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Motivation

> vy-ray fluence in the
2009-2010 3C 454.3
outburst was ~20
times higher than
the fluence around
lceCube-170922A!
~20 times more
neutrinos?

IceCube Coll.+ (2018, Science, 361, eaat1378)
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Why flat-spectrum radio quasars?

> 3C 454.3 - brightest

Fermi-LAT FSRQ | ——
> FSRQs host strong o | ./ jw > BL Lac
photon fields from B

broad-line regions
according to the
canonical model
> During flares -
enhanced
luminosity and/or
Doppler factor

Ghisellini & Tavecchio (2009, MNRAS, 397, 985) Adapted from Dzhatdoev+(2022, MNRAS, 515, 5242)
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Data analysis

> Quasi-simultaneous
analysis of y-ray,
X-ray, UV/optical/IR
data around peak of
Nov. 2010 flare of
3C 454.3
Time-dependent
modelling of the
observed SEDs with
AMS

Klinger+ (2024, ApJSS, 275, 4) O
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Location of the emitting region

> For all days of the 103? observed
: ) >10 GeV
flare, Fermi-LAT 10°;
observes >10 GeV 1012
photons ~ ?
> Theblobis outside % 1o 1
the broad-line < N
region' hence the o x/Rpr= 1.0 = x/Rpir= 14 x/Rgir= 1.7
dissipation radius 102] — WRow=11 | xRoix= 15 WRox = 1.8
x> R 311:222 ii — x/Rpir= 1.6 x/Rpir= 1.9
> This ?ilis‘lits the 10_3109 S At A E
efficiency of E? [eV]

neutri no prOd UCtiO n Using the BLR model implemented by Rodrigues+ (2024, A&A, 681, A119)
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Leptonic model

> Fast changes of the ] o e=e* from 1y (IC)
SEDs require the B D PR
emittingregionto ~ » 107 e e " A pric
be small and close E o / : \
to the SMBH, hence 2 o N T
continuous I
injection of new 077
blobs ~every day in s /A i i
the Earth frame 10 10 10 "10 10 10 10 hl,?[ég;]m 10°10° 10° 10" 10 10
> Radiation zone s
outside the BLR to

. . Data analysis and model by E. Podlesnyi & F. Oikonomou, arXiv 2502.12111
avoid yy absorption .
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Leptonic model

> Fast changes of the ] o e=e* from 1y (IC)
SEDs require the IS g e,
emitting region to :w 0% — e~e* from yy (syn.) ¥2a=0.68 # DTEC
be small and close 'g 1
to the SMBH, hence =
continuous .
injection of new ~ 10
blobs ~every day in

the Earth frame
> Radiation zone s
outside the BLR to

. . Data analysis and model by E. Podlesnyi & F. Oikonomou, arXiv 2502.12111
avoid yy absorption .
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Leptonic model

> Fast changes of the R e=e* from 7 (IC)
SEDs require the B Dol T s, g
emitting region to :m 100] — ¢7e fromr (oyn) Hiea=1.16 ", 'Y
be small and close I
to the SMBH, hence o Ao N S T
continuous R
injection of new 077
blobs ~every day in ol . . } N
the Earth frame 10 '10 °10 “10 10" 10 10 hl;)[é%]lo 10 10 10 10 10 10
> Radiation zone is
outside the BLR to

. . Data analysis and model by E. Podlesnyi & F. Oikonomou, arXiv 2502.12111
avoid yy absorption .
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Leptonic model
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emitting region to :w — wistiniuy S
be small and close 'g 1
to the SMBH, hence =
continuous o
injection of new ~ 10
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Leptohadronic model

> Pure leptonic model
describes the data
well

Proton contribution
is constrained by
the X-ray data:
proton to electron
energy density ratio
Py S 130 (when the
likelihood worsens
by 102)

Method similar to Keivani+ (2018, ApJ, 864, 84)

inverse Compto

Data analysis and model by E. Podlesnyi & F. Oikonomou, arXiv 2502.12111
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Leptohadronic model

2%10 "

> Pure leptonic model
describes the data
well

> Proton contribution
is constrained by
the X-ray data:
proton to electron
energy density ratio
Py 130 (when the
Bayes factor
worsens by 10?)

Method similar to Keivani+ (2018, ApJ, 864, 84) 14
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Fermi -LAT light curve from repository

> To predict the neutrino flux for any time period and obtain a v-y
flux scaling, we repeat the analysis for four other periods
covering various flux levels

Fermi-LAT photon flux [em™2 s7!]
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Fermi-LAT light curve repository by Abdollahi+ (2023, ApJS, 265, 31)
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Linear relation of v-y integral fluxes

> Approximately
linear relation
between integral
neutrino and
gamma-ray fluxes

> Neutrinos produced
on external
Comptony rays
(lower energies) and
BLR photons
(energies 2100 TeV)

o= ad>‘y’, for MJD 55517-55524
a=7e-10
PO = aCI)‘;, best-fit

10141 a=6e-10 ¢VOC 65

10

Integral neutrino flux > 100 GeV [cm™2s7!]

