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Abstract

This paper reports on an investigation on the level structure of the odd-mass 2?Al nucleus popu-
lated via heavy-ion induced fusion evaporation reaction. Rotational sequences with fast magnetic
dipole transitions have been identified. These sequences exhibit the essential characteristic features
of magnetic-rotation-like behavior which has been corroborated through lifetime measurements
using the DSAM. The sequences also show features exhibited by axially deformed nuclei. Thus,
the level structure presents the possibility of existence of multifaceted excitation modes in 2°Al,
which are believed to be the first of its kind observed in the A = 30 region. Shell model calcula-

tions, carried out within the sd-model space, qualitatively reproduce the experimental observations.



INTRODUCTION

Nuclei belonging to the middle and the upper part of the sd-shell region have been
extensively investigated over the past few decades. Among the odd-mass sd-shell nuclei,
29 Al is one of the cases where spectroscopic information related to its level structure is still
scarce. Experimental studies on the level structure of ??Al were previously undertaken by
various groups using a variety of probes. ~-decay studies of 2 Mg [1-3] could populate the
excited levels of 2 Al up to the excitation energy of 4.4 MeV. Because of J™ = 3/2% of the
ground state of the parent Mg, these studies could observe levels in Al between spins
1/2 and 7/2. Further, these  decay experiments could establish only the possible allowed
range of spin values for a majority of the observed excited levels, leaving many ambiguities
in the spin-parity assignments of the levels. Experiments were also carried out using the
26Mg(a,p)* Al reaction. These studies could extend the level structure of Al up to £, ~ 7
MeV. Detailed angular correlation and polarization measurements were also carried out using
Ge(Li) and Nal detectors [4, 5] and the unambiguous spin-parity assignments were made
for many of the excited levels. Lifetime measurements in the few femto second regime were
also carried out for a majority of the observed levels by using the Doppler Shift Attenuation
Method (DSAM) [6, 7]. The experimental findings from these measurements could provide
the necessary testing ground for the shell model predictions in the valence sd-model space
8, 9]. Spectroscopic investigation on Al was also carried out by using proton pickup
reactions such as *Si(t,«) [10] and *°Si(d,*He) [11]. The levels up to E, ~ 5 MeV could
be established from these studies. The spectroscopic strengths for majority of the positive-
parity states were measured and compared with the prediction of the truncated shell-model
calculations using sd basis space and modified surface delta interaction. Thus, till now the
available information on the level structure of 2?Al has primarily been deduced from the
decay studies and light-ion induced reactions. The only available spectroscopic work for
2 Al involving heavy ion induced fusion-evaporation reaction is that from the recent study

of Dungan et al.[12].

It is worthwhile mentioning that the nuclei in A ~ 30 region occupy the sd-valence
orbitals outside the 'O core. This is a unique region in that there are sufficient number of
valence nucleons which could favor the onset of collectivity in the immediate neighborhood

of the N = Z = 8 shell closure and, as a consequence, the appearance of rotational-like band



structures is also expected. Further, it is possible to observe band termination at a com-
paratively low excitation energy and spin regime due to the availability of limited number
of valence nucleons. Thus, the sd-shell nuclei such as 2’ Al are ideal candidates to probe the
possible onset of multifaceted excitation modes. This motivated us to undertake the detail
investigations on the level structure of 2Al using a heavy-ion induced fusion evaporation
reaction. Recently, Dungan et al. [12] have reported results on the level structure of 2Al
using the ¥O(*C, p2n) reaction at an incident beam energy of 40 MeV. Indeed, the level
scheme of Al as deduced from the present measurement is similar to that of Dungan et al
[12]. However, the use of a larger array in the present work, with the detectors distributed at
different angles about the beam direction, facilitated observation of Doppler shapes / shifts
in the ~-ray spectra. These could be successfully analyzed for level lifetime determination
thanks to recent developments [13, 14] pertaining to the analysis of DSAM data acquired
in unconventional experimental scenarios such as the one using a thick molecular target in
the present case. The determination of the level lifetimes has allowed us to classify the level
sequences into two band-like structures, wherein the levels are interconnected by strong
M1 transitions. The possible novel features of the proposed bands are presented. The

preliminary results from the present investigation have been reported previously [15].

