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Us and y-rays in multimessenger astronomy

Neutrinos:

* Escape the source unimpeded
* Point back to their sources

* Can be used to identity individual sources as particle
accelerators
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SOURCE -

« Event rates are low, and compete against atmospheric
neutrinos

magnetic
deflection

y-rays:
« Also point back to sources
« The Universe is not transparent to high-energy y-rays

« High energy y-rays may be leptonic in nature, and does
uniquely identify a source as a hadronic accelerator

The combination of y-rays and neutrinos is important
to understand the nature of cosmic accelerators




Blazar: TXS 0506

{

2009-06 2010-11

IC-1 709224,
Newtnino Fare 2014005
Gamma-ray fare 201 7/18
Ferm=LAT = 300 MeV

————e e

55000

TXS 0506+056

2012-03 2013-07  2014-12 2016-04 201?09

....

-----

Ferm=LAT > 800 MeV
Photons IE = 10 GeY,

L *
- v ' te 4 =

~57000

.....

373500

AAAAA

36000 56500
Time [M)D)

55‘

S0

58000

.
-
0010

Lnergy

Example of multimessenger astronomy with
neutrinos

2017 Flare
e [ceCube: One ~290 TeV event;
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Importance of y-rays in neutrino astronomy

High-energy neutrino emission points to cosmic ray acceleration
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Importance of y-rays in neutrino astronomy

High-energy neutrino emission points to cosmic ray acceleration
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Co-production of v and y is inevitable
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So ~ 100 TeV neutrinos are accompanied by ~ 200 TeV y-rays, but

High-energy y-rays may interact with extragalactic background light (EBL) and cosmic microwave
background (CMB) photons
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y-ray cascades

So ~ 100 TeV neutrinos are accompanied by ~ 200 TeV y-rays, but

High-energy y-rays may interact with extragalactic background light (EBL) and cosmic microwave
background (CMB) photons
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Photons above 10 TeV create GeV-TeV cascades when D, 2 10 Mpc.



y-ray cascades

So ~ 100 TeV neutrinos are accompanied by ~ 200 TeV y-rays, but

High-energy y-rays may interact with extragalactic background light (EBL) and cosmic microwave
background (CMB) photons
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Photons above 10 TeV create GeV-TeV cascades when D, 2 10 Mpc.

Given a source, can we observe joint neutrino-y-ray observations?



Computing the y-ray cascade

Propagation handled with modified CRPropa3

1.Emission within angle &
2.Propagation through filaments (30 nG)

3.Propagation through the cosmic void O(10~"° — 1071%) G
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Can we observe the GeV counterpart®?
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When calculating the counterpart, we account for

 Time delay
* Opening angle of the neutrino emission environment
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When calculating the counterpart, we account for
 Time delay
* Opening angle of the neutrino emission environment

Depending on the source distance, we may

not be sensitive to the y-ray signal, marking a
multimessenger horizon.



Can we observe the GeV counterpart®

Assuming a y-ray transparent neutrino source
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Multimessenger horizon

10 TeV - 100 TeV neutrino transients
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Multimessenger horizon

10 TeV - 100 TeV neutrino transients
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summary and Outlook

* Developed a framework to quantify the neutrino flux required
for joint neutrino-gamma-ray measurements.

e Calculated multimessenger horizons for both steady and
transient sources

* Understanding the electromagnetic cascade gives insight on
the neutrino production mechanism and source opagueness.

* The method provides a baseline to interpret current and future
multimessenger detections.
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