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Years after the Big Bang

The Big Bang
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see Paliya, Marcotulli+ 2017
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Blazars Evolution

Years after the Big Bang
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Blazars and SMBH Evolutin

BAT blazars
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Blazars and SMBH Evolutin
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Blazars and SMBH Evolutin
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The Cosmic High-Energy Background}
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The Cosmic High-Energy Background}
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Blue FSRQs or high-luminosity BL Lacs?
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Blue FSRQs or high-luminosity BL Lacs?
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Blue FSRQs or high-luminosity BL Lacs?
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Blue FSRQs or high-luminosity BL Lacs?
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e Constraints on blazars
evolution and possible
selection effects”

log v [rest frame]

Ghisellini et al. 2017




Importance

Absorption in (infrared)
extragalactic background light (EBL)
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Hadronic vs. Leptonic modelsjs S i
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Hadronic vs. Leptonic modelsjs S i
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Ch. 1: Evolution of MeV Blazars
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1. Clean sample (i.e. blazars with measured redshlft and ﬂux)
2. Set of cuts to minimize uncertamtles |
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BAT-105 survey all-sky exposure map, Oh et al. 2018
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Clean sample (i.e. blazars with measured redshlft and ﬂux)

Set of cuts to minimize uncertamtles |

Sky coverage

X-ray luminosity function models (A]ello et al. 2009/ 2012/ 2014)
— Pure Density Evolution (PDE)

— Pure Luminosity Evolution (PLE)

- Luminosity-Density Dependent Evolution (LDDE)

P w N

Lea Marcotulli | lea.marcotulli@yale.edu 7 p——



Lea Marcotulli | lea.marcotulli@yale.edu

Best-fit XLF PDE/PLE

log(L) = 43.7 — 45.4
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Best-fit XLF PDE/PLE
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Best-fit XL.E PDE/PLE pie IES a powerlawl
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CXB Contribution of FSQRs

~9%%, for PDE
~2% for PLE

Chandra-COSMOS - Cappelluti et al. 2017 SMM - Watanabe et al. 1997
ASCA - Gendreau et al. 1995 COMPTEL - Weidenspointner et al. 2000
RXTE - Revnivtsev et al. 2003 Ananna et al. 2019
Swift BAT - Ajello et al. 2008 FSRQs - This work (mPLE)
Nagoya balloon - Fukada et al. 1975 FSRQs - This work (mPDE)
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CXB Contribution of FSQRsEs | ~70-100% of the MeV

background

~9%%, for PDE
~2%o for PLE
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Number densities & I distribution

— ' _ R 3+3.5
log(L) = 43.7 — 45.8 7 — < I'>=8.3"74

log(L) = 45.8 — 47.1 e p=— -5 k=-2.33
log(L) = 47.1 — 48.4

log(L) = 47.1 — 48.4 [Ajello et al., 2009]
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Number Density [Gpc™?]

Marcotulli et al., 2022, see Sbarrato+2022
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Predictions for MeV missions

0.3-1 MeV
1-10 MeV MISSION Sensitivity N(>S) [gm sr] Timeline
10-30 MeV
30-100 MeV
100-1000 MeV

o
®
(S

i

n

4y

2

ASTROGAM

Lea Marcotulli | lea.marcotulli@yale.edu

>2x10"% erg cm™ s™
(20-200 MéV in 10 years)

>4x10™ erg cm™ s
(0.2-5 MeV in 2 years)

>1.6x10™" ergcm™s™
(1-10 MeV in 3 year)

>5x10*? erg cm™? s
(1-10 MeV in 1 year)

Marcotulli et al, 2022

Operational
since 2008

Launch
expected in
2027

Future NASA
MIDEX calls
(launch ~2030)

Future ESA
mission calls




Neutrino prediction

—— 0.3-1MeV
=== 1-10 MeV
10-30 MeV
—*= 30-100 MeV
== 100-1000 MeV

The IceCube Coll. 2018

MISSION

o
®
(S

i

n

4y

2

COsSI

AMEGO-X

ASTROGAM

Flux [erg cm™2 s71]

LOX

Marcotulli et al, 2022

Lea Marcotulli | lea.marcotulli@yale.edu

Credits- IceCube Coll.
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MeV blazars are hard to detect despite being bright! S The StI‘ ate g Y

R 18
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Fermi-Large Area Telescope (LAT) ’
Energy range: 50 MeV-2 TeV TRl A

Credit: NASA "



Fermi-Large Area Telesc (s
Energy range: 50 MeV-2 |
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Credit: NASA Marcotulli et al., 2020



B [ e Strategy

Image credit: NASA/JPL-Caltech

NuSTAR W
Energy range: 3-80 ke

ea Marcotulli | lea.marcotulli@yale.edu
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J064632+445116 (z=3.41)

SARA+UVOT
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Swift X-ray Telescope (XRT)
Energy range: 0.3-10 keV

Image credit: NASA/GSFC/Spectrum Astro.
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" Image credit: http://saraobservatory.org/

'SwiftOptieaI' and UV Telescope (UVOT)

& SARA Telescopes




Swift X-ray Tel
Energy range: 3
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NuSTAR FPMA image 3-70 keV
FoV = 10'x10°

BZQ J1951+0134 (z=4.11) °

s -
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Wik+2014

NuSTAR Background

.

data and folded model
BZQ11951+0134(2=4.11) A

counts 571 kev™!

