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MeV blazars Hadronic vs. Leptonic emission
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The more luminous blazars have a IC peak at <<100 MeV
We refer to this class as MeV blazars
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J2129-1538 (z =3.28)
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® They are among most powerful
persistent objects in the Universe
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® They are among most powerful
persistent objects in the Universe

e With large jet power that easily
exceeds the accretion disk
luminosity Black hole spin may
be important



MeV blazars
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e Detected up to very high redshifts

(z>2, up to z~4,5, Ajello et al. 2009)
MeV BLAZARS
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They are among most powerful
persistent objects in the Universe

With large jet power that easily
exceeds the accretion disk
luminosity Black hole spin may
be important

Detected up to very high redshifts
(z>2, up to z~4,5, Ajello et al. 2009)

They host extremely massive black
holes (MBH>109 M,)



=====29 o Evolution of MeV blazars is stronger
than any other source class: i.e. their

maximum density may be very early
on

—
T
9]
o,
=
—~
©
=
()
o
~—
N\
=
~
o
Qp
Q
—1

4 5 67

Sbarrato et al. (2015)
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Evolution of MeV blazars is stronger
than any other source class: i.e. their
maximum density may be very early
on

Clear that the radio-loud phase may
play a very important role in the
growing of massive black holes



=====29 o Evolution of MeV blazars is stronger
than any other source class: i.e. their
maximum density may be very early
on
e C(lear that the radio-loud phase may
play a very important role in the
growing of massive black holes

e Constraining the number density of
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Where is the blazar zone?

| Broad Line Regi
~0.2 pe

y

Within Ry »

Within RTorus

Lack of strong
absorption in the LAT
energy range due to UV
BLR photons places the
emission region beyond
the BLR (Costamante
et al. 2018)




Peak location and i e s
variability timescale will 21196
pinpoint the location of the
emission region (BLR vs
Torus)
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EGRET - Sreekumar et al. 1998

EGRET - Strong et al. 2004

Fermi LAT, IGRB + resolved sources (|b|>20)
foreground model A

Galactic foreground modeling uncertainty

E? dN/dE [MeV cm? s sr|

HEAO-1 - Gruber et al.

HEAO-A4 (MED) - Kinzej et al. 1997
Nagoya balloon - Fukadg et al. 1975

ASCA - Gendreau et al.
SMM - Watanabe et al.
RXTE - Revnivtsev et al
BAT - Ajello et al. 2008

INTEGRAL - Churazov d al. Total EGB
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Ackermann et al. 2015



MeV blazars can contribute up to 100%!
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Current status
MeV blazars are hard to detect despite being bright!



MeV blazars are hard to detect despite being bright!
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Bright in X-rays (LX>1046 ers’)

a. Tens detected by Swift/BAT (Ajello et
al, 2009, Paliya et al. 2019)

Seyferts
Beamed AGN
Others
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MeV blazars are hard to detect despite being bright!
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Bright in X-rays (LX>1046 ers’)

Tens detected by Swift/BAT (Ajello et
al, 2009, Paliya et al. 2019)

Few discovered (via follow up) with
NuSTAR (Ghisellini, Sbarrato etc)



MeV blazars are hard to detect despite being bright!
Bright in X-rays (LX>1046 er s?)

Tens detected by Swift/BAT (Ajello et
al, 2009, Paliya et al. 2019)

Few discovered (via follow up) with
NuSTAR (Ghisellini, Sbarrato etc)
and Fermi-LAT (Ajello, Paliya,
Marcotulli etc.)
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v(Hz)

Marcotul

t despite being bright!
Bright in X-rays (LX>1046 er s?)

a. Tens detected by Swift/BAT (Ajello et
al, 2009, Paliya et al. 2019)

b. Few discovered (via follow up) with
NuSTAR (Ghisellini, Sbarrato etc)
and Fermi-LAT (Ajello, Paliya,
Marcotulli etc.)

Need an all-sky MeV
mission!!!



More than 100 blazars at z>3!!!

two extrapolations of
blazar LF from Swift/BAT
10— (Ajello et al. 2009)
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AO 0235+164
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Leptonic — pure IC

Hadronic — proton synchrotron +
hadronic cascades

= »Pure IC
= = = |C+hadronic cascades
= PS+hadronic cascades
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Rani B. et al. Astro 2020, adapted from Zhang et
al. 2019
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Possible peak in MeV band from IC of pairs with accretion disk
photons
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- v-NLSys

Paliya et al. 2020
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- v-NLSys
- Radio Galaxies

Paliya et al. 2020

M87 Jet

core HST-1

Roughly 3-yr
AMEGO

/ sensitivity

.

Meyer et al. Astro 2020, adapted from Meyer et al.
2013 and de Jong et al. 2015
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Paliya et al. 2020

- v-NLSys
- Radio Galaxies

- Compact Steep Spectrum Objects

Tingay, de Kool (2003), 22 GHz VLBI radio imaging
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Summary

M ‘ DC& \} An MeV mission (like AMEGO) will:
Aut-Siv MeDium ENERGy Gamma-aar OSERVATORY 1. Detect hundreds of MeV blazars up to z~5 and
maybe beyond
2. Help us constrain supermassive black hole
growth theories
- 3. Explore the disk-jet connection beyond z=3
4 4. Constrain the location of the blazar emission

region (BLR vs. Torus)
5. Understand blazar contribution to the the MeV

background
A MULTIMESSENGER MISSION 5 : ol
6. Discern hadronic vs. leptonic emission processes
FOR THE EXTREME UNIVERSE :
in blazars

7. Untangle physics of corona emission
Rt 8. Detect 10ths to 100ths of gamma undetected
e e AGN sources that peak in MeV

.
Principal Investigator:
Julie McEnery

(NASA Goddard Space Flight Center) A N D M 0 R E' ' '
3 EEn
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