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Lecture plan

Focus on: UHECRS, neutrinos and EM counterparts

Monday: Generic source properties (Requirements for astrophysical
accelerators of high-energy cosmic rays/high-energy neutrinos)

+ Tuesday/Wednesday: Overview of candidate multimessenger sources

+ Tuesday: (Jetted) Active Galactic Nuclel

* Wednesday: Non-jetted AGN/Starburst Galaxies/Gamma-ray bursts/
Pulsars/ Tidal Disruption Events




Recap

of Monday’s lecture
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Scorecard

Epax % MUHECR €UHECR 1, Stacking UL
BL Lacs & S < @ <20%
FSRQs = = < = =20%
FR | & & & < <20%
FR I & & & & =20%

Non-jetted AGN
Starburst galaxies
HL GRBs
LL GRBs
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Cosmic-ray accelerators that satisfy the confinement
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Non-jetted AGN
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NOn-j etted AG N Padovani et al 2017 AGN: What's in a name’
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Fermi-LAT Fourth AGN Catalogue, 2019

Non-jetted AGN
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Non-jetted AGN

Swift-BAT | 05-month hard-X-ray catalogue 2018
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radio-loud (RL) AGN

radio-quiet (RQ) AGN

X-ray absorbers in AGN
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NALs

log[¢ (erg cm s )] =0-1.5
log[N, (cm™ )] = 18-20
VeIocﬂy = 100-1,000 km s™
Distance scale = ~1 pc—1 kpc

BALs

log[& (erg cm s )] =0.5-2.5
log[N, (cm™ %)] = 20-23

Velocnty = 10,000-60,000 km s~
Distance scale = 0.001 pc-500 pc

Laha et al 2020

WAs

log[¢ (erg cm s )] =-1-3
log[N,, (cm 2] =21-22.5
VeIOC|ty = 100-2,000 km s™"
Distance scale = 0.1 pc—1 kpc

log[& (erg cm s )] =3-5

log[N,,

Velocuty = 10,000-70,000 km s~
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Can UFOs accelerate protons to UHE!?

Peretti, Lamastra, Saturni, Ahlers, Blasi, Morlino & Cristofari 2023

s, Blasi, Morlino & Cristofari 2023

Time [yr]

1 Qﬁ””
107+ +r—rrr———==

TS Y ARMETTRRS T
Energy [GeV]

fs
IR t 1/2
Orus Ly ~ 0.5L4q E o1 Eev| B M I'pc \  Yuro
12 I 5% 0.1 Mgy yr=! Ryoex 0.2¢
R 10% erg/s 12



E2 dN/dE [arbitrary units]

Can UFOs accelerate protons to UHE!?
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E° & [GeV cm?g’] sr'1]
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Non-jetted AGN contribution to the cosmic-neutrino flux " oY

Non-jetted AGN

Infrared selected (ALLWISE) AGN with
soft-X-ray weights ~ 32,249 AGN

2.60 excess w.rt. background

expectations AGN sky-map lceCube Point-Source Events

5

| dN 5
Best-fit spectral index — ~ E
dE

60

10™

AGN corona v
AGN corona y (cascade)

105 eV” AGN corona X (thermal ) — — —
- NGC 1068
106 L (medium
: i M energy V) .
C g, this .
o7 k| d‘"'"‘* g work | NB: Different
‘\ GevTevy , energy range than
108 F | T THNGC 1068 o -
= could accou.nt for 27-100% of diffuse lceCube Coll 2022, PRD
o \ \ i neutrino flux at 100 TeV
10°

10%10° 102107 10° 10" 10% 10° 10* 10° 10° 10’
E [GeV]



N G C I 068 lcecube Coll 2023 - Science
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NGC 1068

Seyfert 2 galaxy with heavily obscured nucleus

Prototypical nearby Seyfert 2 (14.4 Mpc)

igh infrared luminosity: high-level of star formation
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dN/dE [TeV cm2s™]
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see also Kheirandish et al 202 |
Anchordoqui et al 202 |

