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Overview

Motivation, Follow-Up Program
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@ Dust Echoes + AT2019aalc
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Neutrinos
pons, swas, no:.. A point back the
sources of
cosmic rays!

: CEILWILEREVE -
black They point to their sources, but they
holes | can be absorbed and are created by *
. multiple emission mechanisms.
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Neutrinos
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Identifying their sources too!

ECRS Nijmegen / Simeon Reusch, 28 July 2022 3/96 Aartsen et. al. (2015, ApJ), IceCube (2018, Science)


https://iopscience.iop.org/article/10.1088/0004-637X/809/1/98
https://www.science.org/doi/10.1126/science.aat1378
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Identifying their sources too!
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Neutrinos as messengers

Gamma-Ray
Burst (GRB)
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Neutrinos as messengers
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Slack alert
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Our Follow-Up Program
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IceCube

Slack alert Almost robotic triggering
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ZTF observations
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PS1, 7 deg?

PTF/iPTF, 7.3 deg? LSST, 9.6 deg?

Image credits: Caltech
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Our Follow-Up Program
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Our Follow-Up Program

Observed
Alert Retraction
Low Altitude

‘ Telescope Maintenance

Southern Sky
Separation from
Galactic Plane

Poor Signalness
and Localisation

Proximity to Sun

ECRS Nijmegen / Simeon Reusch, 28 July 2022 6/26 Stein, Reusch et. al. (2022, submitted to MNRAS)


https://arxiv.org/abs/2203.17135

Our Follow-Up Program
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Star

approaches
SMBH

ECRS Nijmegen / Simeon Reusch, 28 July 2022 7/26 Image credit: DESY / Science Communication Lab



What are Tidal Disruption Events (TDEs)?

Star S_tar is
approaches rlpp_ed apart
SMBH by tidal
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What are Tidal Disruption Events (TDEs)?

Star is
Star _

ripped apart
approaches by tidal
SMBH y

forces

Star debris

gets partially
accreted
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What are Tidal Disruption Events (TDEs)?
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What are Tldal Dlsruptlon Events (T DEs)’?
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ASASSN-1411: van Velzen et al. (2016, Science)


https://www.science.org/doi/10.1126/science.aad1182

What are Tldal Dlsruptlon Events (T DESs)?
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ASASSN-1411: van Velzen et al. (2016, Science)


https://www.science.org/doi/10.1126/science.aad1182

What are Tldal Dlsruptlon Events (T DEs)’?
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ASASSN-1411: van Velzen et al. (2016, Science)


https://www.science.org/doi/10.1126/science.aad1182

AT2019dsg: First TDE-neutrino
association
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https://www.nature.com/articles/s41550-020-01295-8

AT2019fdr: Second TDE-neutrino association

Nuclear flare, very (!) long-lived
Host: AGN (NLSy1)

SLSN origin was debated
z =0.267

_ 7.55%0.13
MSMBH = 10 M@

ECRS Nijmegen / Simeon Reusch , 28 July 2022 10/26 RGUSCh et. al' (20229 Phys Rev. Lett-)


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.221101
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Reusch et. al. (2022, Phys. Rev. Lett.)


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.221101

AT2019fdr: Second TDE-neutrino association
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.221101

Radio observations (VLA)

i -
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Stein et. al. (2021, Nature Astronomy), Reusch et. al. (2022, Phys. Rev. Lett.)
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http://Stein%20et.%20al.%20(2021,%20Nature%20Astronomy)
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.221101
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X-ray observations (SRG/eROSITA)
Detected on the third visit



X-ray observations (SRG/eROSITA)
Detected on the third visit
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AT2019fdr neutrino spectra

Da1 & Fang (2017, MNRAS)
Hayasaki & Yamazaki (2019, AplJ)

TDEs suggested as

sources of HE neutrinos: Winter & Lunardini (2017, Phys. Rev. D)

ECRS Nijmegen / Simeon Reusch, 28 July 2022 1496 Hayasaki (2021, Nat. Astron.), Reusch et. al. (2022, Phys. Rev. Lett.)


