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Active Galactic Nuclei (AGNs)
• >106 solar mass @ galactic 
center 

• Correlate with various physical 
parameters of host galaxies 

• Gas accretion  

• brighter than host galaxies 
(AGNs) 

• Hot Coronae  

• Relativistic jets
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FIG. 3. Spectral energy distributions of gamma-ray (dashed by thermal electrons; dotted by hadronic cascade), neutrino (solid),
and proton (dot-dashed) fluxes for Model A (stochastic acceleration; left panel), Model B (power-law injection with sinj = 1.0;
middle), and Model C (power-law injection with sinj = 2.0; right), respectively. The upper, middle, and lower panels are for
NGC 3516, NGC 4258, and NGC 3031, respectively. The thin-dot-dashed lines in middle and right column depict the injection
spectrum of the protons. The thin-solid lines are the pγ neutrino flux. For NGC 3031, the pγ neutrino flux is below the lower
end of the figure.

where rL = εp/(eB) is the Larmor radius, ζ ≈
8π
∫

Pkdk/B2 is the turbulent strength parameter, and q
is the power-law index of the turbulence power spectrum.
The acceleration time is given by tacc ≈ ε2p/Dεp . We use

a delta function injection: Ḟp,inj = Ḟ0δ(εp− εinj), where
Ḟ0 is normalization factor. We normalize the luminosity
of the non-thermal protons so that the proton luminosity
is a constant fraction of the accretion luminosity:

∫

Lεpdεp = ϵpṁLEdd, (10)

where Lεp = εpdN/dεpt
−1
loss is the differential proton lu-

minosity (t−1
loss = t−1

cool + t−1
esc is the total loss rate) and

ϵp is the non-thermal proton production efficiency. We
use the Chang & Cooper method to solve the equation
[147, 148], and calculate the time evolution until steady

state is achieved. Note that the normalization is differ-
ent from that used in Ref. [87], where we normalize the
injection such that Ḟ0 = finjLX,obs/(4π2ε3injR

3). Here,
finj is the efficiency of the injection to the stochastic ac-
celeration, and finj needs to be much smaller than ϵp.

C. Power-law injection models (B and C)

For models B and C, we consider a generic accelera-
tion mechanism, and the steady-state proton spectrum,
Nεp = dN/dεp, is obtained by solving the transport equa-
tion:

d

dεp

(

− εp
tcool

Nεp

)

= Ṅεp,inj −
Nεp

tesc
, (11)
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Figure 3. Broad-band SEDs of S5 0014+813 and B0222+185 along with the models discussed in the text and parametrized as in Tables 2 and 3. In both
panels, the grey stripe is the 5σ Fermi/LAT sensitivity limit, calculated for 5 yr (lower edge) and 1 yr of operations (upper edge). New Swift/UVOT, Swift/XRT
and NuSTAR data for the two observation periods are red (2015 January) and blue (2014 December) circles. Left-hand panel: S5 0014+813 SED with its
broad-band model (blue solid line). The green solid line is the self-absorbed synchrotron emission, while the thermal emission from accretion disc, torus and
X-ray corona is shown with the dashed black line. Green data points in radio and IR are from the literature (for details see Ghisellini et al. 2009). Archival
Swift/BAT data are shown in blue. Right-hand panel: SED of B0222+185 with the two models corresponding to the low state (orange solid line) and the high
state (blue solid line). Synchrotron emission in the two states are both shown with green solid lines. The thermal emission from the nuclear region (black
dashed line) does not vary between the two states. Green open circles are archival data (from ASDC).

