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Rough outline

Day 1: Intro
How are gamma rays produced? What do we learn from them?

Day 2: Observations
How do we detect gamma rays? How do we decide what/when to observe?

Day 3 + 4: Sources
What astronomical objects do we observe in the time domain?

today: I'll talk about more extragalactic transient sources
and then David will talk about Galactic stuff

DESY



Part 3b-1. Sources: Non-jetted extragalactic phenomena

that’s very specific

Hulk is tired and
sleepy
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Non-jetted phenomena

So far my focus has been on jetted phenomena, but gamma rays don't have to come from jets
-> Shocks are what produce the gamma rays (jets just provide relativistic shocks)

[NASA’s Goddard Space Flight Center] [NASA/CXC/Rutgers/J.Warren &
J.Hughes et al.]

To get shocks, we just need matter running into some medium

(also: we don’t always need shocks but we won’t talk about that)
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https://svs.gsfc.nasa.gov/cgi-bin/details.cgi?aid=11407
https://chandra.harvard.edu/photo/2005/tycho/
https://chandra.harvard.edu/photo/2005/tycho/
https://chandra.harvard.edu/photo/2005/tycho/

Core-collapse supernovae from astronomy 101

Massive stars fuses successively heavier elements until iron
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https://commons.wikimedia.org/wiki/File:Evolved_star_fusion_shells.svg

Core-collapse supernovae from astronomy 101

Massive stars fuses successively heavier elements until iron
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https://commons.wikimedia.org/wiki/File:Evolved_star_fusion_shells.svg
https://commons.wikimedia.org/wiki/File:Core_collapse_scenario.svg

Core-collapse supernovae from astronomy 48+

Any non-Ia supernova is a core collapse supernova
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https://commons.wikimedia.org/wiki/File:Evolved_star_fusion_shells.svg
https://astrobites.org/2016/12/02/classifying-supernovae/

Core-collapse supernovae from astronomy 48+

Any non-Ia supernova is a core collapse supernova

Some SNe seem to be interaction powered
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https://astronomy.swin.edu.au/cosmos/t/Type+IIn+Supernova
https://ui.adsabs.harvard.edu/abs/2007ApJ...666.1116S/abstract
https://ui.adsabs.harvard.edu/abs/2007ApJ...666.1116S/abstract

Core-collapse supernovae from astronomy 8+ _

J. Borowska-Naguszewska

Any non-Ia supernova is &
Some SNe seem to be int
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https://astronomy.swin.edu.au/cosmos/t/Type+IIn+Supernova
https://ui.adsabs.harvard.edu/abs/2007ApJ...666.1116S/abstract
https://ui.adsabs.harvard.edu/abs/2007ApJ...666.1116S/abstract

Searches for gamma-ray emission from CC SNe

A SN II -n Just 7 Mpc away (z =0.0008) strong emission lines that faded over time
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https://ui.adsabs.harvard.edu/abs/2014MNRAS.440.2528M/abstract
https://ui.adsabs.harvard.edu/abs/2023ApJ...956...46S/abstract

Searches for gamma-ray emission from CC SNe
Fermi-LAT observations of SN 2023ixf

LAT upper limits on >100 MeV flux -> upper limits on efficiency of cosmic ray acceleration

[G. Marti-Devesa, A&A 686 (2024)]
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https://ui.adsabs.harvard.edu/abs/2024A&A...686A.254M/abstract

Searches for gamma-ray emission from CC SNe
Fermi-LAT observations of SN 2023ixf

LAT upper limits on >100 MeV flux -> upper limits on efficiency of cosmic ray acceleration of =1%

[G. Marti-Devesa, A&A 686 (2024)]
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https://ui.adsabs.harvard.edu/abs/2024A&A...686A.254M/abstract

Searches for gamma-ray emission from CC SNe

VHE photons from CC SNe need to wait until the opacity decreases sufficiently (estimate of ~1 week)

H.E.S.S. observations:
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https://ui.adsabs.harvard.edu/abs/2014NuPhS.256...94M/abstract
https://ui.adsabs.harvard.edu/abs/2019A&A...626A..57H/abstract

Searches for gamma-ray emission from CC SNe

VHE photons from CC SNe need to wait until the opacity decreases sufficiently (estimate of ~1 week)

H.E.S.S. upper limits on mass loss rate for an efficiency of 10% (+ other assumptions)
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https://ui.adsabs.harvard.edu/abs/2014NuPhS.256...94M/abstract
https://ui.adsabs.harvard.edu/abs/2019A&A...626A..57H/abstract

Searches for gamma-ray emission from CC SNe

VHE photons from CC SNe need to wait until the opacity decreases sufficiently (estimate of ~1 week)

MAGIC observed a very nearby SN Ia (3.6 Mpc):
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https://ui.adsabs.harvard.edu/abs/2017A&A...602A..98A/abstract
https://ui.adsabs.harvard.edu/abs/2014NuPhS.256...94M/abstract

Optical transients are getting weird

Time-domain astronomy in the era of optical surveys

FBOTs are a new class of optical transients

» CC SN + LGRB afterglows
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https://ui.adsabs.harvard.edu/abs/2023Natur.623..927H/abstract

Fast blue optical transients (FBOTS)
AT2018cow
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https://ui.adsabs.harvard.edu/abs/2019MNRAS.484.1031P/abstract

Fast blue optical transients (FBOTS)

AT2018cow early times: blackbody with T ~ 184 K
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https://commons.wikimedia.org/wiki/File:Color_temperature_black_body_800-12200K.svg

Fast blue optical transients (FBOTS)

Searches for gamma-ray emission?

