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Cosmic accelerators

» Particle accelerators in our cosmos
reach energies far beyond man-made
devices

» Gravitational/rotational energy driven
plasma accelerators

DESY.
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Cosmic accelerators

» Particle accelerators in our cosmos
reach energies far beyond man-made
devices

» Gravitational/rotational energy driven
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Cosmic accelerators
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Neutrinos
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Neutrinos
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AGNs, SNRs, GRBs... 4V

Gamma rays
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sites of hadron
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Distance [Mpc]

PeV astronomy with neutrinos

radio/microwave infrared/optical X-rays gamma-rays
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Neutrinos allow us to peek beyond the gamma-ray horizon...
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Environments opaque to EM radiation
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Environments opaque to EM radiation

Cores of AGNs
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chocked jet GRB / SNLS
v only

Ando & Beacom, PRL 95 (2005)
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Neutrino telescopes: IceCube
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Neutrino telescopes: IceCube

- - - e~

i | » Track-like event signatures
(CC interactions of vy)
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| HEEE 1 = Angular resolution: < 1°

= Effective volume:
g | up to tens of kms.
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Late

Early

Cosmic neutrinos

Up to > 2.5 PeV
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The cosmic neutrino spectrum

lceCube combined analysis (2015)

6-year through-going tracks (201

Aartsen et al., arXiv:1701.03731

10* 10° 10°
E, [GeV]
DESY.
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IceCube high-energy neutrinos

IceCube high-energy events > 30 TeV (2010 - 2016)

. L erli Equatorial
S IceCube collaboration, ICRC 2017

lceCube Preliminary N

Compatible with an isotropic distribution
¢ points to extragalactic origin of cosmic neutrinos

No significant clustering of high-energy events
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What is the origin of the astrophysical neutrinos?

Active Galaxies ?

Where are the cosmic
particle accelerators
and how do they work ?

Supernova remnants ?

GRBs ?

DESY 10



A new strategy

Real-time follow-up of high-energy events

DESY.
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A new strategy

Real-time follow-up of high-energy events

What happened in this direction in the sky
when IceCube detected this neutrino ?

Equatorial

lceCube Preliminary

DESY. 11



A supernova
exploded ?

A new strategy

What happened in this direction in the sky
when lceCube detected this neutrino ?
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A supernova
exploded ?

A new strategy

What happened in this direction in the sky
when lceCube detected this neutrino ?
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An active galaxy
flared ?

Equatorial

lceCube Preliminary
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A new strategy

» IceCube observes
an interesting event
High-energy
neutrinos
Cluster of neutrinos

» Information is sent
out to partner
observatories or
made public

» Average response
time: ~30 s

» High-energy event
alerts since 2016

12
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High-energy alerts




Alisuajul Aeus-L

High-energy alerts




The high-energy neutrino IC 170922A
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The high-energy neutrino IC 170922A
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The high-energy neutrino IC 170922A
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Kanata, Kiso, Liverpool, Subaru, Swift, VERITAS, VLA, Science 2018
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The high-energy neutrino IC 170922A

side view E E o S e o e [572:00(90% lower limit: 200 TeV, peak: 311 TeV)
IREERY = = E~213 (90% lower limit: 183 TeV, peak: 290 TeV)
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lceCube, Fermi-LAT, MAGIC, AGILE, ASAS-SN, HAWC, H.E.S.S, INTEGRAL, Kapteyn,
Kanata, Kiso, Liverpool, Subaru, Swift, VERITAS, VLA, Science 2018
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Fermi LAT observations

original GCN Notice Fri 22 Sep 17 20:55:13 UT
refined best-fit direction IC170922A
== |C170922A 50% - area: 0.15 square degrees
= |C170922A 90% - area: 0.97 square degrees

T 5.8° >
C
] TXS 0506+056
» Ferrmi LAT surveys the =
gamma-ray sky between 100 o4
MeV and 300 GeV
5.0°
» Afull image of the sky every 3
hours since 2008 160

78.4°  78.0° 77.6° 77.2°  76.8°
Right Ascension

DESY

PKS 0502+04§
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nNn W A~ O O N 00 ©

Fermi-LAT Counts/Pixel



Fermi LAT observations

5 le—-8 [
—_ [ lceCube-170922A ‘:
cl\ﬁ” 41 t Fermi-LAT .
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2 2- | | *
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> H it 4 + it
X 1-
= + + + +H + H + + H+

0 3000 -2500 —2000 -1500 —1000  —500 0

DESY

Time relative to IceCube-170922A (days)
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Fermi LAT observations

N Fermi-LAT detection of increased gamma-ray activity of

>T]  TXS 0506+056, located inside the IceCube-170922A
error region.

