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Island of Inversion

Transfer reactions (in inverse kinematics)

T-Rex setup @ REX-ISOLDE

d (30Mg, p) 31Mg experiment

Summary
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How do the magic numbers change when going away from stability?
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Frontiers and challenges of nuclear shell model
T. Otsuka et al., Euro. Phys. Journal A 15, 151 (2002)

O (Z=8)

Ne (Z=10)

Mg (Z=12)

Si (Z=14)

S (Z=16)

Ar (Z=18)

Ca (Z=20)

N=8 N=12 N=16 N=20

N = 20

Proton Number Z



Island of Inversion

5 / 24

Frontiers and challenges of nuclear shell model
T. Otsuka et al., Euro. Phys. Journal A 15, 151 (2002)

O (Z=8)

Ne (Z=10)

Mg (Z=12)

Si (Z=14)

S (Z=16)

Ar (Z=18)

Ca (Z=20)

N=8 N=12 N=16 N=20

N = 20

Proton Number Z
0s 1

2

2

0p 3
2

0p 1
2

8
0d 5

2

1s 1
2

0d 3
2

20

0f 7
2

1p 3
2



Island of Inversion

5 / 24

Frontiers and challenges of nuclear shell model
T. Otsuka et al., Euro. Phys. Journal A 15, 151 (2002)

O (Z=8)

Ne (Z=10)

Mg (Z=12)

Si (Z=14)

S (Z=16)

Ar (Z=18)

Ca (Z=20)

N=8 N=12 N=16 N=20

N = 20

Proton Number Z
0s 1

2

2

0p 3
2

0p 1
2

8
0d 5

2

1s 1
2

0d 3
2

20

0f 7
2

1p 3
2

0s 1
2

2

0p 3
2

0p 1
2

8
0d 5

2

1s 1
2

16

0d 3
2

1p 3
2

0f 7
2



Island of Inversion

5 / 24

Frontiers and challenges of nuclear shell model
T. Otsuka et al., Euro. Phys. Journal A 15, 151 (2002)

O (Z=8)

Ne (Z=10)

Mg (Z=12)

Si (Z=14)

S (Z=16)

Ar (Z=18)

Ca (Z=20)

N=8 N=12 N=16 N=20

N = 20

Proton Number Z
0s 1

2

2

0p 3
2

0p 1
2

8
0d 5

2

1s 1
2

0d 3
2

20

0f 7
2

1p 3
2

0s 1
2

2

0p 3
2

0p 1
2

8
0d 5

2

1s 1
2

16

0d 3
2

1p 3
2

0f 7
2

correlations can lower the de-
formed fp intruder con�gura-
tions
inversion of the shell ordering



Status of 31Mg

6 / 24

29Na

3
2
+

30Na

2
+

31Na

3
2
+

30Mg 31Mg

1
2
(+)

32Mg

31Al

5
2
+

32Al

1
+

33Al

5
2
+

Z
=

12

N = 18 N = 20

ground states

mostly g-factor measurements

normal
sd

intruder
fp

0.01/2+ 230(20) ms
50.5(7)(3/2)+ 16(3)  ns

221.0(4)(3/2-) 133(8)  ps

461.0(1)(7/2-) 10.5(8)  ns

673.1(12)

945.1(10)

50
.5

L = 1

17
0.

5
L 

=
 1

22
1.

0
L 

=
 1

24
0.

0
L 

=
 2

45
2.

1
62

2.
6

67
3.

1

89
4.

6

M1

L=1 L=1

1/2+
(3/2)+

(3/2-)

(7/2)-

Experiment
2.5

1.0

0

0.5

3/2-

3/2+

7/2-

3/2-

3/2+

7/2-

E
(M

eV
)

461

221

50
0

1/2+

1/2+

5/2+

3/2+

1/2+

0p-0h2p-2h

1p-1h
Mixed

np-nh

1/2+

3/2+

7/2-

3/2-

"new"

2p-2h

1p-1h

> 90 %

  intruder      

                                                           configuration

Many experiments using differents techniques have
been used to explore the Island of Inversion, e.g.:

�-decay experiments yielded �rst information
about 
-ray multipolarities and lifetimes
�-NMR study discovered the 1/2(+) ground state

proton-knockout showed J = 3=2 spin for the
�rst two excited states
Coulomb excitation gave further information about
transition strengths
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The DWBA theory replaces the exact solution of the three-body prob-
lem with a distorted wave multiplied with a corresponding bound
state.The input needed for the DWBA are

the optical potentials for the ingoing and outgoing distorted waves,
the core-core interaction between b and A, and
the overlap functions �IA:IB

and �Ia:Ib
that are described as

single-particle states in a Woods-Saxon potential.
the transfered �l determines the shape of the angular distribution
of protons
�
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S: overlap of real wave function with pure single-particle wave
function
) access to single-particle properties of the created isotope
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