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Data on 800 MeV polarized proton scattering on Mg and Mg are presented. Angular distribu-
tions and analyzing power data have been extracted from fits to 26 peaks in the spectra for ' Mg and
23 peaks in Mg. Although there are a variety of shapes for the angular distributions, the analyz-

ing power data for all states are positive and similar in magnitude and seem to be consistent with a
two-body operator for the excitation with a spin structure much like that for the free proton-
nucleon system. Evidence for a level in Mg at 8.03 MeV with J )4 is presented. Comparison be-
tween the observed angular distribution, coupled channels, and distorted wave Born approximation
calculations, and the angular distributions of excited states in neighboring nuclei, support the as-

signment of J =5 or 6+. Coupled channels calculations for the 0+, 2+, 4+, and 6+ members of
the ground state rotational bands of Mg and Mg are compared to the data. Deformation param-
eters from distorted wave Born approximation calculations are determined for most of the angular
distributions.

I. INTRODUCTION

Rotational band structure has been recognized as a sys-
tematic feature in the spectra of light nuclei with
20& A (28, thus with partially filled s-d shell levels. In
addition to the resemblance of the observed series of lev-

els to established features of collective bands, such propo-
sals have been supported quite well by collective model
coupled channels calculations (CC) in several cases. '

These calculations reproduce most of the measured angu-
lar distributions of proton excitation of these levels, giv-

ing strong support for the assignment of these levels to
collective rotational bands.

A good example' is Mg: The states in Mg can be
grouped into a ground state rotational band (GSRB) con-
sisting of the (0.0 MeV, 0+), (1.37, 2+), (4.12, 4+), and
(8.12, 6+) levels. Additionally there is evidence for
E =2+, 0+, 0, and 3 bands. In fact, nearly all levels
below 10 MeV in Mg are believed to belong to rotation-
al bands. Aside from Mg, levels in zoNe, Ne, and Si
have been assigned to a GSRB, and the 6+ member of the
GSRB's in each of these nuclei has been observed. The
extension of these ideas to Mg would seem to be
straightforward. However, no natural parity level in

Mg with spin greater than 4 has been reported. The
collective description of Mg has been based upon a
series of limited bands, with some evidence of band mix-
ing. ' ' ' The recent report of 8+ and 10+ levels of the

Si GSRB (Ref. 9) has further supported a collective

description of this nucleus, and has stimulated efforts to
find high spin levels in Mg.

In a previous analysis' of unpolarized proton angular
distributions from Mg and Mg CC analyses of the two
GSRB, possible y-vibrational bands (K =2+), and octu-
pole vibrational bands (K =0 and 3 ) were able to ex-
plain the magnitude and shape of the angular distribu-
tions. The multipole moments of the deformed optical
potential used in the calculations were generally —10%
lower in the case of Mg and -25% lower in the case of

Mg, than those from low energy hadronic measure-
ments and electromagnetic measurements.

In order to search for high spin states in Mg, to in-

vestigate possible spin dependent effects, and to specify
spin-orbit potential parameters, we have made measure-
ments on the scattering of 0.8 GeV polarized protons
from Mg and Mg. Angular distributions and analyz-
ing power data for peaks up to an excitation energy of
15.5 MeV in Mg and 10.4 MeV in Mg have been ob-
tained. Data for 26 excited peaks in Mg and 23 peaks
in Mg are reported here. Because of the level spacing in
these isotopes and the experimental resolution, most of
these peaks consist of one, or one dominant, excited state.
A CC analysis of the data for both isotopes, including a
proposed 6+ for Mg, is presented here. A single step
distorted wave Born approximation (DWBA) analysis of
the other states has been performed in order to identify, if
possible, the angular momentum transfer and remaining
rnultistep effects.
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II. EXPERIMENT

