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Motivation

> y-ray fluence in the
2009-2010 3C 454.3
outburst was ~20
times higher than the
fluence around
IceCube-170922A!

> ~20 times more
neutrinos?
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Motivation

> 3C 454.3 — brightest Y
Fermi-LAT FSRQ ﬁ

photon fields from

_________________

> FSRQs host strong

accretion disks and
broad-line regions
> During flares —
enhanced luminosity
and/or Doppler factor
> Background limited by
the flare time window
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jet E observable

accretion disc gamma rays




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
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gas clouds

Is the blob
inside the

-------------

i black hole

broad-line
region?

jet 3 observable

accretion disc
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gamma rays




Location of the o Sheerved ———_
_—_ . 57 >10 Ge
emitting region 10°;
10@
> For all days of the % o /
flare, Fermi-LAT S
observes >10 GeV 10
photons | — WRpr=10 |—— x/Rpir= 1.4 MRpg = 1.7
. . -2 — X BLR = .1 S— BLR= 1. x/ BLR = 1.8
> The blob is outside 10 "7 — x/ﬁBLR= 1.2 — x/ﬁBLR= 12 x/I;BLF 1.9
the broad-line region 1T HRer=13
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gas clouds

Is the emitting =~ <
region a ﬂ

“moving” or O s
“standing” |
blob?
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jet : observable

accretion disc gamma rays




No “"moving” blob

» Xiea=6.05 | MID55521-55522
- 10 { MID 55517-55518 t  MIJD 55522-55523
A\Y n
> MOVI ng - bIOb mOdeI ¥ MJID 55518-55519 I MID 55523-55524
{ MIJD 55519-55520  radio [archival]
i

poorly describes the
data
> Within a week, the blob
is already >10R, , away o
— not enough target PSTIIN
photons for the external
Compton! 10725
> The blob size is too big hv [eV]
to explain ~h-scale
variability!
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https://docs.google.com/file/d/1DQXBWB5ihrR9oYEMOC6tLadYLhhAvexS/preview

“Standing” blob

>
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“Standing-blob” pure
leptonic model
describes the data
well

Proton contribution is
constrained by the
X-ray data: proton to
electron energy
density ratio < 130
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Neutrino production is limited (E, = 100 TeV)

> Data indicate small
maximum electron
injection energy ~ 1 GeV

> Slow acceleration & _~
107, assuming the same
acceleration efficiency for
protons as for electrons,
EpcutN1014 eV

> Slow photopion losses
and deboosted BLR
photon field
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Neutrino production yield (E, = 100 TeV)

\l

VYV

-4

~6x1073 v, per year in IceCube from 3C 454.3
~6x1072 v, per year in IceCube for all Fermi-LAT FSRQs
~0.5% contribution of Fermi-LAT FSRQs to the IceCat-1 neutrinos
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Summary

> The brightest Fermi-LAT blazar
flare of 3C 454.3 modelled with
time-dependent program AM3 in
a single-zone approach

> ~ 6x107 v, per year in IceCube
from 3C 454.3

> Extrapolation to all Fermi-LAT
FSRQs results in ~ 0.5%
contribution to the IceCat-1
neutrinos at energies = 100 TeV

@ NTNU
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Insights from modelling

3C 454.3 than from TXS 0505+056?

the brightest Fermi-LAT blazar flare
1. ~20 times more neutrinos from the flare of Egor Podilesnyi, Foteini Oikonomou \

Department of Physics, NTNU

2. Strong photon ﬁelds of FSRQs could be

: o sl ‘;‘.v'" i w Mﬁ“&ﬂ‘ﬁ?)ﬁ(& an target for photopion neutrino pi
I kit ——

4. “Standing” blob describes the data well,
proton energy density is constrained by X rays

3. "Moving” blob doesn't describe the data:
BLR field is too far away, blob is too big

6. Small maximum electron energy
is required to describe the y-ray SED

8. For 3C 454.3, neutrino yleld is
~0.006 muon neutrino per year in IueCube

{ \ W"wf&% VPW

9. Fermi-LAT FSRQs INSIGHTS
> Extnrx azu Blw Ferm-LAT

the repository >
— >Usnglnuscairl]of &rray > Acceleration is slow: &_~ 10"
] and dedicated eff. i

btain ~0.06 IceCube: deboosted BLR and slow losses
year ammthasusgmls > FermHAT FSRQs
per year with E, 2 100 TeV) ~0.5% to IceCat-1 neutrinos.

