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How do blazars make light?
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How do blazars make light?
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First extragalactic neutrino emitter?

IceCube collaboratlon (2018)
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First extragalactic neutrino emitter?

TXS 0506+056
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First extragalactic neutrino emitter?

TXS 0506+056
2009-06 2010-11 2012-03 2013-07 2014-12 2016-04 2017-09

IC-170922A

Neutrino flare 2014/15

Gamma-ray flare 2017/18
<+  Fermi-LAT > 300 MeV

e I e
= -
I

Fermi-LAT Collaboration 2019
2" (see also Padovani et al. 2018)

-
LN

Flux [10~"phcm~2s71]
i
-

ot
L
T

o
o

IC40 IC539 IC79 IC86a ICBED : I [o:57

5 1 1 1 1 - Il
von1 |ceCube-170922A A,
1 = Gaussian Analysis
4 — Box-shaped Analysis

[ %]
JERE

e
e
"R R R N

— logy, P
P

IlceCube Colloboration 2018b 'k 20

i 1o

p—y
e | o
! - -
-

2009 2010 2011 2012 2013 2014 2015 2016 2017



First extragalactic neutrino emitter?

PKS1502+106, Kun et al., (2021)
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Hovatta et al.[+IL] (2021)
Radio emission to the rescue?
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What would it take for a clear correlation?
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CAZ: a new catalog of blazars

7918 blazars and blazar-candidates
(~5000 with optical light curves)

(~5000 with X-ray observations)

Catalog includes a bunch for different
properties: redshift, y-ray flux, Doppler
factors, SED/Spectral classification etc.

. Pouya Kouch
Grad. Student at
3 U. Turku/FINCA

Alessandro Paggi
Postdoc at 1A

DEC [deg]

. s e
o 0 %
LA

o
L 3

AN 4L S5
m?..‘.'n" < .
Po 22898 23es 00 ° L

RA [deg]

_ (i) CAZJ0509+0541 % [V
glo.o— i
E ] ™ » TR
0 7.5 .y 5 3 . Bl ¢ [Alo
@ 50 W * > . Jone TN [Alc
trhattdn Ty yuo
2 251 w g ¥  y . 12l
0.0 . . . . . . . m [zl |
54000 55000 56000 57000 58000 59000 60000 6100
0.8 {[ (i) CAZJ0501-0159
= ;
€06 3 ’ =
n - , LD
E’ 0.4+ » & : - b AR } -
o * % 1 i € Ea SlaA &
s i ‘] % L * 4t b 3 U » EP
2o . wE e o P & ot P Yt L
W A : ‘ & b g
‘ 54000 55000 56000 57000 58000 59000 60000
0.6
(iii) CAZJ1635+0907
s t
£o04
(%2}
?
o 0. =
302 :“,‘,* neew, ” L 2 ﬂ““"
0.0 y . . . . . .
54000 55000 56000 57000 58000 59000 60000
1.54[(v) CAZJ0131+5545
=
£
o 1.0 = e " . g%
° « 2X X . 98 & % <
[ 3 o e
Sl e 3 oapiE o
&
0.0 . i : ; ; .
57500 58000 58500 59000 59500 60000
1.0
(v) WD140409.96+045739.9
3 0.8
3
=06
° § y
S 0.4 !
2024 - o, WW i< R
0.0 r r r T — : .
54000 55000 56000 57000 58000 59000 60000

MJD (days)



CAZ: a new catalog of blazars Kouch et al.[+IL] (2025b)
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CAZ: a new catalog of blazars Kouch et al.[+IL] (2025b)
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High-energy polarization predictions.

15

MeV

Liodakis et al., (2019)
Peirson, Liodakis et al., (2022)
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Liodakis et al., (2019)

High-energy polarization predictions. Peirson, Liodakis et al., (2022)
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A new era with IXPE

and background reduction
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Small NASA mission
Operating in the 2-8 keV
& band

70+ published papers!
More on the way...
+ GO program Cycle 3 on-going!

.r

J

1.9 199 217f 253 327 472 761 134 25 _CﬁlnA |
X-ray upper limit < 6.5-8% Ehlert etal.[+IL], (2022)



IXPE observations so far:

3C 454.3 (x2)
3C 273

3C 279
S50716+714
BL Lac (x4)
S4 0954+65

The X-ray polarization remains
undetected at typically <15%

Middel, Liodakis et al., (2023)
Marshall, Liodakis et al., (2024)
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BL Lac
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MeV polarization?
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Summary - -
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. The search ﬁ({‘xtraaalactlc neutrinos emitters continues...
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X-rays/m blazai’ésg: 1€ e/ trons aﬁd Compton stﬁtterl

- l\sh e / / o
| \ - /
If\bl' za makeneutrmos, those are made through h yrid processes or most
\ likely subdominant proton population.. =
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