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deformation and two-neutron separation energy
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Nuclear Deformation

Excitation spectra of 1>4Sm
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134Sm : a typical deformed nucleus
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One-particle motion in a deformed potential
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One-particle motion in a deformed potential
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One-particle motion in a deformed potential
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Angular Momentum Projection
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Angular Momentum Projection
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Projected wave function:
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Snapshots

taking snapshots of a “slow” motion with a high-speed camera

Tcamera <K Tmotion

https://www.sony.jp/ichigan/products/ILCE-7M3/feature 3.html
(photos with a Sony camera o/ 7111)

mm) taking snapshots of a nucleus with a “fast” nuclear reaction

Treaction < Tnucleus




Snapshots

taking a snapshot of a nucleus with a “fast” nuclear reaction

relativistic H.I. collisions low-energy H.I. fusion reactions
with a deformed nucleus of a deformed nucleus
a good probe of — T T T T

&  nuclear shapes
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Increasing interests 0 @
in recent years 154Sm 160)



Snapshots

taking a snapshot of a nucleus with a “fast” nuclear reaction

relativistic H.I. collisions low-energy H.I. fusion reactions
with a deformed nucleus of a deformed nucleus
a good probe of B I N N B
& nuclear shapes .
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[Large similarities: intersection of High E and Low E HI collisions J




Low-energy heavy-ion fusion reactions

Coulomb barrier

1. Coulomb interaction
100 . long range, repulsion

80 0+ *sm - 2. Nuclear interaction
S 60f I T L __ short range, attraction
2 40 e
= 20f Quantum tunneling 1
<
d O = . .
S ol s b Potential barrier
£ 4ok F =+~ Coulomb _ (Coulomb barrier)
- A --- Nuclear - .
-60 -~ | — Total Fusion: takes place by
-6l 10 15 20 overcoming
r (fm) the barrier

the barrier height — defines the energy scale of a system

Fusion reactions at energies around the Coulomb barrier




Low-energy heavy-ion fusion reactions and quantum tunneling

Fusion with quantum tunneling

with many degrees of freedom

- several nuclear shapes

https://web-docs.gsi.de/~wolle/ TELEKOLLEG/KERN/index-s.html

several modes and adiabaticities
- several types of nucleon transfers

Tunneling probabilities: the exponential £ dependence
— (small) nuclear structure effects are amplified




Discovery of large sub-barrier enhancement of 6, (~80’s)

the potential model: inert nuclei (no structure)
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134Sm : a typical deformed nucleus
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Effects of nuclear deformation
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a small rotational energy
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the fusion probability

“a snapshot of a rotating nucleus”




134Sm : a typical deformed nucleus
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Effects of nuclear deformation

154Sm : a typical deformed nucleus
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Effects of nuclear deformation

154Sm : a typical deformed nucleus
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Effects of nuclear deformation

154Sm : a typical deformed nucleus
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Probing nuclear shapes in Rel. H.I. collisions

the initial shape

of QGP expansion detection
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Probing nuclear shapes in Rel. H.I. collisions
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Probing nuclear shapes in Rel. H.I. collisions

flow:
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Probing nuclear shapes in Rel. H.I. collisions

ﬂOW: . . . 1 d N
the final N-distribution ——
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other examples:

v triaxial (y) deformation

TG

* G.Aadetal., PRCI07, 054910 (2023)
* STAR collaboration, Nature 635, 67 (2024)
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