Lifetimes of excited states in neutron-rich nuclei
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The nuclear chart of quadrupole deformation
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N M. Girod, CEA Bruyéres-le-Chatel
HFB calculation (Gogny D1S)

deformed, open-shell nuclei: nuclei near shell closures:
» rapid shape changes » changes in the shell structure
and shape coexistence for nuclei far from stability
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The nyclear chart of quadrupole deformation
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stable nuclei:

(mostly) Coulomb
excitation
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The nyclear chart of quadrupole deformation
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68Ni region: medium-heavy fission fragments
» shell structure » shape transitions and triaxiality
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Collectivity around ©8Ni

» N=40 sub-shell closure at %8Ni
» n—v correlations stronger than N=40 gap for Z=28
» increased collectivity with filling of vgg,,

» Lifetime measurements after multi-nucleon transfer
> 238 + 64Nj with EXOGAM+VAMOS at GANIL
J. Ljungvall et al., PRC 81, 061301(R) (2010)

A. Dijon et al., PRC 83, 064321 (2011)

> 6Ge + 238 with AGATA+PRISMA at Legnaro
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Lifetime measurement with AGATA Demonstrator

PRISMA

MWPPAC  Ionization
¥ chamber

AGATA 577 MeV
Demonstrator 0.5 pnA

Plunger (Univ. KoIn)

wd=18cm, 135 -175°
€=2.4% @ 600 keV
60 kHz per crystal

5 distances:
100 — 1900 um
20 hours each
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Identification in PRISMA
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RDDS spectra
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Systematics of B(E2; 2* — 0*) values for Zn isotopes

B(E2: 27> 07) (¢’fm”)

: : » stable beam

S. Raman, At. Nucl. Data Tab. 78, 1 (2001)

— O. Kenn et al. PRC 65, 034308 (2002)
B. Pritychenko arXiv:1102.3365

» intermediate-energy coulex

— S. Leenhardt EPJ A 14, 1 (2002)
O. Perru PRL 96, 232501 (2006)

» low-energy coulex

_ J. Van de Walle PRL 99, 142501 (2007)
J. Van de Walle PRC 79, 014309 (2009)

» RDM after fragmentation
M. Niikura PRC 85, 054321 (2012)

» RDM after multi-nucleon transfer

- C. Louchart et al. to be published

» shell model JUN45
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lifetime measurement:
decay probability depends
on transitional ME only
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M. Honma PRC 80, 064323 (2009)

I low-energy coulex:
f excitation probability depends on
» transitional ME = B(E2)
» diagonal ME = Q
I B(E2) obtained assuming Q(2*) = 0
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Combining Coulomb excitation and lifetimes to extract Q(2*) for 4Zn

= SM JUN45

30 = o e R g
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E ® :
n - . .. e
Z 25—
oL =
- — 74
20 |— - — - i Zn
/‘4 1 . L : | L
=0.2 0 0.2
Q(27) [eb]
Q(2*)>0
> low-energy Coulex oblate shape
J. Van de Walle PRC 79, 014309 (2009)
> RDM lifetimes t(2*)
after fragmentation: 27.0(24) ps M. Niikura PRC 85, 054321 (2012)
multi-nucleon transfer: 28.5 (36) ps this experiment (C. Louchart et al.)

weighted average 27.5(20) ps
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Systematics of B(E2; 4* — 2*) values for Zn isotopes
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Fusion-fission reactions to populate neutron-rich nuclei

12C(238U,f)250Cf i

fusion-fission reaction -
N70E

238, 6.1 MeV/u
““h
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F. Farget et al.
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spontaneous fission of 250Cf
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238 + 12C @ 6.1 A MeV
fission of 250Cf at E* = 45 MeV

drift chamber: x,y

ionisation chamber: AE
silicon wall: E, t, v
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Lifetime measurement in fission fragments

*Be(*U P Cim

38, 6.2 MeV/iu

» include plunger

- 238
> replace 12C with %Be beam: +°U at 6.2 A MeV

fusion-fission reaction
134Te
target: 2.3 mg/cm? Be

“\ Mg
degrader: 4.9 mg/cm? Mg

VAMOS upgrade: 7 distances 25 — 1600 um

> new MWPPACs = better time (= mass) resolution 24 h per distance
» larger focal plane (x2) = larger acceptance
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Identification
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Summary

» RDDS lifetime measurements for neutron-rich nuclei
» multi-nucleon transfer reactions = moderately neutron-rich nuclei
» fusion-fission reactions = (very) neutron-rich nuclei
» complementary to Coulomb excitation with RIB
» populate different states
» B(E2) < Qg

» RDDS lifetime measurement in neutron-rich Zn isotopes
> 8Ge + 238U multi-nucleon transfer using PRISMA + AGATA at Legnaro
> oblate shape for the 2* state in 74Zn
» non-collective character of the 4* states

» RDDS lifetime measurement for fission fragments

> 2381 + °Be fusion-fission using VAMOS + Exogam at GANIL
» simultaneous measurement for wide range of neutron-rich nuclei
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