (a) and (b),
the transversity and helicity axes represented in Fig. 2.1, will be translated to
the points P3 and P2 respectively, and for these new axes different scale
factors in the different directions have to be introduced, if we want to keep the
intrinsic metric of the figure. This has been shown in Fig. 2. 3.

Remark that in Fig.2.1 and Fig. 2.2 only the three measurable
parameters of a B-symmetric density matrix are represented. If the ghost
parameter, Trf)l) , would be added, the corresponding positivity domain
would be an analogous truncated cone but with three dimensions orthogonal
to the revolution axis. Because of that, for instance, any point inside the base

of the cone in Fig.2.1 can represent the projection of two B-symmetric pure

states with partially even and partially odd polarization.



TABLE 2.3. =~ Positivity conditions for the measurable polarization

parameters of B-symmetric spin 1 particle

(a) Positivity conditions for transversity parametrization
r
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(b) Positivity conditions for helicity parametrization
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FIG. 2.1

FIG. 2.1. Domain of the even, B-symmetric polarization of spin 1 particle.
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2.4. Model predictions on the polarization of spin 1 particle

There are different models which predict reiations between the three
even B-symmetric polarization parameters of spin 1 particle, when it is produced
in some particular type of reactions and/or reaction mechanisms In our geome-
trical approach, such a model will simply fix inside the cone a certain subdomain,
as locus of all representative points which are compatible with the predicted sys-
tem of relations. In order to test experimentaliy these different models, it will be
worthwhile showing inside the cone their predicted subdomains. The following
points are an attempt to illustrate this geometrical approach for some particular

models which are especially concerned with the two following types of reactions :
+ +

- 1 - i
el . = 1
0 5 3y 1 5 (1)
+ +
0 % — 1 523- . (2)

o - - - - - - e e me e he e G e e G e R M 0 e e G e G e M e M G Om S e e i SR

Some of these predictions on the polarization of the vector meson
produced in reactions of type (1) and type (2), are visualized in Fig. 2. 4. In order
to facilitate the comparison with the references which are going to be mentioned,

the cone has been drawn with the three axes for the matrix elements 911 5 91_1 5

Re 910 in the t-helicity frame (Jackson system of parametrization). For the

normalization of these axes see Fig.2.3. a) and c).

The OPE model, i. e.,the exchange of spinless particles (necessarily

0") predicts as polarization subdomain the point P2 (cf. Gottfried and Jackson, 64).

J
The exchange of particles or trajectories of "normal parity" (i.e., 62P (-1) =+1

P - ot .- :
or J- =17,2,37,...) predicts as polarization subdomain the segment PBQ of the
opposite generatrix. For exchange of "abnormal parity" (i.e., &= -1, or
P + - .+ )
J* =1,27,3",...) the prediction is a wedge of the cone, bounded by its circular

base, PIPZ ,and the elliptical section QP2 ,which is perpendicular to the genera-

trix PIPB (cf. Ringland and Thews, 68; Thews, 69).

In the limit of Regge theories (i.e., for a small negative t, and very
large s ), these domains of normal and abnormal parity exchange shrink to the
vertex of the cone P3 ,and to its base P]Pz (ct. Ader, Capdeville, Cohen-Tannoudji
and Salin, 68). But in the actual high energy reactions, these subdomains will still
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be some segment QBPS and a wedge of cone, bounded by its base and some sec-
tion QIPZ which is orthogonal to the plane PIPZPB' The magnitude of these subdo-

maing can be measured by the parameter

. P19, - P3Qy )
- P@ PR

which 18 a well defined function of the four involved masses (m1 ) m2 , Mg and ‘m4
with the order corresponding to reactions (1) or (2)), and the variables s and t .