The experiment was performed using the High Resolu-
tion Spectrometer (HRS) at the Clinton P. Anderson
Meson Physics Facility of the Los Alamos National Lab-
oratory. Details of the beam line, spectrometer, focal
plane instrumentation, and beam polarization monitors
have been reported elsewhere. ' The beam polarization
was stable and greater than 0.8. Targets enriched to
more that 99% of Mg (19.6 mg/cm ) and Mg (26.3
mg/cm ) were used, and an energy resolution of —80 keV
was obtained. This resolution allowed the extraction of
peak areas up to an energy of 15.5 MeV in Mg and to
10.4 MeV in Mg. Differential cross sections and analyz-
ing powers were measured from 5' to 25.4' cm with angu-
lar resolution of 0. 1'. The data are presented in Figs.
1 —29. Tabulated results are deposited in PAPS. "

III. GROUND STATE ROTATIONAL BANDS
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A. Coupled channels calculations

CC calculations of the cross section and analyzing
power data for the 0+, 2+, 4+, and 6+ states of the
GSRB of Mg and Mg have been performed. These
calculations are similar to those reported in Ref. 1. Since
the code JUPITER used in Ref. 1 does not include the de-
formed spin-orbit potential to all orders, the code ECIS

(Ref. 12) has been used here. The angular distribution
0 (8) and analyzing power ( A~ ) data given in Figs. 1 —4
are included in a chi-squared search of a deformed poten-
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FIG. 2. Analyzing powers for the 0+, 2+, 4+, and 6+ states

in Mg along with results from coupled channels calculations
as discussed in the text.
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FIG. 1. Angular distributions for the 0+, 2+, 4+, and 6+

states in Mg, multiplied by 10, 10, 10, and 1, respectively,
along with the results from coupled channels (solid lines) and
DWBA (dashed lines) calculations as discussed in the text.

FIG. 3. Angular distributions for the 0+, 2+, 4+, and pro-
posed 6+ states in Mg multiplied by 10, 10, 10, and 1, respec-
tively, along with results from coupled channels (solid lines) and
DWBA (dashed lines) calculations. A DWBA calculation for
an unresolved 2+ has been added incoherently to the predic-
tions for the 4+ state.
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FIG. 4. Analyzing powers for the 0+, 2+, 4+, and proposed
6+ states in "Mg along with results from coupled channels
(solid lines) and DWBA (dashed lines) calculations. The proper
summation has been made for the unresolved 2++4+ states, us-
ing a DWBA calculation for the 2+ state.

FIG. 6. Angular distributions and DWBA calculations for
4.24, 5.24, 6.01, and 9.53 MeV states in ' Mg. The deformation
parameters are given in Table II and the values for the potential
in Table I.

tial including the real and imaginary spin-orbit terms.
The parameters for the potentials and densities are given
in Table I, and the results are shown as solid lines in the
figures. DWBA calculations using a spherically sym-
metric ground state potential are shown as dashed lines
in the figures; the potential parameters are also given in
Table I. The cross section and analyzing powers for 0+,
2+, and 4+ states of Mg and the 0+ and 2+ states of

Mg are well explained by the CC calculations. The ex-
treme backward peaking of the angular distribution for
the 6+ in Mg probably results from the difference in in-
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terference between the direct step and multistep excita-
tion of this level. The fit could perhaps be improved by
allowing the 1 =2 coupling between the 2+ and 4+ and
between the 4+ and 6+ to vary from the rigid rotor
values. The rather Hat prediction of A„ for the 6+ is
lower than the fairly constant experimental value.

As seen in Figs. 3 and 4, both CC and DWBA calcula-
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FIG. 5. Comparison of the measured angular distribution for
the 8.03 MeV level in Mg with DWBA calculations, assuming
I =5 (sohd line, P, =0.042) and I =6 (dashed lines, P6 ——0.048).
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FIG. 7. Analyzing powers and DWBA calculations for the
4.24, 5.24, 6.01, and 9.53 MeV states in Mg.
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TABLE I. Potential parameters for coupled channels and
D%BA analyses described in the text. One geometry is used for
the real and imaginary volume potentials and another for the
real and imaginary spin-orbit terms. 0.0
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FIG. 9. Same as Fig. 7 for the 6.43, 7.35, and 8.44 MeV states
in "Mg.
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tions are able to explain the cross section and analyzing
power data for the 0+ and 2+ states in Mg. The data
for the 4+ are actually that for an unresolved doublet
(2++4+ ). Since the 2+ and 4+ angular distributions are
out of phase until about 17' and are of comparable mag-
nitude, the observed o (8) is fiat until about 15'. The first
minimum of 2+ states for this nucleus are in the region of
the first maximum for 4+ states, and it is the data around
12'+2' that is indicative of the 4+ strength. An in-
coherent sum of cross sections of a DWBA calculation
for the 2+ with P2

——0.064 with the CC result for the 4+
is given by the solid line in Figs. 3 and 4. The dashed
lines result from incoherent sums of the DWBA calcula-
tions for both of these states with P2

—0.064 and
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FIG. 10. Same as Fig. 6 for the 7.62, 8.36, and 10.10 MeV

states in Mg.