EXPERIMENTAL PROCEDURE AND DATA ANALYSIS

High spin states in 2 Al were populated following the **O(*3C, 1p1n)* Al reaction, using a
30-MeV 3C beam provided by the BARC-TIFR Pelletron Linac facility at Mumbai, India.
A molecular target in the form of TayOs was prepared by heating a thick Ta-foil (of 50
mg/cm? thickness) in an atmosphere of enriched #O. Considering the layers of oxygen on
both sides of the Ta-foil, the total thickness of '¥O was estimated to be ~ 1.6 mg/cm?. The
thick Ta-foil was effectively used as backing material with its thickness sufficient enough
to stop the incident beam and the evaporation residues. Thus, only the front-layer of 80
could contribute to the reaction process. The de-exciting v rays were detected using INGA
(Indian National Gamma Array) [16], which, at the time of the experiment, was comprised
of fifteen Compton suppressed high-resolution Clover detectors. The detectors were placed

at different positions (both at the forward and backward angles), covering the angular range
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between 40° and 245° with respect to the beam direction. Two- and higher-fold coincidence
gamma events were recorded using a DSP-based data acquisition system [17]. A total of
about 1.6x10% such coincidence events were recorded during the experiment which were
subsequently sorted into the conventional vy symmetric and angle dependent asymmetric
matrices using the Linux based software package MARCOS [18]. The subsequent off-line data
analysis from these matrices was carried out using the RADWARE [19] software package.
A representative vy coincidence spectrum obtained by setting the gate on the ground state
feeding 1753-keV (7/2] — 5/2]) transition of 2 Al is shown in Fig. 1.

The multipolarities of the transitions belonging to 2?Al have been assigned following
the analysis of the observed angular coincidence anisotropy. As detailed in Refs. [20, 21],
since the level lifetimes were comparable to the stopping time of the residues in the target/
backing material, resulting in observation of angle-dependent Doppler shapes and shifts
in several transitions, it was not possible to employ the conventional analysis procedure
of measurement of Directional Correlations of 7-rays de-exciting Oriented states (DCO-
method) [22]. The multipolarities of the de-exciting transitions have been deduced from the
anisotropy ratio Rsym [20, 21], defined as

L, at 40° gated with -y, at 90°
L, at 65° gated with -y, at 90°

Rasym =

In order to extract R,sym-ratios, the coincidence data were sorted into two asymmetric
matrices whose one axis corresponded to the v-ray energy deposited in the detectors either
at 40° or at 65° with respect to the beam direction and the other axis corresponded to
the y-ray energy deposited in the detectors at 90°. Polarization measurements of the de-
exciting ~ transitions could not be carried out because of the limited set of data in the

present experiment.

EXPERIMENTAL RESULTS AND DISCUSSION

The relevant part of the level scheme of 2 Al obtained from the present work is presented in
Fig. 2(a). The level scheme has been constructed using the conventional v — v coincidence
technique. The observed regular sequences of levels have been arranged into two groups
labeled Band-I and Band-II, respectively. The levels within each of these “bands” are found

to be connected by strong M1 transitions.
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FIG. 1. (Color online) The representative 7y coincidence spectrum with the gate set on the
ground state feeding 1753 (7/2% — 5/2%)-keV transition. The spectrum has been generated using
the coincidence data among the detectors at 90°. The peaks labeled with their energies belong to

29A1. The contaminant transitions have been marked with “C”.

The results of R, analysis are depicted in Fig. 3. As is evident from the figure, the
646-, 1292-, 1696-, 1753-, 1822-, 2275-, and 2332-keV transitions exhibit almost identical
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FIG. 2. (Color online)(a): Partial decay scheme of 2 Al highlighting the two sequences (Band-I
and Band-IT) interconnected with strong M1 transitions. The predicted excitation energies from
the shell model calculations are indicated by dotted levels. The variation of the excitation energy
as a function of spin is presented in (b) and (c). The 3575 keV transition has not been observed

in the present study. Refer text for details.

Rusym =~ 1.2. The present measurement yields a nearly identical value for the dipole (AJ
= 1), 1130-keV transition in *Mg [21]. This transition decays from the 2.9 MeV level in
?Mg and has a reported mixing ratio of |6 = 0.12(2) [23]. Hence, it may be concluded
that the aforementioned transitions predominantly involve a change in angular momentum
of AJ = 1. This is further supported by the reported mixing ratio (|0]) for these transitions
by Beck et al. [5] which is suggestive of the presence of about 3%, 1%, and 0.8%-FE2 compo-
nent in the 1753-, 1822, and 2275-keV dipole transitions of Band-I, respectively. Further,
the similarity in the measured Rgsy, values for the 646-, 1292- and 1696-keV transitions
(members of Band-II) to the corresponding values for members of Band -I is indicative of
a qualitatively similar type of electromagnetic nature for them as well. Hence, it may be
surmised that the ~ transitions in both these bands are associated with the presence of a

very small contribution of EF2 components.
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FIG. 3. (Color online) The Ry values for the transitions of present interest in 29A1. The fitted
values for the transitions (with known multipolarities) of a few other residual nuclei, populated in
the same reaction, have also been depicted for comparison. The AJ = 1 and AJ = 2 lines have
been drawn to guide the eye . The transitions belonging to Band-II of 2 Al have been marked with