Neutrino productionin NGC 1068 e et 2073

Y. Inoue et al 2019

10°8

1079

10—10_

e———

107114

107124 7 -

E2dN/dE [erg/cm?/s
B

107134

107144

~: Corona (Screen)

~v: Corona (Uniform)
I [ceCube

O
[
'Y

10715 f T T | T T T
106 107 108 109 100 10M 10'2 10%3

Energy [eV]

I IceCube v, + v, Best Fit

== Lamastra et al. 2016:7
S IIEETTPRY Lamastra et al. 2016:1,

- - = H.E.S.S. upper limit (4hr)
@ Fermi-LAT (7.5yrs)
10-11 3 H MAGIC upper limit (125hr)

“‘—.-—--—---.._.._.._.__..____.._.-—l.--—.-.-n-l.-= ----
.

10131 TR R

* muus®
. anun®®
LR -------III"
mmw samsssmssEmssmE="
gnuns®

-
ee®"
B “
.
“
.

ELg [erg s 1]

(TeV]

Lamastra 2016, 2019

E Fg [GeV cm™ s'1]

/

|
Peretti et al 2023

/

/

/

Salvatore et al 2023
Murase et al 2020 Eichmann, FO et al 2022

107 10° 5
NGC 1068 v | o
L=10" erg/s . 1 @& aFGL
\ d=12.7 Mpc 1014 e MAGIC

= |ceCube

v o v S —————— - ———

-11 "
10
10%10°10210" 10° 10" 10% 10% 10* 10° 10° 10’
E [GeV]
- _7 - | L | L | L | L T ___I T T T ]
coronz+cascade — n”decay  ---- Ve: lie 8; —— inner —— outer_;f B
T Eheer _ bem T Puh -5 BeH cascade I E
ﬁ;{e_sy}; v+ D @ (E2Q,)™ 9 3 y ‘o BeH 1st gen EIC 3F .
1043 — E ........ pp TCO'Y _:E _:
'»_10F - pp T+- pair syn  If 1
AN C = ]
S-11f E _f
1O e T E‘ﬁé‘ — —
w>13F : ]
> - ~ —:
o 14 F e .
N : ;
1039 -15F E ]
d6F A= | : ]
‘17 Ef YRR AR T NN T T W [N T N T NN TN T W N O S NN SO M A B 1:: L \‘1‘ I B L1 l::f' il SN N (RN TN TN TN N TN TN W AN e W l:
37 | 8 10 12 14 16 18 20 22 24 26 22 24 26 28 30
10
, log v [HZ] log v [Hz]
A e }
100 103 106 109 1012 1015 S. Inoue et al 2022
E [eV]

Fiorillo et al 2024a,b 7



Neutrino production in NGC |068

Y. Inoue et al 2019

108
v . Corona
~v: Corona (Screen)
1074 GRAMS 7v: Corona (Uniform)
(35 days) E— ccCube
neutrinos QO 4FGL 0 /

10713 @ rHL . — —
= y 7
Elas R AY'S ‘E g TV r v,neutrinos
S TAMEGO e yS =2k, ’
[ (5 yrs) \
D 107124
= GRAMS
I = | <
U Rneutrmos <3 ORSW

1013+

1014 Murase 2022

Halzen 2023
10~1° I I I I —
109 107 10% 107 1010 101! 1012 1013 1014 1019 1016

Energy [eV]



Neutrino production in the cores

Saurenhaus, Capel, FO, in prep

Diffuse muon neutrino flux (7 = 17 and L, = 0.63Lx)
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Scorecard

Epax % MUHECR €UHECR 1, Stacking UL
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FR | & & & < <20%
FR I © < S & <20%
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Starburst galaxies

HL GRBs
LL GRBs

Pulsars

TDEs
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Cosmic-ray accelerators that satisfy the confinement re
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Starburst galaxies

High star-formation rate (> 100 x Milky Way)
Starburst episodes are short-lived (<108 yrs) 0% 00 250 s00  Ss0 600

Centrally driven strong outflows (* superwinds’)
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UHECRSs from starburst galaxies?

