


IceCube Target of Opportunity Program
Public alerts since April 2016

« Single high-energy
muon track events
(> ~100TeV)

« 8/yr,~3/yrof
cosmic origin

* Median latency:

30 sec
A




IC-170922A — a 290 TeV Neutrino
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Signalness: 56: "'\[
IceCube, 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 Finds Flaring Blazar '%...

DESY. Fermi-LAT Coll., ApJ 846, 2017, Video credits: Matteo Giomi, Fermi-LAT Collaboration Page 4



Fermi-LAT finds Flaring Blazar

----- lceCube-170922A
44 t Fermi-LAT

w

ieV) [cm~2s71]

Among 50 brightest 3LAC sources

DESY




MAGIC observes >100 GeV gamma rays

original GCN Notice Fri 22 Sep 17 20:55:13 UT
refined best-fit direction IC170922A
IC170922A 50% - area: 0.15 square degrees
1C170922A 90% - area: 0.97 square degrees

—_
o

o1
(o]
o
o
[o]
o

° ]
TXS 0506+056

TXS 0506+u
—

Declination
Declination

o
~
o

o
®
MAGIC significance [o]

N w EEN (6)] (o)} ~ (00] O
Fermi-LAT Counts/Pixel

PKS 0502+o4§ ' -~ PKS 0502+04§

(\ ;
MAGIC PSF

78.4°  78.0° 77.6° 772° 76.8°  76.4° 78.4°  78.0°  77.6° 77.2° 76.8°  764°
Right Ascension Right Ascension

Y

i / o - : Sergi Luque
/ s © Espai Astroribimic

IceCube, 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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How Likely is it a Chance Probability?

Step IlI: Are there any extra-
galactic Fermi sources close in
space to the neutrinos?
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DESY

Step |: Draw a random neutrino from a
representative Monte-Carlo sample of
high-energy muon- track events (EHE)

Step lll: What is the gamma-ray
energy flux in the time bin when
the neutrino arrives?

Page 7



How Likely is it a Chance Probability?

DESY.
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How Likely is it a Chance Probability?
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IceCube, Fermi-LAT, MAGIC, AGILE, ASAS-SN, HAWC, H.E.S.S, INTEGRAL, Kapteyn,

Kanata, Kiso, Liverpool, Subaru, Swift, VERITAS, VLA, Science 2018

Pre-trials p-
value: 4.10

10 public
alerts and 41
archival
events 2
Post-trials p-
value: 3.00
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Three models tested

Neutrino emission correlates with

1. gamma-ray energy flux in the range 1-100 GeV

w(t)=os)= [ B0

y
1 GeV dE Y

2. relative gamma-ray flux variations in the range 1-100 GeV
ws(t) = @4 (t)/ (¢4)

3. very high-energy gamma-ray energy flux in the range 100GeV-1TeV
(extrapolated from Fermi energy range)

dE~y

w®=6s)= [ 5% Oap,

Y
100 GeV dE Y

All tested models yield similar p-values

DESY Page 10



The Multi-Messenger SED 'S Paiang ot o 2018)
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Kanata, Kiso, Liverpool, Subaru, Swift, VERITAS, VLA, Science 2018



Are there more neutrinos associated to TXS?

See talk by Chad Finley

DESY. Page 12



Conclusion

* First high-energy neutrino with compelling
electro-magnetic counterpart

« Luminous BL Lac object ’
* Activity seen in many wavelength

@pen Questions
Which models can explain
the MW data?

* How does this fit together
with the 2014/15 neutrino
flare without coincident EM
activity? |

* How can we find more such
coincidences?



Backup
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MAGIC finds variability on 1-day scale
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MAGIC Coll. ApJL, 2018
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Energy flux x 10
ergcm 2 s7!

Spectral
Index

Flux density
107 Jy
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107" Jy

The Multi-Messenger Light Curve
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