X,

Band-I (see Fig. 2(a)) is based on the J™ = 5/2% ground state, with members at F, (in
keV) [J™] = 0 [5/27], 1753 [7/27], 3575 [9/27], and 5850 [11/27], and has two previously-
reported E2 cross-over transitions [5], of which we have observed the 4096-keV transition;
while the weaker 3575-keV cross-over transition could not be observed in the present work
probably because of the lack of sufficient statistics. Further, no cross-over E2-transitions
have been observed in Band-II (see Fig. 2(a)) which is composed of members at E, (in
keV) [J™] = 5261 [(9/2%1)], 5907 [(11/2T)], 7199 [(13/27)], and 8895 [(15/2%)]. Therefore,
it may be concluded that both the bands appear to be dipole bands with dominant M1
contributions. Band-II is found to feed into Band-I by connecting transitions of 2332 keV
((11/27) — 9/27) and 3507 keV ((9/2%) — 7/2%). A plot of E, as a function of J(J+1) for

these bands are presented in Fig. 2(b). Qualitatively, a smooth variation in the -ray energy
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as a function of angular momentum is distinctly visible from the figure. This is suggestive
of the occurrence of two rotational-like band structures in this nucleus. The difference in
the slopes for the two bands possibly indicates a difference in the underlying configurations,

and a crossing of the two bands appears to occur at J = 11/2h.

Using the reported branching ratios of M1- and the two cross-over E2-transitions, by
Beck et al. [5], we observe that Band-I has a substantial value for 3(? /B(E2) (3® being
the dynamic moment of inertia). The values are (in units of MeV ~!(eb)™2) ~ 28000 and
3600, respectively for the two cross-over transitions decaying from the 3575- and 5850-keV
levels. These values are quite large in comparison with nuclei with well deformed [~ 10
MeV=1(eb)™2] or super deformed [~ 5 MeV ~!(eb)~?] structures. The absence of cross-over
E2-transitions did not permit us to deduce I®/B(E2) values for the relevant cases in
Band-II. Further, if we were to plot the experimental excitation energies for Band-I and
IT as a function of spin, using the relation £ — E, = A, x (J — J,)?, where E, and J,
corresponds to the energy and spin of the band head, a linear trend would indicate possible

occurrence of shears like mechanism [24]; the same is observed in case of both bands (see

Fig. 2(c)).

Thus, these bands provide hints of “magnetic rotation (MR)” like band structure in this
nucleus even in the absence of any high-; orbitals. This is further corroborated by the asso-
ciated B(M1) transition probabilities, which could be deduced following the measurements
of level lifetimes. These lifetimes have been measured using the Doppler Shift Attenuation
Method (DSAM). The use of a thick molecular target, which is in sharp variance with the
use of traditional thin-target with a high-Z elemental backing, has necessitated modification
of the analysis methodology as detailed in Refs.[13, 14]. The observed Doppler shapes and
shifts of the de-exciting y-ray from the concerned level have been fitted simultaneously at
40°,65°,90°,140° and 157° and the corresponding level lifetime was extracted. A repre-
sentative plot showing the fits to the observed Doppler shapes for the 1753- and 646-keV
transitions decaying from the 1753- and 5907-keV levels (members of Band-I and Band-II),
respectively, is presented in Fig. 4. The level lifetimes obtained from the present measure-
ments have been summarized in Table 1. The use of SRIM-updated stopping powers has

narrowed down the uncertainties in the stopping simulations to < 5%, which have not been
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included in the quoted uncertainties.
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FIG. 4. (Color online) Representative fits to the Doppler shapes observed for (a) 1753-keV and
(b) 646-keV transitions belonging to Band-I and Band-II, respectively of 2?Al. The contaminant

stopped peak, as indicated in panel (a), belongs to 26Mg.

