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Abstract

Polarization phenomena are essential for the understanding of elementary
processes, and are typically large in the threshold region. The selection rules
with respect to P-parity, angular momentum, isotopic spin and the Pauli prin-
ciple allow to parametrize in a model independent way, the spin structure of
the matrix elements for the near-threshold heavy meson production in NN-
collisions in terms of a small number of partial amplitudes. Such parametriza-
tion is very powerful for the analysis of polarization phenomena and possible

t—exchange mechanisms.

I. INTRODUCTION

The study of elementary processes such as heavy meson production in NN-collisions
is very important for building reliable microscopic models and for the understanding of
nucleon-nucleus and nucleus-nucleus collisions. Polarization phenomena give the possibility
to test symmetry properties and to disentangle the problems related to the hadron struc-
ture or to the reaction mechanism. We mention, as examples, the possibility to determine
experimentally the P-parity of the K-meson, and the AN scattering lengths, through the

reaction p+p — p+ A + K, at threshold.



The near threshold region, which is characterized by the production of final particles in

relative S-state, is particularly interesting, as:

e it is, in general, quite wide for V%-meson production, and can be identified by the
behavior of experimental observables such as angular distributions and polarization

observables,

e polarization phenomena are very peculiar, either they vanish or they are large (in

absolute value), reaching their limiting values, especially in pp-collisions

e isotopic effects are large: for mp-collisions the cross section is larger than for pp-

collisions and polarization phenomena are more rich.

In this contribution we will illustrate very briefly a formalism [1], based on fundamental
properties of the strong interaction, and give predictions, in model independent way, on

reactions and observables which can be accessed at COSY.

II. SPIN STRUCTURE OF THRESHOLD MATRIX ELEMENTS AND

POLARIZATION PHENOMENA

The formalism developed here, applies to vector [2], scalar, pseudoscalar meson [3] as
well as to strange particle production [4]. It is based on the symmetry properties of the
strong interaction, such as the Pauli principle, the isotopic invariance, the P-invariance, and
it is particularly simplified in the threshold region, where all final particles are produced in

S-state.

A. Vector meson production

In the general case the spin structure of the matrix element for the process N + N —
N + N +V is described by a set of 48 independent complex amplitudes, which are functions

of five kinematical variables. The same reaction, in coplanar kinematics, is described by 24



amplitudes, functions of four variables. In collinear kinematics the number of independent
amplitudes is reduced to 7 and the description of this reaction is further simplified in case
of threshold V-meson production, where one amplitude describes the pp-reaction and two
amplitudes the np-reaction. the threshold process p +p — p + p+ V? is characterized by a
single partial transition: S; =1, {; =1 — J"” =17 — S; =0, where S; (S) is the total
spin of the two protons in the initial (final) states and ¢; is the orbital momentum of the
colliding protons. In the CMS of the considered reaction the corresponding matrix element

can be written as:

/\/l(pp) = 2f10()22 Oy G- [7* X EXI) (X};O—y 5(;), (1)

where y; and x» ( x3 and x4) are the two-component spinors of the initial (final) protons; U
is the three-vector of the V-meson polarization, l? is the unit vector along the 3-momentum of
the initial proton; fi, is the S-wave partial amplitude, describing the triplet-singlet transition
of the two-proton system in V-meson production.

In case of np-collisions, applying the conservation of isotopic invariance for the strong
interaction, two threshold partial transitions are allowed: S; =1, ;=1 — JF'=1" —
S;=0,and $; =0, ;=1 — J'=1"— S; =1, with the following spin structure of the

matrix element:

~
— —

M(np) = fio(X2 0y 0 - U™ X kx1) (Xiayig) + for (X2 UyXl)(Xjﬁ U™ x anig)a (2)

where fy; is the S-wave partial amplitude describing the singlet-triplet transition of the two-
nucleon system in V-meson production. In the general case the amplitudes fio and fy; are
complex functions, depending on the energies E, E’ and Ey, where E, (E') and Ey are the
energies of the initial (final) proton and of the produced V' —meson, respectively. Note that
f10 is the common amplitude for pp- and np-collisions, due to the isotopic invariance of the
strong interaction.

