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The vector analyzing power (i&~i) .i.n elastic rr-dpi'& scattering has been measured for
several angles at I'~ =219, 256, 275, and 294 MeV. Strong oscillations are confirmed at
256 MeV. The data are compared with I addeev calculations, alone and in combination
with either of two resonances. At 219 MeV the Faddeev calculations are consistent with
the data, while at the higher energies the general trend of the data favors the admixing of
the G4 dibaryon resonance. The forward-angle data at 294 MeV are not well described by
any existing calculation.

PACS numbers: 25.80.+ f, 14.20.Pt, 24.70.+ s, 25.10.+ s

One of the most interesting questions in inter-
mediate-energy physics today is the existence of
dibaryon (B = 2) resonances. Invoking quark de-
grees of freedom, bag-model calculations have
predicted states which are believed to be systems
of six quarks consisting of colored subct. usters.
In view of the rather sparse evidence for color
the existence of these, possibly narrow, 8 = 2
states should be investigated. There have been a
number of attempts to observe & =2 resonance ef-
fects in cross-section experiments, but no defi-
nite results have been obtained. Since 8 = 2 sig-
nals are most likely quite small, one has to em-
ploy more sophisticated experiments involving
spin observables. Several pol. arization data sets
involving reactions with two baryons have been
published in recent years which indicate reso-
nancelike structures. Controversy exists concern-
ing interpretation of these structures as being due
to either N-& dynamics or dibaryon resonances.

For a thorough discussion of the present status
of the subject see the reviews of Bugg, ' Locher, '
and Schwille. '

Previously published data' at T, = 256 MeV were
found to be in surprisingly good agreement with
predictions of dibaryon resonance effects in m-d

scattering. ' From this measurement it was con-
cluded that at least one of the three proposed &
= 2 resonances ['D,(2140), 'E, (2220), and 'G,
(2430)] could be responsible for the oscillatory
pattern observed in the angular distribution. The
energy dependence of the spin observables is the
most important piece of information for extract-
ing the relative importance of the individual res-
onances and for determining their parameters.
In this Letter we report the extension of our ear-
lier measurements of iT» to 219, 275, and 294
MeV. In addition we have repeated measurements
for three crucial angles at 256 MeV to reconfirm
the striking oscillatory pattern.
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The configuration of this experiment was identi-
cal to that described previously4; however, a few
elements were improved. A completely new po-
larized target and superconducting magnet were
built; however, the principle of operation, based
upon a 'He cryostat, was identical to that for the
target used in the previous measurements. The
target cell was 18&18 mm in cross section and
5 mm thick. The target material was n-butyl-d9
alcohol (98% atomic deuterium) and 5/p deuterium
oxide, doped with about 1% porphyrexide by
weight. A significant improvement was made in
the NMR Q-meter circuitry which measured the
deuteron polarization in that the solenoidal coH
surrounding the target material was replaced by
a pancake coil of similar electrical characteris-
tics immersed in the target material. This led
to approximately a factor of 2 improvement in
the NMR signal strength. As usual, the dynamic
polarization was calibrated with respect to the
thermal-equilibrium signal at approximate1. y T
=0.46 K and magnetic field of 2.5 T. This calibra-
tion was repeated three times during the six
weeks of experimenting and confirmed a stab1.e
polarization of 19.6/p +1.9/p. Tensor alignment
components were estimated to be less than 2.9/p

which results in insignificant corrections to the
measurement of iT».

