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In axially-symmetric deformed nuclei the Nilsson orbits [1] are labeled by using asymptotic
quantum numbers [Nn,A]Q2, where N is the total oscillator quantum number and n, the
number of quanta along the z axis. The projections of the orbital and total angular momenta
of the single particle along the z axis are denoted by A and €2, respectively. In the presence of
axial symmetry about the z axis, the z component K of the total spin J is a good quantum
number, and K = 2 holds for the rotational band based on the Nilsson orbit.

In the middle of the sd shell, odd-mass nuclei with mass number 19 < A < 25 have a
strong prolate deformation [2], and their low-lying states form rotational bands based on
intrinsic configurations of single neutron or proton Nilsson orbits. Of the six Nilsson orbits
originating from sd shells, five orbits have been known for a long time [2]. The lowest [220]1/2
orbit and the next [211]3/2 orbit form the ground-state bands in the A = 19 mirror nuclei
(1%F and '"Ne) and both A = 21 (*!Ne and 2'Na) and A = 23 nuclei (**Na and 23Mg),
respectively. The [202]5/2 orbit, the only K™ = 5/2% Nilsson orbit in the sd-shell region,
forms the ground-state band in the A = 25 mirror nuclei 2?Mg and 2°Al studied here, and
the [211]1/2 and [200]1/2 bands form the excited bands [2].

The highest-lying [202]3/2 orbit, on the other hand, has never been properly identified
although it was predicted already in the middle of the 1950s [1, 3]. This orbit would lie at
the Fermi level for nuclei with neutron or proton numbers N or Z ~ 19. Therefore, the
expectation was that this orbit would not be observed, because nuclei with these N or Z are
not deformed near the stability line due to the shell closure at Z and/or N = 20.

Low-lying states of A = 25 mirror nuclei 2?Mg and ?®Al are well described by the particle-
rotor model [2, 4, 5]. The study of intra- and inter-band Gamow-Teller (GT) and M1 transi-
tions shows that the K-selection rules work very well [6], suggesting a good axially-symmetric
shape of these nuclei. Since higher mass sd-shell nuclei are less deformed or spherical [2], the
last opportunity to find the [202]3/2 rotational band without waiting for the study of exotic
nuclei is to survey the higher excitation region of the A = 25 nuclei.

After fifty years of its prediction, this highest-lying [202]3/2 orbit among the six Nilsson
single-particle orbits originating from the sd shells in prolately deformed nuclei and the
rotational band on this orbit were identified. The band members were observed in 2°Al at
excitation energies of 6 —7.5 MeV in a high-resolution 2>Mg(*He, ) charge-exchange reaction
at 0° (see Fig. 1) having a strong selectivity for Gamow-Teller transitions. In the comparison
with the analogous M1 transitions in 2°Mg, the J™ = 3/2% band-head state and the excited
5/2% and 7/2" members were clearly assigned, as shown in Fig. 2.

Details are discussed in Ref. [7].



'209290 (700T) ©6 11T "AdY "sAyg v 12 eyilng X

'6% (7002) 61 V [ 'sAUd "y “Jp 9 erequiyg ‘X

'€ (1661) 8€€ V "SAUJ “Z “T® 190 WIUWPLY 4

‘8L (896T) 9€ 'SAUJ [ e “Te 10 PURLYIT "H'Y

"(6961) 8 "ON ‘T "MS[PS "PIA "WR( Y "SKq IR\ ‘UOSS[IN "D'S PU® ‘UOS[PNON "q'd
‘Uloda() SooUa.da]al

pue ‘g ‘oA ‘(GL6T ‘Y10 maN ‘urwrel(uag) a4ngon.ig 4vajonp ‘UOS[@IOIN g pue 1yog 'y [g]
"(GG6T) 9T "ON ‘62 SIS 'PIA “we "PPoIN 'SA 1R\ ‘UOSS[IN "D'S [T]

SOOURISJOY
lziszozal
lertta z5—o00 -0
anfeA ,pr pue (ASN : +21—15v°0
ur) A319U0 UWOTYR)IOX0 $91 Aq pojou +EleTS60 2 eTo T
. [zrmooe] +eis—o6sT* 1z
-Op ST 9)e)s YDRY "(SoUI[ Pajjop) 2l-—cayg
£ +2IE—VI9C +2/L—02LT
pueq g/¢lz0g] pegnuepr Ameu sz6—vare
o) Jo sojels oY) pue ‘[g] saury +c/S—6s8'e -7
’ 2°6—v1SY
[Ny Aq umoys [y, UL Soje)s +eIL—906'y "
Ayred-oaryisod Surdk[-mof oty Jo %%.N.Wm@ g
SoINJONI)S purq OYJ, :g oIN3Tg +2/G=-959'9
+ClL---2ev’L
(no) X3
(hoW) Iy, u1 '3
5’8 8 5L L 59 9 5,
| / Los.
"Smo1Ie Aq Pajesip 1 g 8 N 2 B -00ST
p ©o o0
-UI 9I® pUB(Q [BUOI)RIOI MIU O} @ B ow . ‘s o
: : ] ¥ NSNS S N rosees
JO SIoqWoW O], "UOISoI ALN @ 3 54 v » » 5
i t : 000g

¢'8 — ¢'g papurdxo (q) pue ASN
G'g JO A310U0 UOIYe}IIXO o) 03 dn
oduel o) (&) Jo ®IYads uoIjORAI ]

[Vgz(2OHg)8 Nz UL T 0ImSry

@
©
<

FN

r00oe
r0009

7 4,00 ‘U0BNU/ABIN OYT=3 10006 2

(e) _<mmo_mImvm_>_mN

L2IELTT'9 3

<

P

b

.eislzoz] ziL €19t %
4

%,o
o

,e/slzoz] ‘,2is sh
o)

0002T



