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The nuclear structure of Al has been studied by means of the Mg( He, p) reaction at an
incident energy of 18 MeV. 65 levels below 7 MeV in excitation were observed with an energy
resolution of 18 keV. Systematics of the angular-distribution shapes allow several assign-
ments of the angular-momentum transfer, resulting in some new spin assignments. Distort-
ed-wave calculations have been performed for those states previously thought to be well de-
scribed in terms of pure two-particle Nilsson configurations relative to a 24Mg core.

I. INTRODUCTION

The present study forms part of a systematic
investigation of the ('He, p} reaction on even-even
targets in the 2s-Id shell. ' Firstly, we seek to
establish the systematics of the reaction mechan-
ism and to test the methods of performing distort-
ed-wave calculations. As in a similar study of the

Ne('He, p} reaction, ' this aim is accomplished by
using transitions to states whose properties have
previously been established by other means. The
knowledge thus obtained can then be applied to
other states in order to obtain new information on
the structure of these states.

The results for the "Mg('He, p)"Al reaction are
reported herein. The energy levels of "Al below
6.9 MeV in excitation have been previously es-
tablished by means of the "Al('He, n} and the "Mg-
('He, P) reactions, both performed at a bombard-
ing energy of 5.8 MeV by Hinds and Middleton. '

Spins and parities have been assigned to some of
the levels below 4.5 MeV from the 4Mg( He, Py)
studies of Bissinger, Quin, and Chagnon" and
from the 'Mg(P, y) studies of Hausser et al. ''
The reactions 'Mg(3He, d) Al and 'Mg(d, n} Al
have yielded additional information' "for several
states. Some information on spins and parities is
available for all states below 4.0 MeV.

Theoretical interpretations of the level scheme
of ~A1 have been presented by several authors.
Horvat, Kump, and Povh" have discussed the low-
lying levels in terms of the simple Nilsson model,
as have Weidinger et al."in connection with their
study of the "Mg('He, d) reaction. Bouten, Elliot,
and Pullen" presented results of an intermediate-
coupling calculation for Al in their discussion of
this model in the 2s-Id shell. The effect of Corio-

lis coupling on the Nilsson Hamiltonian in this
mass region has been discussed in detail by Wasie-
lewski and Malik. " These authors, however, pub-
lished only qualitative results for "Al.

II. EXPERIMENTAL METHOD

The principal experiment was performed at an
incident energy of 18 MeV with subsidiary mea-
surements at 11 and 19.5 MeV. The target con-
sisted of 30 p, g/cm' of '4Mg metal (99.96% enrich-
ment} backed by a 100-pg/cm' Au foil. Gold rath-
er than carbon was chosen for the target backing
in order to minimize contaminant groups arising
from the ('He, p) reaction on "C and "C. The tar-
get was bombarded with 'He ~ ions from the Uni-
versity of Pennsylvania tandem accelerator. The
beam current was kept below 0.3 p.A in order to
avoid evaporation of the Mg.

The target thickness was continually monitored
by observing the elastically scattered beam parti-
cles in a silicon surface-barrier detector mounted
at 3'7-,"to the beam direction. No deterioration of
the target was observed during the course of the
experiment.

The reaction protons were recorded in Kodak
NTB nuclear emulsion plates placed in the focal
planes of a multiangle spectrograph. Mylar foil
of 0.015-in. thickness was placed in front of the
emulsion plates to prevent all other charged par-
ticles from being detected. The proton energies
corresponding to states in ~A1 were calculated
for at least 8 angles from the 18-MeV exposure
using the known magnet calibration. " These, to-
gether with the beam energies calculated from the
positions of the strong contaminant groups arising
from C and 0 allowed extraction of Q values for
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the ~A1 states. The present experiment yielded a
Q, value of 5922' 8 keV, in good agreement with
the value of 5920+ 3 keV determined from the
masses. "

III. RESULTS

A proton spectrum obtained at an incident energy
of 18 MeV and at a lab angle of 184 is shown in
Fig. 1. The total charge collected was 4.0 mC.
Groups corresponding to states in "Al are labeled
numerically; contaminant groups due to the ( He, P)
reaction on "C and "0 are labeled by the final nu-
cleus and level number and are shown shaded.
(The presence of C and 0 is presumably due to car-
bon buildup and to slight oxidation of the target. }

A total of 65 states below 7 MeV excitation in
' Al have been identified, and their excitation en-
ergies are given in Table I in comparison with pre-
vious work. " Angular distributions of these tran-
sitions measured at 18-MeV incident energy are
shown in Fig. 2. The angular distribution for the
3722-keV state was also measured at 19.5-MeV
incident energy and is displayed in Fig. 3. Dis-
tributions for this state and the 3'751-keV doublet
were in addition measured at 11 MeV and are
shown in Fig. 4.

