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N=34 subshell gap

Monopole effect of the tensor interaction in shell evolution
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Energies and B(E2) values

Indication of shell gaps
B(E2) values
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Energies and B(E2) values are complementary

to study in detail shell evolution.
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KB3G: A. Poves, et al., Nucl. Phys. A (2001).

GXPF1A: M. Honma et al., Phys. Rev. C (2002);
Eur. Phys. J. A (2004).
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Indication of three body forces NNN
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NNN in the Ca region
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What is known in the region?

Scandium, calcium isotopes
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States with predominant vf;,, predict that the p,,-f5, energy difference might be smaller
that the one predicted by GXPF1A. Nevertheless this does not rule out the possible N=34
shell gap, since the change in the gap still gives good description of 4Ca.

B.Fornal et al., PRC77, 014304 (2008)



What is known in the region?

Calcium isotopes
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A SM interpretation of the experimental levels shows that the energy
spacing between the p,,, and f;, is almost constant up to *2Ca, and when
extrapolated to °3-°4Ca shows that N=34 might not be a magic number.

M. Rejmund et al., PRC76 021304(R) (2007)




Investigating the N=34 with 3 decay
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FIG. 3. The y-ray spectrum in the range 50 to 1600 keV
correlated with B-decay events for (a) 3Ca, (b) (Ca, (c) *>Ca, and
(d) *®Ca. Observed transitions are marked by their energy in keV.
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We propose the study of the B decay *°Ca
=>»55Sc in order to disentangle the evolution
of 1rf,,, —vfs, monopole tensor interaction
and NNN forces, that might give rise to the
subshell closure N=34.
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Possible beam time request

Beam 86Kr - 30pnA - 345MeV/nucleon
Setting *>Ca

Be primary target ~2.5 g/cm?

BigRIPS fragment separator

EURICA eff ~10%

Nine-layer double-sided silicon-strip detector (DSSSD) PRL106,
052502 (2011)

Production ~0.5pps °°Ca
8 days - 34000 gamma if 3 has a ~ 100% efficiency

Complementary measurement to the GSI AGATA in beam
experiment with knockout reactions.



Isomer spectroscopy: 19Zr

Spokeperson: G. de Angelis, J. Dudek, D. Curien, A. Gadea,
F. Haas, ...



Tetrahedral symmetry

New nuclear deformation never observed: tetrahedral shape

The tetrahedron is a Platonic solid with
24 symmetries

The corresponding symmetry group
for nuclei (fermionic hamiltonian) has
48 symmetries

R(Qa (p) = E/Lﬂ a/luYM

A tetrahedral deformation is a kind
of non-axial octupole shape: a;,

J. Dudek et al.,, Phys. Rev. Lett. 88 (2002), 252502



Symmetry and nuclear stability

The presence of a symmetry in the hamiltonian leads
to the appearance of new magic numbers
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Tetrahedral magic numbers

« From a WS potential:

20, 32, 40, 56-58, 64, 70, 90,
100, 112, ...

« Existence of T, magic
numbers independent of the
realization of the mean-field =
Universality

Best candidates: proton-rich
or neutron-rich nuclei...

He g
N. Schurick J. Dudek, A. Gozdz, P. Regan Phys. Rev. C69 061305(R) (2004)



196Gd, a test of tetrahedral symmetry

week ending

PRL 104, 222502 (2010) PHYSICAL REVIEW LETTERS 4 JUNE 2010

Ultrahigh-Resolution y-Ray Spectroscopy of 1**Gd: A Test of Tetrahedral Symmetry

M. Jentschel,! W. Urban,'? J. Krempel,' D. Tonev,’ J. Dudek,* D. Curien,* B. Lauss,” G. de Angelis.® and P. Petkov®
'Institut Laue-Langevin, 6 rue Jules Horowitz, BP 156, F-38042 Grenoble, France
2Faculty of Physics, University of Warsaw, ul. Hoza 69, PL-00-681 Warsaw, Poland
3Institute for Nuclear Research and Nuclear Energy, BAS, BG-1784 Sofia, Bulgaria
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Coulex to access Tetahedral shapes
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1107r, shape isomers
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Structural evolution in the neutron-rich nuclei '“Zr and '®Zr

The spherical N=70 sub-shell
T. Sumikama,' * K. Yoshinaga' H. Watanabe? S. Nishimura,? Y. Miyashita ' . havi I £

K. Yamaguchi? K. Sugimoto,! J. Chiba,! Z. Li? H. Baba? J. S. Berryman. 45 gap is not having a large effect
N. Blasi® A. Bracco.®” F. Camera,®” P. Doomenbal? S. Go.® T. Hashimoto ? at N=68 198Zr
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Possible beam time request

« Beam 238U — 5pnA - 345MeV/nucleon
« Setting 19Zr

« Be primary target ~1 g/cm?