]
4 - ATel #10791; Yasuyuki T. Tanaka (Hiroshima University), Sara Buson (NASA/GSFC), Daniel
Kocevski (NASA/MSFC) on behalf of the Fermi-LAT collaboration
on 28 Sep 2017, 10:10 UT i
Credential Certification: David J. Thompson (David.J.Thompson@nasa.gov) ? |
\
3- Subjects: Gamma Ray, Neutrinos, AGN :
Referred to by ATel #: 10792, 10794, 10799, 10801, 10817, 10830, 10831, 10833, 10838, 10840,
10844, 10845, 10861, 10890, 10942
2

t H i } + i
i **Wﬂ ** i ++++++++ i H# j Hy o M +*++ it

Flux (> 1GeV) [cm~2s71]

—3000 ~2500 —2000 -1500 —1000 ~500 0
Time relative to IceCube-170922A (days)
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Flux > 90 GeV [1071°cm—2 s71]
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Flux

Flux
10" cm2 st 10" ecm™? st

Energy flux x 102

ergcm~? 57!

Flux density Spectral
Index

Flux density

107 Jy

107! Jy

The light curve of TXS0506+056
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The spectral energy distribution (SED)

Observed radiation power as a function of frequency / energy

log(Frequency [Hz])
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And importantly a distance.
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Paiano et al. 2018
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How likely does this happen by chance ?

3LAC catalog

. ‘ IA\
LA

o; ' r’w ':‘ ’ 8 ‘%‘ _ 3{@ .
s da0ful 8 e 0
(RTINS
0_ 180_ 120 _ _9l0___a:o___1|o___]|o

®FSRQ
®BL Lac obj.
\AGNkmktwn

*xRadio galaxy

1563 gamma-ray blazars identified by Fermi LAT (3LAC catalog)
TXS 0506+056 is one of the brightest sources during its outburst
Correlation between gamma-ray and neutrino brightness expected

DESY.
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How likely does this happen by chance ?

An a-posteriori test with pseudo-experiments

®[SRQ

®BL Lacobj.
AAGN unk type
*xRadio galaxy
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N trials (normalized)

How likely does this happen by chance ?

The test statistic

TE 2.5
» Test statistic based on: ; 2.0
> Distance between neutrinos and blazars s 13
: 3 1.0
> Location on the sky =
o 0.5
> Observed brightness in gamma rays 2o

at the time of the neutrino

e_

VG?L;:iffLF%3><f:}{fFic’ ;H}'}ﬂaqv} }“}Ht}ﬂ

10° m
| = 99% background
I = 50% signal

1071 5 | == 11700224

1 1 background

.= signal

TS

55000 55500 56000 56500 57000 57500 58000
MID

Significance
after correction for
trial factor / look-elsewhere

effect:

~30
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Looking back at IceCube’s full dataset
for TXS 0506+056

IC40 IC59 IC79 IC86a IC86b IC86¢c
5 1 1 L n 1

' IceCube-170922A
== (Gaussian Analysis
3 4 = Box-shaped Analysis

F 40

2011 2014

2013.0 2013.5 2014.0 2014.5 2015.0 g
- 20 <
oD 4o = Best Fit: Box 10 —
é) = = Best Fit: Gaussian \ 5 g
E: 3 Q:
2 1 5
~ 2 0.5 g
= &5

20
o =
56200 56400 56600 56800 57000 =

MJD

ULEOI. 25




Looking back at IceCube’s full dataset

»
o

6.69°

W
o
-

5.69°

E?Ji0 [10 * TeV cm ]
N
o

4.69°

-
(=}
.

0.0

78.36° 77.36° 76.36°

Right Ascension

1315 above the background of atmospheric neutrinos, 3.50

Neutrino luminosity (averaged over 158 days): (1.279¢) x 10*7 erg s~
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TXS 0506+056 e IC-170922A
Lightcurve analysis 158 days l
2009-06 2010-11 2012-03 2013-07 2014-12 2016-04 2017-09
o| Lt
s -+ Fermi-LAT 300 MeV - 1 TeV
52| | PRELIMINARY |
T N En N t i
0 = - e :
1.0 |
+ ;} i
N Y.\ TR TR N U <O TR T 11|
CHUI S A e T kL S R i i
3.0
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4.0 55000 55500 56000 56500 57000 57500 580:00
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No enhanced gamma-ray emission during the

2014/15 neutrino flare

DESY.