The absolute cross-section scales were deter-
mined from the nominal target thickness for the
18- and 19.5-MeV exposures and are believed ac-
curate to +20%. No absolute cross sections were
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FIG. 1. Proton spectrum from the t4Mg( He, p) reaction obtained at a bombarding energy of 18 MeV and a laboratory
angle of 18.75'. Levels in Al are labeled numerically. Contaminant groups are shaded and are labeled according to
the final nucleus and level number.



STUDY OF THE "Mg('He, P) "Al REACTION 959

TABLE I. Results and spin assignments from the 2 Mg( He, p)2 Al reaction.

Level
No.

Ex
(keV)

Present ' Literature "
&(~)~

(p, b/sr)
L

(3He, P) Literature Assignment

0
224
414

1056
1763
1849

0
228
417

1058
1759
1850

36
250
118
246

12
714

(4)
0

2+ (4)
0+2

2
Q+2

5+

0+, T=1
3+
1+
2+

1+

6, 7 2072 167 0+2 2» T 1 J71 1+

8
9

10
11
12
13
14
15
16
17
18
19
20
21

22

24
25
26
27

28
29
30
31
32
33
34
35
36
37
38

39
41
42

43
44
45
46
47
48
49
50
51
52

2364
2545
2665
2742
2917
3075
3162
3408
3507
3600
3677 d

3722
3751 d

3924

3969

4192

4345
4425
4479
4546

4614
4704
4772
4939
5000
5148
5209
5257
5406
5442
5473

5525
5554
5593

5686
5741
5864
5896
5935
5963
6049
6100
6138
6214

2365
2545
2661
2740
2913
3074
3159
3405
3507
3594
3675
3719
3745
3918
3950
3960
4191
4202
4342
4424
4477
4541
4595
4613
4699
4766
4935
5002
5126
5193
5238
5390
5424
5485
5506
5536
5558
5580
5665
5690
5715
5842
5875
5910
5942
6020
6080
6112
6188

54
55
21
43
40
82

132
11

8
54
21
31(53) '

102
8

40

19

88
24
82
91

563
24
25
41

99
21
4Q

115
22

174

27
14

263

159
42
67

595
64
57
1Q

134
9

168

2

2

(2)
2
2

(2)
2

0
0+2

(2)

3+
3+

(2, 3)+
1
2+

(2» 3)'
2+ T -1

5+

6+

(2 3)'
(2 3)'

1
0+, T=1
(2. 3)'
3, 1
1, 0

3+, T=1

Jw ]+
Doublet

(1» 2» 3)+

(3, 4, 5)+
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TABLE I (Continued)

Level
No.

(keV)
Present Literature

0(0)m~
(p, b/sr)

L
(SHe, p) Literature Assignment

53
54
55

56
57
58
59
60
62
63
64
66
67
68

6265
6294
6361

6417
6453
6513
6565
6615
6688
6738
6801
6873
6899
6952

6236
6260
6335
6351
6388
6424
6487
6544
6613
6684
6727
6806
6865

105
210
43

27
139
19
33

144
92

354
122
187
234

29

All excitation energies possess an estimated uncertainty of +8 keV.
Reference 17.' References 6-11 and 17.
Known doublet, Ref. 20.
The cross section in parentheses corresponds to that measured at 19.5 MeV. The value of 31 pb/sr measured at

18 MeV is that observed for the second maximum of the angular distribution. The most forward angle was obscured
by an impurity group.

measured at 11 MeV.

IV. J. VALUES AND SPIN ASSIGNMENTS

The macroscopic selection rules for the ('He, P)
reaction on a 0+, T =0 target (assuming a direct
one-step transfer) are given in Table II. Jz, vz,
and Tz are the spin, parity, and isospin of the final
state, L and $ are the orbital and spin angular-
mornentum transfers, and T is the isospin trans-
fer for the nP pair.

