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What makes Seyfert X-ray 
continuum?

• Continuum is generated by 
Comptonization in the disk 
corona. 

• “Corona” is important.  

• How are they generated?

Ricci ’11



Observed properties of disk coronae

• High energy cutoff 

➡  

• Power-law spectrum 

• Compton-y parameter  

•   

• Assuming the size of a corona as 
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Magnetic Reconnection-
Heated Corona Model

1.Reconnection heating = Compton Cooling in corona 

2.Conduction heating = evaporation cooling in disk 
chromosphere 

➡  

• Assuming equipartition of magnetic energy with gas energy 
in the disk.

Liu, Mineshige, Shibata ‘02
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Synchrotron radiation from a corona

• If a corona is magnetized, synchrotron (cyclotron) radiation 
is expected (Wardzinski & Zdziarski ’00, ‘01). 

• Synchrotron radiation will tell us about the magnetic 
field strength and its structure (polarization). 

• BUT, synchrotron self-absorption effect will suppress the 
observable flux. 

http://alma.mtk.nao.ac.jp

Now we live in the ALMA era.



YI & Doi ‘14

spherical geometry is assumed.
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• Coronal properties are 
determined by Suzaku/NuSTAR 
joint observation (Brenneman+’14). 

• Te = 50 keV, τe=2.34  

• hard to see the emission from a 
pure thermal corona. 

• Synchrotron-self absorption is 
effective below sub-mm. 

• If non-thermal electrons exist in 
the corona, ALMA will see the 
coronal synchrotron radiation.

A Case for a Nearby AGN IC 4329A



Millimeter Excess? NGC 985
• Free-free emission from BLR 

clouds? 

• but, 1011 clouds required 

• self-absorbed Synchrotron jets? 

• but, the scale is ~500 rs (~0.01 
pc). >100 times smaller than 
GHz-Peaked Spectrum sources. 

• The life time will be less than 1 
year due to cooling. 

• Coronal Synchrotron Emission? 

➡~100 GHz data is required.

8 High-frequency excess in radio spectrum of NGC 985 [Vol. ,

Table 1. Results of observations.

Obs. date Array ν Sν σrms θmaj × θmin φPA

(GHz) (mJy) (mJy beam−1) (arcsec×arcsec) (deg)
(1) (2) (3) (4) (5) (6) (7)
1985 Jul 28 VLA-C 22.5 < 5.0 1.68 1.5× 1.1 −20.0
1990 May 23 VLA-D/A 22.5 < 3.3 1.09 5.6× 3.9 59.0
2001 Sep 28 VLA-CnD 22.5 1.9± 0.3 0.15 3.8× 1.7 72.3
2003 Apr 03–May 25 NMA-D 95.7 < 4.6 1.52 8.1× 6.1 −12.8
2003 Jun 19 VLA-A 8.46 0.84± 0.08 0.04 0.35× 0.25 12.0
2003 Dec 24 VLA-B 43.3 2.0± 0.9 0.48 0.35× 0.14 −30.2

22.5 1.2± 0.3 0.13 0.56× 0.31 −35.2
14.9 0.81± 0.25 0.25 0.88× 0.44 −39.3
8.46 1.3± 0.1 0.10 1.7× 0.8 −41.2

Col. (1) observation date; Col. (2) array configuration; Col. (3) center frequency; Col. (4) total flux density; Col. (5) image rms noise on blank sky; Cols. (6)–(7)
synthesized beam sizes in major axis, minor axis, and position angle of major axis, respectively.
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Fig. 1. Radio-to-FIR spectrum of NGC 985 nucleus. Open and Filled symbols are data published by other authors and data newly-presented in the present
study, respectively. Negative detections are indicated by downward arrows. Lines connecting symbols indicate quasi-simultaneous observations. Filled
Squares: our VLA observations with VLA-CnD at 22.5 GHz (AD456) and VLA-B at 8.46–43.3 GHz (AD489). Lower-peaked filled triangle: NMA
observation at 95.7 GHz as negative detection. Upper-peaked triangles: VLA-A observations; filled symbol at 4.89 GHz is data of Ulvestad & Wilson
(1984) and reanalyzed in the present study; open symbol at 8.46 GHz is from archival data AN114. Open circles: VLA-C (AA48) and VLA-D/A hybrid
(AB489, tapered to 100 kλ resulting in ∼ 4′′ at all frequencies) observations by Barvainis et al. (1996); 22.5-GHz data (negative detections) are newly
reported in the present paper. Lower-peaked open triangle: NVSS result (Condon et al., 1998). Open diamonds: Herschel PACS at 70 µm and 160 µm
toward the nucleus (Meléndez et al., 2014). Open squares: IRAS Faint Source Catalogue, version 2.0 (Moshir & et al., 1990) at 60 µm and 100 µm. Solid
and dashed curves: dust model spectra for cases of the emissivity β = 1 (33.7 K) and β = 2 (27.1 K), respectively.

Doi & YI ‘16



ALMA Observation toward NGC 985
• ALMA Cycle-3 Observation on this 

March. 

• The excess is confirmed. 

• with the size of <0.02 arcsec 
(<16pc).  

• first discovery of the millimeter 
excess in Seyferts. 

• Coronal Synchrotron emission is the 
most likely. 

• But, currently not clear whether it 
is thermal or hybrid.

• Our ALMA Cycle-4 proposal is recently accepted for higher 
frequency observations.
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Seyferts and Cosmic MeV Gamma-ray Background

• Existence of non-
thermal e- in coronae 
extends the IC 
emission to MeV. 

