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Outline of the talk

o Connection between the Big Blue Bump (BBB) and the Shakura & Sunyaev (1973) accretion
disc spectrum (SS—AD)

e Black hole mass estimate through accretion disc spectral fitting

e Application to a sample of radio—loud narrow-line Seyfert 1 (RL—NLS1) sources.
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Composite SED of AGN (Richards et al. 2006)
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BBB « SS—AD connection
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BBB « SS—AD connection
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BBB « SS—AD connection
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BBB « SS—AD connection
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BBB « SS—AD connection

SSAD M_1o9 Mo, Edd. rotlo oo5 6=30°
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BBB « SS—AD connection

SSAD M_1o9 Mg, Edd. ratio= oo5 6=30°
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BBB « SS—AD connection
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Connection BBB « SS-AD

o SS—AD model fits well the composite SED in the range
log(v/Hz) =14.8-15.4;
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Connection BBB « SS-AD

o SS—AD model fits well the composite SED in the range
log(v/Hz) =14.8-15.4;

e = use SS—AD model fitting to infer black hole mass (M) and
accretion rate (M);

e = use SDSS data for sources with z=0.3-2;

@ historically this has been the first mass estimation method for Type 1 AGN (e.g. Shields 1978;
Malkan & Sargent 1982; Malkan 1983; Zheng et al. 1995; Sun & Malkan 1989);
@ later abandoned in favour of other methods:
e reverberation mapping calibrated scaling relation (“virial method”);
e use width of narrow lines (e.g. [Olll], [Sill]) as proxy for stellar velocity dispersion, and
M—o, relation;

=- we propose a new method based on
SS—AD model fitting.
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SS—AD model fitting
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SS—AD model fitting
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SS—AD model fitting
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SS—AD model fitting
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SDSS spectral decomposition

ID=17: J150506.48+032630.8 (z=0.408) — x2.,=408.09, dof=1042
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SDSS spectral decomposition

ID=17: J150506.48+032630.8 (z=0.408) — y%.,=65.75, dof=1042
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SDSS spectral decomposition
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SDSS spectral decomposition
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SDSS spectral decomposition

0.0030

T 0.0025

0.0020

10" erg s

S—aats

> 0.0015

0.0010

Lum. densit,

0.0005

OOOOO P I T R
3000 4000 5000 6000
Rest frame wavelength [4]

Data + errors + power-law + galaxy + iron + (broad & narrow) lines

Giorgio Calderone (Universita di Milano — Bicocca) BBB-AD connection, RL—-NLS1 mass estimates 11 Sep 2012 7/16



model fitting

Estimate Ly:

@ Use a prescription similar to

Lyoi—ALy (cont.) relation;

ID=17: J150506.48+032630.8 (z=0.408) — x%,,=1.41, dof=1042
T T T T

0.0030

0.0025

L n ]
£ 0.0020(~ B
; 0.0015 -
e f ]
© 0.0010[ 7 . -
B b . i + ]
3 [ J ]
3 [ ahdd ]

0.0005 L\ — !

0.0000 -2 bl s L P —

3000 4000 5000 6000
w Rest frame wavelength [4]

Calderone et al. in preparation
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model fitting

Estimate Ly:

@ Use a prescription similar to
Lyoi—ALy (cont.) relation;

@ since continuum may be contaminated

by either gaIaXy. stgrlight or jet ID=17: J150506.48+032630.8 (2=0.408) — xZ,=1.41, dof=1042
synchrotron radiation... ‘ ‘ ‘ A
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SS-

model fitting

Estimate Ly:

@ Use a prescription similar to
Lyoi—ALy (cont.) relation;
@ since continuum may be contaminated

by either gaIaXy. stgrlight or jet ID=17: J150506.48+032630.8 (2=0.408) — xZ,=1.41, dof=1042
synchrotron radiation... ‘ ‘ ‘ ‘

@ ...we use line luminosities = find Lg:
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SS—AD model fitting

Estimate Lg:
@ Use a prescription similar to
Lyoi—ALy (cont.) relation;

@ since continuum may be contaminated
by either galaxy starlight or jet
synchrotron radiation...

@ ...we use line luminosities = find Lg:

LP=A  L(HB)
Ly =B  L(Mgll)
Ly=c  L(CIV)

where the constant A, B and C are
calibrated using a very big sample (Shen
et al. 2011). Uncertainty are a factor ~2;

Giorgio Calderone (Universita di Milano — Bicocca)

@ identify a point on the continuum close to
the minimum available wavelength;
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SS—AD model fitting

Estimate Ly:

@ Use a prescription similar to
Lyoi—ALy (cont.) relation;

@ since continuum may be contaminated
by either galaxy starlight or jet
synchrotron radiation...