The extracted level-lifetimes were subsequently used to obtain the reduced transition
probabilities B(M1) for both the bands, which are presented in Fig. 5. For the transitions
de-exciting the levels in Band I, the B(M1) values were determined by using the mixing
and branching ratio values from Ref. [5]. The B(M1) values for the transitions of Band-II
were extracted using the predicted mixing-ratio values (which are small in magnitude) from
shell model calculations (discussed later in the text). However, similar results are obtained
by considering the transitions to be pure M1 in nature. If one were to collate the present
and previously reported lifetime values for Band-I, and deduce the transition probabilities
therefrom, a qualitatively similar decreasing trend is observed as presented in Fig. 5. This
decreasing trend for B(M1) values as a function of spin is considered to be a necessary
signature for MR band [24, 25]. A similar, though not identical, decreasing trend of B(M1)

values hold for Band-II as well.

10



TABLE 1. The values of mean lifetime (7, in fs) of the levels of 2? Al obtained from the present
measurement. The quoted uncertainties are obtained from y? minimization analysis. The quoted
lifetime values do not include stopping power uncertainties which is ~ 5%. The reported level
lifetimes from the previous measurements [6, 7] have also been incorporated for comparison. The
quoted experimental B(M1) values have been obtained using the lifetime values of the concerned

levels extracted from the present measurement.

JT E, E, Tpresent 7(6] 7[7] B(M1)
(keV) (keV) (fs) (fs) (fs) (1)

Band-I 7/2% 1753.3(9) 1752.7(10) 18 +£2 25+ 11 80440  0.5775
9/2+ 3575.2(13)  1822.1(10) 1618 36 + 10 < 70 0.531%2
11/2+ 5849.8(18)  2274.7(20) < 166° 42 £ 19° >0.02

Band-IT ~ (11/2F)  5906.6(18)°  2332.2(20) 72 + 2
645.9(10) 92 £+ 2 1.13737
(13/2%)  7199.0(21)  1292.4(10) < 82¢ > 0.32
(15/2F)  8895.3(23)  1696.3(10) < 68 > 0.14

5260.5(18)  3506.5(20)  1717% 110 + 70
6403.3(25)  2828.1(21) <72

& An upper limit for the lifetime value of the level could only be obtained due to the presence of dominant

side-feeding.
b Unweighted average of the lifetime values obtained from the two decay branches gives a lifetime value of

82 + 2 fs and the quoted B(M1) value is obtained using this value of level lifetime.
¢ Assuming the feeding time for the 5849-keV, 11/2% level to be the same as that for the 5906-keV,

(11/2%) level, a value of 42 & 10 fs has been obtained from the present measurement for the 5849-keV,

11/2% level.
4 Only an upper limit for level lifetime could be obtained due to the lack of sufficient statistics.

It is to be noted here that more than 130 magnetic rotational bands have been identified
so far in five distinct mass regions across the nuclear landscape near A ~ 190, A ~ 140, A ~

110, A ~ 80, and A =~ 60 [26-28]. This phenomenon has not yet been observed in any nuclei
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with A < 40. The excitation of nucleons from the ds/, into the d3/, orbital, the highest
available j orbitals within the sd-shell region, may provide conditions conducive for the
occurrence of MR-like sequences in this region and the possibility for the observation of this
phenomenon in this region cannot be ruled out as there exists prediction for the occurrence
of a magnetic rotational band in an even lighter-mass nucleus, 2*F [29]. The B(M1) values
for the transitions of Band-I are typically < 1 p3; and those for Band-II are typically < 2 u%.
These strengths are somewhat lower in comparison with those for the MR-bands observed
in higher mass regions [24, 25, 30]; this is possibly because of the unavailability of high-;
proton orbitals. All the previously observed MR bands in higher-mass regions are based on
configurations involving high-j proton orbitals such as gg/» (in A ~ 80 and 100 - 110 regions),
hgje (in A ~ 140 region), and hg/s,i13/2 (in A =~ 200 region). The involvement of these high-j
proton configurations gives rise to higher values of B(M1), typically of the order of 2 - 10 u%.

