Shell evolution in neutron-rich Al
[ isotopes around N=20 shell closure

Chiara Nociforo
GSI, Darmstadt

e GSI- FRS results on one-neutron removal reactions
— 32-34A1 momentum distribution analysis

"DREB12" March 26-29, 2012 — Pisa, Italy



Magic numbers and shell gaps

To what extent the shell model is still valid in nuclei with large

For light nuclei far off stability

° new magic numbers

— N=16 new shell gaps in O isotopic chain
R. Kanungo, et al., PRL 102 (2009) 152501

24

8

» change in shell ordering
— N=20 disappearance for Mg isotopes 20

(Island of Inversion)
R. Kanungo, et al., PL.B 685 (2010) 253 -1 6
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N=20 gap evolution

(a) neutron SPE of N=20
isotones
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Z=8 — Z=20, adding sd protons
— wide N=20 gap

T. Otsuka et al., PRL 104 (2010) 012501
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Direct measurements of the

The n-rich Al isotopes are easier to
access experimentally and are located
in a (transition region between the

spherical shell of Si nuclei and the
deformed Mg isotopes.

B \rtruder dominates
N Mixed
Marmal dorninates
B Lnknown
M Lnknown but predicted
inside the island

PLB658 (2008) 203



Two-neutron separation energy S,,
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E. Caurier, et al., PRC58 (1998) 2033
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Al isotopic chain (A=32-36)

= B-decay and g-factor measurements available up to A=34

magnetic moments measurements of 33:34Al show large discrepancies
with shell model predictions

— non-negligible presence of intruder configurations (P. Himpe, et al.,

~ 25% in 33Al and 60% in 34Al, at least PLB643 (2006) 257 ,

PLB658 (2008) 203 )
— polarization effects due in even-mass Al (N=21-23) of shell
to the unpaired 1ds,, proton N =20
1ds66000x 54 shell
p n
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1n removal reactions at relativistic energies
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At high energy

structure & reaction mechanism can be much easily disentangle

calculations: Glauber theory — lw > = core + neutron,
eikonal approx.

do [ar, ! [0 (x )eipzzzfdbD(br)
dp), t| /5, Po (1t > It

Sensitivity of the p// distribution to single particle states:

n

Shape of do/dp,, of the residual nucleus — /, of the removed nucleon

Cross section 6_;,, —» spectroscopic factors

O_1n = S o™ (P @ AL(IT
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Experimental technique

Relativistic energy RIBs advantages:
» thick target
» small forward scattering angles
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High-resolution momentum (Ap/p~1.5-10%)
in 1n removal channel
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G.,= 64+3 mb, Trypw= 1363 MeV/c

3BAl — n + 32A] at 922 MeV/u

Al s (9/2%): shell model calc. (USDB)
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300
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34Al — n + 33A] at 880 MeV/u

G.1,= 814 mb , Tryy= 1343 MeVi/c
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do/dp (mb/MeV c)

35A1 — n +34A] at 916 MeV/u

G_,= /54 mb, I'ryym = 1453 MeV/c

e
o

o
i

=
-

o
i

o
)

e
-

E(keV)
A

1000 |

800

600 [

400 |

————— Sn 5.27

o— f7/2
S(F1) = YP9 gz o Pa
s(=2)= 05975 N =20
s(=3) = 1.06%53

35
C. Nociforo -"DR@%]Z "

200 |

——lne D,

Bp. | 34 Al

S,.= 2.43 MeV

—C

1- +0.583 [68%) 4 / B(Ed - 100(39) i

B(E2, 4= 4)=80&fm?
BIE2.4-+3)=12efm*
BF2,4=2)= ¢ &'frm

657(9)

4.

SDPF-M SDPF-M'
+0.428 (74%)
5 +044202%
2" 2t
+0.628 (78%) 4-_
+ 2 47
A
1 1"
10373 aa%),  * 0.366 (45%) 5.
+0364 @1%)°  +0.438 (55%) %
g (% npnh) g (% npnh)

9=0.539(2)

P. Himpe et al., PLB 658 (2008) 203




Mixing in 3332Al | ¢

Evolution of single particle neutron occupancy
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Summary

The evolution of the single particle occupancy in the 33343°Al _ studied
through precise measurements of p// and c_,,, performed at relativistic
energies (#900MeV/u) and compared with shell model predictions

p// does not exclude the presence of intruder states in 33Al (N=20)

the inferred 2s, , neutron occupancy is 20-40% less than USDB
predicted one

20-60% intruder /~1 occupancy found in 34Al (N=21), in agreement
with g factor measurement

lowering of the 2p3, level , similar to 33Mg

1f,,, occupancy increases adding neutrons, and correspondingly 1d;,
one decreases.
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