Its terms of higher order in s are given by

~ 2
f = 5 (4a)
ch Bt + 1
where 4
< 2 2
2 t@2s-2. . m?) + (m2-m2)m2 -m2)
ch® = i=1 i 1 3 2 4
t 2 2 2 2.7 1/2
[A(t,ml Mg A(t,m2 .m4)j /
(4b)
with
2 2 2
A (x,y,2z) = x +y +2z° - 2xy -2yz -2zx (4c)

In the "almost forward" region of high energy reactions the ratio f canbe 1/10
and less. In Fig. 2.5 and 2.6 the parameter f has been ploted versus t for
several values of s and for the masses corresponding to the particular reactions
Kp — K*p , and Kp —» K* N* . Remark that for maximal t, f is necessarily 1,
and the prediction of the Regge limit cannot be applied. In fact, the colinearity
condition of exact forward scattering imposes, as polarization subdomain, the
segment PZQ’ Thus, the prediction of normal parity exchange at high energy is Q
for completly forward direction and practically P3 for a very small scattering
angle. It would therefore be interesting if different polarization measurements
for these neighbouring t intervals where done.

For reactions of type (1) without hypercharge exchange, the isoparity,
G, of the exchange can be also considered. This consideration will be useful
only in the case of abnormal parity exchange, and aifow one to distinguish between
the two planes of the predicted wedge (cf. Ringland and Thews, 68). By analogy
with

= P(-1) (5)
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let us introduce the quantum number

5= g (6)

where J and I stand for spin and isospin. The exchange of particles or trajec-

tories of "abnormal parity" and "normal isoparity" (i.e.., O = -1 and G = +1,
or "m-type" of trajectory), predicts as polarization subdomain the base of the cone
For exchange of "abnormal parity" and "abnormal isoparity" (i.e., 6 = -1 and
G = -1, or "A,
Q1P2 , which is fixed by f, as function of s and t . Furthermore, when a single

particle or trajectory is exchanged (hypothesis of real t-helicity amplitudes),

- type" of trajectory), the prediction is the elliptical section

these subdomains are reduced to their circular or elliptical bounderies.

A simple peripheral model, with the higher symmetry SU(6)w for
each vertex, predicts a well defined mixture of pseudoscalar and vector exchanges,
i.e., a point inside the triangle P2P3Q . For each reaction of type (1) or type (2),
this point is fixed as a parameter free function of the involved masses and the

variables s and t (cf. Doncel, 67).

b) Predictions of the quark model.

For reactions of type (2), the quark model predicts some relations
between the three even B—sypmetric polarization parameters of particle 1" and

the three ones of particle g— . They will be considered in 4. 4.

c¢) Predictions of s-helicity conservation.

The hypothesis of s-helicity conservation has been proposed recently
for several two-body reactions in which spin 1 particle is produced from initial
pseudoscalar or initial photon. (c¢f. Gilman, Pumplin, Schwimmer, and Stodolsky,
70). In the former case the predicted subdomain is the point P2 in Fig.2.4., but
interpreted now as corresponding to a s-frame of quantization. Remark that the
rotation angle around the normal which transforms a t-frame intoan s (or u)
frame may be considerable also for small scattering angle (cf.1.A.1). The points
predicted by s (or u ) helicity conservation and those predicted by t-helicity

conservation are separated by a double rotation angle around the axis of the cone,

and therefore can be clearly distinguished For this kind of experimental test it is
specially recommended that the angular polarization parameter of Fig.2.2.b) be

measured and drawn for the three different frames
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F.5.2.5 t (GeV?)

FIG. 2.5 - Values of the Regge-limit parameter f, as function of s and t, for

*
the type (1) reaction : KP—s K P .
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FIG. 2.6 - Values of the Regge-limit parameter f . ag funciicen
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2. Even polarization of spin 3/2 particles.

3.1. Measurement of the even polarization of spin 3/2 particle.

The most common decay of spin 3/2 particle is the strong two-body
decay into one spinless particle and one spin 1/2 particle, as indicated in Table
3.1 (a). Angular momentum and parity conservations allow one decay amplitude.
The angular distribution depends only on the even polarization parameters t(l\zll)
or r(ls,l) , and has the form given in Table 3.1 (b) or (c) (cf. 1.A.4). The inverse
expressions, which supply a method of independent measurement for each multi-
pole parameter, are given also in Table 3.1 (d) and (e). The angular brackets

& - .. > indicate experimental mean values of the enclosed expressions fortheé ensern
ble of ev‘ents,YIS/?) are the usual spherical harmonics. Their arguments 8, ¢ are
the polar and azimuthal angles, fixing for each event the direction of any of the
decay products, in any frame in which the spin 1 particle is at rest.

