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The (a,*He) and (a,t) reactions on 2’Mg were measured at E, =50 MeV. Cross sections obtained
for 57 positive parity states in Mg and °Al were analyzed within the framework of the exact-
finite-range distorted-wave Born approximation and compared to the full s-d shell model predic-
tions. Reasonable agreement between the experimental strengths and the theory was obtained for
the low lying states. Deviations of factors of 2 or more were found for some high lying 2%, 3%, and
4% states in %Al and especially for the 1 state in 2Mg. The spectroscopic factors for the transi-
tions to the analog states in Mg and 2°Al were compared between these reactions. The same
strength was obtained for the 6;, T=1 state in 2"Mg and 2%Al, whereas an enhancement of about
30% was observed for the 0 and 3, T=1 states in Al. Further, 1* states in Mg proposed
around E, =10 MeV through the (p,p’) reaction were also observed in the 2*Mg(a, He) reaction
without the special enhancement for the 10.6 MeV 17 state seen in the (p,p’) reaction. The total
observed strengths for neutron stripping to the positive-parity states in the region of E, =0-11 MeV
almost attained the limit of the pure j-j coupling scheme. Those for the proton stripping were 70%

of the limit in the region of E, =0-8 MeV.

1. INTRODUCTION

Recently, Endt et al.? studied °Al in the region of ex-
citation energy E, =0-8.1 MeV through the (p,y) and
(p,p’) reactions on Mg and made an extensive compar-
ison of the experimental and calculated y-ray strengths.
The isoscalar E2 strengths' were well reproduced on
average by the full s-d shell model calculation,® whereas
the calculated isovector M1 strengths! were high by a
factor of 1.85. Spectroscopic study of 2°Al through one-
nucleon transfer reactions is another important and in-
dependent probe to investigate the validity of the shell
model theory. One-nucleon stripping reactions on Mg
have been studied by several authors,** but detailed com-
parison with the shell model calculation remains unex-
plored.

In the present work, strengths for the transition to 31
positive-parity levels in 2°Al (E, =0-6 MeV) and for 26
levels in 26Mg, which were deduced from the («,t) and
(a,’He) reactions, respectively, are compared to the
strengths estimated from Wildenthal’s shell model.> Fur-

42

ther, we will compare the strengths for the analog states
of 2°Al and *Mg in order to see the higher-order
configuration mixings in these states.

Previously, Kraushaar et al.%7 observed a meaningful
difference between the spectroscopic factors for the
(a,’He) and (a,t) reactions leading to the 6;, T=1
states in *Mg and %6Al, respectively, and suggested an
isospin mixed nature in these stretched particle-hole
states. Their measurements®’ were carried out at
different institutes. Here we will investigate the reactions
under the same experimental condition and extend the
comparison to the low-lying positive-parity analog states.

Another interest in this work is to see the (a,’He)
strengths for the 17 states in Mg around E, =10 MeV,
which were proposed by Crawley et al® through the
(p,p’) reaction at E, =201 MeV. They observed 74% of
the (p,p’) strengths predicted for the 17 states in **Mg,
and found that only the 10.64 MeV 17 states was selec-
tively enhanced among the eighteen 1", T=1 states pop-
ulated in the region of E, =7-15 MeV. The shell model
calculation® also predicts a localization of the 0d;,,
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single-particle strength for the neutron stripping to the
1" states around E, =10 MeV. However, any transfer
reaction has not been investigated for the high-lying 17+
states in 2°Mg according to the compilation.® We will
deduce the spectroscopic factors for the 17 states in 2Mg
referring to the excitation energies proposed in the (p,p’)
experiment® and compare the strengths to the shell model
calculations.’

II. EXPERIMENTAL PROCEDURE

The experiment was performed with a momentum-
analyzed 50 MeV a-particle beam from the sector-
focusing cyclotron at the Institute for Nuclear Study, of
the University of Tokyo. Reaction products were ana-
lyzed by the quadrupole-dipole-dipole magnetic spec-
trometer'® and detected with a drift-type single wire pro-
portional counter!! backed up by two AE counters and an
E counter. An 80-ug/cm? (97.9% enriched) target of
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self-supporting **Mg foil was prepared by a rolling
method. The thickness was calibrated by comparing the
yields for elastic scattering with those from a Mg foil
whose thickness was measured to be 0.45 mg/cm? from
the weight. The (a,’He) and (a,t) reactions on Mg
were measured under the same experimental conditions.
Typical momentum spectra at 6;,,=10° for the (a,’He)
reaction and at 6,,=12.5° for the (a,t) reaction are
shown in Fig. 1(a) and 1 (b), respectively, where the ener-
gy resolution is 25 keV at FWHM. Figure 1(c) shows a
part of the (a,’He) spectrum at 6,,,=7.5°. The (a,t)
spectrum in the region above E, =6 MeV was shown in
our previous work.!? Cross sections for 44 levels of 2Mg
and for 35 levels of 2°Al were deduced by a peak-fitting
program.'* An example of the fitting is presented in Fig.
1(d). The ambiguity in absolute values of the obtained
cross sections is about 10%, but the relative errors are
much smaller. Details of the experimental procedure are
described elsewhere.'*
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FIG. 1. (a) A momentum spectrum for the *Mg(a, He)**Mg reaction at E,=50.0 MeV and 6,,,=10°. (b) A momentum spectrum
for the 2*Mg(a, )*°Al reaction at E,=50.0 MeV and 6,,,=12.5°. The inserted portion is a part of the spectrum at 6,,,=7.5°. (c) A
part of the spectrum for the (a,’He) reaction at 8,,,=7.5°. (d) A part of the (a,’He) spectrum around E, =5.7 MeV at 6,,=12.5".
Closelying peaks for the 5.690 MeV 1% and the 5.716 MeV 47 states in 2*Mg are analyzed by keeping the peak shapes the same as
that for the nearby single peak and by holding the separation of the peaks to be 26 keV. The labels 1 and 2 mean the peaks at
E,=5.690 MeV and 5.716 MeV, respectively. Dashed and solid curves are calculated single peak shapes and the envelope of them,

respectively.



III. ANALYSES

Angular distributions of the cross sections for the
(a,’He) and (a,t) reactions on Mg were analyzed
within the framework of the exact-finite-range DWBA
using the code TWOFNR.!> The parameters for the light
particle systems of p-t and n->He in an a particle are de-
scribed in Ref. 16. Potential parameters for the incident
and the outgoing channels and for the form factors are
listed in our previous work'? on the *Mg(a,)*Al reac-
tion at E, =50 MeV. The parameters for the triton
channel were assumed to be the same as for the *He chan-
nel.