All dynamical information is contained in the partial amplitudes fo; and fio, which are

different for the different vector particles. On the other hand, some polarization phenomena



have common characteristics, essentially independent from the type of vector meson. For
example, vector mesons produced in pp- and np-threshold collisions are transversally polar-
ized, and the elements of the density matrix p are independent from the relative values of
the amplitudes fo1 and fio: ppe = pyy = %, p.» = 0. Therefore, the angular distribution
has a sin? #p-dependence for the subsequent decay V° — P + P (where P is a pseudoscalar
meson) and a (1+ cos? §)-dependence for the decay V° — u*+p—, where 6 (6p) is the angle
between £ and the p~ (P) momentum (in the rest system of V?). Possible deviations from
this behavior have to be considered as an indication of the presence of higher partial waves
in the final state. All other one-spin polarization observables, related to the polarizations of
the initial or final nucleons, identically vanish, for any process of V—meson production.
The dependence of the differential cross section for threshold collisions of polarized nu-
cleons (where the polarization of the final particles is not detected) can be parametrized as

follows:

do——; —

do S 5 S5 o
— (P, P) = | — 1 P, - P k-Pk- P 3
dw( o) (dw>0< + AP - P+ Ay 1 2>, (3)

where 151 and f’g are the axial vectors of the beam and target nucleon polarizations, dw is
the element of phase-space for the three-particle final state. The spin correlation coefficients

A; and A, are real and they are different for pp- and np- collisions:
o f+p—p+p+ V% A(pp) =0, As(pp) = 1.

B | for]? As(np) = | f10]?
| for[? + | f10]?’ | for |2 + | fi0]?’

with the following relations —A; (np) + Az(np) = 1 and 0 < Ay (np) < 1.

e i+p—on+p+ V0 A(np) =

The ratio R of the total (unpolarized) cross section for np- and pp- collisions, taking into
account the identity of final particles in p +p — p 4+ p+ V?, can be written in terms of the

amplitudes ratio:

_olnp—=npV?) 1 1 fl
olpp = ppV°) 2 2|fil*

So a measurement of this ratio (with unpolarized particles) can be considered equivalent to

R (4)

a polarization measurement, as the following relation holds: 4; = —1 +1/(2R).
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The polarization transfer from the initial neutron to the final proton (ii4+p — n+p+V),

can be parameterized as follows: Py = p1131 + p2l;(l; . ]31), with

_ _ 2Refoflo  _ 5\/2R_ 1
pl(np) = —DP2 (np) = m = COS T’

where ¢ is the relative phase of fy; and fio, which is non zero, in the general case. For the
process p+p — p+ p+ V? the relation p;(pp) = p2(pp) = 0 holds, for any vector meson V°.
What do we learn from the existing data and what COSY can measure?
DISTO [5] measured the differential cross section for the reaction p+p — p+p + ¢
at Prq,,=3.67 GeV, at an energy excess () = 83 MeV over threshold. The ¢ distribution is
isotropic, showing that the ¢ is emitted in an S-wave state relatively to the two protons.
However the pp-system can be excited to higher partial wave, as the pp interaction is mainly
governed by m-exchange. The presence of a P-wave in the final pp-system, changes the spin
structure of the matrix element and induces two transitions, corresponding to singlet initial
pp state and /=0 or 2. In particular, for /=0, M x I @d X ]A? U*, and ﬁ is the relative
pp-momentum. In this case the polarization of the V-meson is not transversal, anymore,
as it is normal to the momentum of the scattered proton. The angular distribution of the

K-meson in the ¢-reference frame can be parametrized as
W (05) o poo cos® (05 ) + puy sin®(6))

and a fit of the data gives: pgp = 0.23+0.04. This number can be directly related to the ratio
between P- and S-wave amplitudes. Within this assumption, one can predict the following
values for the spin correlation coefficients: Cy, = 0.74, Cpp, = Cpyy, = 0.13, and A, = 0 (the
simplest case where A, would not vanish is that the angular momentum of the ¢-meson with
respect to the pp-system is equal to 1. Then A, would be proportional to the relative phase
of these amplitudes).