Table 2. Input parameters used to model the SED. Col. (1): source name. H indicates the higher state, L the lower; Col. (2): redshift; Col. (3): black hole mass
in solar mass units (see Fig. 2 and Section 3 for the confidence range); Col. (4): distance of the blob from the black hole in units of 1015 cm. The size of the
emitting region is defined as Rblob = ψRdiss, where ψ = 0.1 rad is the jet aperture angle; Col. (5): radius of the BLR in units of 1015 cm; Col. (6): radius of
the torus in units of 1015 cm; Col. (7): disc luminosity in units of 1045 erg s−1 (see Fig. 2 and Section 3 for the confidence range); Col. (8): disc luminosity
in units of the Eddington luminosity; Col. (9): bulk Lorentz factor; Col. (10): viewing angle (degrees); Col. (11): power injected in the blob calculated in the
comoving frame, in units of 1045 erg s−1; Col. (12): magnetic field in Gauss; Col. (13) and (14): break and maximum random Lorentz factors of the injected
electrons; Col. (15): random Lorentz factors of the electrons cooling in R/c; Col. (16) and (17): slopes of the injected electron distribution (Q(γ )) below and
above γ b. The spectral shape of the corona is assumed to be ∝ν−1exp (−hν/150 keV).

Source z MBH Rdiss RBLR RT Ld Ld/LEdd % θv P ′
i B γ b γ max γ cool s1 s2

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17)

S5 0014+813 3.336 7.5e9 1350 2878 7.2e4 829 0.85 14 3 0.042 3.5 45 2e3 1 –1 3.3
B0222+185 H 2.690 1.5e9 360 725 1.8e4 52.7 0.27 14 3 0.065 3.3 35 2e3 3.2 1 3.2
B0222+185 L 2.690 1.5e9 360 725 1.8e4 52.7 0.27 14 3 0.032 4.7 17 2e3 3 1.2 3.2

emitting torus is at Rtorus = 2.5 × 1018L
1/2
d,45 cm. Ld,45 is the accre-

tion disc luminosity in units of 1045 erg s−1, and it is derived as in
Section 3, together with the central black hole mass. The values
of the parameters adopted for the models are reported in Table 2.
Note that the model we apply is very sensitive to changes in the
derived parameters. The emission profile and intensity reproduced
by the SED fitting change significantly even after small parameter
variations, as shown for small variations in the viewing angle in fig.
3 of Sbarrato et al. (2015).

Table 3 reports the different forms of the power carried by the
jet: the power Pr spent in producing the radiation we observe, the
Poynting flux PB, the power associated with the bulk motion of rel-
ativistic electrons (Pe) and cold protons (Pp), assuming one proton
per relativistic electron. This assumption is consistent with inde-
pendent results on blazar and GRB jets by Nemmen et al. (2012).
They found that the total jet power for both classes is 10 times the
radiative power Prad, i.e. similar to what we find in this work (see Ta-
ble 3). Different proton-to-relativistic electron ratios were explored

Table 3. Logarithm of the jet power in different forms. Col. (1): source
name. H indicates the higher state, L the lower; Col. (2): jet power in the
form of radiation; Col. (3): jet power connected to Poynting flux; Col. (4):
jet power in form of bulk motion of electrons; Col. (5): jet power in form of
bulk motion of protons (assuming one cold proton per emitting electron).

Source log Pr log PB log Pe log Pp
(1) (2) (3) (4) (5)

S5 0014+813 46.4 47.2 44.6 47.3
B0222+185 H 46.5 46.0 45.5 48.2
B0222+185 L 46.1 46.3 45.3 48.1

by Sikora & Madejski (2000), who found that the relativistic pairs
must be less than 10–20 per proton. With this combination, the total
jet power can result equal to or even less than the radiative power,
that instead is only a part of the total power carried by the jet, and
hence should be a lower limit to the total Pj (Ghisellini 2012;
Ghisellini et al. 2014). Therefore, assuming one proton per
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 z = 2.69
To investigate the physical origin of the detected excess

