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OCD with Environmental Effects

*Temperature

*Density (Chemical Pot.) / € QCD Thermodynamics

*0 angle
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‘ *Magnetic Field

*Gravity > € External Source

*Rotation ‘
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Relativistic Systems with eB

Heavy-ion collisions ¢ B ~ 1018 @
Magnetar(surface) @B ~ 1015 G

Magnetar(interior) o 3 ~_ 1018—20 G
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Relativistic Systems with €2

Heavy-ion collisions Q ~ AQCD 7

Magnetar RO ~ 10_1
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Magnetic Catalysis

* Attractive interaction

* Large magnetic field

m
t B
m ~ VeBe #/¢
eB
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Increasing eB > |ncreasing m

Magnetic Catalysis



Magnetic Inhibition

* Attractive interaction

* Large magnetic field

* Density
m
4‘
p#0
eB
=y
Increasing eB > Decreasing m

Magnetic Inhibition / Inverse Magnetic Catalysis



“Rotational Magnetic Inhibition”

* Attractive interaction

* Large magnetic field

* Rotation Rgst% th.—i- (L. + 5.)82
m
¢ Q#£0
eB
=
Increasing eB > Decreasing m

“Rotational Magnetic Inhibition”
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Fermions with eB and €

Vi =€V

Dirac eq. {Z’}/M(DHJ —+- FM) — m}w — O

1-7r20% ¢yQ —20Q 0

Gy = Y2 —1 0 0

A; = (0,By/2,—Bx/2,0) s —zQ 0 -1 0
0 0 0o -1

(E+U+Qs.)" =eB2n+1—2s,) +p>+m



NJL Model with eB and €

S = / d4x\/ —det(g) L(, )

L=vy[iv"(D,+T,) v+ % (W) + (Py50)°]

Gap eq. m = Gtr[S(z, )]

(mean field approx.)

o =

weak coupling : Catalysis

NJL in finite density _ o
strong coupling : Inhibition
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Weak Coupling (T = 0)

Mdym ~ 1077
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Increasing eB ——> Increasing m

Magnetic Catalysis
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= ()

Strong Coupling (T

Increasing e B ——> Decreasing m

“Rotational Magnetic Inhibition”
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How Rotation Affects Fermions

. 1 .
Fermi d|St. 1 — 6_5{8_|Q(£+1/2)|} . 0(6 T ‘Q(f + 1/2)|)

If there exists a mode that satisfies € — Q£ +1/2| < 0

rotation affects the fermion dynamics

1/veB < R ——s The wave func. is localized

—> R can be regarded as infinite

Eigen-mode &= +/2neB + p? + m?2
Rotation with a strong magnetic field affects a system
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Without Magnetic Field

The wave func. is no longer localized —— R should be finite

Eigen-mode ¢ = \/pzk +p§ + m? qb(?“) ~ Je(pe, kT)

Jo(pe.kR) =0 —— | po.r =& 1/R

C_QU+1/2) > L Qe+ 1/2)

IR mode

Causality
OR <1

\ > Iz
Rotation itself leads to NOTHING

601~ QR(C+1/2)

L
e e.g.
€1 — (L+ 1/2)} >0 0.1 =2.40483 > 1/2
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Summary

Rotation itself never changes dynamics (at zero temperature)
eB with rotation =2 eB with density

A High eB or T allows us to ignore the boundary effect

T°Q  Q?Q
= QR 2) for T>R '>Q
T +487r2 + O(QR™“) for P> >

JA

For a small eB or T, the boundary effect should be taken into account



