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Positivity constraints on spin observables in hadronic inclusive reactions
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We study the implications on experimental data and theoretical models of the positivity constraints on
spin observables for the reaction A(spinl/2) + B(unpolarized) — C(spinl/2) + anything.
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The positivity constraints have been widely used in
hadron physics to restrict, in a model-independent way,
the domain of allowed values for spin observables [1,2].
Consider the following parity conserving reaction:

A(spin 1/2) + B(unpolarized) — C(spin 1/2) + X. (1)

For this process one can define eight independent observ-
ables, which depend on three kinematic variables, /s the
center-of-mass energy and xz, and py the longitudinal and
transverse momenta of the final particle C. In order to
define these observables, we recall the standard notation
already used in Ref. [1] (Appendix 3), (AB|CX), where the
spin directions of A, B, C, and X are specified in one of the
three possible directions: L, N, S. Since only one initial
and one final spin are observed, we have in fact (A0|C0),
and L, N, S are unit vectors, in the center-of-mass system,
along the incident momentum, along the normal to the
scattering plane which contains A, B, and C, and along
N X L, respectively. In addition to the unpolarized cross
section, oy = (00]00), there are seven spin-dependent ob-
servables, two single transverse spin asymmetries,

Ay = (N0|00) and P = (00|NO), )

and five depolarization parameters,

Dy, = (LOILO),
DSS = (SOlSO),
_ 3)
Dys = (LO|SO0),
DNN = (NOlNO), and

Several years ago, Doncel and Méndez [3] derived very
general inequalities constraining these parameters which
read:
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(1 = Dyy)? = (Pc = Ay)* + (D * Dgg)?
+ (Dps ¥ Dgp)™ “4)

Let us first concentrate on a particular reaction p'p —
A'X, where the incoming proton beam is polarized and
the polarization of the outgoing A is measured. We con-
sider the case where the particle spins are normal to the
scattering plane, then the inequalities (4) give

1+ Dyy = |Py = Ayl (5)

These constraints must be satisfied for any kinematic val-
ues of the variables xz, pr, /s.

These inequalities involve three spin parameters; once
we fix the value of one parameter, the other two are
restricted to lie in a certain domain. For instance, Fig. 1
shows that for Dyy = 0, P, and Ay are correlated within
the shaded area of a square with boundaries ( — 1, +1).
This domain is more restricted when Dyy = 1/3 (see
Fig. 1), and in the limit Dy, = 1 we immediately deduce
from Eq. (5) that Py, = Ay. In the case where Dy is
negative, one obtains the same regions, but P, and Ay
are interchanged with respect to their axes.

Various applications can be envisaged with the above
inequalities: in particular, testing, on the one hand, the
consistency of experimental data and, on the other hand,
the validity of the spin observables predicted by theoretical
models.

At Fermilab, the experiment E-704 [4] has performed
the measurement of P, Ay, and Dyy with a transversely
polarized proton beam at 200 GeV/c, in the kinematic
range 0.2 < x; = 1.0 and 0.1 < p; = 1.5 GeV/c. Their
data indicate a negative Ay and a value of Dyy up to 30%.
If we take, for instance, pr ~1 GeV/c, xp ~ 0.8, then
Dy ~ 30%, for these kinematical values, they have Ay ~
—10% and P, ~ —30%. In this case the inequalities (5)
are well satisfied.

The DISTO Collaboration [5] has measured the Ay and
Dyy parameters, for three beam momenta 3.67, 3.31, and
2.94 GeV/c, as a function of xp, pr, for the exclusive
reaction p'p — pK Al In the range —0.6 < x = 0.8,
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FIG. 1.

they find Dyy = —50% and —15% = Ay = 0, so by us-
ing the above inequalities we obtain the constraint
—35% = P, = 50%. They also have [6] at 3.67 GeV/c
and xp = —045, Dyy=-057=*0.07 and Ay =
—0.27 = 0.02, which gives a stronger constraint on P,.

Finally, let us mention the measurement of Dy in the
inclusive process p'p — p'X at 6 GeV/c incident momen-
tum [7]. For the momentum transfer —¢ = 0.20 GeV?,
Dy was found rather large and close to +1, so positivity
implies P, ~ Ay, as indicated above. Unfortunately the
data is unavailable, so we were not able to check this
expectation.

We see that these constraints are useful to check experi-
mental data, which must lie inside the domain allowed by
positivity.

On the theoretical side, different phenomenological
models have been proposed to understand the important
polarization effects in hyperon production [8]. In Ref. [9], a
semiclassical picture is proposed where the direction of the
orbital motion of the polarized valence quarks in the initial
proton induces the left-right asymmetry for inclusive A.
These calculations lead to a reasonable agreement for P,,
Ay, and Dy in the inclusive A production, which satisfies
the positivity constraints. This model was also applied

The polarization P, versus the analyzing power Ay in the cases Dyy =
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successfully to the diffractive process pp — AK™ p with
Dyy = +1, which implies P, = Ay [10].

When the polarization is not normal to the scattering
plane, one has new depolarization parameters. In the case
where both p and A are longitudinally polarized, one can
measure D;;, and when each particle has a transverse
polarization in the scattering plane, one can measure Dgg
. In this case, one gets the nontrivial constraint

1 = Dyy = Dy * Dggl. (6)

Note that the two depolarization parameters in the right-
hand side of Eq. (6) have not been measured. The RHIC pp
collider at Brookhaven National Laboratory is certainly the
most appropriate machine for these experiments at high
energy, due to the existence of both longitudinally and
transversely polarized proton beams. Positivity was used
to determine the allowed domains for D;; [11] and Dyy
[12].
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