The vector analyzing power, defined as

V3 1 (T~ —o~
2 P 0'~+ 0'~

where the subscript & indicates the direction of
kxk' (k is the incident-pion momentum and k' is
the scattered-pion momentum), was determined
by measuring the differential cross sections o~
and 0~ of elastic ~-d~& scattering for the two
spin states of a vector-polarized deuteron target
of polarization P. The experiment was performed
at the high-resolution pion beam and spectrom-
eter facility at the Swiss Institute for Nuclear Re-
search [Schweizerisches Institut fur Nuclearfor-
schung (SIN)]. The beam purity, spot definition,
and alignment were monitored as in the previous
experiment with two in-beam scintillation count-
ers and an out-of-reaction-plane monitor tele-
scope. For all but the most forward angles, the
recoil deuteron was detected in coincidence with
the scattered pion. A new four-element scintil-
lator telescope was employed which yielded in-
formation on the time of flight, energy loss, and
total energy of the coincident recoil particl. es.
This gave much better particle identification be-
tween protons and deuterons. The solid angle
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was 1.imited by the pion spectrometer which had
an angular acceptance of approximately + 5 deg.
For each angle measured, the analysis was per-
formed upon a variety of subsets of the data in
which deuteron recoil requirements were turned
off and on and the resolution of the pion channel
was varied by requirements on a sixteen-e1. ement
scintillator hodoscope located at the momentum
dispersed, intermediate focus of the pion beam
line. Consistent results for each of the data sub-
sets were obtained within the experimentat. un-
certainties. Agreement was required among a
variety of fitting methods for extracting the num-
ber of counts in the elastic m-d peaks.

The reproducibility of the data at 256 MeV with
respect to the previous experiment is good. - The
new iT» values for ~, = 55, 70, and 100 deg are
(21 + 5)'%%up, (- 5+ 7)%%up, and (53+ 11)%%up compared
with the previous experimental values of (13+ 6)'%%up,

(- 7+ 10)'%%up, and (42+ 7) /p.

In Fig. 1 we compare all existing data of iT»
with the predictions of Grein and Locher. ' The
angular distributions at T, =142 and 256 MeV
from our previous measurements are included
with the present data. In Fig. 1(a) the curves are
the iT» calculated by Grein and Locher using the
Faddeev partial wave amplitudes of Abishai et al. '
including the effect of pion absorption. At 275
MeV no Faddeev amplitudes were available and
so the curve shown is a linear interpolation of the
predictions at 256 and 294 MeV. Other Faddeev
calculations" give similar results. Clearly the
calculations agree with the data only at 142 and
to some extent at 219 MeV. In Fig. 1(b) a com-
parison is shown with only a 'E, (2220) dibaryon
resonance added to the Faddeev amplitudes. The
resonance parameters were the "standard set" of
Bef. 5, except for an increase in the channel
coupling I'„„=20 MeV. The choice of angular
momentum mixing used for the calculation was
L, =4+1 since this 1.eads to stronger oscillations.
The value of the mixing parameter, however,
was not adjusted to fit the data. Except for the
lowest energy there is general disagreement with
the data. Similarly, in Fig. 1(c) the data are
compared with calculations in which only the 't"

4
dibaryon resonance has been taken into account,
again with I., =J+1. As one can see the general
trend of the energy dependence of the data is re-
produced semiqualitatively. However, some
words of caution seem to be in order. In pre-
dicting effects of dibaryon resonances in m-d

scattering it has been emphasized that data at
forward angles are particularly significant, since
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the calculations of "background amplitudes" (Fad-
deev, impulse, or Glauber approximations) are
most reliable in the forward hemisphere. There-
fore the discrepancies for the smallest angles at
275 and 294 MeV are serious and still must be
explained. On the other hand, when comparing
the data with a given set of predictions one should
remember that the data were taken with an angu-
l.ar acceptance of almost 10 deg which tends to
average out any rapid angular changes. Further-
more the theoretical results also contajn uncer-
tainties. There is, for example, the effect of pi-
on absorption which has been demonstrated in
Fig. 2 of Ref. 6. Reducing the pion absorption in
the Faddeev calculation would lower the second
minimum of the oscillation in Fig. 1(c). Varia-
tion of the resonance parameters would change
details of the oscillatory pattern as well.

In summary, when considering the general
trend of the energy dependence of iT» above 219
MeV the closest agreement is obtained in Fig.
1(c), indicating the importance of the 'G4 dibaryon
resonance in this energy region. As we have pre-
viously stated4 so far no conventional calculation
has been able to reproduce this rapid variation of
iTyy as a function of angle and energy.
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