Calculated cross sections are expressed as

— 2
Ucalc—c SOTwO > (1

where o1wo is the cross section calculated by the code
TWOFNR. The isospin Clebsh-Gordan factors C? have
values

C?*=1 for the *Mg(a,*He)**Mg reaction ,
=1 for the *Mg(a,t)Al (T=0or 1) .

The light particle spectroscopic factor is s =2 for the
(a,>He) and (a,t) reactions. For the transitions to
positive-parity states, a transfer of 0ds,,, 0d;,, and
1s,, is allowed in the sd shell model space. In this case
the value 0w is a sum of the terms o4y calculated for
the transferred total angular momentum j.

Trwo= 2, StacTrwo > 2)
J

where the coefficient S7,; is the spectroscopic factor for
the transfer of 0ds,, 0d;,,, or 1s,,, particles calculated
from Wildenthal’s shell model.> We carried out this shell
model calculation with the code INs.!? If the estimation
is correct, the ratio of the experimental cross section 0 o,
to the value o, should be one. We will deduce the ratio

R =aexpt/acalc 3)

for each state in 2Mg and 2°Al by normalizing the calcu-
lation to the data at forward angles.

For transitions to the negative-parity states we will
deduce the spectroscopic factor S/ by fitting the o, to
the o, values, as a reliable shell model calculation is
not available to us in the larger model space of sdfp shell
orbits.

In case of transitions to unbound states, we used the
zero-range (ZR) DWBA code DWUCK4,'® which has an
option of a resonance form factor for the unbound state.
The cross section o}y calculated by this code is related
to the value o4wq by

o ps Myt
vrwo=Do )7 7 1) TPV -

The D3 value is set by comparing the calculated values
0 1wo and o py for bound states as

4)

D2=14.0X10* MeV?fm? for the (a,*He) reaction ,
=13.2X 10* MeV?fm? for the (a,t) reaction ,
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where a finite range parameter of 0.7 fm and a nonlocal
correction factor of 0.2 were used in the ZR DWBA cal-
culation.'®

IV. RESULTS AND DISCUSSION

Hitherto, several studies*” 7219722 of the one-nucleon

stripping on Mg were reported. Some*>!°~2! of them
were carried out at low incident energies and restricted to
the low-lying states. Others®”!>2? at relatively high in-
cident energies were concerned with the negative-parity
high-spin states. Now Endt et al.'? have presented a
one-to-one correspondence of each level in °Al to the
shell model calculation.® Such a correspondence helps us
to carry out a detailed comparison of the experimental
and theoretical spectroscopic factors for the states in 26Al
up to an excitation energy of about 6 MeV. In order to
deduce reliable spectroscopic information from the exper-
imental data, consistent DWBA analyses with a similar
set of parameters and within the same framework are re-
quired. However, the previous work®>!*~2! did not fol-
low such a consistency and have given varying strengths
even for the transition to the 0;, T=1 states in Mg
and 2%Al, ranging from 0.8 to 2.9.

Thus we will present the comparison with the shell
model calculation by using our data and analyses. Fol-
lowing are the results for the states in Mg and 2°Al ob-
served in the present work. Our investigation spans the
range of the excitation energies E, =0-11 MeV in **Mg
and E, =0-9 MeV in 2%Al, where the data for the states
in 2°Al above E, =6 MeV are cited from our previous
work'? on the 2*Mg(a, t )*%Al reaction.

A. 0%, 2%, 3% and 4™ states of Mg

Integrated cross sections and the ratio 0., /0, in
Eq. (3) for the 0", 2%, 3%, and 4™ states of 26Mg are list-
ed in Table I, where the E, and J7 values are cited from
Ref. 9. The spectroscopic factors calculated by the shell
model® and the differences between the experimental and
the theoretical excitation energies are also tabulated
there. The (a,’He) cross sections for these states are
displayed in Figs. 2-5.

Angular distributions of the cross sections for the 0%
states are well reproduced by the DWBA curves as seen
in Fig. 2, and the strengths are consistent with the shell
model predictions as listed in Table I. The 0 and 0,
states are known at E, =4.972 MeV and at E, =6.256
MeV, respectively. Their cross sections are only 1% of
those for the O; state at forward angles. It is marvelous
that the shell model calculation can reproduce such weak
transitions to the 0 and 0, states. Angular distribu-
tions for these states were deduced at several angles only
as their peaks in the spectrum were masked by the nearby
larger ones at backward angles.

Transfers to the 0ds,,, 1s,,,, and 0d;,, orbits are al-
lowed in the transition to the 2% states. The DWBA cal-
culations with the spectroscopic factors predicted by the
shell model can reproduce the angular distribution shapes
for the 27 states as seen in Fig. 3. The steep rise at for-
ward angles for the 2.94 MeV 25 states is excellently ex-
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TABLE I. Positive-parity states in *°Mg observed via the (a, He) reaction at E, =50 MeV.

Ex OINT Sca]cb AEXC
(MeV) J" (mb) 0ds 15,2 0d O expt/ T cale (MeV)
0 oy 0.70 2.50 0.76 (0)
3.59 05 0.05 0.21 1.2 0.09
4.97 05 0.002 0.039 0.92 —0.23
6.26 0F 0.003 0.055 0.98 0.20
1.81 27 0.66 0.42 0.04 0.01 1.07 —0.12
2.94 25 0.18 0.09 0.45 0.0007 1.0 —0.21
4.32 27 0.13¢ 0.058 0.018 0.0017 1.15¢ —0.18
4.83 24 0.08 0.02 0.06 0.02 2.0 —0.17
5.29 24 0.27 0.03 0.03 0.42 1.07 —0.11
6.76 27 0.05 0.05 0.02 0.02 1.8 —0.08
7.10 25 0.007 0.0002 0.03 0.07 0.16 0.01
3.94 3 0.47 0.04 0.22 0.29 1.16 0.02
4.35 3 0.12 0.05 0.09 0.01 1.7 —0.16
6.12 3F° 0.20 0.05 0.15 0.27 0.95 —0.14
or (28) (0.05 0.04 0.01) 4.5) (—0.52)
433 4 0.13¢ 0.03 0.05 1.15¢ —0.20
4.90 45 0.18 0.009 0.175 0.8 —0.03
5.47 45 0.18 0.10 0.11 0.75 0.00
5.72 4; 0.013 0.03 0 0.68 —0.29
6.62 (45) 0.05 0.008 0 5.5 —0.16
or (37,57)

2Cited from Ref. 9.