10 '

10

10

p.p

Os5

I I I I I I I
I I I I

I
I I

8.36,3
I ~

I
I I I a I I I I a ~ I I I I I I I I s s

f
I I I I

I
I I I S

I
S ~ I I

I
I I ~

10 a I I I I s I I ~ ~ I I I I I I I I I ~ I I
10.10,5

I I I I I I I I I I I I I I I I I I I I I I a s I0 5 10 15 20 25 30

8, (deg)
5 10 15 20 25

8, (deg)

FIG. 8. Same as F&g. 6 for the 6.43, 7.35, and 8.44 MeV states
in Mg.

FIG. 11. Same as Fig. 7 for the 7.62, 8.36, and 10.10 MeV
states in Mg.
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FIG. 12. Same as Fig. 6 for the 8.65, 9.15, 9.28, and 10.44
MeV states in Mg.

FIG. 14, Same as Fig. 6 for the 10.68, 11.10, 11.53, and 11.78
MeV states in Mg.

p4=0. 100. The resulting fits to the data are good in mag-

nitude but the point where the cross section falls off is
difficult to reproduce, falling between the DWBA and CC
results. An additional shortcoming arises in reproducing
the magnitude of Ay in the region of the maximum 4+
cross section. Some authors have included both the 4&+

and 42+ states as mixed members of the GSRB. '

B. Evidence for a 6+ level in a GSRB

The level at 8.03 MeV in Mg has been assumed to be
the 6+ member of the ground state band. The evidence
for this level to be a 6+ is largely circumstantial and a
definitive assignment cannot be made. The following ob-
servations yield support to a 5 or 6+ assignment for this
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FIG. 18. Angular distributions and DWBA calculations for
the 2.94, 3.94, and 4.90 MeV states in Mg. The deformation
parameters and parameters for the potential are given in Tables
I and III.

level.
(1) The position of the ftrst maximum in the angular

distribution with respect to other states of known spin in
Mg implies a transferred angular momentum greater

than 4, indicating the excitation of a state with J~4.
While the distribution seen in Fig. 3 peaks at about 13,
the 4+ levels peak at approximately 11', with all other
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FIG. 19. Analyzing powers and DWBA calculations for the
2.94, 3.94, and 4.90 MeV states in Mg.
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FIG. 22. Same as Fig. 18 for states excited by I =4, the 4.33
(with incoherent, admixture of 2+), 4.90, 5.47, and 5.72 MeV
states in Mg.dieted except at the most backward angles, where other

channels of the reaction process may contribute. The
present codes do not include a F50 term in the Hamiltoni-
an, thus preventing coupled channel calculations assum-
ing a 5 level. In the K"=0 (1,3,5 ) band of Mg,
it was noted that coupled channels calculations for the
5 level which did not include such a direct step from the
ground state were an order of magnitude too low in pre-
dicting the observed angular distribution.

(4) DWBA calculations for an l = 5 angular distribution
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FIG. 21. Same as Fig. 19 for the 3.59, 5.29, 6.26, and 6.74
MeV states in Mg.

FIG. 23. Same as Fig. 19 for the 4.33 (with incoherent admix-
ture of 2+), 4.90, 5.47, and 5.72 MeV states in Mg.

reproduce the observed phenomena quite well. The re-
sults of these calculations shown in Fig. 5, where the po-
tential used is that given in Table I. Here values of
P5=0.042 and Ps=0.048 are used. A general feature of
high spin DWBA calculations performed on nuclei in this
region is that the angular distributions predicted by the
calculations peak at larger angles than observed. Hence
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FIG. 24. Same as Fig. 18 for states excited by l =3, the 6.88,
7.69, 7.83, and 8.23 MeV states in Mg.