In the case of B-symmetry for the production process of the spin 3/2
particle (i.e., production in a parity conserving reaction with unpolarized target
and beam, cf. I.A.3.), two of these five even polarization parameters have to be
zero (see Table 0.1, (c)). For transversity quantization (quantization along the

normal of the production plane) the two multipole parameters rl&/? ) with M odd

have to be zero, whilst for helicity quantization (quantization along any direction

s inside the production plane) the two multipole parameters rl&’? ) witnh M negative

must be zero, as indicated in Table 3.1 (f) and (g).
(1) (3)
r

f-"f‘_f-' The odd polarization parameters of spin 3/2 particle rm ¢ 'm °F

L e 1 3
B tlifl) s tl‘(d) , cannot be measured fromthe angular distribution of the two body

B decay. But they can be measured whenever the polarization of the spin 1/2 decay

product is observed. For instance in the case of cascade decay (cf. 4.1).

T T




TABLE 3.1. - Measurement of the even polarization of spin g particle

éf Decay
1%?5 (a) g - % + 0 (strong interaction)
£
B -
fi Angular distribution
1 1 2 _(2) (2)
(v) 1(6,9) = 37 - Jam M_;:_z thy Y (6,9)
19 (e) 1(0,9) = = [1- /3 r(z) (3 cos’0 - 1) -
F ‘ '9 an iTo

- g.ginzé r(2) cos 2¢ + r(2) sin 29¢) -
2 2 -2

- g sin 2e(r(§) cos ¢ + rff) sin 9)]

Multipole parameters
(a) t(ﬁ) = - Jin <Y(ﬁ)(e,q>)> M= =2,-1,..42
P‘ (e) #(2) o /g‘ +(2)

r-(ﬁ) - (-a) /? Re t(f‘) M= 1,2

rfﬁ) - (=1)¥ A/I:;2 Im t(ﬁ)

Condition of B-symmetry in the production process

(f) For transversity quantization

T,(f) - Trff) - 0

(g) For helicity quantization

i Hrfg) = Hrff) = 0




3.2. Relation between different even polarization parameters of spin 3/2 particles

For anyone reference frame, the even part of the density matrix of
spin 3/2 particle has the form indicated in Table 3.2 (a) (cf I.A 6.). The very
elements of this even density matrix can be used as polarization parameters.

They are related to the measursable multipole parameters of Table 2.1 by the
relations given in Table 3.2 (b).

For each particle. several pairs of reference frames for transversity
and helicity quantization can be intrinsically defined. Each pair of frames is fixed
by the normal to the production three-plane and some space or time-like direction
(like the four-momentum transfer, which is associated with the s, t, or u
channel of a two-body reaction, cf. I.A.1.). Associated transversity and helicity
frames are simply related in the standard conventions by a rotation ofg- radians
around the x-axis. The corresponding linear transformation on the multipole
parameters are given in Table 3.2 (c). where the left T and H superscripts
refer to transversity and helicity quantizations.

Two different pairs of transversity-helicity frames, say a and b,
are related through a rotation around the normal by an angle Wba (which usually
will be a complicated function of the kinematical invariants s, t, u of a two-body
reaction, cf. I.A.1.). The corresponding linear transformation on the multipole
parameters is very simple for the transversity quantization. It is also given in
Table 3.2 (d), where the left subscripts a . b , label any transversity frame.

As has been mentioned. in the case of B-symmetric production the
transversity multipole parameters with M odd or the helicity multipole para-
meters with M negative must be zero They are the parameters written in
the second column of Table 5 2 (c¢). and in the last line or column of Table 3. 2(b).
Note that in this case for transversity quantization the matrix element ?31 is
zero, and the density matrix in Table 3.2 (a) has a "checker-board pattern",

while for helicity quantization the imaginary parts of 931 and 93_1 are zero,

and the density matrix is real.