« BIigRIPS fragment separator

« EURICA eff ~10%

* Nine-layer double-sided silicon-strip detector (DSSSD) PRL106,
052502 (2011)

* Production ~7pps "19Zr
* |someric ratio ~10%
« 8days 2> 5 10* gamma



Summary

* Proposals to study neutron-rich nuclei

« Address the N=34 subshell gap via B delayed y-ray
spectroscopy: *°Ca = °°Sc

« Address shell evolution Z=28 nearby N=50 via 3
delayed y-ray spectroscopy: ">/’Ni=>">"Cu

« Doubly magic tetrahedral nucleus "19Zr via isomer
spectroscopy

* Proposal to study proton-rich nuclei

 Address IS/IV component and CED via isomer
spectroscopy of "1Kr

 GALILEO project at LNL for gamma spectroscopy using
Triple Clusters from EUROBALL 7-clusters



The “spin-orbit” magic numbers

“had ds)p Reduction of N=50 gap by tensor force nf;,-vg

@) g ® Behaviour of 78Ni ?
3
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_ If31/2 . =
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“1f P2 O strongly deformed 42Si
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=2 25 dy) Island of inversion, large collectivity
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What is know in the region?

Vanadium isotopes
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The experimental data in comparison with the Shell Model
calculations suggest the N=32 subshell gap for >°V but there is no
evidence for N=34 for the >’V (N=34)

D. Napoli et al., Journal of Physics: Conference Series 49 (2006) 91.



What is known in the region?

Titanium isotopes

P Maierbeck et al./ Physics Letters B675 (2009) 22-27
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Experimental RDDS spectra

Rection: 48Ca onto 2°€Pb at 310 MeV

Gamma spectra of the 2* and 11/2- in °0Ca and %'Sc

(mass gate in PRISMA)
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B(E2) and Eff. charges of N=30

Shell-model calculations in the full fp shell 4°Ca core (KB3G & GXPF1A):
«>0Ca wave function of the 2* — vp?;,,

«>1Sc wave function of the 11/2- — vp?;,,, Tif;,
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Experimental setup

Recoil Distance Doppler Shift method (RDDS)
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Ductu Naturae

Full fo shell with a 4°Ca core.
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Investigating the N=34 with knockout

We propose the study of the neutron-rich Z=21 isotopes °#°3Sc in
order to disentangle the evolution of mrf,, —vf;, monopole tensor
interaction and NNN forces, that might give rise to the subshell
closure N=34.

Mevy, KB3G GXPF1A
MeV 1 — 2'-Ca ©
””” 3/2--Sc 14 1+
57 2*

0.5 - ’ + +
4+ B ] ?: —Ii+
3] e o

— MeV SC
2 ? 1 3/2-
14 —== === 05 3/2-
1 1 1 1 1 1 g 7/2_ 7/2-
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%4Sc are known two states: 110 keV (7 = 5us) and 247 keV (B decay)

55Sc no excited states known



The N=50 isotones
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Coulomb effects

The description of the Coulomb interaction, taken into parts

V —_ V +V E. Caurier et al., Rev. Mod. Phys. 77 427 (2005)
C ~ CM cm A.P. Zuker et al., PRL89 142502 (2002)

Vu Multipole term accounts for the interaction between protons in the
valence space

V., monopole term accounts for the single-particle and bulk effects due
to the spherical field

-Radial effect o 3e'Z(Z-1)

Cr 5 R
‘Shell energy j _ ~437Z, 2I0+D-NIN+3)],
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1 1dV
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M.A. Bentley and S.M Lenzi Prog. Part. And Nucl. Phys. 59 (2007) 497



A=51 mirror nuclel
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Fig. 11. Partial level schemes of the yrast negative-panty states of “Fe (data taken
from [70]) and of “*Mn (data taken from [72])
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The isospin-nonconserving NN interaction —VB- is
suggested to be as important as the Coulomb part
(A.P. Zuker et al., PRL89, 142502(2002).

J. Ekman et al., Eur. Phys. J. A9 13 (2000)
J. Ekman et al., PRC70 0014306 (2004)

M.A. Bentley and S.M Lenzi Prog. Part. And Nucl. Phys. 59 (2007) 497



Mirror nuclei in A=70

Existence of E1 transitions fp-gg,,
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MED in 6’Se and ¢7As
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FIG. 2. (Coloronline) The MED for states shown in Fig. 1. Upper determined Independently

graph: Comparison of calculated MED with available data. Lower
graph: Decomposition of theoretical MED into four terms (see text

for explanation).
K. Kaneko et al., PRC82 061301R (2001)



