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canwe medsuse the spin parameter of
a centra’l"B&I?

e Kerr BHs exist in the universe?
m What 15 the sign of a Kerr BH?

We examine whether gamma-ray

can be a useful tool to investigate

the spin parameter




onl the siandardidisk model,
nelativastically smeared Fe Ko line in the
spectriin ifom some AGNs are considered
to be arsign ot near-extremal Kerr black

hOle (Tanaka et al. 1995; Iwasawa et al. 1996)

How can we measure the spin of a
black hole with optically thin accretion
flow?

%tion tlow:

opticalliahinadvection-dominated
- accretion flow (ADAF)
m BH: KernrBlack Hole

Kerr Black Hole
Ci

ADAF




VeCtIOH—domlnated dlSk (Ichimaru 1977; Narayan & Yi 1994)

Q\zs -E.% - Qr_a‘d Advection
u opticallythin ‘ﬁ"r

® high temperature

) gromsironlly g local radiative cooling

m low radiative efficiency

m thermally stable ‘_V

lw spectrumiis determined by the electron
cooling‘prgcesses such as

Bremssirahliung, Synchrotron radiation,
Comptenikzation

m Gamma-liay emission by proton cooling can

be calculated with no additional parameters
(Mahadevan et al. 1997)




lack holeista rotating and non-
charged‘ol%ck lole

| Themotational speed of the Kerr black hole
1S represented by the dimensionless spin

parameter: d(-1<a<1,a=Jc/GM?)

J: BH angular momentum, M: BH mass
c: speed of light, G: gravitational constant

=93 W= ¢ - ¢

a<0 a=0 a>0

pnddEeiISack Hole

tation moedifies the inner structure of
ADAE ('F§ 10R,)

iemperature surface density

The temperature and the surface density for a=0 (solid line), a=0.95 (dashed line),
and a=-0.95 (dotted line). At around R 1Rs, BH rotation (-0.95 <a <0.95) modifies the

ion temperature by an order of magnitude (Manmoto 2000)




l% vicinity; ofia central BH, ADAF

become icmely hot. In such a extremely
hiot plasmayithe gamma-rays

are produced through the

proton-proton collisions

P+P o P+P+77
”0 _’y1+y2

P : proton
T : neutral pion

\f © G 0 is the dimensionless proton temperature

Gamma-ray spectrum from the thermal protons.



Wus dissipations mainly heat the ions
u ADAF f’dr@s two temperature plasma
Th&ns tianster only a small fraction of their

energy torelectrons via Coulomb scattering

m Electron energy distribution 1s thermal

The electrons are thermalized with m >10~*

(Mahadevan & Quataert 1997)

%‘-echanism ol*the viscous heating in
therAlDAIaEmot well understood.

‘ (Mahadevan & Quataert 1997)

Thus, werconsider the following 3 cases
B proton energy distribution is
thermal distribution
power-law distribution

mixture of the two




%of the central BH: m (=M /M__ )
M nass dcereion rate: m (=M /Meaa)

_ Viscoﬁparameter: o

M pressure ratio: B
= gas pressure / (gas + magnetic pressure)

W spin parameter: a




e:'u‘r 12 Suge; ssive Black Hole

power-law

m=10° B=0.5 Spectrum from the radio to

< the gamma-ray. All
—10-3 -

m =10 a=-0.95,0,0.95 parameters except the spin

a=0.1 parameter are fixed

.._.,—*J

HﬂﬂﬂJﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

power-law

(a,m) = Spectrum from the radio to the
(-0.95,1.03 % 10‘3) gamma-ray. Mass accretion rates
(0, 10‘3) are modified so that the X-ray flux

1S the same

(0.95,5.8x10™)




e:'u‘r > Stell: ass Black Hole

power-law

m=10 B =05 Spectrum from the radio to
. - the gamma-ray. All
m=10" a=-0.95,0,0.95 parameters except the spin
a=0.1 parameter are fixed

power-law

m=10 (a,m)= Spectrum from the radio to the

a=0.1 (—0.95,1.36x107)| gamma-ray. Mass accretion rates
' (0,107) are modified so that the X-ray flux

B=0.5 (0.95,3.7x10™) | is the same




anrerdistributions

a=0.95 a=0

A =0 ; all viscous energy goes
to the thermal

A =1 ; all viscous energy goes
to the power-law

Same parameters as in result 1

off jitude when the spin parameter is
variedHitemi=0.95 to 0.95

— Gamma-ray spectrum can be a probe

to investigate the spin parameter




prioton: energy: distribution is power-
|2, thiesgamima-ray intensity i1s much less
sensitive to'the,changes in the spin
parameteithian i the thermal model

— It is not easy to estimate the spin

parameter from gamma-rays

prioton energy: distribution is mixture
ot the th%rglal and the power-law, the
gammgsiay miensity from the thermal
component1s overwhelmed by the power-
law: component.

- It is alsonot easy to estimate the

spin parameter from gamma-rays