Auger Coll, ApJL, 853, L29, 2018, Auger Coll 2022, Ap| 935 (2022) 2, | /0
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Neutrino production in proton-proton interactions

Gas reservoirs (Starburst galaxies, Galaxy Clusters...)

Since interaction length A(E) « 1/6(E) ~ const.
p+p—>p+p+Nrt+Nn + Nz’ and meson production spectra

A A A o 7k 7 S ey Bp) = AETE,)
For AN/AE ~ E7
AN/dE, ~ dNIAE, ~ E;"

TOTEM Coll. EurPhys,.C 79 (2019) 103
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Neutrinos from starburst galaxies: Reservoir model

Loeb & Waxman |CAP 05 (2006) 003

sketch by K Murase
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;I
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Star Bursts

NLTJ> -8
10|
High gas density, high B environment
The highest energy cosmic rays escape (observed) |
Lower energy CRs lose all their energy in pp interactions 10_103
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Neutrinos from starburst galaxies

Palladino et al 2019
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see also Bechtol Ahlers et al 2015



Scorecard

Epax % MUHECR €UHECR 1, Stacking UL
BL Lacs & > & * <20%
FSRQs & = < = <20%
FR | & & & < <20%
FR I © & < > <20%
Non-jetted AGN & & < < <|00%
Starburst galaxies > ) P ) <100% e
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LL GRBs
Pulsars

TDEs
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Cosmic-ray accelerators that satisfy the confinement re
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Gamma-ray bursts

Discovered serendiprtously in 1967

Intense short flashes of light peaking in the 10 keV
-1 MeV range

Isotropic equivalent energy release ~10°410°° erg
(ct <I10% erg/s iIn AGN)

Rate ~ 1000 year occur in the Universe

Short (0.3 second) and long (50 second) bursts -
Iwo distinct populations

"~ Afterglow’ fading emission for hours to months

Before and after Fermi LAT views of GRB 130427A, centered on the north galactic pole
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Gam ma- ray b u rStS Fermi-LAT 2nd GRB Catalogue, 2019
Fermi-LAT 10 year GRB map R
: : + : 1 : 130427A° -

160623A

080916C

» "

IPN Fermi /
”

g™ The most powerful voa L & | | = >000 GRBs with Fermi-GBM
' transients in the NUCAN ol ~200 with Fermi-LAT
Universe X > : 5 with H.E.S.S.
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Binary neutron star mergers: GW 170817

On August | /th, 2017
the detection of GWs -

/GO and Virgo reported
rom the coalescence of a

binary neutron star syst

LIGO, Virgo, Fermi Coll+ many others,
Astrophys.d. 848 (2017) no.2, L12

Swope +10.9 h

em LIGO
30°
LIGO/
Virgo 4

Fermi GBM indepenc

ently detected the sGRB

GRBI /7081 /A, |.7s late

"

An extensive observational campalign localised

SGRB In the early type NGC 4993, at d ~ 40 Mpc

GWI/70817 and GRBI /08| /A confirm binary
neutron stars as progenitors of SGRBs (pchance

~10-8)
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UHECR maximum energy

Very high Lorentz factors Several shocks - - also [ 254 = v 1 :1 B 118101 '
possible cross-shock IC
Highly magnetised expanding jet Internal Shock AN LA

Collisions betw. diff. Reverse l rward
parts of the flow shockes »> shock

~ 1020 oV . 7. GRB PhotosphericliR " .
Emax ~ 1() CV Z ( 1051 erg) . .0 le th.gndumn
' A
- = Jet = - ‘\IV\D 'Y : X
Waxman 1995, Vietri | 995 b AL/AD 0O
A 4 R

Maximum energy OK for protons
=10"" cm ~10"cm >10""cm

Nucler survival in GRB photon fields?
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UHECRSs from GRBs!?