emission, we compiled the broadband X-ray (NuSTAR; this
work) and high-energy γ-ray (Fermi-LAT; Abdo et al. 2011b)
data in a ν−ν Fν representation, as shown in Figure 4.
Bow-ties plotted in black denote the Fermi-LAT data taken
during different multi-frequency campaigns; the average source
spectrum during the period of a source quiescence (from 2008
August 5 to 2010 February 20) is shown as a magenta bow-tie.
The dashed magenta lines mark the extrapolation of the best-fit
PL model applied to the average Fermi-LAT data (γ-ray
photon index of Γγ∼1.78±0.02; Abdo et al. 2011b) with 1σ
uncertainty. The excess hard X-ray emission detected in the
analyzed NuSTAR data agrees well with the extrapolation of the
average Fermi-LAT spectrum. This indicates that the quies-
cence continuum of Mrk421, which extends from photon
energies of tens of keV up to tens of GeV, corresponds to a
single IC emission component and is well-described by a PL
model with a photon index of ;1.8.

Interestingly, similar spectral upturns related to the synchro-
tron/IC crossover have been detected below 10 keV in several
other blazars classified as “low-frequency-peaked” BL Lacs
(LBLs; see, e.g., Tagliaferri et al. 2000; Tanihata et al. 2003;
Wierzcholska & Wagner 2016) but never in HBLs either below
or above 10 keV. What provides further novelty here is that the
high-energy excess feature found in the NuSTAR data for
Mrk421 is variable on the timescale of a week; no evidence for
such variability in the low-energy segment of the IC emission
continuum has been reported for other BL Lacs in the literature.

An alternative explanation for the observed hard X-ray excess
of the target is spectral pile-up in the electron distribution ( )g¢Ne e ,
where γe is the electron Lorentz factor, forming temporarily at
the highest energies.4 This feature may appear due to either (i) a

continuous (stochastic) acceleration of electrons limited by
radiative losses (e.g., Stawarz & Petrosian 2008), or (ii) the
reduction of the IC cross-section in the Klein–Nishina regime
(e.g., Moderski et al. 2005). In case (i), the pile-up bump appears
at the maximum electron energies for which the acceleration
timescale equals the radiative loss timescale at the limit for the
perfect confinement of electrons within the emission zone (i.e.,
no particle escape). However, the PL tail at lower electron
energies has to be relatively flat in such a scenario,

( )g gº - ¢ = -s d N dln ln 0 1e e e , which disagrees with the
observation in Mrk421. Similarly, in case (ii), the necessary
condition for the formation of a pronounced spectral hardening
in the electron energy distribution is the dominance of IC
cooling over synchrotron cooling and a relatively narrow (within
the frequency range) seed photon distribution. These require-
ments contradict the conditions expected for the Mrk421 jet in
quiescence (for which the synchrotron losses dominate the IC
losses and the soft photon distribution for the IC scattering is
provided by the broadband synchrotron emission of the jet
itself). Therefore, while also considering the extrapolation of the
Fermi-LAT spectrum of the source to the X-ray regime, we
argue that the hard X-ray excess found in the NuSTAR data
indeed represents the low-energy tail of the IC (SSC)
component.
From the observed SSC photon energy of �nh 20 keVSSC

and a steep broadband PL electron energy distribution, the
corresponding minimum electron Lorentz factor is roughly

( )g
d

~
¢ - -

⎜ ⎟
⎛
⎝⎜

⎞
⎠⎟

⎛
⎝

⎞
⎠

B
10

0.1 G 10
. 1e,min

3
1 4 1 4

The radiative cooling timescale for such low-energy electrons
dominated by the synchrotron process is then
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which is much longer than a week for the comoving magnetic
field intensity B′  0.1 G emerging from the one-zone SSC
model applied to the quiescence SED of Mrk421 (Abdo
et al. 2011b). Hence, the variability of the low-energy electrons
implied by the NuSTAR observations analyzed in this paper
have to be related to dynamical changes within the blazar
emission zone for which the shortest timescale is given by the
light crossing time R/c. Interestingly, this would agree with the
emission region size assumed in the SED model of Abdo et al.
(2011b). In particular, one has