An inspection of the angular distributions to
those states whose spin and parity are known
should give the shapes typical of a given L value,
providing these states are reached via a direct
process. The transitions to the ground state
(5+; L = 4+ 6) and to the states at 224 keV (O', L =0),
414 keV (3', L =2+4), and 3162 keV (2+; L =2)
are shown in Fig. 5. Even though an L = 6 compo-
nent is allowed by the macroscopic selection rules
for the ground-state transition, such a component
would involve placing two particles in the lf-2p
shell. Since an (fP)' configuration is unlikely at
so low an excitation energy in this nucleus, we
expect the ground-state transition to be character-
ized by pure L =4. Thus, in the absence of a known
4 state, this transition must serve as our "stan-
dard" L =4 shape. (See, however, Sec. V.) The
remaining angular distributions shown in Fig. 5
are all quite similar to other direct ('He, P} angu-

lar distributions that have been observed in this
mass region. ' ~ A comparison between the "stan-
dard" shapes and those of other transitions en-
ables L values to be assigned for most states be-
low 8, = 4.5 MeV. In no case is there a conflict be-
tween the L value thus obtained and the previously
assigned' "spin parity.

In several cases we are able to make a new as-
signment or to add to the existing information.
The level observed at 2072 keV in the present
study corresponds to a known triplet of states at
excitations of 2069, 2070, and 2072 keV. ' The
2069- and 2072-keV members of this triplet have
previously been assigned spine of 3 (Ref. I) and 1

(Ref. 6}, respectively, and the 20'10-keV state is
known to be 2', T = 1 (Ref. 8). The L =0 compo-
nent in the ('He, P) angular distribution for the trip-
let would thus indicate positive parity for the spin
1 member since neither of the other members can
be reached via L =0. This 1' assignment for the
2072-keV state is in agreement with recent work"
on the P

' decay of ~Si.
The state at 2742 keV has previously been as-

signed' J= 1. The shape of the ('He, p) angular
distribution is characteristic of L = 2, which would
require J=1, 2, or 3 and positive parity. If the
previous J= 1 assignment is correct, then these
data would yield the unique result J' = 1', T =0.
However, in the lower half of the s-d shell there
exists no established 0'-1' transition which is
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FIG. 2. Angular distributions of the 2 Mg(IHe, P) Al reaction at 18-MeV bombarding energy. The absolute cross-
section scale is estimated to be accurate to 20/.
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not dominated by L = 0 (Ref. I). This would seem
to cast some doubt on the previous J=1 assignment.

The angular distribution for the 3408-keV state
does not have a characteristic L =4 shape, even
though that state has recently been shown to have
J' = 5' (Scharpey-Schafer et al."). The transition
is, however, very weak and the state may be popu-
lated by processes other than direct two-particle
stripping. Similarly, the transitions to the levels
at 3507, 3677, and 3924 keV are also weak and
the distributions are not characteristic of any
single L value. This result is understandable for
the 3507-keV state in view of its recent assign-
ment" of J' = 6+, since a 6+ state in "Al cannot
be populated directly by adding two sd-shell par-
ticles to the Mg ground state. In the latter two
cases, the observed result may be due to strong
mixing between two L values which can result in
a variety of angular-distribution shapes. This is
most probably the case for the 3677-keV "level"
since it has recently" been shown to be a closely
spaced doublet.

The presence of an L = 0 component in the dis-
tribution for the 3722-keV state requires J' =0'
or 1'. In view of the observed y decay of this
state to the 224-keV 0+, T = 1 state'" we can rule
out spin zero, leaving only J' = 1', T =0. An
earlier assignment of O', T = 1 to this state is in-

10+

E
O

b 10—

(a)
1I
0 30 60 90 0

(9 (deg )

( I3 )

30

0 ~ ~ ~

6O 9O

FIG. 4. Angular distributions for the reaction 24Mg-

( He, p) GA1 for the (a) 3751- and (b) 3722-keV states,
measured at a bombarding energy of 11 MeV. The dot-
ted lines ( ~ ~ ~ ) represent L = 2 and the dashed lines
(---) represent L =0. The curves are the results of
distorted-wave calculations using the optical-model pa-
rameters given in Table III.

correct.
It has recently been determined' that the level

observed at 3751 keV in the present study is in
fact a closely spaced doublet. Unfortunately at
both 18- and 19.5-MeV bombarding energy, this
level was obscured at the most forward angle by
a proton group leading to the first excited state of
' N. A third exposure was thus made at an inci-
dent energy of 11 MeV. The angular distributions
measured at 11 MeV for the 1' state at 3722 keV
and for the 3751-keV doublet are shown in Fig. 4.
The similarity of shapes indicates an L =0 com-
ponent for the 3751-keV doublet. Since one mem-
ber of this doublet ha, s been assigned" J' = (2, 3)+,
the present results require J' =0' or 1+ for the
second member of the doublet. In fact, from all
existing evidence, this state has been identified"
as the second 0+, T = 1 state in ~Al —the analog
of the 0' states at 3.59 MeV in "Mg and 3.35 MeV
in "Si.

