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Leptons

Electron

Higgs boson

Neutrinos
No charge

Nearly
massless

Three
“flavours”



Neutrinos are a direct, unobscured tracers of hadronic acceleration



50 meters -

ICECUBE
completed 2011

86 Strings

1450 meters

Instrumented
volume: 1 kms3

Eiffel Tower

324 meters

2450 meters

The IceCube Detector



Instrumented
VOlume: 1 km3 4:_/| Eiffel Tower
324 meters
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Tracks Cascades

Charged-current U Charged-current v, or V_and neutral current

Good for energy reconstruction

Good pointing: 0.2° - 1° o S
Some pointing: 5° - 10




What can mimic astrophysical neutrinos?

Atmospheric
[ muons

Atmospheric
neutrinos




Each year, IceCube records approximately:

100 000 000 000 events (about 3000 events per second)

Almost all of these are muons from cosmic rays hitting the atmosphere above the detector
->

100 000 neutrino events (about 300 per day)

Almost all of these are nu’s from cosmic rays hitting the atmosphere on other side of Earth
-> Atmospheric neutrinos

100s of astrophysical neutrinos (1 per day)

How to find astro. neutrinos (signal) in a background event rate 109 times higher?



How to pick out neutrinos from muons?

Approach 1: Direction Approach 2: Veto
Use the Earth as a muon filter Require events to start in the detector

4




How to pick out astrophysical neutrinos from
atmospheric neutrinos?

Energy:
Look for events with high energy

Atmeospheric: E-3.7

Astro: E-2

Energy



Muon Neutrino track events

neutrino flux

AR 2010-2018
1 e, atmospheric neutrino
10 = o *, background
o= | These events can be
individually identified as
102 = astrophysical neutrinos
10! —
100 — astrophysical

IIIII 1 1 IIIIIII 1 1 IIIIIII 1 1 IIIIIII 1 1 IIIIIII
102 103 10* 10° 106 107
Muon Energy / GeV

Requires spacial clustering of

events to become significant:

point sources
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AVAAAS

2013
IceCube discovers the
high energy astrophysical

neutrino flux
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Discovering high energy astro neutrinos—
the first 28 events
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Events per 662 days
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AVAAAS

2013

Discovery of the

high energy astrophysical
neutrino flux

2018

Observation of the first
source of high energy
neutrinos
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Real time alerts of high energy events
started 1n 2016 «

GFU-GOLD ALERT GCN issued
{ IT veto: False,
. Nu_E/TeV: 211.296,
Tracks: ~10 alerts/year in the gold des: 22331,
channel (half from background) o 17970,
sgnins%: 64.252,
t: 2023-05-06
15:53:45.937719
}

Cascades: ~8 alerts/ year in the gold
Chﬂﬂﬂ@l (half fr()m ba(j{ngU.ﬁd) ?ASCADEALERTGCN issued

az_deg: 116.453,
cascade_scr: 9.105e-01,
causal_gqgtot: 13802,
. . circ_err50_deg: 6.964,

Typical latency of < 3 minutes circ_err90_deg: 12.694,
dec_deg: 0.354,
dep_energy/TeV: 61.560,
event: 36941090,
far: 0.639,
ra_deg: 288.404,
run: 137930,

Track

Cascade
(from this
morning!)



In September 2017, lceCube sends
out an alert of IC170922A
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TITLE: GCN CIRCULAR

NUMBER: 21916

SUBJECT: IceCube-170922A - IceCube observation of a high-energy
neutrino candidate event

DATE: 17/09/23 01:09:26 GMT

FROM: Erik Blaufuss at U. Maryland/IceCube
<blaufuss@icecube.umd.edu>

Claudio Kopper (University of Alberta) and Erik Blaufuss
(University of Maryland) report on behalf of the IceCube
Collaboration (http://icecube.wisc.edu/).

