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Technical

A brief history of IceCube’s observations

of Munich

* On September 22, 2017 one high energetic “EHE” neutrino event with most
likely energy of ~290 TeV [1]

* Archival searches revealed a “neutrino flare” of ~13+5 event in a time period
of ~110 (158) days between MJD 56949 and 57059 (October 19, 2014 —
February 6, 2015) at a position very well consistent with the "EHE" event [2]

...and the pressing questions

* Which is/are the possible counterpart(s)?
* What is their time and energy behaviour?

* How are the two observations connected?

Theo Glauch [1] Science 361 (2018) no.6398, eaat1378
VLVnI, 2nd of October 2018 [2] Science 361 (2018) n0.6398, 147-151
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ldentifying possible counterparts iy
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Examine the remaining candidates e
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Exclude four objects through visual inspection of the SEDs

. —90 0 50
arcmin_| , |

Steep Radio N ] T

4 DI NENN.NAN

Spectrum Object -~ HBL Candidate

Nearby Elliptical

/ Galaxy

Galaxy Cluster -

Theo Glauch
VLVnT, 2nd of October 2018



Technical

The remaining 3 candidate sources st

TXS 0506+056 Zﬁng J050833.3+05310
. IBL/HBL source o SO;"C_G
B « Only a 2 sigma gamma-ray
* z=0.3366 " 5 detection between MJD
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PKS 0502+049
 LBL/FSRQ source
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The Y-ray sky during the v-flare iy

« Two significant gamma ray emitters at a distance of ~1.2 degrees
« PKS 0502+049 dominates at low energies (Eb = 934 MeV) and is extremely variable
« TXS 0506+056 dominates at high energies (above ~3 GeV)

Test-Statistic Maps for MJD 56949 - 57059
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The Y-ray sky during the EHE Event e
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» Two significant gamma-ray emitters at a distance of ~1.2 degrees
« TXS 0506+056 dominates at all energies

Test-Statistic Maps for MJD 57908 - 58018
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Time dependence of TXS 0506+056 e
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TXS 0506+056

110-day light curve > 2 GeV to study
high-energy behaviour and to avoid
any modelling bias
EHE and y-ray chance probability ~3c
[1] (high y-flux state)
v - flare significance ~40 [2] (low y-flux,
but indication for high-energy emission)
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Time dependence of TXS 0506+056 e
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TXS 0506+056

158-day light curve > 2 GeV to study
high-energy behaviour and to avoid
any modelling bias
EHE and y-ray chance probability ~3c
[1] (high y-flux state)
v - flare significance ~40 [2] (low y-flux,
but indication for high-energy emission)
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High-energy photons during the v-flare  Ei&

TXS 0506+056

Zoom in light curve during the v - flare
and only look for events with energy
>10 GeV. Identify two time periods
with significant emission

MJD 56962 — 56978
MJD 57023 — 57036
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PKS 0502+049

28-day light curve above 100 GeV
There are two significant flare right
before and after the neutrino flare!
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Energetic Reconnection of the SED?

The hybrid SEDs combines all the publicly available data for TXS 0506+056 from radio to
gamma-ray with the neutrino information™
(Video available on https://youtu.be/IFBciGITOME )

MJD 58018 (EHE Event):

« Soft Gamma-Ray spectrum (2.24)

* One Neutrino Event with Energy E~200
TeV, around ~30 significance

MJD 57004155 (v-flare):
 Hard Gamma-Ray Spectrum (~1.5)
« Large Flare in Neutrinos (40 significance)
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Energetic Reconnection of the SED?
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What if we model the spectrum down to 100 MeV'?
..or use a time-window of 158 days

1. Observation:

The lower energy part of the Y-ray spectrum is well modelled with a log-parabola spectrum

MJD 58018 (EHE Event)
Well described by a log-parabola

MJD 5700455 (v-flare):
High-energy bin (~31 GeV - 100 GeV) in

(One high energy photon > 100 GeV around 75 days before

the EHE event)
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 Everything points to a unique counterpart TXS 0506+056 for the
lceCube Observations

Conclusions Uriversty

* The light curve of TXS 0506+056 shows a large flux/soft
spectrum state during the EHE event and hints for additional high
energy gamma-ray emission during the v-flare

» Despite the y-ray behaviour being different in the two time periods
the overall SED can be energetically reconnected for both cases

Theo Glauch
VLVnI, 2nd of October 2018



Technical

University
of Munich

Backup
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