The angular distribution of the transition leading
to the level at 4345 keV has a shape dominated by
L = 2, thus establishing a spin parity of 1', 2+, or
3+ for that state. The absence of L =0 would favor
2+ or 3+.

A comparison of the ground-state "standard"

TABLE II. Macroscopic selection rules for the ( He, p)
reaction on a 0+, T =0 target.
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FIG. 3. Angular distribution for the 3722-keV state,
measured at a bombarding energy of 19.5 MeV. (Level
No. 19.)
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tions for these states, however, are also included
in Fig. 2. A summary of L and J" values for the
levels below 4.5 MeV is given in Table I.
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V. DISTORTED-WAVE ANALYSIS

Distorted-wave Born-approximation (DWBA)
calculations were performed using the two-parti-
cle-transfer option of the code DWUCK. " Optical-
model parameters for the bound state, exit and

entrance channels were taken from other work in

this mass region and are listed in Table III.
The code DWUCK calculates the two-particle form
factor by taking the individual motions of both
nucleons into account and projecting out the rela-
tive angular-momentum-zero part, according to
the method described by Bayman and Kallio. "

The depth of the bound-state well was adjusted
to give the correct binding energy, as determined
by the separation-energy procedure

B„=E~ = 2 [Q('He, p }+E, ],

I

30
I

60 90

ee ~ (deg)

I

30
I

60
I

90

FIG. 5. "Standard" angular distributions for the 4Mg-

(3He, p)2 Al reaction measured at E (3He) =18.0 MeV.

distribution with that of the transition to the 4425-
keV level suggests an L =4 assignment for the lat-
ter. Although there are dissimilarities in detail,
both show a maximum cross section at an angle
significantly greater than that for L =2.

In view of the lack of other experimental infor-
mation on the levels above 4.5 MeV in ~Al, we
have refrained from drawing any conclusions
about the higher excited states. The main prob-
lem in the present experiment is the difficulty in
distinguishing between, for example, strongly
mixed L =0+ 2 shapes and L = 1 shapes. Further
analysis must await more information on the pari-
ties of the higher-lying levels. Angular distribu-

where E„~='7.V2 MeV for S=O, T=1 transfer and

E~ = 5.54 MeV for S = I, T = 0 transfer. (The two

different values of E,~ reflect the difference in en-
ergy of the singlet and triplet states of the deuter-
on. ) In fact, the binding energy of the proton and

neutron should be different because of the Coulomb
energy. The effects of such a difference were in-
vestigated in several cases. Varying the neutron
and proton binding energies while keeping their
sum constant produced only very small (a few per-
cent} changes in the shapes and magnitudes of the
predicted angular distributions. Therefore the
theoretical curves shown in Fig. 4 were calculated
under the assumption of equal neutron and proton
binding energies.

Although the predicted shapes of the angular dis-
tributions are not very sensitive to the final con-
figurations, the magnitudes are. (See, e.g., Ref.
4.} Therefore, in order to obtain meaningful quan-
titative results from a distorted-wave analysis of
two-particle-transfer reactions, a detailed know-

TABLE IH. Optical-model parameters used in the distorted-wave analysis of the Mg( He, p) ~Al reaction.

Channel
V

(MeV)
+0 +so

(fm)

Q Cso
(fm) (MeV)

W' =4WD
(MeV) (fm) (fm)

~so
(Mev) (fm)

24M'g +3He ~

26Al+p b

Bound state ~

177.0
55.18
d

1.138
1.128
1.26

0.724
0.57
0.60

10.0 0
33.14

1.602
1.128

0.796
0.50 5.5

A, =25

1.29
1.13
1.26

~ Reference 23.
Reference 24. The set shown is for the ground state. The Q dependence used is that given in the reference.

~ Reference 22.
Adjusted to give the binAyig energy B„=B&=1/2(Q+Esep) where Ese& = 5.54 MeV for T =0 transfer and E„p=7.72

MeV for T =1 transfer.
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ledge of the wave functions is essential. Since
Al lies in a region of nuclei known to be de-

formed, several attempts" "have been made to
describe its level scheme in terms of two parti-
cles moving in a deformed potential relative to a' Mg core. The validity of such an interpretation
can readily be tested by means of the ' Mg('He, P)
reaction, since those states well described by
this model are expected to be strongly excited in
a direct transfer of the two nucleons.