.3 .
TABLE 3.2. - Relation between different even polarization parameters of gpin 5 particle

(a) Even part of the density matrix for spin g particle

e e e O

P33 P31 Pa-1

- [ -] 0 ©
e P31 Pi1 P3-1 e _1 _ e
P = —e 0 e e P11 5 P33

P3_1 P11 P31

0 o - e

Pg_1 “P31 Pgas

(b) Relation between the matrix elements in (a) and the multi-
pole parameters in Table 3.1 .

2) Z
r(0)-"" J 3 (p35 - pi1¥ (BH)
(2) /16 e ' - 16 e
vy’ = JF Reegy yriy = - /7w Imegg
___________________________________ o e e e e e e o e e o e e i e e e e
(2) 16 e I (2) 16 e
(BT) r 1 = -:-3- Re p31 l r-l == - .5- Im p31

(c) Relation between the multipole parameters for transversity
and helicity quantizations

Hr(g) _ /T T (2) /‘T (2)5 (B)

Hr(g) /‘T (2) /TT (2); H (g) _ Tr(f)

H (2) _ _T.(2) boE (2) _ To(2)
1 -2 | -1 -

(d) Relation between the multipole parameters for two different
transversity quantizations (rotation on the normal of angle ¢b3

T (2) T _(2)

pYo T afo

ir(ﬁ) = cos(M¢ba) R (M) - 31n(M¢ ) ngi) M = 1;2
(B2

:rfﬁ) = sin(Me, ) zr(i) + cos(My, ) zrfi)

(BH) For B-symmetry and helicity quantization, the parameters in this co-
lumn are zero.

(BT) For B-symmetry and transversity quantization, the parameters in this
line are zero.

(B) For B-symmetry, the parameters in this column are zero.
(B2) TFor B-symmetry, M = 2.



II.3. -3 -

3.3. Polarization domain for B-symmetric spin 3/2 particie,

The domain of possible values cf the three even polarization para-
meters of a B-symmetric spin 3/2 particle is fixed by the requiremnent that the
full density matrix including eventually same odd part, must be positive, i.e.,
the probabilities of the different pure states present in the statistical mixture,
must be positive (cf. I.A.6.).

This "polarization domain" can be studied intrinsically, i.e., indepen-
dently of any concrete basis for the polarization parameters. With the convenient-
ly normalized intrinsic metric of the matrix space, it is a sphere of radius 3
(see Fig.3.1). The unpolarized state is represented by its center, O . The
distance of any representative point to this "isotopy center" gives directly the
degree of even polarization of the corresponding staté, This shows that pure
states of only even polarization cannot exist., But, as it will be shown in 4.4 ,
to each representative point on the spherical surface corresponds a couple of
B-symmetric orthogonal pure states. They are not even, but their fifty-fifty
mixture is the even state represented by the point. The two couples of pure
states corresponding to diametrically opposite points of the spherical surface,
are orthogonal to each other. Any intermediate point of the diameter will repre-
sent a mixture of these two pairs of pure states, with the sane probability for
both states in each pair. If these two probabilities are materialized by weights
at the corresponding extremes of the diameter, the representative point is
situated at their barycenter. This description as mixture of four orthogonal
B-symmetric pure states, is unique for any point inside the sphere except the
isotropy center.

A concrete frame of quantization will allow to fix a basis for the
polarization parameters, and to write down the inequalities defining this pola-
rization domain. Table 3.3. gives the inequalities, and I'ig. 3.1 indicates the
axes of the normalized multipole parameters, rﬁ) , for any pair of associated
transversity and helicity frames of quantization. As shown by the relations of
Table 3.2 (c), they are related through a rotation of 7 radians around the axis a

If the quantization frames are rotated by an angle Wba around the
normal, according to Table 3.2 (d), the parameter axes of Fig.3.1. are in turn

rotated by an angle 2. Wba around the axis Tr£)2) of the sphere.
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For transversity quantization, and labelling pure states by the
magnetic quantum number, the point P1 represents an equiprobable mixture
of the pair of pure states |+3/2 > and [-3/2> . The point P, represents an
analogous mixture of the pair ! +1/2> and } -1/2 > . A general point on the

