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In a series of two experimental runs, the range of the angular distributions of the
cross section, vector (Ay) and tensor (Ayy) analyzing power for the 5/2~ ground state
transition in 66Zn(d,p)67Zn has been extended in to 8.,, = 7° and out to 81°. These
measurements were carried out with the K600 magnetic spectrometer and 88 MeV tensor
polarized deuterons from the IUCF atomic beam source.

The original study of the ®6Zn(d,p)®”Zn reaction was an extension of earlier experi-
ments® conducted on the lowest 7/2F transition in '6Sn(d,p)**”Sn. In that case there were
serious problems with adiabatic distorted wave descriptions of the reaction, a 7 =£—1/2
transition. These difficulties were consistent with a serious underestimation of the flux
from the near side of the nucleus in the theoretical calculations. This was demonstrated
by the failure of the measurements to follow simple relationships expected for far-side
dominated transitions' and the appearance of interference patterns in the analyzing power
angular distributions. The extension of this study to another nucleus demonstrated that
these difficulties were a common phenomenon, not restricted to some structural peculiarity
of 1'”Sn. The ®Zn(d,p)®"Zn reaction was chosen because the ground state transition
was high-spin with j = £ — 1/2 and because 87Zn was stable, permitting the outgoing
polarization to be measured by observing the analyzing power of the time-reversed reaction.
This opened the opportunity to check another relationship, p = —(24,,+1)/3, that evolved
from the expectation of far-side dominance and, unlike the relationship tested previously
with 1168n(d,p)!17Sn, namely Ay, = —(Ayy + 2)/3, did not seem to be influenced by the
presence of spin-flip amplitudes in the deuteron channel.

The initial study of the ®¢Zn(d,p)®”Zn reaction confirmed the problems first noted
in the 118n(d,p)'1"Sn case, including difficulties in the comparison of the outgoing po-
larization and the tensor analyzing power.? Since then, a new approach has been taken
to extract more quantitative information on the missing near-side amplitude from the
11695 (d,p)1"Sn measurements. The cross section was decomposed into three nearly in-
coherent terms according to the projections of the deuteron spin along the perpendicular
to the reaction plane, (do/dQ)1, (do/dQ)o, and (do/dQ)_1. The latter two were expected
to be dominated by a single amplitude from the far side of the nucleus. In both cases an
interference pattern was observed to be present in the data, indicating that this far-side
amplitude was matched by an equally strong near-side piece. Modelling both amplitudes
by poles in the complex £-plane provided a good reproduction of both the measurements
and the single amplitude that theoretically originated from the far-side of the nucleus. For
both of these spin projections (m = 0,—1) the fitted near-side amplitude was comparable -
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in size with the far-side and showed substantially larger differences between the spin states
than was observed in the far-side amplitude.3

The original measurements on ¢Zn(d,p)®”Zn between 61,5, = 17° and 55° did not cover
a large enough angular range to make an unambiguous determination of the nature of the
near-side piece within the context of this particular model. The behavior at small angles
helps to determine the order of the singularities involved, and the large angle measurements
determine the rate at which the near-side and far-side pieces diminish with increasing
angle. A preliminary fit indicated that, unlike the case with 117Sn, the near-side amplitude
dominated the behavior of (do/d1)o at large angles.

The measurements were made with the K600 magnetic spectrometer using an 88 MeV
polarized deuteron beam. Targets of 1.7 mg/cm? and 6.7 mg/cm? were used at small
and large angles, respectively. These targets were used in previous measurements of the
66Zn(d,p)®7Zn reaction, and their thicknesses were known from an investigation of the
energy loss of alpha particles from a radioactive source?. For the large angle measurements,
the spectrometer was dispersion matched for a value of T = cos(8s — f1)/ cos(f) = 0.54
(8s and O are the spectrometer and target angles, respectively) instead of one in order
to minimize the effects of differential energy loss between the deuterons and protons going

“through the target. The resulting resolution, shown in Fig. 1, was typically less than
30 keV, enough to separate well the ground state from the smaller first excited state at
93 keV.
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9/2 67n(d,p)¢"Zn
o Figure 1. K600 focal plane position spec-
- trum for the ®®Zn(d,p)%7Zn reaction. The
ground state and the strong 9/2% transi-
I tion are indicated.
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The angular distributions of the vector and tensor analyzing powers are shown in
Fig. 2, where the new measurements are shown by squares and the older measurements
by dots. The calculation for each angular distribution is the best available adiabatic
distorted-wave model. The proton distorted waves were obtained from an optical model
representation of the elastic scattering of protons from ®7Zn measured for that purpose.?
The calculation is finite range, and includes stripping from the deuteron D-state and
non-locality corrections.® The new feature revealed in the extended measurements is an
interference pattern at the very largest angles as well as at the smaller angles. Neither of
these patterns is found in the calculation.
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667Zn(d,p)®7Zn

Figure 2. Angular distributions of the
vector (A,) and tensor (Ayy) analyzing
powers for the ®8Zn(d,p)®7Zn reaction to
the 5/2% ground state of 7Zn. New data
points are indicated by square symbols.
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The oscillations seen in these observables indicate the presence of significant near-
side amplitudes at both large and small scattering angles. Between these, there is a
region relatively free of such oscillations where the near-side amplitude is apparently much
smaller than the far-side. The two-amplitude model used successfully for the measurements
on !7Sn will not be applicable in this case, since it does not contain sufficient degrees
of freedom to be able to reproduce such changes is the near- to far-side ratio. Further
refinements will be needed to make an accurate estimate of the size of the near-side piece.

One explanation for the failure of the theory to generate near-side scattering is that
the adiabatic approximation, a representation of the effects of coupling to S-wave breakup
states, is no longer adequate. In addition to the presence of D-wave and higher states,
this model also must be amended to account for the excitation energy of the n—p pair and
the consequent loss of energy in the motion of the n—p center-of-mass. A quasiadiabatic
calculation that will eliminate the second assumption is being developed, and we encourage
other applications of fully coupled-channel calculations to this reaction mechnism problem.
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