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Clustering: Key to understand hierarchy in guantum world?
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Semi-Hierarchy: Clustering and Hierarchy of Matter
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v" Threshold: Clustering near Threshold > Semi—Hierarchy

v Degree of Freedom : Neutralization of Charge, Spin(S), Isospin(T)



Clusters and Semi-Hierarchy

Conventional Hierarchy

XL IEE

Semi-Hierarchy

B

v" Smaller Gap between

v’ Big Gap between Hierarchies

Hierarchies g v" Weakly Bound
v’ Strongly Bound Atom.;gy.;"'ize(f\‘?“‘;. (Unbound)
Y 5354 (IR M)

v’ Simple constituents: v’ Mixed constituents:

Nucleus= — Halo Nucleus
“ ) RVEDETre £ . .
nucleonic” system | Nucleus @ ="nucleonic”+"dineutron”
system

Semi-Hierarchy:

: i Heavy . Key Aspects to
) Quark ((3-!3. understand the
hierarchical

structure of matter




This Research Area =2 "Three Key Indexes to Connect Hierarchies"
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v Degree of FreedomB HJE : Charge, Spin Isospin & Neutralization=> Hierarchy

v Threshold Rule EI{EBIl : Near Threshold = Cluster (Hierarchy)
v Degree of Separatin 4B E : Quantify Separation by Purity of “Cluster state”
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Degree of Separation 77 BfE

Why deuteron is described as two-nucleon system, but not as 6q system?
Nuclei hierarchy vs. Hadron hierarchy

D.o. Separation: ’_’Compositeness 7" S. Weinberg, PR 137, 672 (1965)
(Field renormalization constant) T. Hyodo, IJMPA 28, 1330045 (2013)

Hadron-like deuteron  Nuclear-like deuteron
: elementar : composite (cluster)
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Deuteron: Weakly bound limit (B=2.23 MeV, a = 5.42fm, r, = 1.74fm)
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Questions on D.o. Separation

* Compositeness:

Valid for weakly bound 2-body system. How about
deeply-bound system? 3-body or heavier system?

e Resonance?
 Compositeness vs. Spectroscopic factor

Goal: Establish “Universal Index” for the degree of Separation



One more Key Factor:

Interactions —2Clustering —2>Hierarchy
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Key: Understand “the force”:

= Clustering: Strong Inside, Weak Outside
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NN interaction >> aal interaction >(Semi)-H i
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. e «“
a-cluster nucleus: Fixed “a,,, a [

- Ultracold atom: “a,” (8K&L& MEEFA D) can be tuned
- Exotic nuclei/Hyper nuclei very different “a”

— 3N force
- Effective interactions (Medium effect) -

- Understand the force from fundamental level (Lattice QCD etc.)



Bridging Hierarchies
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Activities of Board of Directors
AlM: Promote Strong Collaborations to bridge over different fields (hierarchies)
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“Collaboration to overcome the gaps between hierarchies of matter”
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Clustering as a window on the hierarchical structure of quantum systems
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Ms, Shiyo Enyo (Kyoto Univ.)
A large solid hydrogen target for ESPRI experiment

Mr. Yonghree Kim (Kyushu Univ.)
Spectrum of heavy baryons in a chiral diquark system
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Halo Structure of neutron drip-line nucleus *°B
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. imi ?
Summary. What we are diming at: Hadron semi hierarchy
Quantum Simulator

SUni . o " —>Clari e properties of
Universality acré)osls,ozlerarc ies exotic hadrons
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Produce exotic nuclear clusters Fundamental hierarchy

and clarify their properties = Upper hierarchy
Clarify Key Factors

”

Understand “Semi-hierarchy/Clusters” “Force” > Universality/Diversity
—>Mechanism of Cluster formation/Hierarchy of Matter

Establish-“Science of Matter-Hierarchy”
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