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2-3. IEMRE BT

The mass to charge ratio of extremal BHs
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Einstein-Hilbelt Maxwell term

«— nHP+HKZEUVEEE : Einstein-Maxwell model

MaxwelllE ~ D 4BERS# 1E
[Kats-Motl-Padi '07, Loges-TN-Shiu '19, '20, TN-Satake ‘22]
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3-1. Euler-Heisenberg® 7/l
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MG/

0.5 |
0.4 |
0.3 |
0.2 |
0.1 |

0.0
0.0

0.6

— Extremal BH in flat
— Extremal BH in dS

— Nariai BH in dS

0.1 0.2 0.3 0.4 0.5
QVGIA[/Viar  (Q = gn)

dSBHDOD AR + 7 L

16

FDOFHIEAEFD>—de Sitter (dS)BFZE

--- Extremal BH
Cauchy’ 74 XY =BHFZ 4 X

dS BH (Z%5HE DR

_---Nariai BH V ............................... E
 FEBROFTARXY =BHAT A XY
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3-1. Valid region of Euler-Heisenberg model
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3-3. Dirac-Born-Infeld &7 /L
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4-1. Extremal BHs in de Sitter

EH model ( A =107M§, ym=10""Mp1 Q= gn

Fermion 1-loop

Scalar 1-loop

1.000: ] 1.00(): \*
o EH model 0.598 i
= 9991 Four-derivative model ] 5
< < 0.995¢ .
g - — Maxwell =
0.998 - O
Q ' \\ — EH model
0.992 - .
0.007] ] — Four-derivative model
00 Maxwell ]
o ‘ ‘ . . ‘ . ‘ ‘ . ‘ 0.988 '4 : : : '8 : : : '12
O'9961 10 104 107 1010 101 10 Qlo o
Q
DBl model (A =1073"M2, Apgr = 107°Mp
1.00 T T T T URERRA T '4
L \
0.98} -
s | - The monotonicity of mass to charge ratio is confirmed.
0.96 -
> 0%
= o . .
SE — DBI model - - The behavior in large reg|8j1 is special for dS.
— Four-derivative model
092+ i
— Maxwell
0'910010 — “‘1‘611 T “1‘612 — “‘1‘613 — “‘1‘614 — “‘1‘615 “ 22

Q



Future works

___ Festina Lente Bound (FL bound)

2 -
m > \/qgMpH A~H= | =7

-—————-—-——'_-,’_‘-—g

Allowed BH regio’h

H : Hubble scale {: coupling constant

MGV/A]

—— Nonlinear electrodynamics

X The discharge process "BH — Naked singularity"

» This discussion depends on BH spectrum. QV/GIA|/Vir

- If the Nariai BH which has electric charge shows similar correction, we should consider FL bound more
precisely.

- Gravitational effect should be also included.

— The rough estimate of "correction from charged particle vs gravitational correction” has done at
asymptotically flat.
—dS case is work in progress
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Nariai BH in de Sitter with DBl model
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The Cauchy horizon disappears and there is an only event horizon.
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4-3. Festina Lente bound

Our results are for magnetic BHs, but there are some implications to electric BHs.

___ Festina Lente Bound (FL bound)

One of the swampland condition
m 2 \/ngPlH A~ H2 which is discussed in de Sitter spacetime.

H : Hubble scale {: coupling constant

[Miguel Montero-Riet-Venken '19]

prd
Naked singularity —
/V ® Massless charged particle

~ Spacetime with naked singularity

MGA/|A

X The discharge process "BH — Naked singularity"

» This discussion depends on BH spectrum.

Q+\/G|A|/V4r
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