GRB rate: Several shocks - - also External Shock

possible cross-shock IC

p~ 1x107 Mpc™ year™ Internal Shock R
g |
parts of the flow shockew shock

The apparent number density Is: f v | x;:nocogpqasc ¥
: ) D DI | non
| i AAAD
Neft, jetted TDE ™ ot - p o Jat —= —o AAAD 'Y

AN

And we inferred nyper = 107> Mpe™

| 3 |6
=10'"" ¢cm 10" cm = 10""cm

Thus GRBs may just about satisfy the number density
constraint for Bggype ~ 0.1 nG

: D \(f E N[ o B \°
6tdelay ~ 15 X 10 yI‘ * 20
100 Mpc 10YeV 1 Mpc 0.1nG

33




Neutrino production in GRBs

Ample photon fields

Meszaros & Rees, 2014 Several shocks - - also External Shock
possible cross-shock IC
+/.0 Flow decelerating into
= lp+ 7l
p }/Jet p Internal ShO Ck the surrounding medium
z z e |
parts of the flow shock<= => shock
mx I I ,
EE, 2 —= =0.16 GeV ‘ prooprerc il 1
4 1 + Z 1 + Z -‘ <&y ) ) i 'ra jaton -
-1 - — —~ Jof — — | oA
2
E > 38 GeV ( L ) £y | . AN }
C : —
v — :
1 + vé MGV ‘ eV- PeV neutrinos

e.g. prompt emission,

:1011 cm = ]OHCIT] >10""cm

z=11T2=10° E ,~ 250 keV — E, ~ PeV

> [ 00 publications on theoretical expectations:
see e.g. review "Neutrinos from GRBs” (Kimura 2022)
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GRB contribution to the cosmic-neutrino flux

Stacked search for 2000 Fermi GBM GRBS /cigube Point-Source Events
neutrinos coincident with ' 3’* i R T W 60—
prompt GRB emission. ’ '

209| GRBs R

2000 GBM GRBs
266 Swift GRBs
121 LAT GRBs

lceCube Coll, ApJ 843 (2017) 112
lceCube Coll, Fermi GBM Coll, Abj 939 (2022) 2

+strong limits from GRBZ22 1 009A (the ~"BOAT’) Prompt (ATprome ~1-100s): < 1% diffuse neutrino flux
lceCube Coll ApJL 946 L26 (2023)

ANTARES Coll MNRAS 469 906 (2017) Precursoré,gxfterglow (ATaftersow T 14d): < 24% diffuse neutrino flux




Binary neutron star mergers: GW 170817

ANTARES, AUGER, ICECUBE, LIGO & VIRGO Coll, Ap] 850 (2017) 2, L35
Jet—ISM Shock (Afterglow)

Optical (hours—days) GW I 708 I 7
Radio (weeks—years)
Ejecta—ISM Shock GW170817 Neutrino limits (fluence per flavor: vy +7y)
Radio (years) X 1
10° ¢ +500 sec time-window |
: ANTARES :
_ 102 ]
--------------------- CTE f Auger
1 i — '
| pr— 5 107 IceCube I neutrinos
Kilonova > = | :
Optical (¢~ 1 day) . (05 100l T NN I _: from
= = 0 T I .
Merger Ejecta & 4 s Kimura et al. ; the GRB
/" Tidal Tail & Disk Wind o 107 E T o - EE moderate -
™~ L /vt 0.1-03 ¢ \‘\. = g7 ]
- Q —_— /WV 10_2 ‘gllzmura e‘F aL O\ Kimura et al;
FEE optimistic ’ 1 ]
/ \ 10—3 \ ul e ul : .....lpI..O.l./F.lR :

could sources of CRs up to the ankle
Rodrigues, Biehl, Boncioli, Taylor 2018, Kimura, Murase, Meszaros 2018

Metzger & Berger, Ap), 746 (2012) 48, |




Scorecard

Enax % NUHECR €UHECR n, Stacking UL

BL Lacs &< * < = <20%
FSRQs & > & = <20%

FR | & & & & <20%

FRII & & & & <20%

Non-jetted AGN & & & = <|00%

Starburst galaxies @ < = = <100%
GRBs © & & & 1%

TDEs
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Cosmic-ray accelerators that satisfy the confinement re