10 10°

Integral gamma-ray flux > 100 MeV [cm2s™']
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Neutrino production yield (2100 TeV)

VVYY

~6x107% v, peryr in IceCube on average from 3C 454.3
~6x1072 v, peryr in IceCube on average from 820 Fermi-LAT FSRQs
~0.5% contribution of all Fermi-LAT FSRQs to IceCube neutrinos

—
o

LAT photon flux [ecm™2 s7']
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The elephant in the room

> |n 10 yr of IceCat-1, there was one 168-TeV neutrino from 3C 454.3
> Probability to observe one or more v, in ~10 yr in our model = 0.06
> But the neutrino came 551d after the flare!
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Possibility of the neutrino delay

11
> Slow proton 11810
acceleration and 10°; o/p escape
energy-loss 10°]
timescales of 10,
monthstoyears(in =110 ~ 1d(Earthframe)
the Earth frame) 10°; y escape
may imply a long 10°s
delay for neutrino loj?
emission s
Y0108 10 0T 10 107 10" 10 107 107 10™ 10" 107 10"

E [eV]
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Possibility of the neutrino delay

11
> Slow proton 11810 S
acceleration and 10’ g: <75 escane
energy-loss 10°; =i
timescales of 0’y 5
monthstoyears(in = 10f \\ | 1d(Earthframe)
the Earth frame) 10°; ! y escape
may imply a long 10: N
delay for neutrino 10; : &
emission s i
107107 10 10 10" 10 10 107 107 10™ 10 10" 10!
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Egor Podlesnyi/ 04.11.2025 / TeVPA 2025

8

20



Possibility of the neutrino delay

> Slow proton
acceleration and
energy-loss
timescales of
months to years (in
the Earth frame)
may imply a long
delay for neutrino
emission
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Possibility of the neutrino delay

> Slow proton
acceleration and
energy-loss
timescales of
months to years (in
the Earth frame)
may imply a long
delay for neutrino
emission
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Possibility of the neutrino delay

> Slow proton
acceleration and
energy-loss
timescales of
months to years (in
the Earth frame)
may imply a long
delay for neutrino
emission
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Search for delayed neutrinos with IlceCat-1

> (Gaussian temporal
weights with the
centre at the
anticipated prior
maximum of the
flare based on the
neutrino arrival time
and jet-frame delay

wl/(t,delay) o< Gua(ty ™™, t; t/delay7 Da, za) FJ (£3 ™)

1+ 2,
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Dy
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1) Fermi-LAT light curves from the repository
Fermi-LAT Coll. (2023, ApJS, 265, 31)
2)Neutrino alerts from IceCat-1
IceCube Coll. (2023, ApJS, 269, 25)
3) Doppler factors from Rodrigues+ (2024, A&A,

681, A119) or Homan+ (ApdJ, 2021, 923, 67)
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Light curve of 3C 279 with a delayed
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Search for lagging v, from blazars

> Scanning over the
jet-frame delay

~20 pre-trial correlation
atafewx10°d

~10% post-trial chance
of a similar signal with
mock catalogues with
random RAsandt,

>

>

10°
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Why no evidence for delayed neutrinos?

>

Too few ~100 TeV
neutrinos from the
studied AGNs

No universal jet-frame
time delay among
various sources

Too large uncertainty of
the Doppler factors
Electrons and protons
get accelerated and/or
dissipated in different
regions of the jet
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Summary

>

The brightest Fermi-LAT blazar flare of

3C 454.3 modelled with time-dependent ..
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° [ ] .
3 Time gyear%
p ro g ra I ' I I n a SI ng e—zone a p p roa C -+ 2009 2010 2011 2012 2013 2014 2013 2016 2017 2018 2019 2020 2021 2022 2023 s
I(/) 10 : —— MID 54700-54701 g 71-55472 I 2.3c-02 yy, per year
N i JD 54827-54833 17-55: r year

Model estimates that all Fermi-LAT
FSRQs give ~0.5% contribution to

the IceCat-1neutrinos at E 2100 TeV
Search for delayed IceCat-1 neutrinos
with Fermi-LAT prior major flares
reveals no significant correlation
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Backup slides
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—@- IceCube yield for £y 2100 TeV
. o L 2
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----- total B et from yy (syn.) BN e et from py (syn.) |____ I PE 7R B P
e~e* (syn.) e~e* from yy (IC) e~e* from py (IC) ; epoch 55517-55524, 1074 FO T 10°
e~et (IC) B BHe et (syn) B DT +AD+BLR 224=0.86 0 10 10 10 10 10 10 10
____ lceCube sensitivity BH ¢~e™ (IC) ! radio [archival] Eace
[1 year] 40% uncertainty of the neutrino SED from
Cerruti et al. (2024), arXiv 2411.14218
Val <103 iredt d tri ith ies similar to th
alues ace are required to proauce neutrinos witn energies simiiar to the enerqgy
of the recently discovered >100 PeV neutrino KM3-230213A
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Extrapolating to all Fermi-LAT FSRQs

> ~0.5% of IceCat-1 - 7507* — 20 best neutrino emitters
from Fermi-LAT ° e [ NN
FSROsisinline
with the result of
Abbasi et al.
(2023), ApJ, 954,
75 that <1% of the
Fermi-LAT AGNs

e m it n e ut ri n 0 S Fermi-LAT FSRQs give 6¢-02
- lceCube muon neutrinos peryear () PKS 1510-089 ¢ 4c213s ¢ PKS0440-00 ¢ PKS0502+049  TXS 0506+056
with.min energy 100.0°TeV 3¢ 273 ¢ $30458-02 @ MGIII2393140443 @ B21520431
3C4543 PKS 15024106 @ Ton 599 & 442807 ¢ Txsosoe0ss added
that pa SS th e a I e rt aczp PKS 1830211 ¢ PKS0336:01 @ 4C+3841 © GalcticPlane manually
CPA 162, PKS 0736+01

4C +01.02

criteria
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