FIG. 26. Same as Fig. 18 with l =2 DWBA predictions for
the 7.10, 7.34, 8.53, and 8.95 MeV states in Mg.

these calculations support an assignment ofJ & 5 since, as
seen in the figure, the I =5 distribution matches the peak
quite well, while the l =6 curve is seen to peak at a larger
angle than measured. Though the validity of applying
DWBA calculations to deformed nuclei is questionable, it
is interesting to note that a satisfactory fit to the data

may be obtained by such a spherical potential and no
coupling.

(5) Comparison with known 6+ leuels in Mg can sug-
gest by arguments based on systematics that the level at
8.03 MeV may be a 6+ state. Cross section data for the
first two 6+ and the 5 states in Mg are shown in Figs.
1, 6, and 10. The 6&+ level of Mg is observed at 8.12
MeV, which is very nearly the same in energy as the 8.03
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FIG. 25. Same as Fig. 19 for the 6.88, 7.69, 7.83, and 8.23
Mev states in Mg.

FIG. 27. Same as Fig. 19 for the 7.10, 7.34, 8.53, and 8.95
MeV states in Mg.
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TABLE II. Excitation energy (in MeV) of the first 6+ states

in several deformed s-d shell nuclei. Rotor calculations based
on 4+ ~2+ transition energy. CW denotes shell model calcula-
tions using Chung-Wildenthal interaction (Ref. 13).
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FIG. 28. Same as Fig. 18 with l =4 DWBA predictions for
the 8.70, 9.25, and 10.40 MeV states in Mg.

MeV observed for the level under discussion, though the
angular distributions are not similar. However, another
level at 9.53 MeV in Mg has been identified as the 6&+

level, and its shape (peaking at about 14') and its magni-
tude at maximum (-0.3 mb) bear a strong resemblance
to the 8.03 MeV level in Mg. The DWBA calculation
shown in Fig. 6 for the 6&+ state is observed to peak at a
greater angle than the data. The lack of resemblance be-
tween the 8.12 MeV level in Mg and the 8.03 MeV level
in Mg probably results from the difference in interfer-
ence between the direct step and multistep excitation for
those levels. It is this interference which results in an an-
gular distribution for the Mg 6&+ level which peaks at
an angle of 20' as compared to an expected value of about
13'.

The angular distribution for the (5, 10.03 MeV) level
in Mg given in Fig. 10 is observed to peak at 12', while
the DWBA calculation peaks at about 13.5'. Additional-
ly, the magnitude of the cross section for the (5, 10.03
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FIG. 29. Same as Fig. 19 for the 8.70, 9.25, and 10.40 MeV
states in ' Mg.

MeV) level in ~4Mg is more than an order of magnitude
greater at its peak than the 8.03 MeV level in Mg.
Thus, the systematics of the angular distributions for
these states in Mg suggest that the 8.03 level in Mg is
most probably a 6+ state.

(6) Agreement with rotor and shell model predictions of
energy of excitation also suggest that the observed level
at 8.03 MeV may be a 6+ level. Comparison with rigid
rotor calculations for neighboring nuclei suggests that
such a model may be a useful tool in predicting GSRB
energies, though the energies predicted are usually higher
than those observed, as shown in Table II. Basing the
moment of inertia for Mg on the 4+ ~2+ energy
difference yields a prediction of 8.29 MeV for a GSRB 6+
in Mg adding support to the assignment of I =6 for the
excitation of the 8.03 MeV level. Shell model calcula-
tions, ' which are also given in Table II, again usually
predict higher energies for the members of the GSRB
than are observed (except for Ne).

