Study Of Nuclei at High Angular
Momentum - Day 3

Some Current Topics In High-Spin Studies
1) Re-emergence of Collectivity at High Spin
2) A New “Spin” on Octopole Collectivity

3) High Spinners can study Neutron Rich Nuclel too!
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Re-Emergence of
Collectivity at High Spin



Nuclei at the highest spins: Beyond band termination
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Mid-90’s: From collective rotation to band termination
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Mid-2000’s: Feeding of the terminating states

The very weak feeding transitions originate from the
levels of weakly-deformed, core-breaking configurations.
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2007: Evidence for return to collectivity
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2007: Return to collectivity
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2011: What deformation?
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2011: Doppler Shift (DSAM) Measurement
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Theory vs Experiment

CALCULATED
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Qq is transitional quadrupole moment; Qg
IS intrinsic quadrupole moment;
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A is mass number.
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A New “Spin” On
Octupole Collectivity



Octupole Collectivity
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Where to find enhanced octupole collectivity

Long-range interactions between single particle states with Aj = A4l = 3;
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Multi-Nucleon Transfer; 13¢Xe + 232Th
(Gammasphere)
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A~146 Region (Ba, Ce, Nd, Sm)
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 CARIBU at ANL will provide reaccelerated beams of neutron-rich Ba isotopes for
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Rotation appears to stabilize static octupole shape
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Octupole Rotation: signatures
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Odd-A Nuclei Exhibit Evidence of Octupole Collectivity
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Signature of Octupole Collectivity in Odd-A Systems
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Alternative Explanation of static Octupole Deformation
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What is the Resultant Shape at Condensations




Consequence of Anharmocities.
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® Due to anharmocities, phonons bands will cross at different frequencies
® Phonon’s of same parity will interact.

® Resulting yrast line will have states on average which appear to be
interweaved as expected for static octupole shape.

S. Frauendorf, Phys. Rev. C 77 021304(R).




Octupole Correlations around 239:240py: Rotation, Vibration or

something else?
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Can One Distinguish Between the Two Pictures?

New Results on 23%Py

Interleaving E1 transitions now observed
between yrast (1) and octupole (2) bands.

Positive parity band built on 0* state at 861
keV is observed to high-spin.

- Competes in excitation energy with yrast
band.

- Decays exclusively to octupole band
- Large B(E1)/B(E2) ratios: ~1x108 fm2

- Band with these characteristics not seen
before

X. Wang et al., Phys. Rev. Lett. 102, 122501 (2009)
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Dipole Moment at High-Spin is Large
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Evidence for Octupole Condensation?

Octupole Condensation concept:

Rotation of a prolate deformed nucleus with a super-imposed
octupole vibration with phonon spin aligned with rotational
axis

Band 1 - 0 phonon, Band 2 - 1 phonon, Band 3 -2 phonons

Accounts for observations, i.e., bands, energies, alignments,
branching ratios etc.

phonon
condensation

(V
¢

B band 1 (+)
O band2(-)
A band 3 (+)

12

08

— =

e' (MeV)

0.2
i (MeV)

X. Wang et al., PRL 102, 122501 (2009)



Octupole Correlations: Generalization of Picture
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Octupole Correlations: Generalization of Picture - Tidal Waves
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High Spinners Can Study
Neutron Rich Nuclel Too!



Modification or Disappearance of Shell Gaps
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Explains why 2404 is heaviest bound
oxygen isotope and not 220,

Explains why 32Mg,, is deformed and
not spherical.




Do New Shell Gaps Develop in the f-p Shell?

Removal of protons from f-,, shell

weakens the nf,/>-vfz 5, monopole interaction
strength, resulting in the vfs,, orbital pushing up in
energy.

Opens possibility for shell gaps at N = 32, 34.



Shell Model Predictions using GXPF1 Interaction

N=28 N=30 N=32 N=34
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M. Honma et al., Phys. Rev. C65 (2002) 061301(R)



Studies of Ca-Ni Neutron Rich Isotopes:

* Collaboration began 2001 between ANL, NSCL, Krakow, Manchester, Maryland

* Data obtained at several different facilities (NSCL and ATLAS) utilizing
different techniques to excite the nucleus and measure the y decay:

32 Ge

31 Ga

30Zn

29 Cu

28 Ni

Z 27 Co
26 Fe 44

25Mn

24 Cr 42

23V

22 Ti 4

21 Sc
20 Caf 38

20 28 30 32 34
N

What is the evidence of new shell gaps at N=32 and 34 for Z<28.

How robust is the N=40 gap for Z<28?



Experiment Evidence for N=32 Gap (circa 2001)

J.l. Prisciandaro et al., PLB 501, 17 (2001)
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First Results on neutron rich >4Ti (N=32):
R.V.F. Janssens et al., PLB 546, 22 (2002)

Before this investigation, very little known about >4Ti.
Two experiments undertaken to study properties of >4Ti.

Beta decay of >*Sc at NSCL production of **Sc from
fragmentation of a 8Kr beam

In-beam spectroscopy with Gammasphere utilizing the
reaction 48Ca +298Pb production of *>*Ti via a deep
Inelastic reaction instead of fusion-evaporation)




’4Sc b-Decay Results (NSCL)

Production rate: 0.5 >*Sc/s
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Deep-inelastic data: Quest for >4Ti

48ca (305 MeV) +208pp (thick?:
(0]

ATLAS + GAMMASPHERE
at Argonne




Identified Products from 298Pb + ¢4Ni @ 350 MeV

W. Krélas, R. Broda, B. Fornal , T. Pawtat, H. Grawe, K.H. Maier M.
Schramm, R. Schubart, Nucl. Phys. A724 (2003) 289.
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4Ti results from 48Ca + 298Pb deep inelastic
reaction measured with Gammasphere
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Similar set of experiments on >°Ti

%6Sc decay at NSCL with SeGa 48Ca + 238U @ ATLAS with Gammasphere
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The Ti story: N=32 shell gap, N=34 no gap.
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Theory Development: GXPF1A

GXPF1A vs GXPF1: L, i 34 *°Ti
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Is there a N = 34 gap for °“Ca between f.,, and p,,,?
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Is there a N = 34 gap for °“Ca between f,, and p,/,

B. Fornal et al., Phys. Rev. C 77, 014304 (2008)
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See also M. Rejmund et al., Phys. Rev. C 76 (2007) 021304(R)




Is there a N = 34 gap for °“Ca between f.,, and p,,,?
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Thank You For Your Attention

and
Good Luck With You Thesis Work