• The MeV gamma-ray 
background can be 
explained by this tail. 

• The same non-
thermal population is 
assumed.

YI+’08

w/ non-
thermal



Blazars and Cosmic MeV Gamma-ray Background

• FSRQs contribute to the GeV gamma-ray background with a 
peak at ~100 MeV (e.g. YI & Totani ’09, Ajello +’12) 

➡Two components in gamma-ray spectra or Two FSRQ 
populations?
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Figure 15. Spectrum of the CXB and contribution of the FSRQs (blue region). The data points are different measurements of the diffuse background as indicated in
the label (Fukada et al. 1975; Gendreau et al. 1995; Watanabe et al. 1997; Weidenspointner et al. 2000; Revnivtsev et al. 2003; Ajello et al. 2008b). The dashed line is
the total contribution of Seyfert-like AGNs computed with the model of Gilli et al. (2007) arbitrarily multiplied by 1.1 to fit the CXB emission at 30 keV. The solid
line is the sum of the Seyfert-like and FSRQs. The spectrum of FSRQs has been modeled as a power-with a mean photon index of 1.6. The blue region represents the
range of values obtained from the Monte Carlo realizations of best-fit parameter ranges. The magenta solid line represents the contribution of BL Lac objects whose
uncertainty is not plotted for clarity, but is, due to the low number of objects, >30% at any energy.
(A color version of this figure is available in the online journal.)
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Figure 16. Contribution of FSRQs (blue region) to the CXB. The data are the same as in Figure 15, but in this case the SED of the FSRQs has been modeled with
a double power-law function. The IC peak is located in the ∼MeV region. The contribution of BL Lac objects is the same as in Figure 15 and is not drawn here for
clarity. The blue region represents the range of values obtained from the Monte Carlo realizations of best-fit parameter ranges.
(A color version of this figure is available in the online journal.)

contribution of FSRQs assuming that their IC peak is located
in the MeV band. We find that in this case FSRQs account for
the entire CXB emission up to 10 MeV. While there is basically
no difference with respect to the single power-law case below
500 keV, the curvature of the IC peak makes the contribution of
FSRQs to the CXB slightly smaller around 1 MeV. We also note
that moving the IC peak beyond 10 MeV produces a negligible
curvature in the FSRQ integral emission and thus this case is
well represented by the single power-law model.

Thus, the two analyses shown here cover well the case in
which the IC peak is either located at MeV or at GeV energies

(double and single power-law model, respectively). We must
therefore conclude that the contribution of FSRQs to the diffuse
emission is relevant and likely accounts for a substantial fraction
(potentially ∼100%) of the CXB around 1 MeV. Interpreting
the CXB as a strong constraint, we derive that the population
of FSRQ sampled by BAT must have the IC peak located
in the MeV band in order not to overproduce the diffuse
background at ∼10 MeV. Bhattacharya et al. (2009) recently
reported for the FSRQs detected by EGRET a mean photon
index of 2.34 ± 0.15. Since FSRQs have a mean photon index
of 1.6 in BAT, this implies already that the IC peak is located

Ajello+’09

The Astrophysical Journal, 751:108 (20pp), 2012 June 1 Ajello et al.
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Figure 11. Contribution of unresolved (top) and total (resolved plus unresolved, bottom) FSRQs to the diffuse extragalactic background (blue line) as determined
by integrating the luminosity function coupled to the SED model derived in Section 5.3. The hatched band around the best-fit prediction shows the 1σ statistical
uncertainty while the gray band represents the systematic uncertainty.
(A color version of this figure is available in the online journal.)

e.g., BL Lac objects and starburst galaxies make significant
contributions to the IGRB intensity.

7. BEAMING: THE INTRINSIC LUMINOSITY FUNCTION
AND THE PARENT POPULATION

The luminosities L defined in this work are apparent isotropic
luminosities. Since the jet material is moving at relativistic speed
(γ >1), the observed, Doppler boosted, luminosities are related
to the intrinsic values by

L = δpL, (21)

where L is the intrinsic (unbeamed) luminosity and δ is the
kinematic Doppler factor

δ = (γ −
√

γ 2 − 1 cos θ )−1, (22)

where γ = (1−β2)−1/2 is the Lorentz factor and β = v/c is the
velocity of the emitting plasma. Assuming that the sources have
a Lorentz factor γ in the γ1 ! γ ! γ2 range then the minimum
Doppler factor is δmin = γ −1

2 (when θ = 90◦) and the maximum
is δmax = γ2 +

√
γ 2

2 −1 (when θ = 0◦). We adopt a value of p = 4
that applies to the case of jet emission from a relativistic blob

13

Ajello+’12

Based on Swift-BAT Based on Fermi-LAT



Angular Power Spectra of the MeV background

• Even achieving the sensitivity of  10
-11

 erg/cm
2
/s, it is hard to resolve the MeV sky (YI+’15). 

• Answers are in “Anisotropy”. 

• Cosmic background radiation is not isotropic. 

•  future MeV satellites will distinguish Seyfert & blazar scenarios through anisotropy in the 
sky.

Flim=1e-10 
erg/cm2/s 

Poisson term only

YI+ ‘13b
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Summary
• ALMA will be able to measure the B-field in the vicinity of 

SMBH through coronal radio emission. 

• a key for understanding the corona heating and the jet 
launching mechanism 

• We have already seen the coronal radio component in the 
latest ALMA observation.  

• If non-thermal component exists in corona, it will be also 
able to explain the MeV background by Seyferts. 

• ALMA, X-ray, and future MeV gamma-ray observations will 
unveil the nature of AGN coronae.