Cosmic Rays and Neutrinos in the Multi-Messenger Era”
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Backup slides
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| == IR/optical/UV power law

= = X-ray power law
== y-ray broken power law

----- y-ray subexponential cutoff
¢ IR, optical, UV data
{  X-ray data
% y-ray data

11

Parameter Value

IR/optical/UV power law
r, 2.67 +£0.07
X2, 0.77
X-ray power law
I, 1.56 + 0.02
X2, 1.17
y-ray broken power law
I',, (before the break) 2.1
I',, (after the break) 2.6
X4 2.83
y-ray subexponential cutoff
Y1 1.92
Vb 0.51
X% 0.89
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75° 40 best neutrino emitters

-60°

-75°
Fermi-LAT 4FGL-DR4 FSRQs

o  Total number of IceCube muon neutrinos per year: 5.5¢-02 ¢ PKSO0736101 ¢ PKS0502+049 PKS B1406-076 ¢ 4C 10442 TXS
Minimum neutrino energy considered: 100.0 TeV ¢ 4C+2135 ¢ B21520+31 ¢ PKS 1424-41 ¢ MG2J201534+3710
¢ 3C4543 ¢ S30458-02 & TXS0506+056 ¢ PKS0420-01 o PKS 1329-049 O 5 06 + O 56
¢ 3c2m ¢ Ton599 ¢ PKS2023-07 ¢ PKS0727-11 +  PKS2320-035
CTA 102 PKS 0336-01 ¢ 0OX169 PMN J0643 10857 +  OP313 added
¢ 4cHoL02 ¢ PKS0440-00 4 0G50 ¢ PKS0454-234 s manuall
¢ PKS1510-089 & MGI 112393140443 ¢ PKS0805-07 ¢ PKS0215+015 . 4C+1045 y
¢ 3C27m3 ¢ 4C+28.07 PKS 0446+11 ¢ PKS2032+107 - Galactic Plane
¢ PKS1502+106 ¢ 4C+3841
¢ PKS 1830211

@ NTNU 1
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For muon neutrino energies > 100.0 TeV

42 { W 821 FSRQs in 4FGL
{ [0 40 4FGL brightest FSRQs
384 T 40 best neutrino emitters
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0506+056
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manually
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For muon neutrino energies > 100.0 TeV

w w
4 @® 249 FSRQs (NOT in the LCR) PKS 1830-211 4C +38.41 PKS B1406-076 MG2 J201534+3710
572 FSRQs (IN the LCR) PKS 0736+01 PKS 0502+049 PKS 1424-41 PKS 1329-049
10 1 4 * 3C454.3 4C +21.35 B2 1520+31 PKS 0420-01 PKS 2320-035
7] 3C279 $3 0458-02 TXS 0506+056 PKS 0727-11 OP 313
4 CTA 102 “Ton 599 PKS 2023-07 PMN J0643+0857 PKS 2227-08
1 4C +01.02 PKS 0336-01 0X 169 PKS 0454-234 4C +10.45
1 PKS 1510-089 PKS 0440-00 0G 050 PKS 0215+015 mmmm  max year-av. ph. flux from a FSRQ
7 3C273 MG1 J123931+0443 PKS 0805-07 PKS 2032+107 s mean year-av. ph. flux from a FSRQ
-2 PKS 1502+106 4C +28.07 PKS 0446+11 4C +04.42 mmm median year-av. ph. flux from a FSRQ

._
o
5

[S—
o

|
w

Yearly muon neutrino yield in IceCube [yr~!]
) it

[a—
(=)

10 T — - =
10 10" 10° 107

10°

Integral 14-yr-av. gamma-ray photon flux > 100 MeV [cm™257!]
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For all neutrino energies

w w
i @® 249 FSRQs (NOT in the LCR) PKS 1830-211 4C +38.41 PKS B1406-076 MG2 J201534+3710
572 FSRQs (IN the L.CR) PKS 0736+01 PKS 0502+049 PKS 1424-41 PKS 1329-049
—-14 * 3C454.3 4C +21.35 B2 1520431 PKS 0420-01 PKS 2320-035
1 O 3 3C279 S3 0458-02 TXS 05061056 PKS 0727-11 OP313
] CTA 102 Ton 599 PKS 2023-07 PMN J064310857 PKS 2227-08
] 4C +01.02 PKS 0336-01 0X 169 PKS 0454-234 O 4c+1045
T PKS 1510-089 PKS 0440-00  0G 050 fy PKS 0215+015 mmmm  max year-av. ph. flux from a FSRQ
g 3C273 MG1 112393110443 PKS 0805-07 PKS 2032+107 mmss mean year-av. ph. flux from a FSRQ
4 PKS 1502+106 4C +28.07 PKS 044611 4C +04.42 mmm median year-av. ph. flux from a FSRQ
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