( )� d⎜ ⎟⎜ ⎟⎛
⎝

⎞
⎠

⎛
⎝

⎞
⎠R

t
0.06

1week 10
pc, 3var

which implies the distance of the emission zone from the active
nucleus ~ G ~r R 0.6j pc for the anticipated conical jet
geometry with the opening angle ∼1/Γj and the jet bulk
Lorentz factor Γj∼δ∼10. This is also in accord with the
detailed analysis of the overall variability of Mrk421 at X-ray
frequencies, which implies that the power in the intraday
flickering of the source is small (Kataoka et al. 2001; Isobe
et al. 2015).
In addition, the results of our NuSTAR data analysis revealed

that the electron energy distribution in Mrk421 during source
quiescence is well represented by a relatively steep PL with
an energy index of � G - ~gs 2 1 2.6, which extends from

Figure 4. Broadband X-ray (NuSTAR; this paper) to high-energy γ-ray (Fermi-
LAT ; Abdo et al. 2011b) spectra of Mrk421. Bow-ties plotted in black denote
the Fermi-LATdata taken in different multi-frequency campaigns; the average
source spectrum during the period of a source quiescence (from 2008 August 5
to 2010 February 20) is shown as a magenta bow-tie. Dashed magenta lines
mark the extrapolation of the best-fit power-law model to the average Fermi-
LATdata (γ-ray photon index of 1.78 ± 0.02).

4 Here, we do not consider the possibility that the observed hard X-ray excess
is related to the bulk Comptonization of the accretion disk emission by cold
electrons within the innermost parts of the Mrk421 jet, since the corresponding
bulk-Compton spectral features have been predicted for (and possibly even
observed in) luminous blazars of the “flat-spectrum-radio-quasar” type (see,
e.g., Sikora et al. 1997; Kataoka et al. 2008 and references therein), and not for
BL Lac objects characterized by low accretion rates, and hence radiatively
inefficient accretion disks.
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The Astrophysical Journal, 827:55 (6pp), 2016 August 10 Kataoka & Stawarz

Kataoka & Stawarz ’16 Tanada, Kataoka, YI’19

6 Tanada et al.

values of the best-fit are shown in Table 1. In both the AX2 and the BX2 cases, the overall SED of Cen A can be194

fitted appropriately with the SSC + EC/starlight model, as shown in both panels of Figure 2. For the fitting of the195

SED, the source sizes of AX2 and BX2 were fixed at R = 3.3⇥ 1019 cm and R = 3.7⇥ 1019 cm, respectively, which are196

given in Section 2. The bulk Lorentz factors were also set as �b = 1.013 for AX2 and �b = 1.001 for BX2, which were197

estimated from the proper motional speeds of the knots monitored by the VLA (Goodger et al. 2010). The obtained198

magnetic field of 8.5⇥10�4 G for AX2 is apparently di↵erent from that of 1.6⇥10�4 G for BX2, because the observed199

radio flux of AX2 is approximately 10 times larger than that of BX2. Furthermore, the large di↵erence in the electron200

densities of the two knots is mainly due to the di↵erence in the Doppler factor and the X-ray flux between the AX2 and201

BX2 knots. In the TeV-band, the observed photons originate from the scattering in the Klein–Nishina (KN) regime202

because the energy of the seed photon in the rest frame of the relativistic electron is larger than 511 keV. This requires203

relatively large maximum electron Lorentz factors of �max ' 108 and a hard high-energy electron spectrum slope of204

p2 ' 3 for both knot models. These results suggest that the SSC + EC/starlight model can explain the overall SED205

of Cen A appropriately. Moreover, the recently improved understanding of the PSF of HESS by new simulations and206

analysis techniques revealed that the VHE �-ray of Cen A is produced in the kpc-scale jet (Sanchez et al. 2018), which207

