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Casimir effect

From wikipedia
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Oscillating Casimir effect

@ Casimir effect from Dirac/Weyl electron fields in Semimetals
2 Thin films of Dirac semimetal Cd;As, and Na;Bi

2 Oscillating attractive/zero/repulsive Casimir forces
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Oscillating Casimir effect
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2 Oscillating due to the Weyl point
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Small volume physics in QCD

| attice QCD Neutron star

~/  Nuclear pasta

Nuclear matter

Quark matter

M. Kaneta X
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Oscillating Casimir effect

® Consider counterparts of several Casimir effect in NJL model

Insert QCD medium

Original setup inside two plates

QCD matter
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What is a counterpart in QCD (NJL) ?

with chiral cond.

Insulator Metals Weyl (semi)metals
Weyl points
iFermi energy ¢
QCD vacuum Dense QCD -

with chiral cond.
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What is a counterpart in QCD ?

e Dual Chiral Density Wave (DCDW)

A candidate for ground state near chiral phase
transition of density QCD (NJL)
Order parameter with spatially inhomogeneous chiral

condensate
The spiral structure of scalar (s) and pseudoscalar (r)
condensates Prediction from NJL

0.20 E. Nakano zland T. Tatsumi I(2005)
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Dispersion relations in DCDW

® Four eigenvalues of Dirac field at ¢ = (0,0,9)

W, = \/k3+ky2+ (/K2 +i iy = —\/k§+ky2+ NG
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DCDW under Magnetic flelds

e Magnetlc Dual Chiral Density Wave (MDCDW)

The magnetic field makes the DCDW phase more robust
because of the effective 1dim space.
MDCDW is realized in the interior of a heutron star

l. E. Frolov and V. Ch. Zhukovsky, (2010)
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Dispersion relations in MDCDW

® Four eigenvalues of Dirac field at ¢ = (0,0,9)

Lowest Landau Levels (LLLS)
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Results
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Definition of Fermi/Dirac sea

3 ® Fermi Point -
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Zero baryon number density p, (Low )

No Dirac and Fermi point
MIA =047, g/A =0, u/A = 0.46

w (ky=ky=0,k;)
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Zero baryon number density p; (Low pu)
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Finite baryon number density p,; (Intermediate u)

@ Oscillation occur by Fermi point Oscillation period:

MIA =046, g/A=0, /A =0485 , _ & 22 .
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Finite baryon number density p,; (Intermediate u)
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DCDW ph

ase (high u)

@ Oscillations by DCDW phase

Oscillation period:
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DCDW phase (high )
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DCDW phase (high y)

© Oscillations by MDCDW phase
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MDCDW phase
Orange : u-quark arXiv: 2408.08384

Green : d-quark
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Summary and Outlook

© Casimir effect in dense QCD (NJL)
> Low u : Massive Dirac Casimir effect

2 Intermediate u : Oscillating Casimir effect from Fermi sea

> High u Oscillating Casimir effect by DCDW

2 Under B : Oscillating Casimir effect from each LL

@ Color superconducting phase or kink crystal phase

© Lattice QCD simulations

Thank you for your attention
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Buck up
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Intermediate magnetic fields

Buck up
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Buck up

E. Nakano and T. Tatsumi (2005)
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