Band-I was previously identified by Jones et al. [32] as a K™ = 5/2% band. If one were
to assume that this proposition is valid, then the expected feature for an axially deformed
nucleus is a constant, or an increasing trend of the B(M1) values as function of spin [33],
which is at a sharp variance with the present observations. However, in the neighboring
odd-mass Al-isotopes (?**7Al) where such K™ = 5/2% bands are observed [32, 34-36], the
corresponding B(M 1) values show either a constant or an increasing trend as a function of
spin, corroborating a pure axially deformed - rotor - like behavior. For an axially deformed
nucleus, the sign of the mixing ratio (J) for an in-band dipole transition determines the
nature of deformation (prolate or oblate). Ekstrom et al. [6] have reported a negative sign
for the measured mixing ratio values for the members of Band-I. As is evident from the

following equations [6, 37],
lgx — gr| _ 0.93 E,

Qo ovI?2—1
9Kk — 9dr
T) (2)

a negative value for § would result in a positive value of )y, assuming a positive value for

(1)

sgn(0) = —sgn(

(9x —gr) (see Table IT). Hence, the ground state structure of ?? Al is concluded to be prolate
in nature.
It is to be pointed out here that even with the limited spectroscopic information avail-

able in the present work, it is possible to draw conclusions, or conjecture about, presence of
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FIG. 5. (Color online) The variation of experimental and theoretical B(M1) values for the tran-
sitions belonging to Band-I and Band-II of 2?Al as a function of angular momentum. The exper-
imental B(M1) values from the present measurement [Expt(Present)] and those obtained using
the weighted average value of level lifetime considering the present and the past measurement
[6] [Expt(Weighted)] are shown. The predicted results from the shell model calculation [SM] are
also plotted for comparison. It is obvious that the constant nature of B(M1) values as per the
prediction from the axially deformed rotor model [ADRM] [31] is in sharp contrast to that of the

experimentally observed trend.

several interesting nuclear structure features in this nucleus:

e A comparison between the experimental and theoretical (gx - gr) values for the tran-
sitions belonging to Band-I of 2 Al and the corresponding B(M1) transition rates is
presented in Table II. The value of (gx - gr)pape for the J™ = (13/2%) level exhibits
a sharp deviation from that of the nearly constant value for the lower two members.

This observation is suggestive of a possible structural change in this spin domain.
e The theoretical branching ratios for a pair of transitions, de-exciting from the same
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level, of Band-I of 2 Al were deduced following the Alaga rule [38] and are compared
with the corresponding experimental values in Table III. From the table, it can be seen
that the comparison between the experimental and theoretical branchings is reasonable
only for the transitions decaying from the lowest two members, and a variance similar
in nature to that observed in the (g - gr) values is noted for the J™ = (13/2%) level.
From this observation, one might conjecture that this may be indicative of a structural
change in Band-I which is approaching the terminating state at J™ = (13/2%) wherein
the onset of other single-particle excitations results in K no longer remaining a good

quantum number.

e The decreasing trend for B(E2) values is an important experimental indicator for a
band approaching the terminating state. However, within the present experimental
data set, it is not possible to address the issue because of the presence of large un-
certainties in the deduced B(E2) values for the E2 transitions in Band-I. The major
source of these uncertainties may be attributed to the associated uncertainties with

the deduced E2 branchings.

Based on the above discussions, it may be surmised that there is a possibility of a con-

fluence of competing excitation modes in Band-I .

Detailed shell model calculations have been carried out using the shell-model code
NuShellX@MSU [41]. The calculations were performed with a model space consisting
of 1ds/, 2512 and 1ds/, orbitals outside the 160 core. The “usda” effective interaction [41]
has been used for this “sd” model space. The calculations have been carried out without
imposing any restrictions on the occupancies of the valence particles in the available valence
space. The predicted excitation energies are found to be in excellent agreement with the
experimental observations for the members of Band-I, with the maximum deviation between
the experimental and theoretical level energies about 100 keV (see Fig. 2(a)); for Band-II,
the maximum deviation is about 400 keV. The ordering of the experimental levels belonging
to both the bands is reproduced by the calculations, which suggest that the most dominant
wave functions of the members of the two bands are: 7T[d5_/22(81/2d3/2)1] ® V[dg/lz(sl/gdgp)?’]
(for Band-T) and 7[d; % (s1/2ds/2)"] @ v[dy 5] 5 5] (for Band-1T). The effective charges and

the g-factors that have been used for the calculations of electromagnetic transition proba-
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TABLE I1. (gx - gr) values for the transitions belonging to Band-I of 2? Al and the corresponding

B(M1) transition rates.

