Multi-messenger modeling
in the open source era
' \

5 ‘ O—l‘x,

avier Rodrigues

an
Multi-messenger workshop

Jau | g
G'W%Mmhﬁg&w X~ . A




TXS 0506+056




TXS 0506+056




TXS 0506+056

radio optical X-rays vyrays



TXS 0506+056

radio optical X-rays vyrays



TXS 0506+056

radio optical X-rays vyrays



TXS 0506+056

radio optical X-rays vyrays



TXS 0506+056

radio optical X-rays vyrays



TXS 0506+056

radio optical X-rays vyrays



-
3
O

-
-
|

=

-

—1

VF, /ergcm™2s
- - -
- - -
LoooL L
W N) =

=
-,
|
=
N
|

10—15 _:.

Radio | IR/Opt/UV

Lo =4 % 10°L,

pC R

\ ‘f |

Gamma rays
|

10

103

10° 103

108
E [eV]

10°

10|12 1(515 | 1018

XR, Paliva, Garrappa, Omeliukh, Franckowiak & Winter, A&A 681 (2024)



-
3
O

-
-
|

=

-

—1

VF, /ergcm™2s
- - -
- - -
LoooL L
W N) =

=
-,
|
=
N
|

10—15 _:.

Lo =4 % 10°L,

pC R

Radio | IF pt/UV/éaA

Gamma rays
|

10

10-3 10° 103

108
E [eV]

10°

10|12 1(515 | 1018

XR, Paliva, Garrappa, Omeliukh, Franckowiak & Winter, A&A 681 (2024)



10~®% photon cm~2 s~}

N

-

D 4 ®
OM"OO“\'OQ””.M o oo O‘V “'Mm-o—o-..’.

55000

Lo =4 % 10°L,

R

56000

Fermi-LAT

t

57000
Time (M)D)

4

58000

IceCube

Neutrinos

alert

59000

9
02000 00000 090440 % :




Future goals I: From sources to samples
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Future goals I: From sources to samples
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Future goals II: Pushing the high-energy frontier
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Future goals II: Pushing the high-energy frontier
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Future goals lll: Leading a global modeling community
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Preprint with the technical details:
Klinger, Rudolph, XR, et al. (arXiv:2312.13371)

TXS 0506+056 (masquerading BL Lac)




Future goals lll: Leading a global modeling community

Since last December,
AMS is
open-source Python
software

. import numpy as np
tlab.desy.de/am3/am3
itlab.desy.de/am3/am ‘ P import am3

DESY = .
/¢\‘ am3 = am3.AM3()

Preprint with the technical detalils:
Klinger, Rudolph, XR, et al. (arXiv:2312.13371)



Future goals lll: Leading a global modeling community
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What is a “hadronic signature”?

-> see Martin’s talk tomorrow
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Future directions II: Pushing the high-energy frontier
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Future directions II: From sources to samples
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Do neutrinos come from opaque emission regions?

4.2 sigma detection
: (IceCube 2022, Science 378 )
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Do neutrinos come from opaque emission regions?
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- B ] IC-190730A 90% containment

What is a hadronic ‘signature’?
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