On 22 Sep, 2017 IceCube detected a track-like, very-high-energy
event with a high probability of being of astrophysical origin.
The event was identified by the Extremely High Energy (EHE)
track event selection. The IceCube detector was in a normal
operating state. EHE events typically have a neutrino
interaction vertex that is outside the detector, produce a muon

Mean angular resolution: 0.250
Best fit neutrino energy 290 TeV
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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* 1
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Neutrino emission from the direction of the blazar
TXS 0506+056 prior to the IceCube-170922A alert

IceCube Collaboration*
Science 361, 147-151 (2018)

13 neutrinos over 4-5 months
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RESEARCH

RESEARCH ARTICLE

NEUTRINO ASTROPHYSICS
Evidence for neutrino emission from the nearby
active galaxy NGC 1068

IceCube Collaboration*t

Declination

: ) LAY NG 1068
0 b S 0

| | |
I | |
2013 2018 2022
Discovery of the Observation of the first  Observation of the second
high energy astrophysical source of high energy source of high energy
neutrino flux neutrinos neutrinos
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RESEARCH

RESEARCH ARTICLE

Evidence for neutrino emission from the nearhy
active galaxy NGC 1068

IceCube Collaboration*t
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Northern-sky scan for neutrino emission

—logq (plocal)
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Northern sky scan

(84 [o] 6 [o] ,ans 3’ T loglo(plocal)

~v = 2.0

#1 7693 1290 134 2.00 6.08
#2 9.76 750 49 2.00 5.04
#3 7137 557 6.2 2.00 4.88
#4 179.25 5244 55 2.00 4.87
#5 202.63 33.89 7.1 2.00 4.74
~y = 2.5

#1 4065 0.09 36.8 2.50 5.84
#2 17791 2324 214 2.50 5.45
#3 105.78 1.03 23.6 2.50 5.17
#4 182.46 39.52 222 2.50 491
#5 180.16 42.21 26.0 2.50 4.86
Free ~

#1 40.69 0.09 80.7 3.20 7.30
#2 297.27 2745 698 3.24 5.51
#3 7693 1290 11.2 1.81 5.37
#4 180.20 42.19 47.8 3.03 4.80
#5 208.15 23.16 555 3.19 4.60

26



Northern sky scan

ol O[] [ A

— log;, (plocal)

~v = 2.0

#1 76.93 1290 13.4 2.00 6.08

#2 9.76 750 4.9 2.00 5.04

#3 7737 557 62 2.00 4.88

#4 179.25 5244 5.5 2.00 4.87

#5 202.63 3389 7.1 2.00 4.74

~y = 2.5

#1 40.65 0.09 368 2.50 5.84] NGC 1068
# 17791 2324 214 250 5.45

#3 105.78 1.03 23.6 2.0 5.17

#4 182.46 39.52 222 250 4.91

#5 180.16 4221 26.0 2.50 4.86

Free ~

#1 4069 0.09 80.7 3.20 730 NGC 1068
#2 29727 27.45 69.8 3.24 5.51

#3 7693 1290 112 1.81 5.37

#4 180.20 42.19 47.8 3.03 4.80

#5 208.15 23.16 55.5 3.19 4.60
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Northern sky scan

A

TXS 0506+056

(84 [o] d [o] Mns ’3’ _ loglo(plocal)
~v = 2.0
#1 7693 1290 134 2.00 6.08
#2 9.76 750 49 2.00 5.04
#3
#4 ). 44 . .00 4.8
#5 202.63 33.89 7.1 2.00 4.74
~y = 2.5
#1 4065 0.09 36.8 2.50 5.84
#2 17791 2324 214 2.50 5.45
#3 105.78 1.03 23.6 2.50 5.17
#4 182.46 39.52 222 2.50 491
#5 180.16 42.21 26.0 2.50 4.86
Free ~
#1 40.69 0.09 80.7 3.20 7.30
#2 297.27 2745 698 3.24 5.51
#3 7693 1290 11.2 1.81 5.37
#4 180.20 42.19 47.8 3.03 4.80
#5 208.15 23.16 555 3.19 4.60
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Northern sky scan

NGC 4151
(0.18 degrees away)