Garrappa+ (in preparation)
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A double feature in Science

(h | glheammo @ |

DESY.

Time invested i ttersformic, ' Two spindles are better
rats, and hum.iny pp 124 & 1% ~ thanone pp 128 & 189

Science-

" NEUTRINOS

FROM A BLAZAR

Multime
of an astrc ;r 1I ne
Source pp. 115, 146. & 147

Multimessenger observations of a
flaring blazar coincident with

high-energy neutrino IceCube-170922A

The IceCube Collaboration, Fermi-LAT, MAGIC, AGILE, ASAS-SN, HAWC, H.E.S.S.,
INTEGRAL, Kanata, Kiso, Kapteyn, Liverpool Telescope, Subaru, Swift/NuSTAR,
VERITAS, and VLA/17B-403 teams™{

Science 36| (2018) no. 6398, eaat| 3/8

Neutrino emission from the direction
of the blazar TXS 0506+056 prior to
the IceCube-170922A alert

IceCube Collaboration™t{

Science 36| (2018) no. 6398, 147/-15]
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Do we understand what we see ?

» Did we expect Blazars to be cosmic-ray
accelerators ?

» Have we found the first source of ultra-
high-energy cosmic rays

» Do we learn something about the
acceleration processes and
environments in these objects ?

» |Is this all consistent ?

DESY 29



A short introduction to active galaxies and Blazars

M87

seen from
Hubble
Space
Telescope

Distance:
~ 50 million
light years

30



The AGN model

radio-loud (RL) AGN

radio-quiet (RQ) AGN

low power

FR-I

NLRG

Blazar

high power

BL Lac FSRQ

FR-II

NLRG,
Type 11
QSO

_ reflected

-

..........
.................

dusty absorber
accretion disc

electron plasma

black hole

broad line region

narrow line region

Typical black hole mass: 108 - 1019 Mo

Seyietd - P Accretion disk size: ~10-3 pc
Size of dust torus ~ 10 pc 31



The AG!

radio-loud (RL) AGN

radio-quiet (RQ) AGN

f

FR-1

NLRG

Seyfert 2

Table 1 The AGN zoo: list of AGN classes.

Class/Acronym Meaning Main properties/reference

Quasar Quasi-stellar radio source (originally) Radio detection no longer required
Seyl Seyfert 1 FWHM > 1,000 km s~

Sey2 Seyfert 2 FWHM < 1,000 km s

QSO Quasi-stellar object Quasar-like, non-radio source
QS0O2 Quasi-stellar object 2 High power Sey2

RQ AGN Radio-quiet AGN see ref. |

RL AGN Radio-loud AGN see ref. |

Jetted AGN with strong relativistic jets; see ref. 1
Non-jetted AGN without strong relativistic jets; see ref. 1
Type 1 Seyl and quasars

Type 2 Sey2 and QSO2

FR I Fanaroff-Riley class I radio source radio core-brightened (ref. 2)

FR I Fanaroff-Riley class II radio source radio edge-brightened (ref. 2)

BL Lac BL Lacertae object see ref. 3

Blazar BL Lac and quasar BL Lacs and FSRQs

BAL Broad absorption line (quasar) ref. 4

BLO Broad-line object FWHM > 1,000 km s~!

BLAGN Broad-line AGN FWHM > 1,000 km s

BLRG Broad-line radio galaxy RL Seyl

CDQ Core-dominated quasar RL AGN, feore = fext (same as FSRQ)
CSS Compact steep spectrum radio source core dominated, a, > 0.5

CT Compton-thick Ny > 1.5 x 10** ¢cm™2

FR O Fanaroff-Riley class 0 radio source ref. 5

FSRQ Flat-spectrum radio quasar RL AGN, a, £ 0.5

GPS Gigahertz-peaked radio source see ref. 6

HBL/HSP High-energy cutoff BL Lac/blazar Vynch peak = 10" Hz (ref. 7)