JT E, E, (9x — gR)%:cpt Nilsson configuration: B(M1)? B(M1)5; B(M1)present

theory
(keV) (keV) (9K — 9R)theory! (1) (13) (13)
9/2+ 3575 1822.1° 1.00 £ 0.23 5/27[202]: 1.0 0.46 0.247009  0.571%
11/2+ 5850 2274.7° 1.13 + 0.40 054  0.07H005 > 0.02
(13/2%) 7263 1411°  0.53 + 0.17 0.59

& this level is not observed from the present investigation and has been taken from the work of Dungan et

al. [12].
b §-value for the decay branch has been taken from Ref. [5].
¢ 0-value for the decay branch is not available; a value of 6 = 0.10 4+ 0.03 has been assumed in extracting

the corresponding value of (9x — gr) Expt-
4 Extracted using Q = Qo = +0.26(3) eb for 26Al [39].
¢ Extracted following the procedure as mentioned in Ref.[37].
£'A value of gr = Z/A = 0.45 has been used for the calculation.
& The B(M1) values have been calculated using the relation [40]

BOM = L gnc - g xR

The theoretical (gx — gr) value has been used for the calculation.

bilities are the same as those used previously to predict the spectroscopic properties of the
neighboring sd-shell nuclei [42]. The comparison between the experimental and theoretical
values of the electromagnetic transition probabilities is presented in Fig. 5. As is evi-
dent from the figure, the model predictions for the transition probabilities are in qualitative
agreement with the experimental trends. Considering the most dominating configuration for
Band-I, the maximum spin that can be generated is 13/2% (W[dS_/22(J:0)(51/2d3/2>%J:3/2)]J:3/2
® [I/[dg/lzuzg)/g)(sl/gdg/g)f’J:E’/z)]J:m/g). As mentioned earlier (see Table III), Dungan et al.
[12] placed a level at E, = 7263 keV which decays to the lower level members of Band-I
through 1411- and 3688-keV transitions. From the present study, it is not possible to place
the level in the level scheme because of the limited statistics in our data. However, the
decay branches placed by Dungan et al. [12] are suggestive of probable (13/2%) spin for this
level. This leads to the possible conclusion that Band-I terminates at E, = 7263 keV with
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TABLE III. Comparison between the experimental and predicted (following Alaga rule) branching

ratio(BR)s for the transitions belonging to Band-I of 27 Al

E, E, I = JF BReapt BR alaga

(keV) (keV)

3575 1822.1 9/2+ — 7/2+ 100(1) 100
3575 9/2+ — 5/2+ 10(1) 33

5850 2274.7 11/2+ — 9/2+ 100(3) 100
4096.3 11/2+ — 7/2+ 54(3) 47

7263 1411° (13/2+) — 11/2+ 100(25) 100
3688 (13/2%) — 9/2+ 100(25) 55

& this decay branch is not observed in the present investigation due to lack of statistics in the present

experimental data; the adopted branching from Ref.[5] is considered.

b this decay branch is not observed in the present investigation and has been taken from the work of

Dungan et al. [12].

J* = (13/21).

As mentioned earlier, the deformation of the two bands is not similar. This is reflected
in the level spacing between the two lower most levels of the corresponding bands. The
excited band (Band-II) appears to be more deformed than the ground state band (Band-I).
However, the presence of the enhanced deformation for the excited band could not hinder
the decreasing nature of the B(M1) values as function of spins (see Fig. 5). This is contrary
to what has been observed in other mass regions where the B(M1) values appear to remain
constant over an extended spin regime because of the effect of enhanced deformation [43].
As can be seen from Table II, the axially deformed rotor model could predict very well the
experimental B(M1) values at lower-most excitation; but it fails to reproduce the decreasing

trend of B(M1) values with increasing spin (see Fig. 5).
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CONCLUSIONS

The present work reports the spectroscopic results on the nucleus 2 Al, following popu-
lation via heavy-ion induced fusion evaporation reaction. Two separate sequences of levels,
Band-I and Band-II, are identified. The measurement of the level lifetimes, and the deduced
transition probabilities therefrom, reveal that both the sequences satisfy the expected ex-
perimental indicators for magnetic-rotation-like behavior even in the absence of any high-j
orbital. This is contrary to the occurrence of “magnetic rotation” bands observed in higher
mass region where the high-j orbitals, in general, play the role of shears formation. The
shell model calculations reproduce the experimental results reasonably well. Evidence for
the possible termination of the prolate deformed ground state band (Band-I) is also pre-
sented. The present experimental data is suggestive of multiple heterogeneous excitation
mechanisms contributing to the observed level structure and demands further experimental

and theoretical investigations.
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