®Spectroscopic factors predicted in Wildenthal’s shell model® were calculated using the shell model

code INs. 7

‘AE, =E— E®*  The calculated value E** is normalized so that AE, =0 for the ground state.

dCombined value for the 4.32 and 4.33 MeV doublet.

‘Proposed in the present work.

plained to be due to the large 1s,,, component. Cross
sections for the 7.10 MeV 2§ state are as small as % of
those for the 21+ state, and have a large deviation from
the calculation in strength and in angular distribution
shape, suggesting some contributions of multistep pro-
cesses for the transition to the 25 state. The peak for the
4.32 MeV 2 state was not separated from that for the
4.318 MeV 4 state in the present measurement and the
combined results for these states are shown in Table L.

Figure 4 shows the cross sections for the 37 states.
The compilation® informs us that the 6.12 MeV state has
spin 2% or 3". If so, the state has a correspondence to
the 2¢ or to the 37 state predicted by the shell model cal-
culation, but the excitation energy of 6.12 MeV is more
consistent with the calculated value for the 35 state rath-
er than for the 2, state. The curve shown for the 6.12
MeV state represents the calculation for the 35 state.
The calculation for the 2¢ state has not so steep a rise at
forward angles as for the 3; state and cannot reproduce
the data. The ratio of the experimental to the calculated
cross section also prefers, as listed in Table I, the assign-
ment of J7=37 to this state. Thus we propose the 6.12
MeV state to be the 37 state predicted by the shell mod-
el.

Cross sections for the 4" states are displayed in Fig. 5.
They are well fitted by the calculated curves at forward
angles but deviate from the curve at backward angles.

The cross sections in the top view of the figure are for the
doublet of the 4.318 MeV 4" and 4.332 MeV 25 states.
The calculated curve for the doublet, which is derived by
using the spectroscopic factors predicted by the shell
model to the doublet, shows an excellent agreement with
the experiment in strength as well as in angular distribu-
tion shape. The strengths for the other 4™ states are well
explained by the calculation except for the 6.62 MeV
state. The compilation® points out the possibility of
T=4%, 37, or 5 to the 6.62 MeV state. The angular
distribution shape for the 6.62 MeV state is, however,
very similar to those for the other 4" states. Besides, the
state is located very close to the position expected for the
analog of the 6.818 MeV 4., T=1 state' in °Al. The
difference is only 0.03 MeV. Thus the assignment of
T=4" is most probable for the 6.62 MeV state.

B. 17 states of 2Mg

Recently Crawley et al.® proposed many 17 states in
2Mg ranging from E, =7.2 to 15 MeV. On the other
hand, the shell model calculation? predicts the 11+, 12+,
and 17 states at E_=5.83 MeV, 6.79 MeV, and 7.72
MeV, respectively, in addition to the 17 states around
E,. =10 MeV. As shown in Table I, the deviation of the
calculated E, values from the experimental values is
within 0.3 MeV at most. Hence, the 1, state should be
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FIG. 2. Angular distributions of the cross sections for the
BMg(a,’He)**Mg reaction at E, =50 MeV leading to the 0*
states. Solid curves are exact-finite-range (EFR) DWBA calcu-
lations for a 0ds,, transfer, which were carried out with the
spectroscopic factors predicted from the shell model calcula-
tion. The curves are normalized to the data and the obtained
normalizations are listed in Table I together with the predicted
spectroscopic factors.

expected around E, =5.8 MeV from the model.

Endt et al.’ proposed the 5.690 MeV state to be of
1(2%) from y-decay strengths. The state is close to the
5.716 MeV 45 state and the cross section combined for
the doublet was shown in Fig. 5. We have reanalyzed the
data by assuming the doublet to be composed of the two
peaks with a separation of 26 keV as demonstrated in
Fig. 1(d). Obtained cross sections for each of these states
are shown in Fig. 6, where the curve for the 5.72 MeV
state is the DWBA calculation with the spectroscopic
factors predicted for the 4; state. The results derived
from the reanalyzed data for the 4; state are shown in
Table I. The curve for the 5.69 MeV state represents the
DWBA calculation for the 0d;,, transfer and can repro-
duce the data without any L =0 component, supporting a
proposal of the 5.690 MeV state to be the 1} state.

As discussed in the previous subsection, the 2 state
predicted at E, =6.64 MeV by the shell model calcula-
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for the 2 states in *Mg. Curves are EFR-DWBA calculations
carried out with the spectroscopic factors for the 0ds,,, s 5,
and 0d , transfers in Table I. See the caption for Fig. 2.

tion is missing, and one may speculate the 5.69 MeV state
to correspond to the predicted 2} state. The spectro-
scopic factors predicted for the 2¢ are listed at the line
for the 6.12 MeV 3; state in Table I. The predicted
value for the s, ,, transfer to the 2 state is comparable
to that for the 0d,, transfer. If so, the angular distribu-
tion shape for the 2. state should show as steep a rise at
forward angles as that for the 6.76 MeV 27 state
displayed in Fig. 3. However, the 5.69 MeV data show
rather pure AL =2 transfer and the excitation energy is
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lower by 0.95 MeV than the value of 6.64 MeV predicted
for the 2, state. The difference is too large to assign the
5.69 MeV state to the 2/ state. Hence we propose this
state to be the 1] state in comparison with the shell mod-
el calculation.

The angular distribution shape for the 7.697 MeV state
is, as seen in Fig. 6, also described well by the 0d;,,
transfer, suggesting a possibility for the state to be the 15
state predicted by the shell model.

Figure 7 shows the cross sections for the states pro-
posed to be 17 states by Crawley et al.,® where the curves
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are ZR-DWBA calculations for the 0d,,, transfer. Al-
though the excitation energies of these states are fairly
consistent with those in Ref. 8, the (a,*He) angular dis-
tribution shapes deviate largely from the curves except
for the 9.256 MeV state. The obtained results for these
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25 states. The curve for the 4.33 MeV doublet is the sum of the
calculated curves for the 4; and the 27 states. The 5.72 MeV
data are the sum of the yields for the 5.716 MeV 4; and the
5.690 MeV 1 states. The yields for each member of the dou-
blet are explicitly displayed in Fig. 6. See also the caption for
Fig. 2.
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spectroscopic factors are listed in Table II. A DWBA calcula-
tion for the 47 state is carried out with the spectroscopic factors
in Table I for the 0ds,, and 0d;,, transfers.

states are summarized in Table II and displayed in Fig. 8
with the spectroscopic factors predicted from the shell
model.> The states with an asterisk in Table II are also
excited by the (e,e’) isovector M1 transition.?> The
(p,p') scattering can excite the 10.64 MeV 1%, T=1
state in 2*Mg selectively among the fragmented 1% states
due to the coherent interference of the amplitudes for the
transition. On the other hand, the (a,’He) reaction,
which can sense only the (ds,,d;,,) component in the 1*
states, is free from the interference and does not show
such a selectivity as the (p,p’) scattering. The shell mod-
el calculation also predicts the distribution of the 0d;
strength for the 1% states around E, =10 MeV as
displayed in Fig. 8. The predicted strengths for the 0d; /,
and 0ds , transfers to the 1" states are summed up to be
1.02, only 37% of the experimental value of 2.79. Espe-
cially the strength for the proposed 5.69 MeV 1} state is
46 times larger than the calculated strength.