C. Multipole moments

The problems with the fit to the 6+ state in Mg and
the correct choice for the 6+ state in Mg have no effect
on the parameters for the ground state and 2+ and
around 20% or less on the parameters for the 4+ state if
the values of P6 are not much larger than those employed
here. The resulting moments for Mg as defined in Ref.
1 are M(E2)=+0. 152 e b, M(E4)= —0.0025 eb, and
M(E6) = —0.0010 e b . Optical model uncertainties of
+0.01 fm in "r" and "a" and +0.02 in Pz, P4, and P6 re-
sult in uncertainties in these moments of +0.008,
+0.0017, and +0.005, respectively. An uncertainty of
+0.02 in P6 alone contributes +0.0005 in M (E2),
+0.0005 in M (E4), and +0.0004 in M (E6). Thus
knowledge of the 6+ strength if indeed correct reduces
the errors in M(E4) and M(E6) to the point where they
are determined to be negative.

The M(E2) value for Mg is slightly higher than the
value obtained in Ref. 1, which included no spin-orbit
contribution and in which the potential was varied to fit
the data "by hand, " not in an automated chi-square
fashion as in the present analysis. This new value of
M (E2), combined with the new charge moment for Mg
(Ref. 14) implies that the M (E2) moments of the neutron
and proton distributions in Mg are approximately equal
and prolate.
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The values obtained for Mg are M(E2)
=+0.187 e b, M(E4)=+0.0070 e b, and M(E6)
= —0.00008 e b, with similar errors. This value of
M(E2) is within 1% of that obtained in Ref. l.

IV. OTHER EXCITED STATES

DWBA calculations have been performed for the bulk
of the data for Mg as shown by the curves in Figs. 6-17
and for that of Mg shown in Figs. 18—29. The more
ambitious CC calculations necessary for some of these
data ' are deferred. The parameters of the spherically
symmetric optical potential are given in Table I and the
deformation parameters are summarized in Tables III
and IV. The deformation lengths PIR are only given for
states for which the DWBA results are reasonable fits.

Some general features of the data are apparent. There
are a variety of shapes of o (8) for states of the same an-
gular momentum transfer, for example the first three 4+
states of Mg, but Ay for such states differ only by shifts
in the position of the sharp drop and subsequent rise to
higher positive values, typically around 0.4. States with
rather Hat featureless cross sections have constant Ay

values of -0.4 to 0.6. Indeed, nearly all data points are
positive. The values of A„ for proton plus nucleon elastic
scattering are also positive with a rise to between 0.3 and
0.5 at 800 MeV. ' Negative or small values of A„seen
for 1+ states in ' C (Ref. 16) are not observed here. A»
for the 3+ data is consistent with a constant value of 0.6.
Thus the data for A„are consistent with a two-body
operator for the excitation with spin structure much like
that for the free proton-nucleon system.

The effective nuclear radius for spin-down cross sec-
tions is slightly larger than for spin-up cross sections.
This combined with a lower strength for spin down leads
to minima at slightly larger angles than that for the spin
up and causes A to increase with angle except in the re-
gion of minima in spin up where the cross section for spin
down is almost equal, causing a minimum in A followed
by a rise in A as the spin-down cross section goes into a
minimum.

The deformation lengths obtained here for Mg are
about 20% lower than those obtained in Ref. 1 with a po-
tential with no spin-orbit contributions. This is despite
an increase in the radius of the volume potential over
that used in Ref. 1.

TABLE III. Previously observed levels in Mg and those observed in this paper. Also given are pa-
rameters used in describing these states with DWBA calculations.

Previously observed (Ref. 8)
E (MeV) J" E (MeV)'

Present paper, DWBA
I transfer P, piR (fm)b

1.369
4.123
4.238
5.236
6.010
6.432
7.348
7.616
8.113
8.358
8.437
8.653
9.148
9.283
9.528+9.52

10.026

14.15

15.120
15.436

15.54, 15.64

2+
4+
2+
3+
4+
0+
2+
3
6+
3

(3 4)++1-
2+
1

2+
6++4+, T=1
5

8+

6, T=l
0+, T=2

1.37
4.12
4.24
5.24
6.01
6.43
7.35
7.62
8.12
8.36
8.44
8.65
9.15
9.28
9.53

10.10
10.44
10.68
11.10
11.53
11.78
14.15
14.50
15.20
15.37
15.54

0.67
0.077
0.163

0.334
0.071
0.140
0.249
0.032
0.292
0.127
0.025
0.057
0.071
0.091
0.217

0.071
0.118
0.033
0.077

1.77

0.43

0.88

0.66

0.77

0.151

0.24
0.57

0.186
0.311

(15.137) (Ref. 17)