I couldn’t find much in the public literature ... but, H.E.S.S. and VERITAS (and MAGIC?) have ToO programs

e.g., VERITAS observations of AT2023ufx: M. Kherlakian, PhD thesis (2025)
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https://edoc.hu-berlin.de/items/e4386c37-6e96-401b-ba77-6c738bfb62ee

Core-collapse supernovae from astronomy 48+

Any non-Ia supernova is a core collapse supernova
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https://commons.wikimedia.org/wiki/File:Evolved_star_fusion_shells.svg
https://astrobites.org/2016/12/02/classifying-supernovae/

Core-collapse supernovae from astronomy

Any non-Ia supernova is a core collapse supernova
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https://commons.wikimedia.org/wiki/File:Evolved_star_fusion_shells.svg
https://astrobites.org/2016/12/02/classifying-supernovae/
https://iopscience.iop.org/article/10.1088/1674-4527/20/10/161

Z.-W. Han et al., Res Astron Astrophys 20 (2020)

binary evolution



https://commons.wikimedia.org/wiki/File:Evolved_star_fusion_shells.svg
https://astrobites.org/2016/12/02/classifying-supernovae/
https://iopscience.iop.org/article/10.1088/1674-4527/20/10/161

binary evolution

If a large fraction of stars are in
binaries, then a large fraction of

SNe should occur in binaries <@
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https://commons.wikimedia.org/wiki/File:Evolved_star_fusion_shells.svg
https://astrobites.org/2016/12/02/classifying-supernovae/
https://iopscience.iop.org/article/10.1088/1674-4527/20/10/161

Supernovae in binaries are important

How do the gravitational-wave binaries form and evolve?

Masses in the Stellar Graveyard
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https://media.ligo.northwestern.edu/gallery/mass-plot
https://ui.adsabs.harvard.edu/abs/2018MNRAS.481.1908K/abstract

Optical transients are getting weird

Time-domain astronomy in the era of optical surveys

We’'re uncovering new kinds of transients, and often we don’t know what produced them

* ASASSN-151h

-24- L10%
Superluminous
-22 supernovae
| 1044
Tidal =10
20— disruption
Thermonuclear flares
% supernovae L1043
:) -18 -1 . k-
=
c ) Core-collapse r
O 6 Jla explosions supernovae =10%
g E
-14 -
4(1_): Ca-rich transients . E 10"
>S5 Intermediate
= luminosity
8 12 red transients
O P60-M820T-081119 L1040
@© ® = mmemmmmsmsssssssesssocsosoooes E
X
O L
Q £10%°
o Luminous red novae E
Classical novae |
; 38
® V1309 5c0 £10
-4 T T T T T ' T
10° 0! 107

characteristic timescale

S. B. Cenko, Nature Astro 1(2017)

DESY.

(.5 319) Ayisouruin| seaq

Mg, peak (rest-frame)

_28 = 4 ;
26 #‘t&é ZTF Afterglows _ 1046
iPTF14y i
—24 4 ol - 10%°
55 i
AT2018cow-like $4* - 1044
~20 - :
| 1043
—18 - Core-collapse SNe 10
—16 - AT2017gfon] = 10
T =TT TTTTTTTY =TT .-vzv!!-rrrrr[—-
1072 1071 100 10! 102

Rest-frame days above half-max

A.Y. Q. Ho et al., Apd 938 (2022)

Sylvia J. Zhu | CTAO summer school 2025 | time-domain astronomy | day 4

CEW

=

({—S B13) "0


https://ui.adsabs.harvard.edu/abs/2017NatAs...1E...8C/abstract
https://ui.adsabs.harvard.edu/abs/2023Natur.623..927H/abstract

Optical transients are getting weird

Time-domain astronomy in the era of optical surveys

We’'re uncovering new kinds of transients, and often we don’t know what produced them

Some seem to produce nonthermal
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Is there a class of engine-driven supernovae?
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https://ui.adsabs.harvard.edu/abs/2023Natur.623..927H/abstract

The curious case of SN2®22J[] P. Chen et al,, Nature 625 (2024)

CC SNe in a binary system
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https://ui.adsabs.harvard.edu/abs/2024Natur.625..253C/abstract

The curious case of SN2022jli P. Chen et al, Nature 625 (2024)

CC SNe in a binary system
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https://ui.adsabs.harvard.edu/abs/2024Natur.625..253C/abstract

The curious case of SN2022jli

Interpretation: Compact object remnant is accreting from companion in a binary w/ a 12.4-day orbit

supernova progenitor compact
. object

companion companion

EJ

L
nearby -> more accretion far away -> less accretion nearby -> more accretion
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https://ui.adsabs.harvard.edu/abs/2024Natur.625..253C/abstract
https://www.eso.org/public/images/eso2401b/

The curious case of SN2022jli

Gamma rays six months after explosion?
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Is there a class of engine-driven supernovae?
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https://ui.adsabs.harvard.edu/abs/2024Natur.625..253C/abstract

Optical transients are getting weird

Time-domain astronomy in the era of optical surveys

A lot of discovery space for new transients, some maybe with gamma-ray emission

a
» CCSN + LGRB afterglows
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https://ui.adsabs.harvard.edu/abs/2023Natur.623..927H/abstract

ok I'm done

david will now tell you stuff
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