Our results suggest that the shell model calculation

42 SPECTROSCOPY OF POSITIVE PARITY STATES IN *Mg . .. 1285

1(]0 B IR SR TP P I R R
16" _ _
100_::4 |
E o -
w10 _
~ 3 =
o = —
£ ] -
- 3 . N
€19 ) . B
c 3 9. 77MevV  E
© -1 [
N 3 ¢ N
310! 10. 15MeV |
E . =
. 3 10. 65MeV [
10 o =
3 =
1 11TMev
10 _] |
E ¢ 3
152 _] 10.3aMev [
3 ¥ -

163

U UN
0O 10 20 30 40 50 60 70
O m(deg)
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posed in the (p,p’) scattering (Ref. 8) to be 17 states. Curves
are ZR-DWBA calculations for a 0d;,, transfer. Obtained
spectroscopic factors are listed in Table II.

cannot describe well the low-lying 1% states in Mg,
while the ratio of experimental to theoretical cross sec-
tions for (p,p’) scattering to the 17 states in Mg is
74%.® Namely, the (p,p’) strengths for the 17 states
around E, =10 MeV are reasonably described by the cal-
culation. The (a,*He) cross sections for these high-lying
1" states have angular shapes much different from the
shape expected from the direct transfer process. Larger
(a,’He) yields for the high-lying 1% states may come
from multistep processes via the 27 states in 2Mg. Such
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an effect was shown for the "“C( p,t) reaction?* leading to
the 17 state in 2C.

C. Other positive-parity states in 2*Mg

Figure 9 shows the (a, 3He) cross sections for the states
whose spin-parity is not known in the compilation.’
Their angular distribution shapes are well fitted at for-
ward angles by the DWBA curves for the transfer of
AL =2 and 0. Thus these states have positive parity.

In the figure, angular distributions for the 7.82, 8.25,
and 9.05 MeV states are analyzed by assuming 0d;,, and
1s, , transfer. Those for the other states are fitted by the
DWBA curve for 0d; ,, transfer. In the former case, the
calculated curves are fitted to the data at ., , =6°-35° by
searching the spectroscopic factors for the 0d;,, and
1s,,, transfers. In this case, the fitted curves are too
diffractive at backward angles and the deduced spectro-
scopic factors for the 1s;,, transfer exceed the sum rule
limit of the neutron number in the 1s, ,, shell orbit. Thus
the angular distribution shapes at backward angles may
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D. Negative-parity states of 2Mg

Figure 10 displays the cross sections for the 67,
57,47, 37,and 1 states in 26Mg whose J™ values are
cited from the compilation’ and from the previous
work.>2%26 Shapes of the angular distributions for the
67, 5, and 4 states are well reproduced with 0f,,,
transfer and those for the 3™ and 17 states are with Of, /,
and 1p;, transfers. Obtained results are compared in the
upper half of Table IV with the previous work® on the
(a,’He) reaction at E_ =81 MeV. Systematically, the
present analysis gives larger spectroscopic factors than
the previous one.

The cross sections for the states listed in the lower half
of Table IV have angular distribution shapes characteris-
tic of AL =3 transfer, as shown in Fig. 11. These states
are thus of negative parity.

not come from the component of the ls,,, transfer but S — >
from higher order reaction processes. Therefore we 02 0o ®
reanalyzed the data for the 7.82, 8.25, and 9.05 MeV data i 8' 8
by fitting the calculated curve to the data at forward an- Q é‘
gles, 6. ,, =6°-15° in order to deduce the components of ol 8 8
direct transfer process. The spectroscopic factors de- L § b
duced from the data at forward angles are listed in Table (]
III1. r 0
5
] 1 1 1 1 ] 1 1 l L C 1 o
1 (b) (o.3He) -oog
TABLE II. Comparison of the (o, He) and (p,p’) strengths ] i S E:/
for the 17, states in 2*Mg. _ 0.5 § 19;
(p,p’)* (a,*He)" ) I ‘ L 3 &
E, B(o) E, OINT Spectroscopic E r >~
(MeV) (p2) (MeV) (mb) factor 7 ll] l | I o
T T T T T T T T
5.690 0.045 0.20 15 10 5
7.20 0.08 o
7.42 0.14
7.697¢ 0.020 0.14 4 @ ((@p) RPN
9.25¢ 0.31 9.256 0.031 0.29 S-«
9.58 0.54 9.568 0.070 0.57 T B m
9.79¢ 0.16 9.774 0.013 0.10 L=
10.15¢ 0.73 10.147 0.024 0.26 _ o
10.32 0.20 10.340 0.026 0.23 4 I - A
10.64¢ 2.32 10.653 0.056 0.57 —L‘“ 1 | ml ] L 1] L 0
10.81 0.45 5 Tt 5
11.15¢ 0.54 11.169 0.053 0.43
(Sum) (2.79) Ex(MeV) in %Mg

®M 1 reduced transition probabilities B(o) at E, =201 MeV cit-
ed from Ref. 8.

®Present work. Spectroscopic factors were obtained for 0d;,,
transfer by using the zero-range DWBA code DWUCK4.'® A res-
onance form factor is used for the unbound states above E, =11
MeV. Errors in the excitation energy are 5 keV below E, =9
keV and about 10 keV above E, =9 MeV.