1 au 1 pc 1kpc 1 Mpc
1014 —_— 5 =1.0
. === 3=0.01
1011_
©)
= 108_
60
3
5 105_
n
o 2
0, ]
10 Wolf-Rayet stars
O
© 101
s, 1 N AGN
g \\ Hots;X)Ct;sl\l
—4 .
10 SNé \\ Lobes
o Milky Way .
Galaxy cluster So
N
10—10 | | | | | | | S
104 107 10 10 10'% 10 10%% 10%

Comoving size - [" [cm]
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Neutron stars

Starbursts

* ® " Narrow Line
s o / Region

Broad Line
Region

Accretion
Disk

Obscuring
Torus

AGN

7 eV)



Tidal disruption events

SMBHs are orbrted by star clusters

Millions of stars in random orbits
Tidal forces may deform, or tear Into pieces a star

One TDE in 10%107 years per SMBH

-or tidal forces to be relevant they must be stronger than
the star's self gravity

GM SMBHR* GM *

R? R3
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Tidal disruption events

GMSMBHR* _ GM*
R? R

For tidal disruption to occur R, < R;

R; must be outs
The Schwarzsc

iIde the event horizon for visible TD

NiIld radius IS

2R 3/2 R 3/2 v —1/2
_ C I * *
Mgypy < M2 ( e ) ~ 10°M, (R—) (M_>

O] O]

FOr Rt >rs
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Tidal disruption events

-lare of electromagnetic radiation at high
beak luminosity (X-rays)

| ocated In the core of an otherwise
quiescent, Inactive galaxy

-xtreme flares can host a relativistic
nadronic jet

Typically 50% of the star's mass expected
to stay bound to the SMBH and be

ultimately accreted

»n
»n
o
o
+—
<
A2,
o
m
>
©
"
x

~ |00 candidate TDEs observed so far; 3
with jets (hard X-ray spectrum)

Timescale of months to years
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Swift |1644+57

Test case, Swift | 164445/, jetted TDE observed In
“blazar’” mode

O
oa

served for ~600 days, In a smal

quiescent

axy In the Draco constellation a

BR
E ~10YeVZ

7z = 0.35

I’

3x 107 Gcm 10
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Swift |1644+57

1 O 18 Farrar & Piran 2014

Test case, Swift || 644+57/, jetted TDE observed in = | | -

“blazar’” mode - -
Observed for ~600 days, in a small quiescent c
oalaxy In the Draco constellation at z = 0.35 3
)

BR I

E . ~100evVZ r

3x 1017 G cm 10 m - _

® 6 ~1/T

| , e 1016 |— _

For Swift |1644+5/ from radio observations in the outer - ® 9. = 0.1 =

jet (but dependent on assumed opening angle of |et) _ J _

|_I| | | 1 1 111 I| | L 1 11

BR>1-3x%x10" G cm 10 102
t [d]
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Can TDEs be the main sources of UHECRSs?

The "apparent” source number density must satisfy the
observational bound, with o¢ the spread in arrival times

neﬁ«N&‘-p

From Auger

nygEcr 2 2 X 107 Mpc™

The observed rate of jetted TDEs
p~ 1071 = 1071 Mpc™ year™!

TDEs can satisfy the number density requirement if

. D \°f E \°[ Ay B \°
Olgeray = 107 yr - 5
100 Mpc 10%eV 1 Mpc I nG
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see also Hayasaki et al 2019
Winter, Lunardini 2020

N eUtri n O P rOd u CtiOn i n TD ES \/\/inter: Lunardini 2022
Banik & Bharda 20227
N

ind‘ debris

dissipatig

Corona
photons

Example neutrino spectra (AT2019dsg)

snpatlo

Murase, Zhang, Kimura, FO, Petropoulou 2020

— == Core (Corona) observed
——— Core (RIAF)

- = Hidden Wind f
— == Hidden Jet |UX

neutrino

E?¢ [GeV /cm?]