(84 [o] d [o] ﬂns ’3’ _ loglo(plocal)
~v = 2.0
#1 7693 1290 134 2.00 6.08
#2 9.76 750 49 2.00 5.04
#3 7137 557 6.2 2.00 4.88
#4 179.25 5244 55 2.00 4.87
#5 202.63 33.89 7.1 2.00 4.74
~y = 2.5
#1 4065 0.09 36.8 2.50 5.84
#2 17791 2324 214 2.50 5.45
#3 [ . [ . ()
#4
#5 180.16 42.21 26.0 2.50 4.86
Free ~
#1 40.69 0.09 80.7 3.20 7.30
#2 297.27 2745 698 3.24 5.51
#3 7693 1290 11.2 1.81 5.37
#4 180.20 42.19 47.8 3.03 4.80
#5 208.15 23.16 555 3.19 4.60
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NUCLEAR EMISSION IN SPIRAL NEBULAE*

CarL K. SEYFERTT

ABSTRACT

Spectrograms of dispersion 37-200 A/mm have been obtained of six extragalactic nebulae with high-
excitation nuclear emission lines superposed on a normal G-type spectrum. All the stronger emission

lines from A 3727 to A 6731 found in planetaries like NGC 7027 appear in the spectra of the two brightest
spirals observed, NGC 1068 and NGC 4151.

Astrophysical Journal, vol. 97, p.28 (1943)

We conclude that active galactic nuclei are powerful sources for
accelerating particles to cosmic ray energies. The bulk of meta-
galactic cosmic rays is likely to originate in the AGN. In
particular, in the Virgo supercluster, the two Seyfert galaxies
NGC 4151 and NGC 1068 |are likely to be the sources of most of the
"local" metagalactic cosmlc rags, including those that generate
the ultra-high energy (E » 101”7 eV) air showers. The energy