¢E,=7.694 MeV in a compilation.’

dObserved also by the (e,e’) M1 transition.?*

FIG. 8. Strengths of the transition to the 17 states in Mg
are compared between the (a,’He) and (p,p’) reactions. (a)
Spectroscopic factors for the 0d;,, and 0ds,, transfer to the 1°
states predicted by the shell model® with the code INS (Ref. 17).
(b) Spectroscopic factors for the 0d,,, transfer deduced from
the 2Mg(a,’He)? Al reaction leading to the 17 states. (c) M1
reduced transition probability for the (p,p’) scattering at
E, =201 MeV cited from Ref. 8.
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E. Positive-parity states of 26Al

Endt et al.""? investigated the structure of 2°Al through
the (p,y) reaction and presented an extensive comparison
with the s-d shell model calculation. In this section, we
will make such a comparison in terms of the cross section
strengths for the Mg (a,t)*°Al reaction.

Table V shows the states of 2°Al observed through the
(a,t) reaction, where the spectroscopic factors calculated
for the 0ds,,, 1s,,,, and 0d;,, transfers from
Wildenthal’s shell model® are also tabulated. The cross
sections estimated from these spectroscopic factors are
compared to the data, and the ratio o, /0, is tabulat-
ed there. In the table excitation energies of the observed
states are compared to the values in Ref. 1. In most
cases, the difference is within 5 keV.

The (a,t) transition to the 5% and 07 states in 2°Al is
related to the Od ,, transfer within the assumption of the
one-step reaction process. As seen in Fig. 12, the shape
of the angular distribution for the 0.23 MeV 0*, T=1
state has a good agreement with the calculation, while
that for the 57 ground state has some deviation from the
calculated curve at backward angles. Large deviation for
the 3.40 MeV 57 state suggests an effect of higher order
reaction processes. However, it is to be noted that the
calculation can excellently reproduce the yields for these
states at forward angles as seen in the ratio 0, /0 in
Table V.

Cross sections for the four 17 states are displayed in
Fig. 13. Angular distribution shapes for these states are
well reproduced by the calculation. The ratio of the ex-
perimental to the calculated cross section is just one for
the 1.06 MeV 1, state. Those for the other 17 states
range from 1.2 to 1.4. A rather large value for the 5.01
MeV 1/ state is due to the mixture of the yields for the
5.007 MeV 27 state. The shell model can describe excel-
lently strengths for the 1%, T=0 states in 26A1, while it
cannot explain the yields for the low-lying 1%, T=1
states in 2®Mg as discussed in Sec. IV B.

Cross sections for the eight 27 states are displayed
with the calculated curves in Fig. 14. Their angular dis-
tribution shapes at forward angles are different from each
other reflecting their strengths of the 1s,,, component.
The curves reproduce the angular distribution shapes

TABLE III. States in **Mg proposed to have a positive-parity via the (a,’He) reaction at E, =50

MeV.
Previous work? Present work
E, E, OINT Spectroscopic strength
(MeV) (MeV) (mb) L2J (2J+1)S
7.350 7.347 0.048 D3 1.0
7.674 7.676 0.118 D3 1.7
7.828 7.827 0.050 D3, S1 0.35, 54
8.249 8.247 0.034 D3, S1 0.35, 3.2
8.623 8.616 0.036 D3 0.64
9.046 9.048 0.040 D3, S1 0.20, 8.5
10.931 0.034 D3 2.1

*Reference 9.
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successfully. Besides, the calculation can describe the
strengths of the 2% cross sections reasonably except for
the 5.85 MeV 2/ state. The cross section for the 3.751
MeV 2, state contains some yields for the 3.75 MeV
02+, T =1 state. In fact, the centroid of the doublet was
observed at E, =3.753 MeV. Therefore we compared the
cross section for the 3.75 MeV doublet to the value es-
timated from the spectroscopic factors for the 2, and 05
states. Thus we could obtain an excellent agreement be-
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0 -
10
E
6. 88MeV. 3- |
Tk

LR R L

-
Ji1o T
o 3
£ 3 7.06MeV, 1-
E: -
é’loo__
° 3 =
N - -
b ] :
©° ] 3
10 - -
0 N
10 = E
3 7.95Mev. 5- F
= s
10°_ -
=1 ] 8. 17Mev, 6- |
10 —T—.‘. [ ] - =
102

UL AU
10 20 30 40 50 60 70
0, mideg)

o

FIG. 10. Angular distributions of the (a,’He) cross sections
for the negative-parity states in 2*Mg. Curves for the 7.28 MeV,
7.95 MeV, and 8.17 MeV states are DWBA calculations for the
0f,, transfer. Those for the 6.88 MeV and the 7.06 MeV states
are a sum of the DWBA calculations for the 0f,,, and 1p;,,
transfers. Spectroscopic factors are listed in the top part of
Table IV.

tween the data and the calculation in strength as well as
in the angular distribution shape for the doublet.

In the present measurement, ten 3" states were ob-
served below E, =6 MeV. The only missed one is the
5.883 MeV, 35, T=0 state,! as the 5.883 MeV peak is
masked by the tail of the larger 5.916 MeV 2~ peak. The
yield for the 3} state is estimated to be at most 1 of that
for the nearby 5.849 MeV 2/ state at 6,,,=5°. The 3%
angular shapes are well described by the calculation as
seen in Fig. 15 except for the 0.42 MeV 3, the 4.35 MeV
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FIG. 11. (a,’He) cross sections for the states whose spin-
parity value is not known, but their angular distribution shapes
are well reproduced by the DWBA calculations (solid curves)
for the 0f,,, transfer. Spectroscopic factors are listed in the
lower part of Table IV.
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TABLE IV. Upper part: Negative-parity states in 2°Mg observed via the (a,*He) reaction at E, =50
MeV. Lower part: States of Mg with transferred angular momentum L =3 in the (a,’He) reaction at