20
Energy (keV)

BEROGRESS

\

21
Lea Marcotulli | lea.marcotulli@yale.edu



Lea Marcotulli | lea.marcotulli@yale.edu



' , Pulsars

Blazars :

The MeV sky = o

High Mass binaries
(HMB)

Credit: Hibble

. \Jﬂ%i%!
H B t'u; .
Lea Marcotulli | lea.marcotulli@yale.edu . Credit: NASA-ESA. =2



Lea Marcotul | eamarcotuli@yale.du R , ~ All-sky 1-30 MeV COMPTEL intensity map; Credit: COMPTEL Collaboration

: Strong & Collmar 2019
AN 4

\

Crab'

PKS0528
'

-

32 (out of 68) steady sources (Schoenfelder et al. 2000)
s 1/2 blazars

% 1/2 are sources of Galactic origin (pulsars, pulsar
wind nebulae, X-ray binaries)

e

23



*Pulsar, PWN, SNR, HMB
#Blazars
®Other Extragalactic

@Unclassified S e S5 R SRR X
‘ .;1sz415%0-*089‘....:-3 ...... AN ORI,

@ Unassociated Sy : ! i Shinsads
@ 3FGL sources A : ; -

1FLE* (Principe et al. 2018)
E =[30, 100] MéV - 198 sources at > 30
% 72% blazars
% 11% sources of Galactic origin (e.g. pulsars, pulsar wind ' < ,
nebulae, high mass binaries) ; - 1FLE all-sky map, Principe et al. 2018
% 3% other AGN type
<* 9% unclassified
¢ 5% unassociated with the 3FGL
* 8 years data
**wavelet detection algorithm
***no diffuse emission model used i B Lea Marcotulli | lea.marcotulli@yale.edu 24




0 i

(PSF3), 20-200 MeV
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Preliminary 2FLE}S e =

—— 2FLE Run 3 Median I’

y
opeiai 2e -

+ o
s - ———— )

E = [20, 200] MeV* - 1164 sources at > 46
% 846 extragalactic sources (|b[>10°)
% 318 Galactic sources (|b|>10°)

*14 years of data
**maximum likelihood method Fermi-LAT all sky counts map (PSF3), 20-200 MeV

***galactic diffuse+isotropic models

o

ea Marcotulli | lea.marcotulli@yale.edu g




The Compton Spectrometer and Imager

COSI

Lea Marcotulli | lea.marcotulli@yale.edy

E=0.2-5MeV
https:/cosi.ssl.

. berkeley.edu/
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Ch. 4: Broader blazar science
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Blazar sequence: a selection effect |
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Kaur et al. 2017

< 3FGL J2146.6-1344
< 3FGL J1520.8-0348
<4 3FGL J1339.0+1153
< 3FGL J0525.6-6013
% 3FGL J1918.2-4110

} | . ; .
0.5 1.0 1.5 2.02.5

Observed Waveleng
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Blazar sequence: a selection effect | ,

‘ [ SSC+EBL —— SSC only
3FGL J2146.5-1344 po-ul et Lan

z=1.34 . N\ XMM+NuSTAR
L =6x10%* ergs™ [
L >5x10% erg s™ A 10712

P =2.59 x 10 2 WHz* lE
o

1.4GHZ

From modeling, both BL 80 107
Lac and FSRQ scenario -
work well

10—14;

10—15 | L L /i/ L L
10" 10 10" 10* 10%

Rajagopal, Marcotulli et al. 2021

Work by Dr. Meenakshi Rajagopal
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(L}

Need to find more sources!!!

ARSI SARA & XMM+ NuSTAR follow-up of
vy —— ~ 3FGLJ1520.8-0348
S:T:?gl;;zM::a C : Z=1 .46,' \' ~1 015 HZ

== Gilmore+ 12 Fiducial

Helgason+ 12

peak

Energy [TeV]

—, SED modeling

Redshift.‘

See 3FHL campaign: Kaur et al. 2017; Kaur et al. 2019; Marchesi et al. 2018; Desai et al. 20197
Rajagopal et al. 2021; Rajagopal, Marcotulli et al.:2022; Sheng et'al” D T—

\



Hadronic vs. Leptonic modelsj 2 ,

e
- Epoch 4 (MJD 56938-57096)

T llllllll
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T T IIIIIII

Petropoulou+2020
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Hadronic vs. Leptonic modelsj N ,

=TT

Epoch 4 (MJD 9

HIGH ENERGY X-RAY PROBE

0.1-150 keV
Launch date:
Maybe one day

-
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w

Petropoulou+2020
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Cen A 20-50 keV with HEX-P Marcotulli et al. in prep
FoV13'x13’

I
/ 1ES 0229+200
/
2=0.1396

HIGH ENERGY X-RAY PROBE

T
1
1
300 -

1 LET 0.4 — 0.8keV t 1 HET 10 — 20keV
250 ;

~,

200 - / Wi

150 - H
{
!
/

i

4%
‘i )’
100 -

T

‘\W/ —— dN/dS 2 — 200 keV, Marcotulli et al. 2022
! LET, 8 — 24keV
] : ; — = HET, 8 — 24keV

I 1 1 1 0— 1 - <
10000 20000 30000 40000 50000 10000 20000 30000 40000 50000 102 NuSTAR, 00V \ ,
Time [s] Time [s] 10717 1071 1078 10711
Flux [erg cm™2 s7]
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Hadronic vs. Leptonic modelsj

—
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X
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LS
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eF [ergcm™@s™]

Petropoulou+2020
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Hadronic vs. Leptonic modelsj

Epoch 4 (@R 56
> K

10—10

-

o
!
N

eF [ergcm™@s™]

POLARIMETRY!!!
Launch date:

Petropoulou+2020 Dec 9 2021

10
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LAT

Marcotulli et al., 2022 E
1 } SSC+EBL —— SSC only

SARA+UVOT
& 0 N XMM+NuSTAR
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Marcotulli et al, in prep.

Marcotulli et al, in prep.

=" Totire, Marcotulli et al., in prep.
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