R. Silberberg and M. M. Shapiro (1982)




Catalog search

110 objects chosen a priori
Sources from Fermi catalog 4FGL-2DR

Selection based on gamma flux and
IceCube’s declination-dependent
sensitivity

95 blazars, 14 AGN/other galaxies, 1
galactic source

NGC 1068 and TXS 0506+056 were in
catalog, NGC 4151 was not

Source Name Source Type  «a[°] &[] As 5  —logigPiocal  Poo
NGC 1068 | SBG/AGN 4067 -001 79 32 7.0(5.20) 9.6
PKS 1424+240 BLL 216.76 2380 77 35 4.0@3.70) 11.4
TXS 0506+056 BLL/FSRQ 7736 570 5 20 3.6@350) 7.5
PKS 0019+058 BLL 5.64 6.13 1 24 04(020) 2.6
1ES 0033+595 (*) BLL 898 5983 0 43 0.0(0.00) 5.0
M31 GAL 10.82 4124 13 33 08(1.00) 6.2
4C+01.02 FSRQ 17.17 158 0 43 0.0(0.00) 2.1
S20109+22 BLL 18.03 2275 10 28 0.7(0.80) 4.8
B30133+388 BLL 2414 39.10 0 43 0.0(0.00) 3.8
TXS0141+268 BLL 26.15 2709 0 43 0.0(0.00) 32
MITGJ021114+1051 BLL 3281 108 0 43 0.0(0.00) 2.6
PKS 0215+015 FSRQ 3446 173 2 39 02(0.00) 1.9
B20218+357 FSRQ 3528 3594 8 43 04(020) 4.1
3C66A BLL 3567 4304 0 43 0.0(.00) 39
4C+28.07 FSRQ 3947 2880 3 29 0.3(0.00) 34
PKS 0235+164 BLL 3967 1662 S5 39 03(0.00) 2.8
NGC 1275 RDG 4996 4151 8 30 05(0.50) 5.1
PKS 0336-01 FSRQ 5488 -178 4 43 03(0.10) 2.1
PKS 0420-01 FSRQ 6583 -133 0 43 0.00.00) 2.0
AC+41.11 (%) BLL 6598 4183 0 43 0.0(000) 39
PKS 0422+00 BLL 66.19 060 0 43 0.0(0.00) 2.1
MG2J043337+2905 BLL 6841 29.10 0 43 0.0(0.00) 34
PKS 0440-00 FSRQ 7066 -030 1 27 03(0.00) 20
S30458-02 FSRQ 7530 -197 9 43 05(040) 24
PKS 0502+049 FSRQ 7634 500 0 43 0.0(0.00) 23
PKS0507+17 (*) FSRQ 7752 1801 0 43 0.0(0.00) 29
TXS0518+211 BLL 8044 2121 8 28 0.6(0.60) 4.1
0G 050 FSRQ 83.17 755 10 38 04(0.20) 2.6
TXS 0603+476 (*) BLL 91.86 4766 19 43 0.6(0.70) 59
B30609+413 BLL 9322 4137 5 21 1.1(140) 7.3
NGC2146 (*) SBG 9453 7833 0 3.0 0.0(0.00) 6.7
B20619+33 (*) BCU 9573 3343 22 38 0.7(090) 5.5
1ES 0647+250 BLL 102.70 2505 0 43 0.0(0.00) 32
PMN J0709-0255 (*) FSRQ 10745 -293 0 25 0.0(0.00) 20
S50716+71 BLL 11049 7134 0 43 0.0(0.00) 6.6
4C+14.23 FSRQ 11132 1442 6 43 03(0.00) 2.6
PKS0735+17 BLL 11454 1771 9 43 03(0.10) 3.1
PKS 0736401 FSRQ 11482 162 8 43 03(0.10) 2.1
1ES 0806+524 BLL 12246 5231 0 43 0.0(0.00) 43
0Jo14 BLL 12286 178 30 40 09(l.10) 35
S40814+42 BLL 12456 4238 0 29 0.0(0.00) 39
PKS 0829+046 BLL 12797 449 0 30 0.0(0.00) 22
SBS 0846+513 (*) NLSY1 13251 51.14 6 33 04(030) 5.1
0J 287 BLL 133.71 20.12 16 43 05(040) 3.7
S40917+44 (*) FSRQ 14023 4470 0 43 0.0(0.00) 4.1
PMN J0948+0022 NLSY1 14724 037 6 43 03(0.10) 23
M82 SBG 14895 6967 0 43 0.0(0.00) 6.6
4C +55.17 FSRQ 14942 5538 9 3.1 0.6(0.60) 6.1
1H 1013+498 BLL 153.77 4943 0 43 0.0(0.00) 4.1
GB6J1037+5711 (*) BLL 15943 57.19 0 43 0.0(0.00) 4.8
S51044+71 (*) FSRQ 162.11 71.73 45 43 13(1.60) 14.0
NGC3424 (%) SBG 16291 3289 0 43 0.0(0.00) 35
4C+01.28 BLL 16462 156 0 43 0.0(0.00) 2.1
TXS 1055+567 (*) BLL 164.67 5646 8 43 04(030) 5.0
Mkn 421 BLL 166.12 3821 4 43 03(0.00) 3.7
1C678 (*) GAL 16856 6.63 22 3.1 09(1.20) 4.0
Arp299 SBG 172.07 5852 10 43 04(040) 5.7
PKS B1130+008 BLL 17320 057 20 39 0.7(0.80) 3.0
Ton 599 FSRQ 17988 2924 2 43 02(0.00) 3.0
B2 1215430 BLL 18448 30.12 15 3.1 09(l.lo) 5.7
PKS 1216-010 BLL 18464 -133 0 37 0.0(0.00) 2.0