E,=50 MeV.
Previous work? Present work Spectroscopic factor (.S)
E, E, OINT (a,’He)
(MeV) J7 (MeV) (mb) L2J 50 MeV 81 MeV*®
6.878° 3- 6.877 0.44 F7, P3 0.16, 0.99
7.062° 1 7.062 0.014 F17, P3 0.01, 0.07
7.279 4" 7.279 0.84 F7 0.40 0.24
7.953 5° 7.952 0.76 F7 0.36 0.21
9.169 6 9.165 0.36 F7 0.18 0.13
Previous work® Present work Spectroscopic strength®
E, E, OINT
(MeV) (MeV) (mb) (2Jp+1)S
7.771 7.775 0.077 3.9
8.183, 8.199 8.189 0.094 4.1
8.702 8.698 0.056 34
8.903, 8.929 8.914 0.038 2.2
9.324 0.031 2.3
9.716 0.016 1.2
10.697 0.036 2.7
“Reference 6.
PReference 9.
‘0f;,, transfer is assumed.
1
10 PR ST SN SENTUN S B R |
0
34 and the 4.95 MeV 3, states. Larger ls,,, strength 10 9.s.. 5¢
and the smaller Ods,, and 0Od;,, components than the " .
prediction are required for the 3;" state. In the *Mg -1 -
(®He,d) %Al reaction at E, =18 MeV, the angular distri- 10 -
bution shape for the 3, state shows a pure AL =0 pat- —
tern.* Cross section strengths for the lowest four b °
3%, T=0 states and for the 3,7, T=1 state are well de- S 15 2 ‘e 3. 40MeV. 5+
scribed by the calculation, while those for the other ‘g "’. 'y
3%, T=0 states are two or three times larger than the - * ¢ ¢
calculations and that for the 37 state is only 1 of the pre- €
diction. Too large 0d; ,, strength is predicted for the 35 c“: 10
state by the shell model calculation and too small 0d; ,, E
strengths are for the other high-lying 3 states. The ra- o)
tio of the experimental to the calculated yields for the 3}, © 10-1 N 0. 23MeV. 0+: 1
states at 6),, =5° is also shown in Table V.
Figure 16 shows the cross sections for the 4™ states,
where the combined yields are given for the triplet of the _2
4}, the 2", T=1 and the 15 states and for the doublet of 10
the 457, T=1 and the 2/, T=1 states. DWBA calcula-
tions for the composite states were carried out by taking
account of the spectroscopic factors predicted to these 10—3

states. Cross sections for the 4™ states are well repro-
duced by the calculation in strength as well as in angular
shape. One exception is seen in the strength for the 4,
state.

Cross sections for the 3.51 MeV 67 and the 3.92 MeV
7%(5") states are given in Fig. 17. Endt et al.! proposed
that the assignment of J"=7" to the 3.92 MeV state is
preferred in comparison to the shell model prediction of
their E, values and also from the result on the (p,y) ex-
periment. The (a,t) angular distribution shape for the

T T 1T *~ 1T 1T 1 1
4] 10 20 30 40 50 60 70
6. m.(deq)

FIG. 12. Angular distributions of the cross sections for the
Mg(a,t)?®Al reaction at E, =50 MeV leading to the 5" and
0™ states. Solid curves are EFR-DWBA calculations for a 0d ,
transfer, which were carried out with the spectroscopic factors
predicted from the shell model calculation. The curves are nor-

malized to the data and the obtained normalizations are listed
in Table V together with predicted spectroscopic factors.
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state is much different from those for the known 5%
states in 2%Al. The (a,t) transitions to the 6% and 7%
states in 2°Al are not allowed in the one-step one-nucleon
transfer to the sd shell orbits. The yields for these states
suggest some contributions of the higher ordered reaction
process or a mixture of the higher shell orbits in the
configuration of these states.

F. Negative-parity states of 26Al

Cross sections for the 4.43 MeV, 27 and the 4.48 MeV,
0~ states are also shown in Fig. 17 with the DWBA
curves for the 0f,,, and Ofs,, transfers, respectively.
The (a,t) reaction at E,=50 MeV could excite many
negative-parity states above E, =5 MeV. These states

TABLE V. States of 2°Al observed via the (a,t) reaction at E, =50 MeV in the region of E, =0-6

MeV.
Previous work? Present work® S cale
E, E, OINT

(MeV) JnT (MeV) (mb) 0ds 1515 0ds s O expt /O cate
0 57 0 1.869 1.05 1.03
3.403 55 3.401 0.025 0.009 1.0
0.228 0*;1 0.227 0.276 2.50 1.01
1.058 1 1.061 0.481 1.392 0.016 1.0
1.851 1 1.851 0.064 0 0.228 1.32
2.740 15 2.742 0.010 0 0.043 1.25
5.010 1 5.018 0.024 0.009 0.019 1.43
5.007 2”

1.759 2t 1.758 0.216 0.048 0.317 0.299 1.43
2.661 25 2.659 0.014 0.006 0.019 0.050 0.56
2913 27 2913 0.049 0.001 0.076 0.095 1.25
3.160 2551 3.162 0.053 0.088 0.449 0.001 1.0
3.751 24 3.753 0.084 0 0.157 0.234 1.0
3.754 0;;1 0.206

4.548 251 4.551 0.025 0.058 0.018 0.002 1.36
5.545 2451 5.551 0.099 0.029 0.027 0.418 1.38
5.849 24 5.848 0.018 0.009 0.001 0 5.3
0417 37 0.415 0.109 0.044 0.645 0.021 0.90
2.365 3 2.364 0.220 0.040 0.029 0.282 1.25
2.545 37 2.546 0.146 0.155 0.001 0.002 1.33
3.074 35 3.073 0.027 0.006 0 0.031 1.43
3.596 3; 3.598 0.063 0.013 0.007 0.028 2.17
3.681 3¢ 3.677 0.203 0.009 0.035 0.088 3.08
3.963 37 3.964 0.031 0.030 0.013 0.195 0.33
4.192 35 4.194 0.177 0.036 0.224 0.291 1.56
4.349 35 4.350 0.038 0.006 0 0.036 2.5
4.952 35 4,947 0.048 0.002 0.001 0.038 2.0
5.883 3% 5.890 0.003 0.001 0.008 (0.9)
2.068 4r 0.023 0.001

2.069 251 2.066 0.28 0.348 0.039 0.014 1.07
2.072 15 0.012 0.068

4.705 471 4.698 0.048 0.003 0.048 2.25
4.773 4; 4.769 0.044 0.001 0.025 4.33
5.132 451 0.065 0.009 0.175

5.142 24551 5.145 0.022 0.061 0.020 0.89
5.245 45 5.261 0.063 0.056 0.051 1.9
5.726 4551 5.730 0.043 0.102 0.111 0.46
3.508 6+ 3.511 0.105

3.922 7H(5%) 3.926 0.074

4.430 2- 4.430 0.018

4.480 0~ 4.482 0.005

2Cited from Refs. 1,2, and 9.