Two-particle coefficients of fractional parentage
(cfp) have been calculated within the framework
of the Nilsson model, according to the procedure
described in Ref. 2. The coefficients in the expan-
sion of the Nilsson eigenfunctions in terms of shell-
model wave functions were taken from the work of
Chi." The low-lying states of ~A1 are expected
in this model to be formed by placing two particles
in Nilsson orbits No. 5, —,"[202]; No. 9, —,"[211];
No. 11, —,

' [200]; or No. &, —,
' [202], as indicated

schematically in Fig. 6. 7 The single-nucleon
transfer"" and charge-exchange" reactions en-
able those states with dominant configurations of
the form (—', [202]x K [Nn, A])~$ to be identified.
The states so identified are listed in Table IV, to-
gether with the calculated cfp's as a function of
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FIG. 7. Distorted-wave fits to the data for certain
low-lying states. The calculations were made with the
cfp's listed in Table IV for 6 =0.2.
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the deformation 5. It should be noted that for the
configuration (

—', [202])~ r the coefficients are
independent of the value of 5, whereas for other
configurations the coefficients are strongly depen-
dent on the deformation.

Figure 7 shows the results of DWBA calculations
with the coefficients of fractional parentage deter-
mined for a deformation 5=0.2. The pure L =0
calculation for the 224-keV state (J'=0+, T= 1) is
in excellent agreement with the experimental angu-
lar distribution for that state. Agreement is also
excellent for the 2', T=1 state at 3162 keV, which

must be reached via pure L =2 transfer. The fits
to the 2', T =0 state at 1763 keV and the 5' ground
state are, however, must less satisfactory. Since
these states are only weakly excited in this reac-
tion, the poor fits may indicate the presence of
higher-order reaction mechanisms.

The remaining states whose angular distributions
are displayed in Fig. 7 are all of unnatural parity,
and are hence populated by a mixture of two L val-
ues. In none of these cases is the fit as good as
for the strong, pure L cases, although the agree-
ment at extreme forward angles is quite acceptable.
This inability to reproduce the shapes of mixed-L
angular distributions has been noted previously, '
particularly for the case of 0'- 1' transitions. It
has been suggested' that the difficulty might be due

to a coherent mixing between the two allowed L
values. Since the introduction of spin-orbit poten-
tials in the entrance and exit channels makes the
sum over L in the transition amplitudes necessar-
ily coherent, "the code DWUCK has been modified'
to perform this coherent sum. The differences be-
tween a coherent and incoherent sum are shown in

Fig. 8 for the 1.06-MeV 0'- 1' transition. The
change due to coherence is slight and is insuffi-
cient to account for the observed shapes. The rea-
son for this consistent failure to fit 0'- 1' angu-
lar distributions is not understood and is under
further investigation. It should be noted that no
admixture of L = 0 and L = 2 will fit these angular
distributions.

For a ('He, p) reaction on a spin-zero target, the
experimental cross section is related to the cross
section calculated with the code DWUCK through
the relation

2
exp

If, in addition, the target has zero isospin, the
isospin Clebsch-Gordan coefficient C is the same
for both T =0 and T = 1 final states. There is no

reason to assume a Priori that the quantity N,
which includes the overlap between the projectile
and the transferred "cluster" and outgoing proton,
has the same value for T =0 and T = 1 transfer.

TABLE IV. Two-particle coefficients of fractional parentage calculated within the framework of the Nilsson model.

E
(MeV) J, T K

Nilsson
configuration 1d5&2 1d5&2 1d3&2 1d3&2 2s&&2 2sg&2 1d5&2 1d3&2 1d5&2 2s&&2 1d3&2 2s&&2

0.00 5+, 0 5 2+[202]x /[202] 0.1 0.85280
0.2 0.852 80
0.3 0.852 80

0.23 0+
~ 1 0 &2+[202]x/[202] 0.1 0.816 50

0.2 0.816 50
0.3 0.816 50

0.42 3', 0 3 ~2[202) x &2[211) 0.1 0.232 61
0.2 0.287 60
0.3 0.306 04

0.179 36
0.286 41
0.31841

0.805 85
0.52923
0.37042

1.06 1+, 0 0 ~2[202) x ~2[202)