No jet for AT2019dsg,
AT20191dr, AT2019aalc
(Cendes et al 2021, Matsumoto et al 2021)
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Neutrinos from TDEs!?

Photopion interactions in the jet (condrtions similar to

AGN/GRB)
One problem is that jetted T

n = 10" Mpc3 cf GRBs, n =

DES are very rare

107 Mpc3

Non-jetted TDEs 10 -100 times more numerous, but
not clear It (where!) they accelerate 10!/ eV protons

Stacking limits from lceCube
jetted < 26%)

(Jetted TDEs < %, non-

46

local rate density p [Gpc_3yl’_1]

...l IceCube
__ IceCube-Gen2

10% 104 10% 10 10°° 10°! 10~% 10°3 10> 10~
effective bolometric neutrino energy E,[erg]



TDE contribution to the cosmic—neutrino flux

3 jetted TDEs
40 non-jetted TDEs (mixture
of X-ray / UV / optical TDEs)

Updated search in 2022 ZTF
TDEs with neoWISE flare
(" "dust echo™) Y. Necker TeVPA

2022 - No excess

lceCube Coll PoS ICRC 2019
Necker et al 2022 (ASAS-SN Coll)
Stein et al 2022 (ZTF Coll)

TDE sky-map
79°

-*150° —120° —-90° —60° —30° 0° 30 H0°

—75° gal longitude 1

90° 120 150°

Tidal disruption events

lceCube Point-Source Events
75
60 -

Jetted TDEs: < 3% diffuse neutrino flux

Non-jetted < 26%
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https://indico.cern.ch/event/1082486/contributions/4878587/attachments/2490304/4276548/accretion_flare_stacking_tevpa2022.pdf
https://indico.cern.ch/event/1082486/contributions/4878587/attachments/2490304/4276548/accretion_flare_stacking_tevpa2022.pdf

cal latitude b

Tidal disruption events

X-ray observed TDEs

450 ® o2 ’ a. % O
30" . ’

15° /°* * .
2150 =120 =90 —60" —30°

-
®

—15° .

L)

OO

® ® ¢
‘. .: *~e © 0.5
e o ® o ¢
A .
o® ° o © 0.4
0 ¢ [ ®
30° H0° 90°  120°  150° s
k5
. 0.2

®
QO




cal latitude b

TDEs coincident with high-energy neutrinos

Stein et al 2021
Reutsch et al 2022

° ./ 5 ° : 00, o °© o e Van Velzen et al 202 |
45° *° e 0, ° Albert et al 2021 (Antares)

% ° o /¢ e _¢ Te &9 ® o 0n

30° . ’ o gAT201Paalc ¢ %
° . : IC191119A (+148days) ".AT2019fdr' o W
15 ) ° PC200530A (+393days) | °©
0° -2150° —120° —90° —60° —30° 0° 30°  H0° 90° 120° 150° 05 4
) $AT2019dsg =, 02
—19 ° o ° |C191001A (+150days)
- ’ o ’ */ ® 0.1
i s s ° o, ®
O . 0.0

combined significance: 3.70




AT2019dsg + ICI91001A

UVW2 (193 nm) | U (346 nm) | 44
— 111 : b ouvM2(225n0m) | g (464nm) [10
" ';::Ei‘**i . ¥ UVWI1 (260 nm) ¢ r(658nm) | _
L] L ] : — '
T R » 1C 191001 A was a 200 TeV muon neutrino
%ieY o — /O
UV optical flux Léw ot "o * - ++ -1043 2 <|Z)ASJEI”O 60/3)

@ 107124 o ! MR ' ;++ ‘ ¥ ¢ 1 ! ET
> : ®¥ee t
L ] ’ ¢ &l‘ : ' ' '
= | ety H*é?* | AT 2019dsg was a rare (radio emitting) TDE

. . . . f . 102 sign of jet!