Source Name SourceType a[°] 0[] 7, F —logigPoca  Poos
PG 1218+304 BLL 18534 30.17 0 3.1 0.0(0.00) 34
W Comae BLL 185.38 2824 0 43 0.0(0.00) 33
4C+21.35 FSRQ 186.23 2138 0 43 0.0(0.00) 32
3C273 FSRQ 18727 205 21 43 0.6(0.70) 3.0
ON 246 BLL 187.56 2530 0 43 0.0(0.00) 32
M87 RDG 187.71 1239 0 06 0.0(0.00) 2.8
MITG J123931+0443 FSRQ 189.89 473 0 43 0.0(0.00) 24
PG 1246+586 BLL 192.08 5834 0 43 0.0(.00) 48
S41250+53 BLL 19331 53.02 0 43 0.0(.00) 40
B3 1343+451 FSRQ 20639 4488 5 29 04(030) 47
NGC 5380 (*) GAL 209.33 3750 4 24 09(1.20) 6.4
NVSSJ141826-023336 BLL 21461 -256 6 39 04(040) 23
PKS 1441425 FSRQ 22099 2503 3 21 0.7(090) 5.0
TXS 1452+516 (%) BLL 22362 5141 0 23 00(0.00) 44
PKS 1502+106 FSRQ 226.10 1050 1 18 0.5(050) 34
PKS 1502+036 NLSY1 22627 345 0 43 0.0(0.00) 2.1
B2 1520431 FSRQ 230.55 31.74 35 43 10(130) 62
Arp220 (*) SBG 23370 2353 0 43 0.0(0.00) 3.1
GB6J1542+6129 BLL 23576 61.50 16 30 19(2220) 130
PG 1553+113 BLL 23893 11.19 2 43 02(0.00) 23
4C+15.54 (") BLL 24177 1584 0 43 0.0(0.00) 29
4C+38.41 FSRQ 24882 38.14 4 23 09(l.1lo) 6.2
Mkn 501 BLL 25347 39.76 15 43 05(050) 5.0
PKS 1717+177 BLL 259.81 17.75 34 43 1.0(1.20) 5.1
1H 1720+117 BLL 26127 1187 0 43 0.0(0.00) 27
S41749+70 BLL 267.16 70.10 0 43 0.0(0.00) 6.6
OT 081 BLL 267.88 965 0 29 0.0(0.00) 27
RXJ1754.1+3212 (%) BLL 268.55 3220 0 43 0.0(0.00) 34
S51803+784 (*) BLL 270.17 7847 0 27 0.0(0.00) 7.5
NVSS J184425+154646 (*) BLL 281.12 1579 11 43 04(020) 3.1
LQAC 284+003 (*) BCU 28448 322 12 25 20(30) 5.2
TXS 1902+556 BLL 28581 5568 3 43 03(0.00) 46
MGRO J1908+06 UID 28691 632 2 18 14(1.70) 48
RXJ1931.1+0937 BLL 29278 963 15 43 05(040) 3.1
87GB 194024.3+102612 (*) BLL 29570 1056 0 43 0.0(0.00) 2.6
1ES 1959+650 BLL 30001 6515 8 34 05(040) 72
MITG J200112+4352 BLL 30030 4389 3 43 03(0.00) 3.6
7C2010+4619 (%) BLL 303.02 4649 4 25 0.7(090) 6.4
MITGJ201534+3710 FSRQ 303.89 37.18 19 3.6 0.7(090) 55
PKS2032+107 FSRQ 308.85 1094 0 43 0.0(0.00) 2.8
B22114+33 BLL 319.06 3366 12 29 0.8(090) 57
0X 169 FSRQ 32589 1773 4 43 03(0.00) 2.7
BL Lac BLL 330.69 4228 11 43 04(030) 47
CTA 102 FSRQ 338.15 1173 0 43 0.0(0.00) 26
B22234+28A (%) FSRQ 339.10 2848 8 32 04(030) 41
RGB J2243+203 BLL 34099 2036 5 3.6 03(0.00) 28
TXS 2241+406 FSRQ 341.06 4096 0 43 0.0(0.00) 39
3C454.3 FSRQ 34350 1615 1 15 12(1.60) 55
B22308+34 (*) FSRQ 34777 3442 19 36 0.7(090) 5.6




Source Name Source Type «[°]

4 [°]

NGC 1068 40.67
PKS 1424+240

TXS 0506+056

SBG/AGN
BLL

BLL/FSRQ 77.36

-0.01

216.76 2380 77 3.5
5.70

Binomial test: statistical tests that looks
at the distribution of p-values and
compares them to a uniform p-value
distribution