1.76 2+
~ 0 2 /+[202]x/[211]

1.85 1+
~ 0 0 ~2[211]x/[211]

0.1 0.690 07
0.2 0.690 07
0.3 0.690 07

0.1
0.2
0.3
0.1 0.023 52 -0.046 52 0.530 23
0.2 0,035 96 -0.11861 0.228 69
0.3 0.040 72 -0.146 60 0.11203

0.185 25
0.295 81
0.328 86

0.46526
0.305 55
0.213 86

316 2+, 1 2 2+[202]x/[211] 0.1 0.22067
0.2 0.272 83
0.3 0.290 33

0.185 25
0.295 81
0.328 86

0.46526
0.30555
0.213 86

' The phase convention of the wave functions used in the code DWUCK differs from that of Chi. The cfp's for 2s&g2-
1d5(2 and 2sg)2-1d3/2 configurations should be multiplied by (-1) for use in the code.
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FIG. 8. Comparison between a coherent and incoher-
ent sum of L =0 and 2 for the J"=1+ state at 1.06 MeV.
The solid (—) line represents the coherent sum and the
dashed (-—-) line the incoherent sum.

However, if the exact final (and initial) wave func-
tions are the same as those used in the DWBA cal-
culations, then the values of the quantity 0,„ /ao~cK
should be the same for all states having the same
T. Table V lists the values of o,„,/0 „obtained
from the present calculations as a function of de-
formation. The large variation of this quantity
from state to state, for all values of the deforma-
tion used, indicates the inadequacy of the present
description of "Al. The agreement is equally poor
for all values of the deformation. It is known that

ll

II

60
c.m. (de g )

90

FIG. 9. L =4 DWBA fit to the angular distribution
for the 4425-keV state.

small admixtures in the final-state wave functions
can drastically change the magnitude of the pre-
dicted cross sections. The simple Nilsson picture,
however, is clearly unsatisfactory and a more de-
tailed DWBA analysis must await a sophisticated
shell-model calculation or a full Nilsson-type cal-
culation with band mixing.

In view of these difficulties, no detailed DWBA
analysis was attempted for the remaining states.
A calculation using a simple form factor was per-
formed, however, for the state at 4425 keV, the

TABLE V. Values of Oexp/O'D~~c obtained from the DWBA analysis of the Mg( He, p) 8Al reaction for selected states.

Level
E, (Mev) Assumed configuration 6 =0.1

~exp~~DWUCK
6 =0.2 6 =0.3

0.00

0,23

0.42

1.p6

1.76

1.85

3.16

5+ p

0+, 1

3+ p

1+ 0

2+ p

1+ p

2+, 1

(~2[202)x /+[202]) K =0

(/[202)x /[202]) K =0

(/+ [202)x /[211]) K =3

(~& [202]x p [202]) K = 0

(/[202]x )+[211])K =2

(/[211]x /[211]) K =0

(~2(202]X ~2+[211]) K =2

10

129

234

178

23

10

129

24

234

780

33

10

129

46

234

14

2361
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result is shown in Fig. 9. The good agreement be-
tween experimental and theoretical shapes gives
further indication that this state is indeed popu-
lated via L =4, thus resulting in J' = 3+, 4+, or
5+. The absence of any L = 2 component, however,
mould favor either 4+ or 5'.

DWBA angular distributions were also calculated
for the 3722- and 3751-keV states at 11-MeV in-
cident energy and these are shown in Fig. 4. The
calculations clearly show that the forward-angle
data are dominated by L = 0 components, as dis-
cussed previously (Sec. IV).

VI. CONCLUSIONS

The ('He, P) reaction is known to be a useful em-
pirical spectroscopic tool. The systematics of the
angular-distribution shapes for the "Mg('He, p)-

A1 reaction has allowed the identification of L
values for a number of transitions and has led to
spin and parity assignments for several levels in
6A1.

DWBA calculations are reasonably successful
in accounting for the observed angular-distribu-

tion shapes. The previously observed discrepancy
between the measured and calculated distributions
for 1' states is also observed in the present study.
In addition, it has been shown that coherent mixing
between the two allowed L values in such cases
does not account for this discrepancy —at least
within the assumptions of a simple direct one-step
transfer.

Finally, the simple picture of "A1 as two nucle-
ons moving in a deformed well formed by a ' Mg
core is unable to account for the present data.
This points to the need for more sophisticated
shell-model calculations for "Al.
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