HEG High-excitation galaxy ref. 8

HPQ High polarization quasar Pop = 3% (same as FSRQ)
Jet-mode Liin > Liag (same as LERG); see ref. 9
IBL/ISP Intermediate-energy cutoff BL Lac/blazar 10" < Vsynch peak < 10" Hz (ref. 7)
LINER Low-ionization nuclear emission-line regions  see ref. 9

LLAGN Low-luminosity AGN see ref. 10

LBL/LSP Low-energy cutoff BL Lac/blazar Vsynch peak < 10'* Hz (ref. 7)

LDQ Lobe-dominated quasar RL AGN, feore < fext

LEG Low-excitation galaxy ref. 8

LPQ Low polarization quasar Py < 3%

NLAGN Narrow-line AGN FWHM < 1,000 km s

NLRG Narrow-line radio galaxy RL Sey2

NLS1 Narrow-line Seyfert 1 ref. 11

(0)'AY Optically violently variable (quasar) (same as FSRQ)

Population A ref. 12

Population B ref. 12

Radiative-mode
RBL

Seyl.5

Seyl.8

Seyl.9

SSRQ

USS

XBL

XBONG

Radio-selected BL Lac
Seyfert 1.5

Seyfert 1.8

Seyfert 1.9

Steep-spectrum radio quasar
Ultra-steep spectrum source
X-ray-selected BL Lac
X-ray bright optically norr|nal galaxy

Seyferts and quasars; see ref. 9
BL Lac selected in the radio band
ref. 13

ref. 13

ref. 13

RL AGN, a, > 0.5

RL AGN, a; > 1.0

BL Lac selected in the X-ray band

AGN only in the X-ray band/weak lined AGN

JILT Ul UUOL LlVIUO

0 pcC

- 1010 Mo
0-3 pc
31



logvFr (relative)

Multi-wavelength spectrum of AGN ...

AGN spectra distinctively different from other Galaxies

3cm  300um  3um 300A  4keV  400keV
1 1 1 1 1
2. cm/mm MIR-NIR Soft X-ray  Gamma.
D€ >< D€
" Radio Sub-mm/FIR Optical-UV Hard X-ray
0
-2
Q
2]
! &
3
-4 I i —————— - 'Accretion disc N
i %) Hot corona
-------------- Reflection
~ | =i "Soft excess"
————————— Dusty torus _
Non thermal radio
—6 L L Ly
10 12 14 16 18 20
logv (Hz)

N\

Relativistic jet

. Black
hole

Accretion disk

Viewing angle
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logvFv (relative)

From AGN to Blazars

Relativistic jet -
Non-thermal emission from the jet dominates Black ‘F@
the SED at almost all wavelengths hole ’
~—
3cm 0.3um 400keV 40GeV /
2 T T T | /
L >21/m;< >l\2R-NI>R< )( X-ray >< Gamma |
- Radio Sub-mm/FIR  Optical-UV L e Accretion disk
O -
' Viewing angle nearly
_2 — _— . . . .
i aligned with jet axis
~4r ——— - Accretion disc
s == Non-jetted AGN Hot corona i
L —Jet(HSP) | ==="--~ Beﬂechon )
/ ...... Jet(LSP) | - DSoft excess
6 I- — — — = Dusty torus

15 20 25
logv (Hz)
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Typical Blazar spectral energy distribution

From Gao et al., 2018
eV keV MeV GeV TeV PeV
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No neutrinos
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Typical Blazar spectral energy distribution

From Gao et al., 2018
eV keV MeV GeV TeV PeV

-9
synchrotron — SSC
-10+- GeV-y
Optical
Synchrotron k
|
~ TeV-y
0 -1t
0
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u
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&> " 12+
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No neutrinos
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log4o(Frequency/Hertz)
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Typical Blazar spectral energy distribution

Synchrotron

DESY.

log+o(E*dN/dE / ¢

From Gao et al., 2018

eV keV @ MeV GeV TeV PeV

-9
synchrotron — SSC
-10+- GeV-y
Optical
¥
-11+ TeV-y
| e
\ JJ Y
- 1 2 i e/L']’
v ¥
No neutrinos
Inverse Compton
-1 | J . 1 |
3IO 15 20 25 30

log4o(Frequency/Hertz)
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Typical Blazar spectral energy distribution