Chance of getting
3 or more objectsat>3.56=3.70

Source Name Source Type  a[°]  6[°] ns  §  —logyypiocal  Poos Source Name Source Type a[?] 0[] 7, 4 —logyPoca  Poo%
NGC 1068 SBG/AGN 40.67 -0.01 79 32 7.0(520) 9.6 PG 1218+304 BLL 18534 30.17 0 3.1 0.0(0.00) 34
PKS 1424+240 BLL 21676 2380 77 35 40(370) 114 W Comae BLL 18538 2824 0 43 00(000) 33
TXS 0506+056 BLL/FSRQ 7736 570 5 20 36(350) 75 4C+2135 FSRQ 18623 2138 0 43 00(000) 32
PKS 0019+058 BLL 564 613 1 24 04(020) 26 3C273 FSRQ 18727 205 21 43 06(0.70) 30
1ES 0033+595 (*) BLL 898 598 0 43 00(000) 50 ON246 BLL 187.56 2530 0 43 00(0.00) 32
M3l GAL 1082 4124 13 33 08(1.00) 62 M87 RDG 18771 1239 0 06 00(000) 28
4C+01.02 FSRQ 1717 158 0 43 00(0.00) 21 MITG J123931+0443 FSRQ 18989 473 0 43 00(000) 24
$20109+22 BLL 18.03 2275 10 28 07(080) 48 PG 1246+586 BLL 19208 5834 0 43 00(000) 48
B30133+388 BLL 2414 3910 0 43 00(000) 38 $41250+53 BLL 19331 5302 0 43 00(000) 40
TXS 0141+268 BLL 2615 2709 0 43 00(000) 32 B3 13434451 FSRQ 20639 4488 5 29 04(030) 47
MITG J021114+1051 BLL 3281 1086 0 43 00(0.00) 26 NGC 5380 () GAL 209.33 3750 4 24 09(120) 64
PKS 02154015 FSRQ 3446 173 2 39 02(0.00) 1.9 NVSSJ141826-023336 BLL 21461 -256 6 39 04(040) 23
B20218+357 FSRQ 3528 3594 8 43 04(020) 4.1 PKS 1441+25 FSRQ 22099 2503 3 21 07(090) 50
3C 66A RII. 3567 4304 0 43 0000~ 39 TXS 14524516 (%) BLL 22362 5141 0 23 0.0(0.00) 44
<S 1502+106 FSRQ 22610 1050 1 18 05(0.50) 34
o , l ¢ KS 1502+036 NLSYI 22627 345 0 43 00(0.00) 2.1
— 21520431 FSRQ 23055 31.74 35 43 10(130) 62
Ns | 0810 Plocal 90% 220 () SBG 23370 2353 0 43 00(000) 3.
B6J1542+6129 BLL 23576 61.50 16 30 19(220) 130
79 32 70 (52 0’) 96 31553+113 BLL 23893 11.19 2 43 02(000) 23
2+15.54 () BLL 24177 1584 0 43 00(000) 29
4 O (3 7 0,) ll 4 243841 FSRQ 24882 3814 4 23 09(l.lo) 62
. . . kn 501 BLL 25347 3976 15 43 05(050) 5.0
KS 17174177 BLL 259.81 1775 34 43 10(120) 5.1
- YRR A | 3.6 (3.5 o) f A 117204117 BLL 26127 1187 0 43 00(000) 27
11749+70 BLL 267.16 7010 0 43 00(0.00) 66
PKS 0507417 (*) FSRQ 7752 1801 0 43 00(000) 29 i ) BLL 20788 56 0 29 00(08q) 27
TXS 05184211 BLL 8044 2121 8 28 06(060) 4.1 RX J1754.143212 () BLL 26855 3220 0 43 00(000) 34
0G 050 FSRQ 8317 755 10 38 04(020) 26 S5 1803+784 (*) BLL 270.17 7847 0 27 0.0(000) 75
NVSS J184425+154646 (*) BLL 281.12 1579 11 43 04(020) 3.1
TXS 0603+476 (*) BLL 9186 4766 19 43 06(0.70) 59 N
B O6i6se1 g B2 4137 5 21 Ll(Ae) 73 LQAC 284+003 (*) BCU 28448 322 12 25 20(Q230) 52
" TXS 1902+556 BLL 28581 5568 3 43 03(0.00) 4.6
NGC2146 () SBG 9453 7833 0 30 00000) 67 MGRO J1908+06 UID 28691 632 2 18 14(170) 48
B20619+33 (') BCU 9573 3343 2 38 07090) 55 RXJ1931.140937 BLL 29278 963 15 43 05(040) 3.1