T (2 *
spherical surface with polar and azimuthal angles (§ and @ (we take rf) ) as
origin of azimutes, and Tr(22) Tr(g) as their positive sens) represents an

equiprobable mixture of the pair of B-symmetric pure states

9.8, £> = 0089{13/” +Sin%— ei_i§‘;_l/2> GY)

It is easy to check the orthogonality of these pairs of pure states with the pair

corresponding to the diametrically opposite point

'7“ @, é +r, T > = sinBz—l f3/27 - cos% efi¢|;1/2>.(11)

The general point inside the sphere with spherical coordinates @ . é and Q

1+\3e .

will be the mixture of these four pure states with probabilities 1
1 - EISQ

4 for each state (II).

each state (I) and

For helicity quantization the equiprobable mixture of the pure states
| ¥3/2% and |+1/2 > will be represented by the points Q1 and Q2 . And by
rotation of the frame around the normal Ql and Qz generate two "parallels" of
latitude T 30° corresponding to this kind of mixtures, for quantization along
different directions inside the production plane. (For other axis of quantization
outside the production plane and the normal, this kind of mixture is not B-symme-
tric.
Therefore any such rotations around the normal leave invariant the polarization

T (2

parameters ro) and Trézz) = \/[Tr(;)}z + [TP(ZZ)IZ . Thus a convenient

two-dimensional representation of the points inside the sphere, that displays

their cylindrical coordinates, is proposed in Fig. 3.2. Its diagram a) presents
these two polarization parameters which are invariant under rotations of the
quantization axis around the normal. In this diagram, the representative points
must be the same for measurements corresponding to s, t or u frames of
quantization. The degrees of even polarization are intuitively seen as the dis-
tances of the points to the origin 0 . The positivity conditions require that the
points be inside the half circle. Their distance to the origin 0 shows directly

the degree of even polarization. The coordinates @ and Q which allow the

. . T (2
* Erratum . .. as polar axis, rf) ) as .
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interpretation of the mixture are there evident. On the other hand, diagram b)

of Fig.2.2 giving the angle ti) = Tr\%) of these coordinates, depends comple-

tely on the chosen transversity parametrization. Because of this it would be

worthwhile to measure and to draw this diagram for s, t and u frames of

quantization.
(2) one could use the

Instead of the normalized multipole parameters, v

. . e e e
density matrix eiements, e1et us say Qgg , Re ?3_1 and Im 93_1 for trans-
versity, and 933 , Re 93_1 and Re 931 for helicity quantization (so, e.g.,
Gottfried and Jackson, 64, for t-helicity quantization).

According to Table 3.2 (a) and (b), the transversity and helicity axes represen-

ted in Fig. 3.1 will be translated to the points P2

one scale factor has to be introduced. That has been shown in Fig. 3. 3.

and Qz respectively, and

Notice that in Figs. 3.1 to 3.3, only the three even parameters of
a B-symmetric density matrix are represented. The complete domain of even

and odd polarization is discussed in 4. 3.



TABLE 3.3, - Positivity conditions for the even polarization

parameters of B-symmetric spin g particle

(a) Positivity conditions for transversity parametrization

[Tr(g)]z . FTTEE)]z . [Tr(ﬁ)lz B v/g

(b) Positivity conditions for helicity parametrization

[Hr(g)]a . [Hr(f)]z . [Hr(g)]z L /1




FIG. 3.1

FIG. 3.1 - Domain of the even, B-symmetric polarization of spin 3/2 particle.
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FIG. 3.2 - Two-dimensional diagrams for plotting experimental points inside thg |
polarization domain in FIG. 3.1 - a) Meridian section, The plotted pomlt
is invariant under frame rotations around the normal. b) Vertical projec-
tion. The azimuth of the plotted point is different for s,t,and u frames
of quantization,
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3.4 Model predictions on the even polarization of spin 3/2 particle.

