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The first evidence is presented that the phase pattern of the planar-transverse optimal reaction ampli-
tudes found previously for elastic-scattering strong-interaction reactions also holds for nonelastic reac-
tions. The pattern is observed in the reaction p+p d+z in the energy range between 300 and 800
MeV.

PACS numbers: 13.88.+e, 13.75.Cs, 25. 10.+s

The amplitude analysis of strong-interaction reactions
in terms of the optimal formalism' has indicated that
the amplitudes in the planar-transverse system have a
strong tendency to be pure real or pure imaginary with
respect to each other.

The optimal formalism describes reactions in terms of
a choice of basis for the spin space in which the relation-
ship between the bilinear products of amplitudes and the
observables is as close to diagonal as it is compatible
with Hermiticity requirements. The formalism contains
an infinite set of representations which diA'er from each
other by the quantization directions of the particles in
the reaction. The planar-transverse system is the one in
which the quantization direction of each particle is in the
reaction plane and perpendicular to the helicity direc-
tion.

So far this pattern was observed in all elastic-
scattering reactions in which sufhcient data were avail-
able to be able to make an amplitude analysis. Thus the
evidence comes from elastic nucleon-nucleon scattering,
elastic pion-nucleon scattering, and elastic pion-deuteron
scattering.

For each of these reactions, the pattern has been ob-
served in the entire range of kinematic variables for
which sufhcient polarization data are available to make
such an analysis. As new complete sets of data are gen-
erated on such reactions (such as the impending release
of data from Saclay on elastic proton-proton scattering
in the low-GeV region or data on p-d elastic scattering
from the University of California, Los Angeles), efforts
are continuing to explore the limits of validity of this
pattern.

In this Letter we want to report an extension of the va-
lidity of this pattern along a diAerent parameter, namely
whether the pattern also holds for nonelastic reactions.
In particular, we analyzed recent data on the reaction
p+p~ d+z in the range of 300-800 MeV. The set of

measurements allows a determination of the six reaction
amplitudes. While the direct determination of ampli-
tudes from the data may be most eKcacious in some oth-
er optimal representation (e.g. , the transversity frame),
once the determination is completed a simple linear
transformation yields the amplitudes in any other op-
timal frame and hence also in the planar-transverse
frame. The planar-transverse amplitudes used here were
constructed from the phase-shift analysis of the data.

Some sample amplitudes arising from the above pro-
cedure are given in Table I. In addition, data on all the
amplitudes are shown in Figs. 1-4, in which the histo-
gram is given of the phase diA'erences among the six re-
action amplitudes for p+p~ d+z in the entire angular
range and in four energy ranges in which these new data
are available. The data can be thus aggregated because
more detailed checks indicate that the pattern also tends
to hold at each individual energy and angle in the mea-
sured range.

The figures indicate a strong tendency for the relative
phases to be either 0 or 180 . Such a property is the
same type as the one observed for elastic-scattering reac-
tions. The tendency is very pronounced at 330 MeV and
in the range between 600 and 800 MeV, while in the
range of 400-578 MeV the pattern, although still dis-
cernable, appears to have a considerable background.

Though the peaks are very pronounced, they have con-
siderable widths. One needs to remember, however, that
the determination of the phases of reaction amplitudes
(especially if there are a fairly large number of them) in-
volves considerable uncertainties. The magnitude of
these uncertainties depends, of course, on the magnitude
of the experimental errors in the primary data. For a
given size of these experimental errors, however, the
determination, in a given formalism, of the magnitudes
of the amplitudes from the experimental data can be
done (compared to the determination of the phase
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TABLE I. Some sample planar-transverse amplitudes for
the reaction discussed in this paper, at selected energies and

angles. The definition of the amplitudes are as follows:
~=(+i, +, +), a=(0, +, +), c=(—i, +, +), D=(o, —,
+), E=(+ I, —,+), and F=(+I,+, —). The first argument
in the parentheses is the spin projection of the deuteron, and
the other two give the signs of the spin projection of the two

protons, all in the planar-transverse direction. The normaliza-
tion of' the amplitudes (which, for the purposes of this paper, is

irrelevant) is such that the totally unpolarized

differentia1

cros
section times 1600~ is the sum of the absolute value squares of
the six amplitudes. The upper number is the magnitude, and

the Iower number the phase angle in degrees.
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FIG. 1. Histogram of the phase differences among planar-
transverse optimal amplitudes for the reaction p+p d+z in

the complete angular region and in the energy range between
300 and 800 MeV. Data at 330, 400, 451, 493, 578, 650, 700,
750, and 800 MeV have been used, and at each of these ener-
gies the data covered the angular range from 10' to 170'.

difIerences) with relatively small uncertainties, and
without discrete ambiguities, since the magnitude
squares are linear functions of the experimental observ-
ables. Furthermore, the determination of these magni-
tudes can be carried out on a subset of the experimental
observables, without reference to the relative phases of
these amplitudes.

In contrast, the determination of the relative phases
can be carried out only in conjunction with the deter-
mination of the magnitudes and entails, compared to the
accuracy of determination of the magnitudes, larger un-
certainties as well as possible discrete ambiguities.
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FIG. 2. The same histogram as in Fig. 1 but only at 330
MeV.
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FIG. 3. The same histogram as in Fig. 1 but only for the en-

ergy range of 400-578 MeV.
FIG. 4. The same histogram as in Fig. 1 but only for the en-

ergy range of 650-800 MeV.

As a consequence, it is possible that all or at least
much of the width of the peaks in Fig. 1 comes from the
uncertainty of determining the phase differences from
the data. In particular, the diagonal elements of the er-
ror matrix on the phases of the planar-transverse ampli-
tudes indicate a purely statistical uncertainty on the or-
der of 5 . The actual uncertainty is larger in that corre-
lated changes in the amplitude parameters can be
eA'ected by amounts larger than the magnitudes of the
diagonal elements of the error matrix alone.

Furthermore, there are systematic errors, and these
can be expected to increase the uncertainties by a factor
on the order of 2. Finally, in computing the differences
of phases, one increases the uncertainties further by
something on the order of 1.4. In summary then, one
can say that the uncertainties on the individual phase
difI'erences can be estimated to be on the order of
15'-20 .

It is of course important to ascertain whether such a
pattern can be a consequence of some symmetry or
dynamical mechanism already known to us. So far no
such connection has been found. If the eff'orts along
such lines remain fruitless, it would also be interesting to
construct some other symmetry or dynamical mechanism
that does yield such a pattern. This has not been accom-
plished so far either.

While there is no explanation at this time for the pat-
tern, it is possible to correlate the pattern with other phe-
nomenological descriptions. In particular, at 330 MeV
one might expect some such pattern because there the
single WW angular momentum state P~ dominates the

dynamics.
In the range of 600-800 MeV, on the other hand, one

may expect the dominant contribution coming from a 3,
intermediate state which may also produce such a pat-
tern. Since in the range between 400 and 578 MeV the
3, intermediate-state mechanism is competing with an in-
termediate state consisting of a nucleon and a pion-
nucleon system in an S wave, one might expect that the
pattern is somewhat disturbed. These and other possibil-
ities are now being studied in greater detail.

Finally, it would be important to have more reactions
and in more extended kinematic domains so as to test the
bounds of validity of this pattern. Such an experimental
assignment is, however, an arduous one and hence it is
unlikely that the present data set indicating this pattern
will be greatly enlarged within a short period of time.
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