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0 state at low excitation energy in Al
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Measurements of T20 for the sSi(d, a) 6A1 reaction near 0', for five beam energies, have been used to
make a unique J"-0 assignment for a state in 26Al at 4.48 MeV. Shell model calculations sho~ the
structure of this state to be dominated by excitation to the fp shell.

Nuclei in the middle of the sd shell have predominantly
positive parity states at low excitation energies. Because
such nuclei are far from closed shells, it is unlikely that the
wave functions for lower excitation states will contain any
significant terms which include orbits from the Ip or fp
shells. A significant amount of energy is required to pro-
mote nucleons from the 1p shell to the sd shell or from the
sd shell to the fp shell; so the negative parity states, which
must include configurations from the Ip or fp shells, are ex-
pected to occur at significantly higher excitation energies
than the positive parity states. 26A1 is a nucleus in the mid-
dle of the sd shell and in the simplest view it has a full 1p
shell with ten nucleons in the Idst2 orbit, a (Idstq) ' con-
figuration with respect to Si. An unnatural parity state at
4.48 MeV in 2 Al (Refs. 1 and 2) has previously been given
a spin and parity assignment of 0 (1+,2 ). Data from the
"Mg(p, y)'pAl reaction" showed the 4.48-MeV state to be
strongly excited at a 1;1 resonance and weakly excited at a
2;0 resonance and to appear to decay only to the four
lowest 1+ states, indicating that it is likely to be a 0 state;
however, the 1+ and 2 possibilities could not be ruled out.
The simplest configuration for a 0 state in Al would in-
volve excitation of a nucleon from the lpig2 orbit into the
2sit2 orbit to give a (Idst2) (Ipit2) '2sit2 configuration
with respect to Si, which ~ould not be expected to occur
as low as 4.48 MeV. It was therefore important to establish
whether the 4.48-MeV state is, in fact, a 0 state or not.

Whether a state has a natural or unnatural parity or is 0
may be determined' by measuring the tensor analyzing
power T2p for the (d, a) reaction on an even-even target
near O'. The yield is given by

~= ~.(I+ T2ot2o) .

where t20 is the beam polarization and a.
„

is the yield which
would result from an unpolarized beam. T20 takes the value
—J2 for a 0 state at O'. If the deuteron spin substate m,
relative to the beam direction, is selected, a pure m=1
beam has t2p= I/K2, and a pure m -0 beam has t2p = —K2.
It is clear from Eq. (1) that an m = 1 beam will give no yield
o.i=0 for a 0 state, and an m-0 beam will give a large
yield eo=3o.„,assuming ideal polarization. The tensor
analyzing po~er may be calculated using the following ex-
pression:

~here P is the fraction of the ideal beam polarization and is
assumed to be equal for m = 0 and m = 1 beams.

The experiment was carried out using a deuteron beam
from the Lamb-shift polarized ion source at McM aster

University and accelerated by an FN tandem. A resistive-
wire position-sensitive counter was placed in the focal plane
of the Enge split-pole magnetic spectrograph to detect n par-
ticles from the Si(d, a)' Al reaction at 4', which is near
enough to 0' that T2o will not be significantly different from
its value at O'. The target was in the form of silicon oxide
on a carbon backing ~here the silicon was enriched to 96'/0

in 2pSi. P was determined from the quench ratio Q (Ref. 5)
according to the prescription

P = 0.95(l —I/Q)

The empirically determined factor 0.95 arises from the
characteristics of the beam quenching, ~hereby there is still
some polarization of the quenched beam. For these mea-
surements, values of P lay in the range 0.66-0.76, with an
uncertainty of 0.03. The detected n particles were separated
from deuterons by setting a ~indo~ on a two-dimensional
spectrum of position versus energy loss in the counter. Fig-
ure 1 shows typical n-particle spectra obtained using m =0
and m =1 beams. The yield for the 4.48-MeV state in ' Al
is seen to dramatically increase on switching from an m = 1

to an m =0 beam. Measurements of T2o for the 4.48-McV
state, taken for five different beam energies, are given in
Table I. The errors shown are purely statistical and the ac-
tual errors are expected to be slightly larger because of the
uncertainty in defining the background subtracted beneath
the peak. All five T2o values are observed to be close to
—J2. An unnatural parity state, for which T2p can take any
value, could have Tzo= —K2. However, the probability of
T2o remaining the same for five different beam energies
separated by more than the coherence width is less than
0.1%. This has been discussed in detail by D. Petty et al.
The data thus show that the 4.48-MeV state in '6A1 can be
assigned J =0