@ ...we use line luminosities = find Lg:

LP=A  L(HB)
Ly =B  L(Mgll)
Ly=c  L(CIV)

where the constant A, B and C are
calibrated using a very big sample (Shen
et al. 2011). Uncertainty are a factor ~2;
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@ identify a point on the continuum close to
the minimum available wavelength;

@ require SS—AD model pass through that
point (with given L,) (= find 1);
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SS—AD model fitting

Estimate v;:

Estimate Ly:

@ Use a prescription similar to
Lyoi—ALy (cont.) relation;

@ since continuum may be contaminated
by either galaxy starlight or jet
synchrotron radiation...

@ ...we use line luminosities = find Lg:

LP=A  L(HB)
Ly =B  L(Mgll)
Ly=c  L(CIV)

where the constant A, B and C are
calibrated using a very big sample (Shen
et al. 2011). Uncertainty are a factor ~2;

v

@ identify a point on the continuum close to
the minimum available wavelength;

@ require SS—AD model pass through that
point (with given L,) (= find 1);
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SS—AD model fitting (example)
J095317.09+283601.5 (z=0.657)
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SS—AD model fitting (example)

J095317.09+283601.5 (z=0.657)
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Analysis of a RL—NLS1 sample

Sample of Yuan et al. 2008

@ sample of 23 radio—loud (R>100) narrow—line Seyfert 1 galaxies (RL—NLS1);

Giorgio Calderone (Universita di Milano — Bicocca) BBB-AD connection, RL—-NLS1 mass estimates 11 Sep 2012 10/16



Analysis of a RL—NLS1 sample

Sample of Yuan et al. 2008

@ sample of 23 radio—loud (R>100) narrow—line Seyfert 1 galaxies (RL—NLS1);
@ small width of H3

e = small virial masses (log(M/Mg,) =6.5-8.5;
e = high Eddington ratio: 0.5-2.6;
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Analysis of a RL—NLS1 sample

Sample of Yuan et al. 2008

@ sample of 23 radio—loud (R>100) narrow—line Seyfert 1 galaxies (RL—NLS1);
@ small width of H3

e = small virial masses (log(M/Mg,) =6.5-8.5;
e = high Eddington ratio: 0.5-2.6;

@ strong iron lines;

@ observational properties similar to blazars, 4/23 sources have been detected at y—rays by
FermilLAT (= jet);
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Analysis of a RL—NLS1 sample
Sample of Yuan et al. 2008

@ sample of 23 radio—loud (R>100) narrow—line Seyfert 1 galaxies (RL—NLS1);

@ small width of H3

e = small virial masses (log(M/Mg,) =6.5-8.5;
e = high Eddington ratio: 0.5-2.6;

@ strong iron lines;

@ observational properties similar to blazars, 4/23 sources have been detected at y—rays by
FermilLAT (= jet);

Questions

@ do relativistic jet develops with such a small black hole mass ?
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Analysis of a RL—NLS1 sample

Sample of Yuan et al. 2008
@ sample of 23 radio—loud (R>100) narrow—line Seyfert 1 galaxies (RL—NLS1);
@ small width of H3

e = small virial masses (log(M/Mg,) =6.5-8.5;
e = high Eddington ratio: 0.5-2.6;

@ strong iron lines;

@ observational properties similar to blazars, 4/23 sources have been detected at y—rays by
FermilLAT (= jet);

@ do relativistic jet develops with such a small black hole mass ?
@ are RL-NLST1 intrinsically different sources wrt blazars ?
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Analysis of a RL—NLS1 sample

Results (1)
@ For 13/23 sources the SS—AD modeling provide a good fit;
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Analysis of a RL—NLS1 sample

@ For 13/23 sources the SS—AD modeling provide a good fit;
@ marginal evidence that method succeed with higher luminosity sources.
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Analysis of a RL—NLS1 sample

@ Our masses are a factor >3 than virial estimates;
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Analysis of a RL—NLS1 sample
@ Our masses are a factor >3 than virial estimates; \
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SS—AD versus virial estimate
J095317.09+283601.5 (z=0.65’?)
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SS—AD versus virial estimate

J095317.09+283601.5 (z=0.657)
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versus virial estimate

@ SS-AD is a super—position of

black body spectra; J095317.09+283601.5 (z=0.657)
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SS—AD versus virial estimate
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Conclusions

e The disc is there! SS—AD model provides a good fit to Type 1 AGN SED in
the range log(v/Hz) =14.8-15.4;

e SS—AD fitting procedure is an alternative way to estimate black hole mass;

e through spectral decomposition we estimated black hole mass for 23
RL-NLS1 sources in the sample of Yuan et al. 2008;

o masses are a factor >3 greater than virial estimates (Eddington ratios
are lower of the same factor);

o Minimum mass is 10% M., no source seems to develop a jet with
smaller masses;

e black hole masses and Eddington ratios lies in the same range as
blazars.
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