https://www.nature.com/articles/s41550-021-01309-z
http://Stein%20et.%20al.%20(2021,%20Nature%20Astronomy),%20Reusch%20et.%20al.%20(2022,%20Phys.%20Rev.%20Lett.)
https://academic.oup.com/mnras/article/469/2/1354/3573855
https://iopscience.iop.org/article/10.3847/1538-4357/ab44ca
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.123001

AT2019fdr neutrino spectra

TDEs suggested as

sources of HE neutrinos:

Da1 & Fang (2017, MNRAS)
Hayasaki & Yamazaki (2019, AplJ)
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Hayasaki (2021, Nat. Astron.), Reusch et. al. (2022, Phys. Rev. Lett.)


https://www.nature.com/articles/s41550-021-01309-z
http://Stein%20et.%20al.%20(2021,%20Nature%20Astronomy),%20Reusch%20et.%20al.%20(2022,%20Phys.%20Rev.%20Lett.)
https://academic.oup.com/mnras/article/469/2/1354/3573855
https://iopscience.iop.org/article/10.3847/1538-4357/ab44ca
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.123001

AT2019fdr neutrino spectra

Da1 & Fang (2017, MNRAS)
_ Hayasaki & Yamazaki (2019, AplJ)
sources of HE neutrinos: Winter & Lunardini (2017, Phys. Rev. D)
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https://www.nature.com/articles/s41550-021-01309-z
http://Stein%20et.%20al.%20(2021,%20Nature%20Astronomy),%20Reusch%20et.%20al.%20(2022,%20Phys.%20Rev.%20Lett.)
https://academic.oup.com/mnras/article/469/2/1354/3573855
https://iopscience.iop.org/article/10.3847/1538-4357/ab44ca
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.123001

Luminosity comparison
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Luminosity of
AT2019fdr
much higher



Flux comparison
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Comparison

AT2019dsg

AT2019fdr

TDE

yes

likely

Peak Luminosity
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AT2019aalc: A third association

Systematic search for coincidence between
lceCube public alerts and optical flares that show
post-peak neoWISE infrared flares

van Velzen et. al. (2021, submitted to Science)



AT2019aalc: A third association

Systematic search for coincidence between
lceCube public alerts and optical flares that show
post-peak neoWISE infrared flares

van Velzen et. al. (2021, submitted to Science)
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Maybe they are a unified population
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Conclusion

These three associated events could produce a

significant part of the lceCube high-energy neutrino flux
(>7 %)

“Normal” AGN outshine TDEs by a two orders of
magnitude, we should be dominated by those

—> very efficient neutrino production in TDESs?



Stacking Analysis

Systematic stacking
analysis of dust-echo

sample led by Jannis
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as study above, but +
low-energy neutrinos



Stacking Analysis

Systematic stacking
analysis of dust-echo
sample led by Jannis

Necker (DESY) Jannis will give a talk at
Same source sample TeVPA about this

as study above, but +
low-energy neutrinos
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Well, the universe will (hopefully) tell us more

Continue realtime follow-
up!

Systematic study of
'nuclear” ZTF sample +

IR WISE sample

LSST looming on the
horizon &

ECRS Nijmegen / Simeon Reusch, 28 July 2022 26/26 Image Credit: Rubin Observatory
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Follow-up campaigh ongoing since over 3 years

e Three events found in coincidence with IceCube alerts

 Systematic analysis of dust echoes due to accretion flares

. p =2 % 107" (3.7 6), based only on IR properties
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Duration vs. observed brightness
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Multi-messenger properties

Flare name  Neutrino name Z At Ad X-raytemp. Fermilimit My fradq
days deg keV erg/s/cm® Mg
AT2019dsg IC191001A  0.051 150 1.3 0.07+0.01 10~ 7 1087 3.1
AT20191dr IC200530A 0.267 393 1.7 0.06 £0.03 10120 10t 0.5
AT2019aalc IC191119A 0.036 148 1.9 0.17+0.01 10142 10”2 0.6

ECRS Nijmegen / Simeon Reusch, 28 July 2022

van Velzen et. al. (2021, submitted to Science)


https://arxiv.org/abs/2111.09391

AT2019fdr TDE classification
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https://iopscience.iop.org/article/10.3847/1538-4357/ac110f
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.221101
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