'0.0 to 7.62 MeV states from Endt and Van der Leun {Ref. 8) have been used for calibration in the
present work.
Deformation length values are given for states where the DWBA curves are a reasonable description of

the magnitude of the angular distribution.
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A 2Mg

Data for 2+, 3+, 4+, and 6+ states, which were con-
sidered as members of a y-vibrational band in Ref. 1, are
given in Figs. 6 and 7. The difference in the DWBA
curves and the data show that CC calculations (as in
Refs. 1, 6, and 7) are necessary to explain the data for the
2+, state, particularly the strength of the second max-
imum and the position of the first minimum. The slight
structure in o(8) for the 3+ is not apparent in A which
is constant at about 0.6. The good fit to the 4+ strength
supports the inclusion of a Y42 coupling to the ground
state. The first maximum for the 6+ has shifted from 16'
for the DWBA to 13'. The CC results from Ref. 1

showed this state to be explained by a dominant two step
contribution.

The data shown in Figs. 8 and 9 are for possible
members of a monopole band. There is an obvious need
for a direct coupling to the ground state similar to that of
Ref. 17.

Data for two 3 and a 5 state are given in Figs. 10
and 11. The shift in the minima of the 3 states are due

to K dependent effects. ' The shallow minimum in 0(8)
for the 7.63 MeV state results in a rather smooth varia-
tion in A, while the well defined minimum in cr(8) for
the 8.36 MeV state leads to structure in A . The peak of
the 5 is seen to be shifted to smaller angles than the
DWBA result.

Some states with rather strange o(8) are shown in
Figs. 12 and 13. The 9.28 data are more consistent with
I =1 and some structure is seen in A„. The 8.65 could be
excited by I & 4, while the peak at 10.44 MeV seems to be
a sum of states of different spins.

The fit of the 10.68 MeV state with l =4 is good as
seen in Figs. 14 and 15. The 11.10, 3 is not as well ex-
plained, having a slope less than that for the DWBA cal-
culation. This could indicate multistep excitation. The
11.53 and 11.78 MeV states have rather imaginative
"fits" and are difficult to explain.

No fits have been attempted to the data shown in Figs.
16 and 17. All have flat or broad o(8} and flat A of
about 0.4. Five points with small A 's are seen for the
14.50 MeV peak. The o(8} values for these points are
lower than the neighboring points indicating a problem

TABLE IV. Previously observed levels (Ref. 8) in Mg and those observed in this paper. Also given
are parameters used in describing these states with DWBA calculations.

Previously observed (Ref. 8)

E (MeV) E (MeV)'

Present paper, DWBA

l transfer P,R (fm)

1.809
2.938
3.588
3.941
4.318
4.332
4.350
4.834
4.900
4.972
5.291
5.473
5.716
6.878
6.256
6.744
7.099
7.36'
7.69(2), 3
7.83(2), 3

8.19(2), 3
8.53(2), 2+'

8.89(1), 2+'
9.29(2), 2+'
10.33(2), 3

2+
2+
0+
3+
4+
2+
3+
2+
4+
0+
2+
4+
4+
3
0+
2+
2+

1.81
2.94
3.59
3.88
4.33
4.33

4.90

5.29
5.47
5.72
6.88
6.26
6.74
7.10
7.34
7.69
7.83
8.03
8.23
8.53
8.70
8.95
9.25

10.40

0.44
0.142

0.10
0.064

0.165

0.086
0.092
0.095
0.162

0.025

0.081
0.131
0.055
0.167

0.065

0.084
0.112

1.34
0.43

0.32
0.19

0.50

0.28
0.29
0.49

0.25
0.40
0.17
0.51

0.20

0.25
0.34

'0.0 to 6.88 MeV states from Endt and Van der Leun (Ref. 8) have been used for calibration in the
present work.
Deformation length values are given for states where the DWBA curves are a reasonable description of

the magnitude of the angular distribution.
'Results from (e,e'), E. W. Lees et al. , J. Phys. A 7, 936 (1974).
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with the extracted spin-up cross section. The 15.2 MeV
state is most probably the T =1,6, 15.137 MeV state of
Ref. 18. The spin-flip amplitude is much larger for
100—200 MeV (p,p') excitation than about 800 Mev. The
6 is much larger than neighboring states at 135 MeV,
but is less than or equal to them at 800 MeV. The peak
cross section here is -0.025 mb/sr as compared to 0.1 at
135 MeV. ' The average of A for the 6 is slightly
smaller than other states in the vicinity but not small or
negative as for the 1+ states in ' C. '