There are different models which predict relations between the three
even B-symmetric polarization parameters of spin 3/2 particie, when it is pro-
duced in some particular type of reactions and / or reaction mechanisms. In our
geometrical approach, such a model will simply fix inside the sphere of polari-
zation a certain subdomain, as locus of all representative points which are com-
patible with the predicted system of relations. In order to test experimentally
these different models, it will be worthwhile showing inside the sphere their
predicted subdomains. The following points are an attempt to illustrate this
geometrical approach for some particular models which are especially concer-

ned with the following types of reactions

- 1+ -~ §+ 1

0 5 — 0 5 (1)
- 1+ . 3+

2 = 2)

0 5 — 1 5 (2)

1+ 1+ 1+ 3+ 3

2 2 — 3 > (3)

a. Prediction of the Stodolsky-Sakurai model.

For reaction of type (1), in which the pseudoscalar exchange is for-
bidden, the hypothesis of vector meson exchange with only magnetic dipole cou-
pling in the baryonic vertex has been made, by analogy to the photon coupling
in isobar photoproduction (cf. Stodolsky and Sakurai, 63 ; Stodolsky, 64).

The predicted polarization subdomain for the spin 3/2 particle is the point P2

in Figs. 3.1 or 3. 3.

For reactions of type (1) there are no predictions from the gquantum
numbers of the t-exchange. But the rank 2 condition of the density matrix pre-
dicts a relation between the odd and even polarizations of spin 3/2 particie,
which will be studied in 4.4. And the hypothesis of single particle or trajectory
exchange (i.e., real t-helicity amplitudes) predicts as subdomain for the even
polarization the whole surface of the sphere (cf. Ringland and Thews, 68).

For reactions of type (2) and in the limit of Regge theories, the ex-

change of single particle or trajectory with normal parity predicts also the
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surface of the sphere. But in the actual high energy reactions this predicted sub-
domain will be a certain thick shell of the sphere. The maximal thickness of this
shell related to the radius of the sphere has as upper limit the same parameter f
defined in eqs.2.4. A better upper limit for the variable thickness of this shell has
been evaluated (cf. Thews, 69), and is shown in Fig.3.4. The predicted subdomain is
bounded by the sphere and an ellipsoid which is tangent to the sphere in Q1 and Qz.

The length of the other semi-axes related to the radius of the sphere are

R'. O R'.O
1 2
= ey " l-f
1
(4)
Sll_oi:s = .__.'..2._(3_ = 1-f = 1 _1.f lfz
1 2 — S 2 8 _

Recall that for completely forward scattering f is 1, and no prediction can be
done. In fact, the colinearity condition imposes the diameter Q1Q2 as polariza-
tion subdomain.

Remark that this prediction for reactions of type (2) can be applied
only when the polarization measurement of the spin 1 particle allows the hypothe-
sis of normal parity exchange,i.e., when the representative point lies in the seg-
ment P3Q3 of Fig.2.3. On the contrary, when it lies in P2 (as abnormal parity
exchange allows, and 0 exchange imposes), the same hypothesis of single particle
or trajectory exchange predicts, as polarization subdomain for the spin 3/2 parti-
cle, the very surface of the sphere (and its point Qz in the case of 0 “exchange).

Simple peripherism with the higher symmetry SU(6)w for each vertex
is equivalent to the Stodolsky - Sakurai model for reactions of type (1) (cf. Harari
and Lipkin, 65). But for reactions of type (2)such a model fixes a certain mixing
of pseudoscalar exchange and vector exchange with magnetic dipole coupling.
(Doncel, 67). Thus it predicts for the spin 3/2 particle a well defined polarization
point inside the semi-circle QZPZQI , which is identical to the point predicted for
the spin 1 particle produced in the same reaction and at the same values of s and
t . I.e.,if the cone (reduced by a factor \(?3—) is inscribed in the sphere, with the
same orientation for the axes of the t-frame multipole parameters, both points

must coincide,
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c. Predictions of the quark model.

For reactions of type (1), the prediction of the quark model is also
the same as the prediction of the Stodolsky-Sakurai model.