From Gao et al., 2018
eV keV MeV GeV TeV PeV

-9
synchrotron —— SSC
-10+- GeV-y
Optical
Synchrotron *5

|
0 -1+
9
Z
°|E hard I Neutrinos!
2 _ 12
S -
O

Y
l p-p / p-y interactions
-13 | J , | \ |

log4o(Frequency/Hertz)
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The Blazar sequence
FSRQ & BLLac

Higher luminosity, lower peak frequencies
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The Blazar sequence
FSRQ & BLLac

Higher luminosity, lower peak frequencies
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The Blazar sequence
FSRQ & BLLac

TXS0506+056

Higher luminosity, lower peak frequencies
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VLA 20cm _ M&7 = Virge A
10" | VLA 90cm

25 kpc

5

’
g b
VLBA 2cm
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—
0°01

Image courtesy of NRAO/AUI
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The jet COnti nued » Jet launch mechanism and conditions not

well known

» Fueled by gravitational energy from
accretion /rotational energy from BH

» Magnetically dominated at the base
converted into kinetic energy

» Energy dissipation region likely at pc scale

» Fast variability, compact emission region
HESS coIIaboratlon(2007

N

I\

1(>200 GeV) (10° cm™25s7")
N

N
n
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Time variability at > 100 GeV *'% ++ !
y *

3D Jet simulation

DESY Time - MJD 53944.0 (min)



Shock

Particle acceleration In jets | ...

Acceleration mechanism not clear. >§;l>/{
. . . Turbulence

Shock / stochastic acceleration ? magnetic Vin<

reconnection ? a combination of all ? ULE waves é;,g{

Diffusive acceleration

Inner Structure of an Active Galaxy /
Shock

| 0.1 lightyears |

Relativistic Jet

Magnetic reconnection P

Magnetlc field, B / e

_ e
Tt S _—

Accretion Disk \\W/y
é-@-@-@—@-@-@»
@ SO

Opaque Brus « /////// \\\\\\\’
(Inner Regions) ////// \\\\\\\\\\\
—— T

//// plasma flow \s\\,
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From protons and nuclei
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Relative DEC [mas]

From protons and nuclei
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Relative DEC [mas]

From protons and nuclei
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Relative DEC [mas]

From protons and nuclei
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Relative DEC [mas]

From protons and nuclei

0.100

0.001

EV ~ 005 Ep

1.0
0.8 . 4

0.6

0.0

Relativistic jet withI' ~5 — 40

0.5 0.0 —0.5 —1.0
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Rel. Doppler factor: 8 =[I'(1 - B cos 0)]1
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From protons and nuclel

To photons and neutrinos

41



From protons and nuclel

To photons and neutrinos

41



From protons and nuclel

To photons and neutrinos




From protons and nuclel

To photons and neutrinos

Production of ~ 300 TeV neutrinos
need ~ PeV protons

... and a photon target

» observed in X-rays
(~ keV) if moving
with the jet

» Observed in UV
(~10eV) if stationary

41



From protons and nuclel

To photons and neutrinos

Oyy »> Opy

42



From protons and nuclel

To photons and neutrinos
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From protons and nuclel

To photons and neutrinos

Oyy »> Opy
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From protons and nuclel

To photons and neutrinos

Oyy »> Opy
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From protons and nuclel

To photons and neutrinos

Oyy »> Opy

42



From protons and nuclel

To photons and neutrinos

Oyy »> Opy

Electromagnetic cascade
dominated by synchrotron or
inverse Compton emission

 Broadband EM emission from radio
to gamma rays

« Absorption of high-energy gamma-ray
emission

 Additional target for p-gamma interactions
42



Modeling the Blazar emission
SSC, EC, hadronic lepto-hadronic, etc.

Parameter Description

2z Redshift

B’ (G) Magnetic field
R}, (cm) | Blob size
'y Doppler factor

Ly, ;; (erg/s)
(e 1

ae,?

f)/é,min

’yé,br

/
/Ye, max

L, ;5 (ergls)

Electron injection luminosity
Electron lower spectral index
Electron upper spectral index
Min. electron Lorentz factor

Electron break Lorentz factor
Max. electron Lorentz factor
Proton injection luminosity

’y;,’min Min. proton Lorentz factor

Y max Max. proton Lorentz factor

Qv Proton spectral index

Nesc escape velocity of e* and p
Results

Lgaqq (erg/s) | Eddington luminosity *

Liet/ Lrda jet physical luminosity (in Lgqq)
E, peaks TV | peak energy of neutrino spectrum
N, /yr Expected neutrino rate in IceCube

From Gao et al., 2018

DESY.

