Rotating/magnetized fermionic matter
confined in a finite-size system



Rotating Relativistic Systems

- binary star merger - black hole * heutron star

- noncentral heavy-ion collision
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Rotating Magnetized System
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angular momentum conservation

O ~ 10%? Hz ~ 10 MeV

Ampere's law

eB ~ 10" G ~ m2

How are the magnetic properties modified by ?
e.g. anomalous transport and chiral symmetry breaking



Rigidly Rotating System
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1. Finite-size system with (2



Rotating Fermions
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Momentum Discretization

Bosons confined in a well Dirichlet type
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Rotational Effect at 7' = 0
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Rotational Effect at 7' = 0
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Rotational Effect at 7' = 0
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Rotational Effect at 7' = 0

Ebihara, Fukushima, KM (201 7)

E

causality Q <1/R t
— | G1/R>0
NO rotational effectat 1'= 0 D,

* same discussion with the MIT b.c.

T
Note : CVE Jjs =750



2. Finite-size system with eB



Cyclotron Motion
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“Incomplete Landau quantization”




Incomplete Landau Level

iy (0, +ieA,) —mlY =0 with

t eB

—
R

—/

DI = lowest transverse momentum for [

120 | |
a=eBR*/2 | a=0
90 - a=4.5 |
a=22.5
~ _ a =45
pr [R™] 6ol 4 P [R7Y]
30 \/
0 | |
-40 -20 0 20 40
[
disfavor favor
[ <0 [ >0

2.5 \ |

Po = €01/ R ~ 2.4/R_

|
15 30 / 45
8}

po =0

Landau zero mode



3. Finite-size system with (2 and eB
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Gapped to Gapless
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Gapped to Gapless
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visible rotational effect due to magnetic field



Ex.1) Anomalous Density

Ebihara, Fukushima, KM (201 7)
Hattori, Huang, KM (in preparation)
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Imply a tensorial anomalous term
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Ex.2) Chiral Symmetry

Chen, Huang, Fukushima, KM (201 6)

NJL model (mean field approx.) + neglecting inhomogeneity

QR [x1077]
(1) eBincreases ——4 M increases Magnetic Catalysis

(2) eBincreases——¥ I decreases

‘Rotational magnetic inhibition’



Summary: Rotation effect requires ---

* temperature \/Ii
thermal excitation -
- density A\i.%
I O ol

Fermi surface shift

* maghnetic field \/

| andau zero mode




Outlook

- Rotation yields abundant phase structures

- Rotational magnetic inhibition : spacial dependent chiral condensate

- Novel anomalous (magneto-vorticical) correction 1"/ = # eB'{)/

- Finite-size system under B-field



