Explore new modes of
vibrational and rotational excitations at high spin

Emergence of new type of collective motion due to rapid rotation

Microscopic mechanism of generating collectivity (coherence) of
soft collective modes of excitation

¥ Soft octupole vibration built on superdeformed bands

@ Wobbling and Precession
@ Chiral vibrations, Large-amplitude triaxial vibrations
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Important !

Low-frequency quadrupole vibrations are normal modes of
shape fluctuation of a finite superfluid (nucleus),

whose characters are essentially different from

the surface vibrations of a classical liquid drop.

Microscopic theory of these E, Ae0 /,,
collective phenomena | /4
to understand | mEmE
why and how they emerge ALY >

is one of the most difficult challenges /,/‘”

In quantum many-body physics . i -




In spite of the enormous expansion in high spin frontier,
vibrational modes at high spin are poorly known.
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Change of nuclear structure along the yrast line
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Quasiparticle Shell Model in the Rotating Frame
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1970s-1980s

Almost all high-spin spectra supposed to be explainable in terms of
the quasiparticle shell model in the rotating frame.
Does the low-frequency vibrations disappear at high spin ?
If both the pairing gap

2QP excitations Particle-hole excitations and the shell gap disappear
= due to rapid rotation,

——— ===
- T o acvan
= b o e

Pairing gap ) ] )
Collectiv| |excitatios

Collective eficitation

Ground state Gound state Yrast state

(pairing) (closed shell)



‘ New collective vibrations built on superdeformed states ‘

Search for New Collective Modleq
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PHYSICAL REVIEW C 83, 044309 (2011)

Structure changes in '"Er from low to ultrahigh spin
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FIG. 9. (Color online) (a) The aligned angular momentum (align-
ment) as a function of rotational frequency for the yrast band and band
5 (K = 2). (b) Energy relative to a rotating liquid drop as a function
of spin for these bands.



Typical spectra indicating symmetry breaking

' Breaking of axial symmetry===> \\obbling motion

Q Breaking of chiral symmetry====p> Chiral doublet
Macroscopic quantum tunneling

' Breaking of reflection symmetry s===sp> Parity doublet




Alternative pictures of Wobbling Motion

i 4

Spin vector

Shape viewed from the uniformly Spin viewed from the principal axis
rotating frame fluctuates frame precesses
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Wobbling Spectra

D. R. Jensen at al., Eur. Phys. J. A19 (2004), 173

First identified by

Odegard et al. (2001)

Why observed only in
odd-A nuclei ?

3-phonon
2-phonon

1-phonon
Yrast




Physical condition for an appearance
of the wobbling motion

oI Iz
= — 4+ L + —
2J:  2Jy  2J.
l for I, > 1,, 1.
I(I+1) 1
E(n,I)= T + hw(n + 5) , n=012 ..
1 L1 |
hw =1 — — —

COE—RMDMFESTZIDICE T, > T, T, Dl

Evaluate the moments of inertia 7. , J, , J-

by means of the QRPA in the rotating frame
M. Matsuzaki et al., Phys. Rev. C 69 (2004) 034325



Paradox of the wobbling motion
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( quantum rotation disappears)
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Important conclusion

Unable to explain in terms of the classical concept,
because it is the quantum dynamics involving
guasiparticle spin alignment and shell structure
that generates the wobbling modes in question.

Rotation axis

@©L
l‘ wﬂ,at

Rotational velocity

QP spin vector
A z Symmetry axis

M. Matsuzaki, Y.R. Shimizu and K. Matsuyanagi, Phys. Rev. C 69 (2004) 034325



Wobbling and Precession

c2 8 Ml

L> 1,1

Precession mode built on high-K isomer

Y.R. Shimizu, M. Matsuzaki and K. Matsuyanagi, Phys. Rev. C 72 (2005) 014306



Microscopic structure of the precession excitation

1 %
1 e ff’ f th bu-Gold
, S One of the Nambu-Goldstone
i modes becomes massive !!
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L
o 3 »»3 > M (angular momentum)
Tilted Fermi surface




Precession Spectra
D. M. Cullen et al., Phys. Rev. C60 (1990), 064301.

high- K rotational bands: known for many years



Open Problem; Whether or not
the precession mode emerges on a high-K oblate isomer .

Note that
Collective mass parameters (inertia functions)
In the phenomenological collective model
reveal the dynamical properties of the system
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Unified view of Spin dynamics of a 3D quantum drop

- Chiral doublet

/
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52
Yrast levels for [ Dy,

Nuclear Physics A354(1981)303c-316¢. 1
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Oblate high-K .~~~ = 7 77
THE STRUCTURE OF ANGULAR MOMENTUM isomer in 152Dy

IN RAPIDLY ROTATING NUCLEI /

A. Bohr and B. R. .Mottelson N
Niels Bohr Institute and Nordita
Copenhagen, Denmark

Energy (Me¥)
S—

2K = uzmey !

n 1 i W 1
g <00 1000 1500

-0 (F)

We are being presented here with a_fascinating new form of
nuclear matter in which the internal moticon gives ri a "macro-

SCopic" amount of time reversal violation. This situation provides
us with new opportunities to test our understanding of bulk terms
in the nuclear energy as well as the modificaton in the average
potentials produced by the significant circulating currents.
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suggested

possible competition
between precession and
gamma vibration

a) weak coupling b) strong coupling
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Many-phonon states of gamma vibration built on High-K isomer?

s Phys. Rev. Lett. 91 (2003) 182501
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Interesting Question :

Precession vs Gamma vibration

Do they exist ? If affirmative, which is favored energetically ?

gamma vibration
about the aligned
angular momentum

Precession mode

> T

I Itld I+2

Conclusion:

Discovery of a new collective excitation built on an oblate high-K isomer
will reveal how the nuclear dynamics is affected by macroscopic alignment
of angular momenta of protons and neutrons.
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Figure 2: Schematic figure depicting the relation between the triaxial deformation and the properties of the
out-of-band E2 transition. The shape corresponding to the triaxiality parameter ~ (Lund convention) is shown
relative to the main rotation axis, which is chosen to the z-axis in the left panel. In the middle, the out-of-band

B(E2) values with Al = +1 are plotted as functions of the angular momenta or the rotational frequency, for
which stronger transitions are marked in the right panel.



Courtesy of T.Koike

Which candidates are truly chiral?
Experimental confirmation

Bottom line:

Ideally identical and practically very similar characters between chiral pairs > TWINS

Degeneracy
Single particle configuration
— Unique parity (experimentally pure)
— (.p alignment
Collective aspects
— Moment of inertia
— Shape/deformation

Electromagnetic properties (most sensitive to wave
functions)

B(EM:l.+—>1.4+)~B(EM;l.——1.-)

BEM;l.+—1,-)~B(EM;l,——> 1 +)
Small Coriolis interaction

— Smooth and identical variation of S(I)=[E(l)-
E(I-1)]/2

long jv :
short |z

jvlong




Candidate for the Chiral doublet
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