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Matter Evolution in the Universe 

ÅHadrons: complex system of quarks (and gluons)

ÅHow are hadrons formed from quarks?

ïyet unanswered question

ïbehavior of the Strong Interaction (QCD)
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Nucleus

proton

hadronQuark (Gluon) Neutron Star

10-15 m 10-14 m 10+4 m

neutron

2x10+8 t/cc ~20x10+8 t/cc

Hyperon Matter?

Quark Matter?



High E

How does QCD build hadrons?
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ÅNon-trivial vacuum 

ÅSpontaneous Breaking 
of Chiral Symmetry

ÅConfinement

ñConstituentò

Quark (CQ)

Meson Cloud

Low E

‌ Њ
at LQCD

perturbative non-perturbative

Eff. DoFdynamicallyemerge:

άaŀǎǎƛǾŜέ /v

bD ōƻǎƻƴǎ όǇƛƻƴΣ Χύ

Instanton 
(LQCD demo.

by D. Leinweber)

Q-Diquark Pot. 

in LQCD cal.

Dynamics of CQ reflects 
the nature of QCD in Low E
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