®Other negative-parity states at E, =5.39, 5.69, and 5.91 MeV are in our previous work (Ref. 12).



are reported in Ref. 12. We reanalyzed the previous
data!? with the same accuracy in the form factor calcula-
tion as in the present analyses. In Table VI the newly ob-
tained spectroscopic factors for the 6, 5, and 4
states in 2°Al, which are 20% smaller than those in Ref.
12, are compared to the other work on the (a,t) reaction’
at E, =81 MeV and on the (He, d ) reaction®? at E, =55
MeV. In spite of the difference of the range of momen-
tum transfers in these reactions, the spectroscopic factors
for the 6~ and 5~ states are excellently consistent with
each other. Besides, the spectroscopic factor for the
0f,, transfer to the 9.26 MeV 6;, T=1 state in 2°Al is
nearly the same as the value for the 9.17 MeV 6, state in
2Mg as long as we refer to the values deduced in the
present work for 2Mg. Comparing the spectroscopic in-
formation in the upper half of Table IV and in Table VI,
we can notice more fragmentation of the strengths for the
0f,,, transfer to the states in 2°Al than in **Mg. The
strength for the 5, state in Mg is larger than that for
the 5, T=0 anti-analog state in 26A1. It is fragmented
to two levels in the case of the 57, T=1 states in 2°Al.
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FIG. 13. Angular distributions of the (a,t) cross sections for
the 17 states in 2°Al. Solid curves are EFR-DWBA calculations
carried out with the spectroscopic factors in Table V.
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G. Sum rules for the transition to the positive-parity states

The (a,’He) and (a,t) reactions on 25Mg can sense the
number of the neutron and proton holes in the ground
state of Mg, respectively. The usefulness of these reac-
tions as probes for the spectroscopic study of nuclear
structure was demonstrated in the present work. Namely
the cross sections for the lowlying states in 2°Al or 2*Mg,

Ll

TTT]

10-2 4. T1MeV

¢

1yl |

LA

Lol
T

do/dNem(mb/sr)

—

o,
111.'J|m|
TTTTTm]

Ll
T T

p—
O,
—

|
TTTTI

._.
O
N}

1yl
T

R
TTTTTm]

,...
=
N}
R

IIREL m[

w

._.
o,

o

L SR LA S S S T y
10 20 30 40 SO BIO 7I0 80
ec.m.(deg)

FIG. 16. Angular distributions of the (a,?) cross sections for
the 4" states in 2°Al. Solid curves are EFR-DWBA calculations
carried out with the spectroscopic factors in Table V. Cross
sections for the 2.07 MeV triplet are combined ones for the
2.068 MeV 4, the 2.069 MeV 2, T=1 and the 2.072 MeV 15
states and compared to the summed curve for the three states.
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TABLE VI. Spectroscopic information for the negative-
parity states in *°Al. The Of;,, transfer is assumed except for
the O~ state, for which the Of’5,, orbit is used.

Spectroscopic factor

E, JnT (a,t)? (a,t)® (*He,d )
(MeV) 50 MeV 81 MeV 55 MeV
6.89 6;0 0.13 0.16 0.13
9.26 67;1 0.17 0.20 0.17
6.08 57;0 0.29 0.32 0.31
8.01 57;1+(0) 0.11 0.14 0.10
8.06 57;1+(0) 0.15 0.19 0.18
5.39 47;0 0.15 0.10 0.10
5.68 47;0 0.20

7.35 47;1+0 0.12

7.41 47;0+1 0.09

443 2 0.03

4.48 0~ 0.06

*The results for the states about E, =5 MeV are obtained by us-
ing the previous data reported in Ref. 12.

PReference 7.

‘Reference 22.
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whose structures are believed to be simple, were excel-
lently reproduced in absolute values by the present
DWBA analyses with the spectroscopic factors predicted
from the shell model. Besides, the spectroscopic factors
for the proton stripping to the 6 and 5~ states in 2°Al
are consistent within a deviation of 20% independently of
the used reactions as seen in Table VI. Thus we estimate
the ambiguity of the present DWBA analyses of the
(a,’He) and (a,t) reactions on 2Mg to be 20% in the ab-
solute values and about 10% in the relative values. Here
we will deduce the number of the holes from the results
in Tables I-1II and V and in Ref. 12.

The numbers of the neutron and proton holes are relat-
ed to the spectroscopic factors as follows:?’

(n holes) =3 " Lg 5)
n oes-zzJﬁ}_1 + (
2T, 2J,+1
— i S
(p holes) 2T 41 2JI_+IS,
T ZJfHS (6)
2T +1 <~ 2J,+1° 77

where S, and S _ mean the spectroscopic factors for the
T\ypper and Ty, states in final nuclei. Experimental an-
gular distribution shapes for the >>Mg (a,*He) and (a,t)
reactions are insensitive to the difference of 0ds,, and
0d;,, transfers and we cannot distinguish the spectro-
scopic factor ¢, for j=12 and ? transfers. However, we
speculated them by comparing the experimental cross
sections to the shell model predictions:
Séxpt :S{:alcaexpl /Ucalc ’ (7

where S, and 0, /0, are defined in Sec. III.

Obtained results are compared to the shell model® and
to the pure j-j coupling model in Table VII, where the
values in the columns of shell model and experiment are
deduced from the spectroscopic factors for the positive-
parity states of known spin. Those in the parentheses are
for all the positive-parity states in **Mg and 2°Al ob-
served through the present and the previous'? work. The
experimental value for the 0ds,, neutron hole has a good
agreement with the shell model calculation, and the 0d ,
proton hole has a 10% larger value than the calculation.
The 10% larger value than the calculation are also seen
for the 1s,,, holes, while those for the 0d;,, holes have
30% or more larger strength than the calculation.

Comparison with the pure j-j coupling scheme tells us
important facts: The numbers of the 0d5,, neutron and
proton holes are larger by factors of 1.5 and 1.1, respec-
tively, than the simple model’s prediction. Namely the
0d s/, neutron shell orbit has a larger configuration mix-
ture with the 1s,,, and 0d;,, neutron shells than the
0ds,, proton shell orbit does with the 1s,,, and 0d;,,
proton shells. The observed neutron holes have been
summed up to the limit of 7, suggesting that the sd shell
neutron holes are confined in the region of excitation en-
ergy below 11 MeV in Mg. Hence the positive-parity
states in Mg above E =11 MeV seems to have
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TABLE VII. Sum rules for the (a,’He) and (a,t) reactions on 2*Mg leading to the positive parity
states. The sum-rule values in parentheses are obtained by adding the results in Table III and in Ref 12.
Namely they cover the data at E, =0-11 MeV in Mg and at E, =0-9 MeV in 26Al, while the sum-
rule values without parentheses are for E, =0-6 MeV.