9 eV keV MeV GeV TeV PeV
synchrotron -~ SSC
(\I,U) _10- | GeV-y
|E Optical
G ¥
o
¢ TeV
~ eV-y
Ll —11 B
O
Z
N
S
o
> -12+
O
No neutrinos
-13 | | ' |
10 15 20 25 30

log4o(Frequency/Hertz)

A simple model without protons.....
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Modeling the Blazar emission

SSC, EC, hadronic lepto-hadronic, etc.
From Gao et al., 2018

eV keV MeV GeV TeV PeV

-9
Leptonic Photons
Hadronic Muon Neutrinos
N GeV-y
(\IJ"’ -10-
Adding protons / neutrinos g Flux comrespohding to
is not so simple..... o 5:  cascada one v, iff\ceCube
o 5% -f—3 : TeV-y
~ = T
» Electromagnetic cascade "-'6' -1 § § |
would overshoot x-ray > T
observations O 'O
\L% I"hard
< -12 {
(_? X-ray/ s,
py-p'e’
pair production
-13—& 1 1 d Al
10 15 20 25

log4o(Frequency/Hertz)
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o eV kelV MgV GgV TgV PgV
Two emission zones From Gao et al.. 2018
X-rays as the key window | 777 uiescent Flare

-10+ GeV-y

Optical

Flux corresponding to

Adding protons / neutrinos
IS not so simple.....

one v, in IceCube

logo(E*dN/dE / erg cm™2s™")

per 1/2 yr
-1} ANA e A
\
 Two emission zones help to
reconcile observations "
—1 1 1 o
310 15 20 25 30
log4o(Frequency/Hertz)

Large blob, persistent emission, quiet state

/ Compact core, ignited during flare state

Observer at earth 45



Relative DEC [mas]

A structured jet ?
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E2F(E) [erg cm~2 s71]

E2F(E) [erg cm~2 s71]

A structured jet ?

An elegant two emission zone model

F. Taveccio, TeVPA 2018
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The case of the 2014/2015 flare
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The case of the 2014/2015 flare
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The case of the 2014/2015 flare

How does it fit into the picture ? -9F50 T Eiecr,
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Another interesting case ?

« MJD 57000.14
 (Ra, Dec) =(160.0°, 6.5°)
« Ang. Err. (90%) : 1.2°

« BLLac, LSP

« 3FGL J1040.4+0615

« z=0.7351£0.0045 "

* Dist. from IC-141209A: 0.27°

« 4C+06.41 (QSO)

« Two additional sources (PS1 and
PS2) found using 9.6 years of data

« PS2 also included in FL8Y as
FL8Y J1043.3+0651

* Very dim, can be excluded as
possible counterparts.

DESY

DEC [J2000]

00 M7 90% IC-141209A

g°00’

7°00"

6°00'

5°00'

4°00°

163°00°

Starting event observed in 2014
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Another interesting case ?

Gamma-ray and optical lightcurve IC-141209A
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KM3NeT - ARCA

¢ Similar instrumented volume to IceCube
¢ Complementary field-of-view
+ Better angular resolution than IceCube

Construction has started
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Where to go from here ? iy
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+ Better angular resolution than IceCube

Construction has started
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From IceCube to IceCube-Gen2

______ 1000m
» lceCube Upgrade |
¢ 7 new strings in center of lceCube ...' *
¢ New calibration devices : ‘:: ° . .
» Future IceCube-Gen2 will allow precision — | no
studies of cosmic neutrinos. |
¢ 5 x better source sensitivity ,c;gbe De;;.cOfe o vasom 2100 ‘;‘32

Instrumented Depth

¢ 10 x higher statistics Proposed first step: IceCube Upgrade

¢ GeV to EeV Surface Array
energy range Main Array

Core (PINGU)

lceCube-86, IceTop




Summary

A HE neutrino was found in Sep 2017, arriving from the direction of the flaring
gamma-ray Blazar TXS 0506+056

This is unlikely to be a chance coincidence

The evidence is strengthened by finding a second excess of neutrinos from the
same direction in an ~ 6 month time window between 2014 and 2015

The interpretation is challenging, multi-zone emission models are needed to
describe electromagnetic and neutrino emission.

A single high-energy neutrino already impacts our understanding of Blazar
physics

DESY o4
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