B. Mg

4+ states in Mg. The shifts in the first two are reflected
by flat A values while the stronger 10.4 MeV state has
an 3 with clear structure indicative of I =4. As for the
first four 4+ states, the data for A is higher than the
DWBA values in the region of the first maximum in
o(8). The lower value of P4 utilized here for the 10.4
state results from requiring that the DWBA results not
be above the data in the region of the first maximum.

V. SUMMARY AND CONCLUSIONS

The data for possible members of a E =2+ band as as-
sumed in Ref. 1 are given in Figs. 18 and 19. The fit to
the 2+ is good until after the second maximum while
there is an obvious shift inward for the 4+. The max-
imum of cr(8) for the 3+ is less than that for Mg, and

A„ is poorly determined. CC calculations are necessary
for these data.

A monopole coupling to the ground state' is necessary
to analyze the data for the (3.59, 0+) and (5.29, 2+) given
in Figs. 20 and 21. The data for the 6.26 MeV state are
too sparse for a reasonable analysis while the weakly ex-
cited state at 6.7 MeV seems to be at least I =4 or
perhaps dominated by two step contributions.

The first four 4+ states are given in Figs. 22 and 23.
As discussed earlier the 4.3 is actually a sum of 2+ and
4+ and an incoherent sum has been made of D%'BA cal-
culations. The fits are good with some apparent
differences in the first minimum. The analyzing power
calculations are systematically lower than the data in the
region of the first maximum for o (8), indicating a general
failure of the calculations since this is independent of P4
and most coupled channels effects.

Data for the four 3 states are given in Figs. 24 and
25. E dependent effects' are obvious in the shifts inward
and outward for the 7.83 and 8.23 MeV states, respective-
ly, while the DWBA is correct for the 6.88, 3 . These
three states are excited with comparable strength and the
A values are explained except for position of the struc-
ture. The 7.69 MeV state is much weaker and is probably
the sum of a 3 with an even multipole, producing a
smoothly falling o (8) and Aat A».

Data for four states with o(8) similar to that for 1=2
are shown in Figs. 26 and 27. The success of the DWBA
in explaining A for the first three supports the I =2 as-
sumption. However, more complex calculations are
necessary to explain the strength and shape of o (8). The
8.95 MeV state is probably the sum of different levels
with different multipoles.

Finally in Figs. 28 and 29 are data for three additional

Angular distributions and analyzing power data have
been presented above for polarized proton scattering
from Mg and Mg at 0.8 GeV for 26 excited "states" in

Mg and 23 excited "states" in Mg. Although there
are a variety of shapes for the angular distributions, the
analyzing power data for all states are positive and simi-
lar in magnitude, and seem to be consistent with a two-
body operator for the excitation with a spin structure
much like that for the free proton-nucleon system.

Evidence for a level at 8.03 MeV with J~4 in Mg
has been presented. The position of the first maximum of
the angular distribution (characteristic of l =5 or 6), the
results of the coupled channels and DWBA calculations,
the observed trend of the angular distributions of excited
states in neighboring nuclei, and rigid rotor predictions
all yield support for this conclusion, and suggest most
probably that J =6+.

Coupled channels analyses of the data for the excita-
tion of the 0+, 2+, 4+, and 6+ members of the ground
state rotational band in Mg and Mg describe the data
reasonably well. When combined with the known charge
moments, the moments of the deformed optical potential
obtained in the present analysis imply that the moments
of the neutron and proton distributions in Mg are ap-
proximately equal and prolate and that the signs of the
M (E4) and M (E6) are negative.

Distorted wave Born approximation calculations have
been compared with the bulk of the data. More complex
coupled channels calculations are needed to explain the
complicated vibrational bands built upon the ground
state rotational band.
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