1ES 0647+250 BLL 10270 2505 0 43 00(000) 32 87GB 1940243102612 () | BLL 29570 10.56 0 43 00(000) 26
PMNJ0709-0255 () | FSRQ 10745 -293 0 25 00(000) 20 1ES 1959+650 BLL 30001 6515 8 34 05(040) 72
$50716+71 BLL 11049 7134 0 43 00(000) 66
4C+14.23 FSRQ 11132 1442 6 43 03(000) 26
PKS 0735+17 BLL 11454 1771 9 43 03(0.10) 3.1
PKS 0736+01 FSRQ 11482 162 8 43 03(0.10) 21 MITG J200112+4352 BLL 30030 4389 3 43 03(000) 36
1ES 0806+524 BLL 12246 5231 0 43 0.0(0.00) 43 7C2010+4619 (*) BLL 303.02 4649 4 25 07(090) 6.4
01014 BLL 12286 178 30 40 09(l.lo) 35 MITGJ201534+3710 | FSRQ  303.89 37.18 19 3.6 07(090) 55
$40814+42 BLL 12456 4238 0 29 00(000) 39 PKS 2032+107 FSRQ 30885 1094 0 43 00(000) 28
PKS 0829+046 BLL 12797 449 0 30 00(000) 22 B22114+33 BLL 319.06 3366 12 29 08(090) 5.7
SBS 0846+513 (*) NLSY1 13251 51.14 6 33 04(030) 5.1 0X 169 FSRQ 32589 1773 4 43 0.3(0.00) 27
07287 BLL 13371 2012 16 43 05(040) 37 BLLac BLL 33069 4228 11 43 04(030) 47
S40917+44 (*) FSRQ 14023 4470 0 43 00(000) 41 CTA 102 FSRQ 338.15 1173 0 43 0.0(0.00) 26
PMN J0948+0022 NLSYl 14724 037 6 43 03(0.lc) 23 B22234+28A (*) FSRQ  339.10 2848 8 32 04(030) 4.1
M82 SBG 14895 6967 0 43 00(0.00) 6.6 RGB J2243+203 BLL 34099 2036 5 3.6 03(0.00) 28
4C+55.17 FSRQ 14942 5538 9 3.1 06(0.60) 6.1 TXS 2241+406 FSRQ  341.06 4096 0 43 0.0(000) 39
1H 1013+498 BLL 153.77 4943 0 43 00(0.00) 4.1 3C4543 FSRQ 34350 1615 1 15 12(1.6a) 55
GB6J1037+5711 (*) BLL 15943 57.19 0 43 00(0.00) 48 B22308+34 (*) FSRQ 34777 3442 19 36 07(090) 56
$51044+71 (*) FSRQ  162.11 7173 45 43 13(l.60) 140
NGC3424 (*) SBG 16291 3289 0 43 00(0.00) 35
4C+01.28 BLL 16462 156 0 43 00(0.00) 2.1
TXS 1055+567 (*) BLL 164.67 5646 8 43 04(030) 5.0
Mkn 421 BLL 166.12 3821 4 43 03(000) 37
IC678 (*) GAL 168.56 6.63 22 3.1 09(120) 4.0
Arp299 SBG 17207 5852 10 43 04(040) 57
PKS B1130+008 BLL 17320 057 20 39 07(080) 3.0
Ton 599 FSRQ  179.88 2924 2 43 02(000) 3.0
B21215+30 BLL 18448 30.12 15 3.1 09(l.lo) 57
PKS 1216-010 BLL 18464 -133 0 37 00(0.00) 20




Evidence for neutrino emission from NGC
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Implications of the two observed sources of HE neutrinos

NGC 1068 Diffuse flux from v, (25
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3 Evidence for neutrino emission from the nearby
SClence active galaxy NGC 1068
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Exploring the extreme sky in IceCube-Gen2

v Gen2-Radio
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We have observed the ﬁrst sources of neutrrnos. blazar TXS
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