is consistent with our results.208
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Figure 2. Overall SED of Cen A obtained from multi-wavelength data, using NED, Suzaku bow-tie (Fukazawa et al. 2011),
CGRO-COMPTEL (Steinle et al. 1998; Steinle 2001), Fermi-LAT, HESS (HESS Collaboration et al. 2018), VLA (Kraft et
al. 2002; Hardcastle et al. 2007; Goodger et al. 2010), and Chandra (used in this work). Left panel: SSC model fitting for
the core emission, represented by the red solid line, and the EC/starlight model for the kpc-scale jet emission with the AX2
knot, represented by the blue solid line. The blue diamonds and the blue bow-tie represent the radio and X-ray spectra of AX2,
respectively. The starlight emission from the host galaxy of Cen A is represented by the light blue solid line. Right panel:
EC/starlight model for the kpc-scale jet emission with the BX2 knot, represented by black solid line. The core emission is
the same as that in the left panel. The black diamonds and the black bow-tie represent the radio and X-ray spectra of AX2,
respectively.

4. DISCUSSION209

One of the possible reasons for the detection of the GeV hardness in the SED of Cen A is the very steep spectrum of210

the core emission above a few MeV. This results from the small maximum electron Lorentz factor of �max = 2.8⇥ 103,211

where the other observed values of FR I are �max = 105 for the core of NGC 1275 (Tanada et al. 2018), �max = 107 for212

the core of M87 (Abdo et al. 2009b), and �max = 108 for the core of Centaurus B (Cen B) (Fraija et al. submitted).213

BL Lacs
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Low-luminosity AGNs



Radio-quiet AGNs

• cm-radio: jet, galactic CRs 

• mm-radio : ? 

• IR : dust (>~0.1 pc) 

• opt: accretion disk (<~0.1 pc) 

• X-ray: disk corona (~10 rs) 

• Gamma-ray : ?

andwe have takenLBol /LEdd to be unity. This synthesis ofmultiple
scaling relations will have considerable scatter, and many, if not
most, AGNs will be accreting at much lower Eddington ratios.
However, we have found that a value of (LBol /LEdd) ¼ 1 works
well and has the nice feature that it represents the minimum host
galaxy contribution thatmust be accounted for (smaller ratios im-
plying relatively more luminous hosts).

This process sets the relative scaling of the host galaxy in the
r bandpass. To actually subtract the host galaxy contribution at
all wavelengths, we use the elliptical galaxy template of Fioc
& Rocca-Volmerange (1997) scaled according to the prescrip-
tion above.We ignore the differences between spiral and elliptical
hosts as the host galaxy contribution is small where these differ-
ences matter most. Since equation (1) requires knowing LAGN
and we instead know LTot ¼ LAGN þ LHost , we use an iterative
process to determine LHost. In particular, we first assume that
LAGN ¼ LTot (in the r band) and compute LHost. We then subtract
the host contribution from the total luminosity to give a more ac-
curate estimate of LAGN, fromwhich we compute a revised value
of LHost.

Using the relative scaling of the elliptical galaxy (host) tem-
plate with respect to the observed quasar (plus host) SED, we can
determine the fractional contribution of the host galaxy at any
other wavelength. To assess the importance of the host galaxy
correction where it matters most, we determine the ratio of host
galaxy to total luminosity at 1.6 !m in the rest frame, where the
elliptical template spectrum has its peak. At 1.6 !m, we find that
the host galaxy contributes between 30% and 38% of the total
observed 1.6 !m luminosity. This fraction approaches unity for
(LBol /LEdd) ¼ 1/3, which suggests that our quasars are generally
close to Eddington (within a factor of#3) and/or that equation (1)
does not perfectly parameterize the relationship between AGN
luminosity (LBol /LEdd) and the host galaxy luminosity.
In practice, we have removed the host galaxy contribution be-

fore applying the above gap-repair process since the Elvis et al.
(1994) template has already been corrected for the host gal-
axy contribution. Furthermore, we stress that, at z ¼ 1:5, 1.6 !m
in the rest-frame corresponds to 4 !m in the observed frame;
thus, MIR-selected samples are strongly affected by host gal-
axy contamination.

