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Angular distributions of the deuteron tensor polarization, t~o, in ~-d elastic scattering
at pion energies of 180, 220, and 256 MeV and an excitation function at 0 ~ = 144
have been measured. The results suggest that all published calculations fail to include
true pion absorption properly in the treatment of the zNN system. No rapid angular or
energy dependence was found near pion energies of either 134 or 256 MeV, where other
experiments have suggested the existence of dibaryons.
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Polarization effects in pion-deuteron elastic
scattering are sensitive to both the pion-nucleon
and the nucleon-nucleon interactions, two funda-
mental nuclear processes that are still incom-
pletely understood. In the past few years, there
have been sophisticated theoretical studies' ' in-
corporating relativistic three-body calculations
and the coupling of the ~-d elastic channel mith
the ~&- NÃ absorption channel. All present cal-
culations give similar results for the tensor po-
larization, t„, if true pion absorption is omitted,
but they vary widely if absorption is included.
The first measurement' of an angular distribu-
tion of t,o in ~-d scattering, at 142 MeV, indicat-
ed that calculations with pion absorption need im-
provements to predict tgp correctly. In order to
demonstrate that this is not an isolated effect at
142 MeV, we report here measurements of the
tensor polarization, t20, at 6), "=92, 120, and
144 for pion energies of 180 and 256 MeV and at
0, = 92' and 144' for 220 MeV. Our measure-
ments suggest that pion absorption is not taken
into account properly in any present calculation.

Studies' of angular distributions of the vector
analyzing power &T„, together with calculations'
which included effects of dibaryon resonances,
suggested the presence of such a resonance near
a pion energy of 256 MeV. Moreover, recent
measurements' of f20 at lower energies indicated

unexpected, strong oscillations in the angular dis-
tribution and a resonancelike excitd, tion function.
Therefore, an excitation function of t2p a't
= 144' was measured at pion energies of 134, 142,
151, 180, 220, and 256 MeV. However, me find
no rapid energy or angular dependence for t»
near either 134- or 256-MeV pion energy.

'The m-& scattering experiment was performed
at the P' channel at the Clinton P. Anderson
Meson Physics Facility (LAMPF) with the setup
shown schematically in Fig. 1. The ~' beam in-
tercepted a 5-mm-thick liquid deuterium target
with a beam spot size of 20 mm (full width at half
maximum). A pion momentum acceptance of 2%
full width was used for energies belom 151 MeV
while a 4% bite was utilized at higher energies.
A telescope consisting of three scintillators
(labeled n1 to n3 in Fig. 1) identified the scattered
pions in coincidence with the recoiling deuterons.
The deuterons mere detected at scattering angles
of 18", 30', and 44 (lab) with an angular resolu-
tion of +1.5' and a solid angle of 8.6 msr. They
were focused by a quadrupole doublet and momen-
tum analyzed in a dipole magnet with a bend angle
of 35 before entering the polarimeter. 'The ten-
sor polarization, f20, of the deuterons was meas-
ured with the reaction 'He(dp, &,P)4He. If the po-
larimeter and the deuteron beam are rotationally
symmetric around the beam axis, all pola. riza-
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FIG. 3. Angular distributions at pion energies of 142,
180, 220, and 256 MeV. [Open circles are from the
previous experiment (Ref. 6).] The calculations are
from Blankleider and Afnan (Bef. 1) (solid curves),
Betz and Lee (Bef. 2) (short-dashed curves), Fayard,
Lamot, and Mizutani (Bef. 3) (long-dashed curves), and
Binat and Starkand (Ref. 4) (dot-dashed curves), all
including true pion absorption. The dotted lines are
results without &~& amplitude, i.e., without pion (Befs.
12-14) absorption.

are compared with recent
with our data, we have trans-

and t»' ', from the center-
pole magnet, with the expres-

tistical errors as well as relative uncertainties
in the deuteron energy measurements and in the
correction for scintillator gain shifts. In addi-
tion to these errors, there is an overall uncer- -0.5-
tainty of approximately At„=+ 0. 1, due mainly to
the error@ in the deuteron energy measurement
between calibration and experiment.

180MeV
As shown in Fig. 2, our excitation function at

8, '=144 differs from recent data of Gruebler
et al. ' In their experiment the deuteron beam
size, when the effects of second-order beam op- 10
ties are taken into account, is comparable with
the size of the polarimeter aperture (30 mm).
Thus, a large fraction of deuterons detected in
the front scintillator (also 30 mm diam in the ex-
periment of Gruebler et al. ) may not be fully
transmitted through the 'He volume. The trans-
mission is very sensitive to the tune of the quad-
rupole triplet. This can result in a smaller effi-
ciency and a systematic, momentum-dependent
error towards more positive values for t„. This
problem is not encountered in the present work,
since the deuteron beam size is comparable with
that of Gruebler etal. , but the polarimeter aper-
ture is 89 mm.

Angular distributions at pion energies of 142, 180, 220, and 256 MeV
theoretical predictions in Fig. 3. In order to compare the calculations
formed the calculated values of the tensor polarizations, g2O™,t»'
of-mass system to the laboratory frame, including precession in the di
sion"

t„"b=—,'t,o'~(3 cos'p —l) —2(2)"'t»' sinp cosp+ (2)"'t»'~ sin'p;

The total energy, rest mass, and magnetic di-
pole moment of the deuteron are denoted by E„,
M~, and p.„.

All calculations without a P» 7TN amplitude,
i.e. , no pion absorption or P» pN rescattering, ""
give very similar results (dotted curves in Fig.
3) and are remarkably close to the present ex-
perimental results. In fact, the curves with no
P yy amplitude are in better agreement with the
present wor, k than any of the full calculations.
It is well known that the P» pN amplitude is nec-
essary for pion absorption. The most widely
used procedure is to divide the P„a,mplitude into
a rescattering part and an absorption part due to
the nucleon pole. However, Mizutani et al."
showed that both the pole and the nonpole parts
of this amplitude can be large and are basically
not restricted by previous pN scattering data,
even though the total P„amplitude is relatively
well known and small at low energies.

! Since there is a coupling of the md- pd and rd
-NN channels in nature, it is believed' ~ that .

absorption should have a large effect on t20 in 7td

scattering. Different calculations with pion ab-
sorption vary widely, indicating that they are
very sensitive to the parametrization of the Pyy
pN amplitude. Thus, there is a strong indication
that the present parametrizations of the Pyy am-
plitude are incorrect. Moreover, Afnan and
Blankleider note that the dominant absorptive ef-
fects in md- gd and vd-pp occur in different
spin-isospin channels. " Therefore, it seems
possible that the absorption amplitudes can be ad-
justed to improve t2o without worsening the re-
sults for other observables. Further measure-
ments of t2p at backwa, rd angles and high pion en-
ergies would certainly be helpful. Inasmuch as
the present data show no strong energy or a,ngu-
lar dependence, it seems unlikely that explicit
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inclusion of dibaryon resonances will be required
in order to explain the results. This question,
however, will be answered only after further de-
velopment of the theoretical calculations.
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