A shell model calculation with a configuration space con-
sisting of the 1p and sd shells was carried out to predict
where the lowest 0 state is expected to occur. Since a full
calculation for 22 nucleons in the five orbits would have
been too large, some restrictions were imposed on the occu-
pancies of the various orbits. The same restrictions werc
used to calculate energy cigensiates for thc S+ ground state
and the lowest 0 state. Not more than two holes were al-
lowed in the 1p shell, and the number of nucleons in each
of the sly2 and d3/2 orbits was constrained to be not greater
than two. The occupancy of the dy2 orbit was required to
be eight nucleons or more. The interaction matrix elements
of Millcner and Kurath' were used for the calculation which
was done with thc code oxsAsH. The above shell model
calculation predicts the lowest 0 state to occur at 10.4-McV
excitation, much higher than the observed level at 4.48
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FIG. 1. Alpha particle spectra for the 2 Si(d, a) Al reaction at 4' for 9 MeV m =1 and m =0 beams. (Peaks arising from carbon and

oxygen in the target are labeled C and 0, respectively. )

TABLE I. T20 measurements for the 28Si(d, e)26A1 reaction to
the 4.48-Me& state at 4 .

Beam
energy
{MeV)

8.0
8.5
9.0
9.5

12.0

T20

—1.25
—1.27
—1.51
—1.35
—1.36

Statistical
error

0.14
0.09
0.08
0.09
0.09

MeV. The dominant term in the ground state wave func-
tion is (1d5/2) ' with respect to ' Si. This term amounts to
76'/0 of the ground state wave function. The 0 wave func-
tion comprises many terms, the largest of which is 49'lo

(1d5/2) '(p~/2) 's~/2, indicating a nucleon promoted from
the p~~2 orbit to the s~~2 orbit with respect to the ground
state. Overall, 879o of the wave function involves terms
with a p~g2 hole and 13% involves terms with a py2 hole.

Following the inability of the above calculation to account
for a 0 level at 4.48 MeV, another shell model calculation
was carried out using a configuration space consisting of the
sd and fp shells and the SDPFMK interaction of OxBASH.

Only one nucleon was allowed in the fp shell, and the nu-
cleons in the sd shell were restricted such that a minimum
of seven nucleons was required in the dy2 orbit and a max-
imum of three nucleons were allowed in each of the dy2
and s~~2 orbits. This calculation gave several 0 states at
low excitation energies. Three 0 states were predicted
belo~ 5 MeV, the lowest at 2.4 MeV and the other two at
3.7 and 4.9 MeV. The wave functions for these states
comprise many configurations, the dominant two being
(d5/2) d3/2f7/2 and (d5/2) (d3/2) f7/2. For the lowest two
states, SS'lo of the wave function includes terms with the fp
shell nucleon in the f7/2 orbit. For the 4.9-MeV state, this
figure is reduced to 64% with a 290/o contribution from
terms with the nucleon in the f5/2 orbit.

It is well established that nuclei in the sd shell are de-
formed. Mg and 2 Al are well described by the Nilsson
model as prolate nuclei. ' The lowest negative parity state
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in each of these nuclei is a 3/2 state near 3 MeV. If a 0
state in Al were considered to be one nucleon added in a
d3/i orbit to a 3/2 state in a mass 25 nucleus, an energy of
4.48 MeU for the 0 state would not seem unreasonable.
Rotational bands have been identified in 26AI (Refs. 11 and
12), indicating it has deformation. If deformed nuclei are to

be well described by the shell model, a large configuration
space is required. The shell model calculations show that
the structure of the 0 state at 4.48 MeV is likely to be
described as many small terms, involving configurations in
the sd and pf shells and not in terms of configurations in-
volving the 1p and sd shells.
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