Fig. 10.—Quasar SED diagnostic plot. Shown in gray are the Elvis et al. (1994) radio-quiet (solid) and radio-loud (dashed) mean SEDs. The colored lines indicate
typical spectral indices in the radio, optical, and X-ray using the same sign convention. Also shown is the typical radio-to-optical spectral index for radio-loud quasars
and the range of optical–to–X-ray spectral indices. Studies in different bands tend to use different sign conventions for spectral indices and jargon to describe them (e.g.,
steep/red/soft). The top panel shows f" , while the bottom panel shows "f" . The x-axis is labeled as log (") (bottom), and wavelength, energy, and temperature (top ).

RICHARDS ET AL.482 Vol. 166
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Millimeter Excess?
• If a AGN corona is magnetized,  
synchrotron radiation is expected  
(Di Matteo+’97; YI & Doi ’14, Raginski & Laor ‘16)

YI & Doi ‘14
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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

• Possible mm excess  
(e.g., Antonucci & Barvainis’88; Barvainis+’96; Doi & 
Inoue ’16; Behar+’18) 

• Contamination of extended components 

• Lack of multi-frequency observations.



cm-mm spectrum of IC 4329A Core

• Clear mm excess from cm spectrum
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Coronal parameters

• Hybrid corona model (YI & Doi 
’14) 

• Non-thermal electron fraction :  
η = 0.03 (fixed) 

• Non-thermal spectral index  
p = 2.9 

• Size: 40 rs 

• B-field strength : 10 G
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Other RQ AGNs

• NGC 985 is detected. NGC1068 is also marginally detected. 

• 9 more RQ AGNs are observed in the ALMA cycle-6.
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cm-mm spectrum of IC 4329A Core

• Non-thermal electrons should exist in the coronae
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Generation of High Energy Electrons in Coronae

• 1st-order Fermi acceleration can produce the observed 
electrons with an injection index of 2 

• Other mechanisms may be difficult.

Acceleration & Cooling Electron Spectrum

YI + ‘19



High energy emission from AGN coronae

• MeV emission is expected, but no GeV emission due to pair creation 

• Protons would also be simultaneously accelerated.  

• generation of neutrinos (see also e.g., Begelman+’90;Stecker+’92;Kalashev+’15;Murase+’19)

YI +’19



Cosmic High Energy Background

• RQ AGNs can explain X-ray, MeV gamma-ray, & TeV neutrino background. 

• But, if both protons and electrons carry ~5% of the shock energy and gyrofactor is 30.

YI + ‘19



IceCube Hottest Spot

• Type-2 Seyfert NGC 1068 is reported at 2.9-σ. 

• Corona can be a neutrino production site above several TeV.
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10 year All-Sky Scan Results
● Scan the entire sky and evaluate the 
likelihood of signal over background. 

● The position with the smallest p-value in 
each hemisphere is taken as the hottest spot. 

● The post-trial pvalue is calculated by 
comparing this p-value with many 
background hotspots. 

Hottest Point in Northern Hemisphere�: δ ≥ -5  ⁰

RA = 40.87° , Dec = -0.30°
n
signal
 = 61.45 , γ= 3.411

Pval = 6.45, TS = 25.34 ⇒ 9.9�% post-trial

Hottest Point in Southern Hemisphere�: δ< -5⁰

Ra = 350.18° , dec -56.45°
n
signal
=17.75, γ = 3.34

Pval =5.37, TS= 19.95 ⇒ 75�% post-trial 

NGC 1068

YI +’19bIceCube 2019 (ICRC)



Summary
• MeV emission is expected from various AGN populations. 

• non-thermal electrons exist in coronae 

• MeV emission is expected also from radio-quiet AGNs 

• Radio-quiet AGNs may be responsible for cosmic X-ray, MeV 
gamma-ray, and TeV neutrino background fluxes. 

• NGC 1068, type-2 Seyfert, is the hottest spot in the IceCube 
data.  

• MeV is a key for testing the model.