At COSY it is possible to determine the energy dependence of the P and S waves ra-
tio, in the threshold region, through the measurement of the polarization coefficients and to

determine the analyzing power as a function of 95)( and of the proton emission angle 0,.
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B. Strange particle production

The reaction N + N — N+ Y + K, Y = A(X) differs from meson production, as the
final baryons are not identical. Therefore, even in case of pp-reactions, at threshold, two

amplitudes are present:
S;=1,0=1-J"=0" - S =0, fio — triplet to singlet

S;i=1,0=1—-J"=1" — Sy =1, fuu — triplet to triplet

and the unpolarized cross section can be written as: (do/dw)y = |fi0|> + 2|f11]*>. The corre-
lation coefficients can be expressed in terms of the two amplitudes and of the unpolarized
cross section as: Cp,(do/dw)y = |fio]* and Cyi(do/dw)y = —|f10|* + 2|f11]>. Due to the
symmetry properties of the strong interaction, they are related by a model independent
relation: 2C,,,, + Cir = 1.

What do we learn from the existing data and what COSY can measure?

DISTO has measured the polarization transfer coefficient D, at Ppq,,=3.67 GeV/c and
its dependence on the transverse momentum. The values are negative, starting form ~ -0.6
and tend towards zero as the momentum increases. From these data it is possible to have a
hint of the reaction mechanism, and on the strength and the nature of the AN-interaction.

D,,, is related to the two possible amplitudes by an interference term: D,,, (dodw), =
2Re fiofi; The reaction can proceed through K+ or m’-exchange. In case of one-meson

exchange, the two amplitudes are proportional, but with opposite sign:
fio) =i and D, = —2/3 for K exchange,

f = ™ and D,, =2/3 for 7 exchange;

Con = Crk = Cpym = 1/3 for any exchange. For K + m-exchange, one can express the
observables as a function of one parameter, the ratio of the amplitudes for Kt and -
exchange r = f(™/f) _ In this case one finds: Cy, = (1 — 27 +r?)/(3 + 2r + 3r?) and

Dy = 2(r* — 2)/(3 4 2r + 3r?), and these observables become sensitive to the relative role
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of the two mesons (Fig. 1). The DISTO data (D, ~ —0.4) suggest two possible values for
r: v~ = —0.64 and r* = 0.39. In this context, a measurement of C,,, will be discriminative
between the following values C,,, = 0.91 or C;},, = 0.09.

Alternatively, from these data one can extract interesting information on the AN-

interaction. Denoting the ratio between singlet as and triplet a; scattering length as

R = as/ay, one can show (for K-exchange only) that:

“9Ry, 2 , 2 (Ryt — 1)(Ry — 2)
Dnngiz__ A, th A ==
2+ R, 3 M 3 2+ R

DISTO results suggest that Ry < 1 or Ry > 2 and the first possibility seems to be in
agreement with the last microscopic calculations from Jiilich [6].

At COSY it is possible to do the complete experiment at threshold, for p+p — pAK™,
which requires the measurement of the unpolarized cross section, Cyy, and D,,. Moreover,
polarization observables can give an experimental signature of the parity of the the strange
particles, through the measurement of the sign of the spin correlation coefficient, Cyy, or of

the polarization transfer coefficient from the initial proton to the produced hyperon [7].

III. CONCLUSIONS

We have illustrated a formalism which allows to get model independent predictions, in
the near threshold region, for vector meson and strange particle production. We have shown
the importance of polarization observables in further measurement at COSY.

A similar analysis can be done for scalar mesons where the complete experiment in
threshold conditions can be realized at COSY, for example for N + N — N + N + fy(ao)-
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FIGURES

FIG. 1. r = f;/fx-dependence of Cy, (top) and D, (bottom). The lines indicate the points

suggested by DISTO (see text).



