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angular velocity of horizon
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Penrose process
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Superradiance

BEBHIC R T
AJ m m :azimuthal number

AM o @ :angular frequency
AA
W1 oM =_—"Fioqay
kw  AAg
AM =

8T w— mS2y

IXILF—5|ZFKRZEDERHEF
AM <0 ' '
AM X —w
AJ x —|m)|

superradiance D 515

w—mS2y <0

2nAJ < AM <0



Superradiance



KerrlFZCH T DK

(O0—u?)d =0 D = x/:;(:_) azS(H)eim¢e_iwt
d?u
dl"% ! V(I”)M — O /\ """""""" |

V() BEBOERDETHEER S -
EETAER V <0

(i

| | |
oo (@) EEN N o N
- — —_— —_—

angular frequency w

azimuthal number m e
Carter constant @ = L?> —m? + O(az) r

= factorized potential

—V=yl-V)-V) ]

EFA[EERE, o >V, Vo>

11



RDIRS 5L

<
T e—i(w—mQH)r*

{2778l : Wronskian—ZE

RI*?>1 FORENEREINS

superradiance

BOIRILF— ~ R0

W



M7 DI R)LF—=is TEBID AIRE

-I:I)ulu;

w—mS$2y <0

superradiance D 515 level crossing

13



IR

T T T L
a=0.99M

— numerical
— - analytical

— a=0.70M
—- a=0.80M
=~ a=0.90M '
e a=099M './)’

—
o
T IIIIIII

—h
o
T IIIIIII

—h
ol
T T IIIIIII

—h
ol
T IIIIIII

1 IIIIIIII
—
o
IIII T IIIIIIII T IIIIIIII T IIIIIIII T IIIIIIII T IIIIIIII T TTTTI

I
Q-

—h
o
T IIIIIII
11 IIIIIII
—h
o

NI

—i
o
—_i
o
—
o

%
S
T
i]]j
<t
A
ol

o
i)

14



BICEBDIRIVF—5|=IRE

AEy

b — @O(r, Q)Q—ia)t-l-imqb

Jg e g

horizon

Energy flux on horizon

AEy = cbg w (w —mS2y) /q AOAP At
V4 =2Mrysinf

Superradiance ' T = 5
w—my<0 <@ AEyg<O0

TRILF—5|ERE DFRHERIL

16



BH#XE &BZ process



Force-free approximation
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Blandford-Znajek Process
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Is BZ process superradiance?
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Penrose process, superradiance and BZ
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Penrose process & L CDsuperradiance
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Penrose process & U T Dsuperradiance
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