Multimessenger emission from hadronic X-ray Blazar Flares
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High Energy Neutrinos from TXS 0506+056
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e |C-170922A (290 TeV muon neutrino)

A
1 2 3 s
¢ . =
- * ! \
- | : \
- : - - UVOT-v m UVOT-u - UVOT-uvm2 ¢ ASAS-SN v
L] ik - UVOT-b m UVOT-uvwl = UVOT-uvw2 ASAS Sﬁy
Swift-XRT (0.3-10 keV) 4 Swift-BAT (15-50 keV) - Scale: 1/3 4 MAXI/GSC (4-10 keV) - Spefe: 173
S | &= —— | | |
| I |
1
[ by ‘
! [
* |
T ! ‘
. - I |
E |
4 Fermi-LAT (0.3-300 GeV) :
!
]
:
1
;
:
]
++H+ il e + ++++-+ i e
- bt ~+- - S
‘»_._-9— - R e R o o = ++++++ - i
i
55000 55500 56000 56500 W 57500

Time [MJD]

Science 13 Jul 2018:

Vol. 361, Issue 6398, eaatl378

-
T eimern RS Wy w518 il s es o
© il 1 Ooccnt 2 B oo >
T 0 o g5 2% 005000 o0 Xy s 9%t 200 B2 2000 0, o
side view e ‘o 5 Jlewelity (B > ohw se B0 R 302500, O
0cc¢ b~ oo ,),\_:7 m:mw” > 0o 2 00 9
) ¢ o ce@O0® oo %02 M, % 00 o
© oe@®oo© 0% % om® B0 % °2 0 g4 >
®° e pe g o qo .’ 50 o
§ 1 ¢ 9 o ooy o 4
o o OFQ-: ob R0 2 @ >
il ) $ oF 20 A @2 4
y © o o @ o @ °
Rl el ¥ ¥
4 © ¢ Sl & ° ° 4 ]
¢ Y9 ¢ e Iy ¥ >
0. RO, ¢ 3l B - 3>
© © 0 %@Cco0e . 5 8 o
e © ¢ ¢ 0@coo 3.7; > @ >
p e o ce@ooec &2 o @° o
e © © 98050008 59 > g ° >
o © ¢® <rr°((<z ) ° 8 °
© © ¢ o 8% > 3
o 6 o2 &T000 ¢ o 2
6 © ¢ dgelal & o (? 5 5
© © o o 2
© @, 0% ® o ot
P 6 %0 0 ) 3
© . oo c QG. Qe >
< ~ S o gJ 3 3 >
N pe ¢ Q@ s Do 2 °
a £ IS HHE IR
© 2% o0 °@ o .
= ® : ) 0o B° @ > 2
5 / § 85 o° ®.% ¢ >
-~ ° j\) o % o @ J ° 2
, / 1 0 ° o 45 ¢
P ‘ ¢ ° o .
/ & o 4 44 °
2 [ / o ° o
) o
/1 J _
K \ O\ % . 0 500 1000 1500 2000 2500 3000 125m
/[ L\ % topview nanoseconds




e e e e e e B e e R B e e e R R e e
Motivation of This Work

> No y-ray activity during the neutrino excess in 2014/15

Gio:;nm/; et al. 2020a
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> |[ceCube200107A/3HSP J095507.9+355101

Aigh, very hard and variable X-ray state >
No y-ray activity

X-ray flux [erg cm?s7
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> Blazars associated with muon neutrino tracks .
Giommi et al. 2020A
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> Hadronic X-ray flares from Blazars (Theoretical Study)
Mastichiadis & Petropoulou 2020
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Hadronic X-ray Flares From Blazars

1-300 GaV 10-1000 TeV =

Lorentzian pulse
Power law Protons

Magnetic field B

During the hadronic X-ray Flare:

Bolometric Luminosity: [, ~ L x

1

: -1 —
Peak neutrino energy: €, pk == 2 Eph,keVBl_g V.6

Mastichiadis & Petropoulou 2020 3




Theoretical Model
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X-ray Lightcurves

Sample

66 Blazars frequently observed by Swift
[Giommi et al., 2021, submitted]

Data
1keV lightcurves & Flux 0.5-10 keV

Difficulties

* Irregular data
* Number of measurements
* Large gaps
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Definition of Flares
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Definition of Flares
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Expected Neutrino Event Counts

Parameter values / Fyss(ev.1) = Fy(1)ey," e vl ove
* B=I0G

—— Synchrotron

* Doppler Factor=10

10-9 — - Neutrino 4 ' . ]
Swift i 1 -:\ 5 !. \
g‘ 102
Vet T £ 1012
[ceCube configuration ~ Season (MJD) e "
1C40 54562 - 54971 3 .
Duration of the flux blocks 1C59 54971 = 55347 <
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RESULTS




X-ray Flares

- 967 fl‘;firing states. . =

> Typical D;iirat_bi;on of flaring Sta_;;tes: 1-5days

> Mikn~421 mos’t‘;flalrjng‘ States -

Mkn 421
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Expected Neutrino Events From X-ray Flares

0.6

All flares
Excluding blocks with At>100d
Excluding blocks with At > 30 d

-2
IOQ'(Nu,, + u;)

<Ny, 15, >~ 0.02 events

-1

Most events are
found here
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Neutrino All-Sky Plot

Parameter values

* B=10G

» Doppler Factor=10

Source name' N:LTLF
1ES 19594650 1.42 +0.04
3C 273 39+0.3
4FGL J1544.3-064 0.21 £0.03
TXS 05064056  0.02 + 0.01
Mkn 421 13.0 £ 0.1
Mkn 501 2.02 +0.06
PG 1553+113 1.18 £ 0.09
PKS 14244240 0.26 +£0.05
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Effects of Model Parameters and Source Declination
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Conclusions

> Classification of flares

> Theoretical scenario + Hadronic X-ray Flares > Neutrino predictions

> Number of neutrinos per flare > 0.02 events per flare

> How model parameters affect the the predictions

Thank you !

Stathopoulos et. al. 2021 in prep. 14
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