0 50 100 150 200

¥ N ; IC191001A | IC 191001A +AT 2019dsg association by
- 1 ! 43 .
10712 * *++ 0 v p 177 _ chance? p = 0.5%
o ] *O . vvyl” Y 3 : "
5 the 7 - -
X-ray flux o T 1042 ©
$ 10713 x | :f
=
¢ 0.3-10 keV (XRT) -
¥ 0.3-10 keV (XMM) L1041
10—14 . . . . E . [
0 50 100 150 200

Days since discovery
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AT2019dr+IC200530A, AT2019aalc+ICI91119A

VVan Velzen et al 20271.093917

- - 3.5 1 :
AT2019dsg 307 AT2019fdr < AT2019aalc : @
“n 1.0- : ® N . q- -0 n 3.041 ¢ ZTF:g-band :
" ¢ ZTF: g-band v ¢ ZTF: g-band 10 = ' ®
IS ¢ ZTF:r-band ' Eﬂ 251 4 ZTF: r-band § X ¢ ZTF: r-band P
o @ neoWISE: W1 = ) @ neoWISE: W1 = O 251 @ neoWISE: W1 P
0.8 1 2 @ : ) ® neoWISE: W2 g
™ ® neoWISE: W2 e ™ 201 @ neoWISE: W2 : < o (]
< 2 @ @ T ; O 2.0 1s
|C_|> 3S) |C_|> * — =
- . . X :
« 0.6 + ; ® X 15+ : — 1.5-
— : > > ¢
2 0.4 T 101 '4@10' %
3 ' F O * c »:
= = = 0.5 } 9
= 02 - : 5 - & 8 ¥ R I
E . ‘ E S . : ® ®
3 : ¢ 3 J00@ e © 8§ o
00186 @ ©¢ ©¢ g © 8 @ o @ 0{f © ®© 008 eg e 80 © e o o 5
- - - — - ! - - — - -1500 -1000 -500 0 500
-1500 -1000 -500 0 500 -1500 -1000 -500 0 500 Rest-frame davs since peak
Rest-frame days since peak Rest-frame davs since peak

Combined significance 3./0
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see also Hayasaki et al 2019

Neutrino production in AT2019dsg Wit Linordns 2022
Banik & Bharda 2022
N

ind‘ debris

dissipatig

Corona
photons

Example neutrino spectra (AT2019dsg)

snpatlo

Murase, Zhang, Kimura, FO, Petropoulou 2020

— == Core (Corona) observed
——— Core (RIAF)

- = Hidden Wind ﬂ
— == Hidden Jet UXx

neutrino

E?¢ [GeV /cm?]

No jet for AT2019dsg,
AT20191dr, AT2019aalc
(Cendes et al 2021, Matsumoto et al 2021)
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Scorecard

Enax % NUHECR €UHECR n, Stacking UL

BL Lacs = * < = <20%
FSRQs & < & = <20%

FR | & & © & <20%

FR I & = & = <20%

Non-jetted AGN & = = < <100%

Starburst galaxies @ < = = <100%
GRBs © & & < 1%
Jetted TDEs &< S l > <3%
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Relative contribution %

The current neutrino source landscape: Stacking upper limits

100 T summary of lceCube stacking analyses results,
list of references In
I FO PoS ICRC2021 (2022) 030, arXiv:i2201.05623
30 - [
I
60 - !
I
I
40 - [
I
20 - I
I .l-
0 - T - T T ! -
PO (W AW G Ao XS o 4 @GP (P R (0P o xS ar® S ke
SORES ™ %A% f@eﬂ% 3¢ i&)@ A \3\)\ S . +* 3¢ A\Q)\‘@ weﬂ e < o\
I | °L— 1 I
Supernovae GRDBs TDEs Calorimeters Active Galaxies

54


https://arxiv.org/abs/2201.05623

Scorecard

Epax °% MUHECR €UHECR by Stacking UL
BL Lacs =207%
FSRQs <20%
FR | <20%
FR I <20%

Non-jetted AGN

*(but problems at
medium E)

Starburst galaxies

GRBs

Jetted TDEs







