Near-IR View of Accretion Disks
In Super-Eddington Active Galactic Nuclel
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0. Candidates for Super-Eddington Accretion sources

- Narrow-Line Seyfert 1 galaxies (NLS1s):
Black Hole (BH) mass: Mgy ~ 10"(6-7) Mgn,
Bolometric Luminosity  Eddington Limit (Lgqq)

- Narrower “Broad Lines”: line width ~ virial velocity at broad-line region
- Rapid X-ray variability : smaller emitting region
- Hotter “Big Blue Bump” (optical--X-ray): smaller volume (cf. X-ray binaries)

(cf. quasar: Mgy ~ 10° Mg, L ~ (0.01 -- 0.1) Lggq)
( accretion rate (M) / Mgy AGN )
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NLS1 ( )
- Rapid (~ MBH/I\7I) and major phase of BH growth (Kawaguchi et al. 2004b)
- Elapsed time from the beginning of BH growth (~ MBH/M) seems shorter.
(Our spectroscopic and imaging observations are underway.)
- Contribution to Extreme-UV (EUV) background radiation : - Re-ionization
- Laboratories for accretion disk theory (Kawaguchi 03; Kawaguchi et al. 04a)



1-1. : self-gravity in AGN accretion disk

. Before ...
- Sub-Eddington AGNs Self-gravitating part of the accretion
IR opt UV X-ray disk can not be observed.

(i.e. not testable)
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Now ...
Self-gravitating part of accretion disks
(in super-Eddington AGNSs) exists, and
does emit optical continuum radiation
(Kawaguchi 03; Kawaguchi et al. 04a).
(Systematic Mg overestimation)




1-2. Self-gravity in AGN accretion disks: Discovery (1/2)

If p > p(sg) - (Vertical) self-gravity onsets

Mdot = 1000 L44/c?

— LU

~ \‘\p(sg,Z) .
- E B- 0.001 \, 1,
@ “Eﬁ \ \ Computations
S < 4 invalid
A o I .\.\

5 -0 a=0.1 > p

E I | IIIIIIII | IIIIIII| ] IIIIIII| ] Illllll 10 RSCh

1 10 100 1000 10000

o
Radius Radius (Recy) Kawaguchi (2003)



1-2. Self-gravity in AGN accretion disks: Discovery (2/2)

lum  1000A Mdot = 1000 L 44/c?
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Emission from

10% - 2 x 10* Rq,, appears at optical band



3-3. Outer edge of non self-gravitating disk (1/3):
Radius

Rgg: the radius where p = p (sg) = Q2 / (4 n G)
At R > Ry, self-gravity plays a role.
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3-3. Outer edge of non self-gravitating disk
(2/3). Wavelength-1

Asg: wavelength corresponding to emission from Rgg
T

e - from Ten(rm) :
Z 1o :_f_r__o_rn___.T,ff.(.rﬂ.)..:l:.___e_si ________ 1.9 micron
%n u
< R 3 (Kawaguchi,

-
--------
.....................

Pierens, Hure
2004)

10 100 1000

M []-'Edd/ca] Mdot



3-3. Outer edge of non self-gravitating disk
(3/3):Wavelength-2
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“Asg < 1 micron” indicates that
we CAN observe self-gravitating part of accretion disks.
“Spectral Window to Observe Self-Gravity”



4-3. Ton S 180: Configuration

(Rsgn = 1.9 10% cm) Broad-Line
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Black ~3 10*Rg,, ~ 0.02pc

~ 0.2 pc (L / 10%°)9-5 (T / 1500 K)2
~ 3 10°Rg,,

Distance of Broad Line Region from central BH (Kaspi et al. 2000)
~0.085 pc ~ 1.4 10°Rg;,



4-8. Ton S 180: Self-Gravitating Disk-1
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- Assumptions; = ~RY, H~RP (B ~ 1)
- Inner boundary conditions; 2(Rgz) and H(Rgg)
- Outer most radius Is chosen to be 10 Rgg



4-9. Ton S 180: Self-Gravitating Disk-2
Heating at SG disk

M isc=0.05Mgy, 0.1Mg, 0.25Mgy,

Radiuss * ° Radius * ° Radius

SPH simulation by Lodato & Rice (2004): Note a priori cooling timescale.

a(grav. Instabilites) > a(viscous), if disc mass is large.



4-10. Ton S 180: Self-Gravitating Disk-3

Three solutions below fit
the observed spectrum
equally.
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4-11.TonS180:
Physical Quantities

- Super-Keplerian
rotation
at R > Rgg

Effective

Temperature

- Q parameter Is always
greater than 1,

l.e. (at least marginally) stabl?
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2-1. Is spiral structure in AGN disk observable?

Spiral structure in proto-planetary disks: “face-on” view
(Fukagawa ++04) ( ) (Grady ++01)

CIAO/Subaru STIS/HST

knotty structure

outer arms ——————g

~2”" (~300AU ~ 6 x 10°Rg,)

M ~2.4Mg,p,
M'~108M/yr (1.9 Lgyq/c?)

Rs~20AU for a dust opacity-dominated disk around 1 M, (Hure 2000)
Reg M 13 Rgg (for 2.4 Mg,,,) ~ 30AU.
5Rgg — 15Rgg (5Rgc )



2-2. Near-IR Interferometer

VLT Interferometer (VLTI) OHANA (Mariotti ++96, Perrin ++00)
resolution ~ 1--20 mas at 1—20 um  resolution ~ 0.25--0.5 mas at 1--2 um
excellent uv coverage 0.1pc at 1um @ 100Mpc(z~0.025)
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2-3. Is spiral structure in AGN disk observable?

) OHANA: resolution ~ 0.25--0.5 mas at 1--2 um
O.1pc at 1lum @ 100Mpc(z~0.025)

-5R¢(~0.01pc) BH 10-15Rgg
= d < 10Mpc (z<0.0025)
- 5-10 for nearby NLS1s (in N-hemi).
- optical OHANA(resolution 2 )
- (~100Rgg)
25Rs(0.05pc)
d<50Mpc

- @2000A with 800m base line
OK. () -
BH



3. Summary

1. Rgg: BH
As- Rse
M’ super-Eddington(>>Lgq4/C?)
AsG
(Rg~0.002pc) (Kawaguchi 03; Kawaguchi ++ 04a)

super-Eddington AGN

2. Rsg
5—15 Rgg
3. super-AGN 5—15Rg
OHANA 5-10
( 100Rgg)
NLS1