Neutron holes

Proton holes

Shell Pure j-j Shell Pure j-j Shell
orbits coupling model® Experiment® coupling model? Experiment®
0ds,, 1 1.49 1.49 2 2.15 2.29
s, 2 1.08 1.23 2 1.04 1.19
(2.2)
0d;,, 4 2.03 2.99 4 1.47 1.92
(4.0) (2.38)
(Sum) (1) (4.60) (5.71) (8) (4.66) (5.4)
((1.1) (5.9)

*Deduced from the calculated spectroscopic factors in Tables I and V and from those for the 1" states

in 2Mg.

*Deduced from the equation Stipt =Slaic T expt /O carc by using the values for S, and 0 ¢y, /0, c in Tables

I and V, and from the values in Table II.

configuration mixings with other than the sd shell orbits.
Such an example was demonstrated for the 7" states of
Al in our previous work?® on the **Mg (a,d) 2°Al reac-
tion.

The shell model calculation predicts the same spectro-
scopic factor for each of the analog states in **Mg and
2°Al. This equality holds for the 2] and 4;", T=1 states
as seen in Tables I and V. However, the ratios of the ex-
perimental to the calculated cross sections for the 0, and
37, T=1 states in 26Al are 1.3 times larger than those in

%Mg. The larger ratio for 2°Al may suggest an effect of
deformation as proposed by Takahashi et al.? Such an
effect was also pointed out by Peterson et al.'>?? in terms
of the fragmentation of the 6 states in 2Al and by Glatz
et al.*® in terms of the E2 transition rates in *°Mg.

V. SUMMARY

The clean spectra for the (a,’He) and (a,t) reactions
on »*Mg enabled us to deduce cross sections for 47 states

TABLE VIII. Comparison of spectroscopic information for the analog states in **Mg and °Al by
referring to the result in Tables I, IV, V, and VI.

Crexpt /Ucalc (or Sexpl )? Ex (Mev)b AEXC
Jr *Mg A1 in *Mg (MeV)
0/ 0.76 1.01 0 0.228
2 1.07 1.07¢ 1.809 0.260
2 1.0 1.0 2.938 0.222
27 1.15¢ 1.36 4.332 0.216
25 2.0 0.891 4.834 0.308
27 1.07 1.38 5.291 0.254
3f 1.16 1.56 3.941 0.251
47 1.15¢ 2.25 4.332 0.373
45 0.80 0.89° 4.900 0.232
6, (0.18) 0.17) 9.165 0.09
S5¢ (0.36) (0.26)8 7.952 0.0098
4 (0.40) 0.21)h 7.279 0.10"

20 expt/ T calc Values for positive-parity states and S, values for negative-parity states.

®E, values for positive-parity states are cited from Ref. 9 and those for other states are cited from the
present result.

‘AE,=E,(*Al)—E,(*Mg).

dCombined value for the 4;, 2;; T=1 and 15 states in 2°Al.

¢Combined value for the T=1 2} and 4; states in 2*Mg.

{Combined value for the T=1, 2; and 4, states in 2°Al.

£Combined for the 8.01 MeV and 8.06 MeV 5~ states in 2°Al.

"Combined for the 7.35 MeV and 7.41 MeV 4~ states in 2°Al.



of Mg and 45 states of 2°Al in the region of excitation
energy up to 11 MeV and 9 MeV, respectively. Although
some of the cross sections were as small as ;5 of those for
the ground states of Mg and 2°Al, their angular distri-
bution shapes were well reproduced by the DWBA calcu-
lations. The fact helped us to carry out detailed compar-
ison of the cross sections to those predicted from
Wildenthal’s shell model calculation. Thus we found that
the model can describe excellently the spectroscopic fac-
tors for the one-nucleon transfer to most of the positive-
parity states in 2®Mg and *°Al. Exceptions were found
for the transitions to the 2, 3.7, 37, and 4, states in
26A1. The strengths for the transitions to these states
have deviations of factors of 3 or more from the shell
model predictions. Sum rules in Table VII suggest to us
that the deviation comes from the poor description of the
0d;,, amplitudes in these high-lying positive-parity
states.

Furthermore, large deviations between the shell model
prediction and the experiment were seen for the 17 states
in 26Mg, whereas the experimental cross sections for the
17 states in °Al were in excellent agreement with the
theory.

We could obtain (a,’He) cross sections for the 17
states that are proposed around E, =10 MeV through the
(p,p') scattering.® The shell model calculation also pre-
dicts such a population of 17 states in 2Mg. However,
the summed spectroscopic factors for the 17 states were
found to be 2.5 times larger than the prediction. The
(a,’He) cross sections for these 17 states have angular
distribution shapes much different from the AL =2
transfer. There remains a possibility that multistep pro-
cesses through the inelastic scattering might have pro-
duced the discrepancy. More serious discrepancy is seen
for the 5.69 MeV 1, state in **Mg, which has a spectro-
scopic factor 46 times larger than the predicted value.

The shell model describes the 1] state of Mg to have
a structure of

(0.04D5+0.05D3)|*Mg(3,))

+(0,1551—0.17D3)|*Mg(+,)) ,

where D5, D3, and S1 symbolize the 0ds,,, 0d;,,, and
1s, ,, single-particle components, respectively. The large
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component coupled to the %* state in Mg cannot be

sensed by the Mg (a,’He) ?®Mg reaction. Hence the
model predicts small (a,*He) cross section for the 1,
state. However, the experimental cross sections, whose
angular shape is well fitted by the AL =2 transfer, sug-
gest that the 1 state should have larger amplitudes cou-
pled to the 3 ¥ ground state in ’Mg than the shell model
describes.

Spectroscopic factors for the analog states in Mg and
26A] were also compared to each other not only for the
positive-parity states but also for the negative-parity
states. They are summarized in Table VIII together with
the difference of excitation energies between the analog
states. The same strength was observed for the 6, , T=1
states. The equality was seen for the 2;", T=1 states and
for the 4,+, T =1 states, too. However the strengths for
the 5; and 4, states in 2*Mg were fragmented into the
two levels in 2°Al with each spin value. The spectroscop-
ic factors for the 0; and 3;", T=1 states in *°Al were
found to be 1.3 times larger than those for the analog
states in ®Mg. The information in the table suggests a
presence of higher-order configuration mixings in the
analog states of these nuclei.

In conclusion, the (a,’He) and (a,t) reactions on 2>Mg
were found to be an excellent probe for the spectroscopic
study of the nuclear structure of Mg and 2°Al
Wildenthal’s shell model calculations were found to be
powerful to describe the spectroscopic nature of the
positive-parity states in these nuclei as well as the excita-
tion energies. We have shown, however, that the model
has some points to be improved in terms of the 17 states
in 2*Mg and the distribution of the 0d,, components.
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