For reactions of type (2), the quark model predicts some relations
between the polarization of spin 1 and that of spin 3/2 particle. There are three
kinds of predictions (cf. Bialas and Zalewski, 68). The first and more clear-cut
kind of predictions relates the heights of the representative points inside the cone
and the sphere, or inside their meridian sections which have been represented in
diagram a) of Figs.2.3.and 3.3. I.e.,if the half equilateral triangle (reduced by
a factor \jg) is inscribed in the semi-circle, both representative points must lie
at the same level. The second kind of predictions relates completely the polari-
zation of both particles, but in a non well defined frame of quantization, which
could correspond to the t-frame, or perhaps to the s-frame. This would mean
that for the mentioned superposition of diagrams =) both points must coincide, and
that the angular polarization parameters represented in the diagram b) of the
same Figs.2.3 and 3. 3. must have the same value for a t-frame or perhaps for
a s-frame of quantization. The third kind of predictions says that this value must

be zero.

This last kind of prediction is also valid for the spin 3/2 particle

produced in reaction of type (3).

d. Predictions of s-helicity conservation.

The hypothesis of s-helicity conservation has been proposed recent-
ly also for reactions of type (1) and type (3) (cf. Gilman, Pumplin, Schwimmer,
and Stodolsky, 70). This hypothesis predicts as polarization subdomain for the
spin 3/2 particle the point Qz in Figs. 3. 3.or 3.4.,but interpreted nowas corres-
ponding to a s-frame of quantization. Also for this experimental test it is spe-
cially recommended that the angular polarization parameter of diagram b) in

Fig.3.2. be measured and drawn for the three different frames.
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FIGURE CAPTIONS

FIG. 1.1, - Polarization domain for spin % particle a) in the general case
(i. e.,the whole Poincaré sphere), and bj in the case of B-symmetric produc-

tion (i.e.,the diameter corresponding to polarization along the normal).
FIG. 2.1.- Domain of the even, B-symmetric polarization of spin 1 particle.

FIG, 2.2.- Two-dimensional diagrams for plotting experimental points inside
the polarization domain in FIG. 2. 1. : a) Meridian section. The plotted point is
invariant under frame rotations around the normal. b} Vertical projection. The

azimuth of the plotted point is different for s, t, and u frames of quantization.

FIG, 2.3.- Different parametrizations of the polarization domain in FIG 2.1. :
a) Axes of the density matrix elements for any pair of transversity and helicity
frames of quantization b) Deformation of the domain when these transversity
axes are normalizéd. ¢) Deformation of the domain when these helicity axes are

normalized. (The two indicated conical sections are circular).

FIG. 2.4.- Polarization subdomains predicted by t-channel exchange with fixed

guantum numbers : € = P(»l)J . T= (}(-I)J-"I . The shrinking of these subdo-

mains in the Regge-limit can be estimated by the parameter

P9 P3%

PR PR

FIG. 2. 5.- Values of the Regge-limit parameter f, as function of s and t,

for the type (1) reaction KP —» K*p
FIG. 2.6.- Values of the Regge-limit parameter { . as function of s and t,
for the type (2) reaction KP —» K* N* .

3 ,
FIG. 3 1.- Domain of the even, B-symmetric polarization of spin 3 particle.



F1G. 3.2, - Two-~dimensional diagrams for plotting experimental points inside
the polarization domain in FIG. 3.1, a) Meridian section. The plotted point 13
invariant under frame rotations around the normal. h) Vertical projection. The

azimuth of the plotted point is different for s, t, and u frames of quantization.

FIG. 3.3.- Different parametrizations of the polarization domain in FIG. 3.1, :
a) Axes of the density matrix elements for any pair of transversity and helicity
frames of quantization. b) Reduction of the domain when these transversity axes

are normalized. c¢) Raeduction of the domain when these helicity axes are norma-

lized.

FIG. 3.4.- Polarization subdomain predicted for reactions of type (2) with
single trajectory exchange of normal parity in the t-channel The semi-axes

of the ellipsoid are given in (4).



