
• Thermonuclear explosions caused by matter 
from a donor star collecting on a white dwarf 
surface in a binary system 

• Matter on surface is in thermal equilibrium and 
eventually reaches fusion flashpoint 

• Nova have a rate ~ 50 per year ( Shafer, A. ApJ 
2017) 

• Various Classifications are adopted, in 
particular: 

• Classical -> MS donor star 

• Symbiotic -> Evolved donor star/RG 

• Recurrent -> Multiple observed outbursts 

• Dwarf -> mini-outbursts (thought to be AD 
instabilities)

1A Short Introduction to Novae

RS Ophiuchi - David Green
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RG MS
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SN
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Classical Novae

Symbiotic Novae 
< 1.44 M⊙

> 1.44 M⊙

Shamelessly stolen 
from Alison Mitchell 

https://ui.adsabs.harvard.edu/abs/2017ApJ...834..196S/abstract
https://ui.adsabs.harvard.edu/abs/2017ApJ...834..196S/abstract
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Novae

white dwarf

[NASA/CXC/M. Weiss]

non-degenerate star

V339 Del, 2013 outburst
optical lightcurves

[AAVSO]

Have long been observed in optical light, known to emit up to X-rays

(David is the expert here, not me … ask him if you have any questions!)

main sequence companion: “classical nova”
red giant companion: “symbiotic nova”

https://chandra.harvard.edu/photo/2001/v1494aql/
https://www.aavso.org/nova-delphini-2013-story-so-far
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Novae

Have long been observed in optical light, known to emit up to X-rays
In 2010, we learned they can also emit high-energy gamma rays (>100 MeV; Fermi-LAT)

V407 Cyg [A. A. Abdo et al., Science 329 (2010)]

ejecta blown off from
thermonuclear explosion

[NASA's Goddard Space Flight Center/S. Wiessinger]

https://ui.adsabs.harvard.edu/abs/2010Sci...329..817A/abstract
https://svs.gsfc.nasa.gov/11608/
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Novae

Have long been observed in optical light, known to emit up to X-rays
In 2010, we learned they can also emit high-energy gamma rays (>100 MeV; Fermi-LAT)

V407 Cyg [A. A. Abdo et al., Science 329 (2010)]

shock from 
ejected material

[NASA's Goddard Space Flight Center/S. Wiessinger]leptonic or hadronic? unclear

https://ui.adsabs.harvard.edu/abs/2010Sci...329..817A/abstract
https://svs.gsfc.nasa.gov/11608/
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Novae

Have long been observed in optical light, known to emit up to X-rays
In 2010, we learned they can also emit high-energy gamma rays (>100 MeV; Fermi-LAT)
More Fermi-LAT novae have been discovered since then, w the gamma rays likely coming from different 
regions

[M. Ackermann et al., Science 345 (2014)]

https://ui.adsabs.harvard.edu/abs/2014Sci...345..554A/abstract


Sylvia J. Zhu David Green | CTAO summer school 2025 | time-domain astronomy

Novae

Have long been observed in optical light, known to emit up to X-rays
In 2010, we learned they can also emit high-energy gamma rays (>100 MeV; Fermi-LAT)
More Fermi-LAT novae have been discovered since then, w the gamma rays likely coming from different 
regions

[M. Ackermann et al., Science 345 (2014)]

https://ui.adsabs.harvard.edu/abs/2014Sci...345..554A/abstract


Sylvia J. Zhu David Green | CTAO summer school 2025 | time-domain astronomy

Novae

Have long been observed in optical light, known to emit up to X-rays
In 2010, we learned they can also emit high-energy gamma rays (>100 MeV; Fermi-LAT)
More Fermi-LAT novae have been discovered since then, w the gamma rays likely coming from different 
regions

[M. Ackermann et al., Science 345 (2014)]

[DESY/H.E.S.S., Science 
Communication Lab]

https://ui.adsabs.harvard.edu/abs/2014Sci...345..554A/abstract
https://www.desy.de/news/news_search/index_eng.html?openDirectAnchor=2249
https://www.desy.de/news/news_search/index_eng.html?openDirectAnchor=2249
https://www.desy.de/news/news_search/index_eng.html?openDirectAnchor=2249


• Has major outburst every ~ 15 - 20 years 

• 2021 outburst very well studied in almost all wavelengths

8RS Ophiuchi

RS Ophiuchi - David Green

1933 1958 1967 1985 2006 2021

Radio Astronomy

X-ray Astronomy

Compton Fermi-LAT

VHE Astronomy 



Sylvia J. Zhu David Green | CTAO summer school 2025 | time-domain astronomy

RS Ophiuchi
Very-high-energy gamma-ray emission

In 2021, VHE gamma rays were detected from the recurrent nova RS Ophiuchi by H.E.S.S, MAGIC, LST-1
[H.E.S.S. Collaboration, Science 376 (2022)]

[V. A. Acciari et al., Nature Astronomy 6 (2022)]

[K. Abe et al., 
A&A 695 (2025)]

https://ui.adsabs.harvard.edu/abs/2022Sci...376...77H/abstract
https://ui.adsabs.harvard.edu/abs/2022NatAs...6..689A/abstract
https://ui.adsabs.harvard.edu/abs/2025A&A...695A.152A/abstract
https://ui.adsabs.harvard.edu/abs/2025A&A...695A.152A/abstract


• Many telescopes had been 
anticipating RS Oph’s eruption 

• Optical Discovery by Brazilian 
Astronomer Alexandre Amorim 
(https://www.aavso.org/rs-ophiuchi) 
and confirmed by Keith Geary (vsnet-
alert 26131) and Fermi-LAT ATel 
#14834 

• VHE (HESS, MAGIC, LST-1) 
observations began on 9 Aug 21:30 
UTC

10RS Ophiuchi 2021

RS Ophiuchi - David Green

https://www.aavso.org/rs-ophiuchi
http://ooruri.kusastro.kyoto-u.ac.jp/mailarchive/vsnet-alert/26131
http://ooruri.kusastro.kyoto-u.ac.jp/mailarchive/vsnet-alert/26131
https://astronomerstelegram.org/?read=14834
https://astronomerstelegram.org/?read=14834
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RS Ophiuchi
Very-high-energy gamma-ray emission

In 2021, VHE gamma rays were detected from the recurrent nova RS Ophiuchi by H.E.S.S, MAGIC, LST-1
[H.E.S.S. Collaboration, Science 376 (2022)]

[V. A. Acciari et al., Nature Astronomy 6 (2022)]

[K. Abe et al., 
A&A 695 (2025)]

LST-1 nice energy 
coverage!

[K. Abe et al., A&A 695 (2025)]

https://ui.adsabs.harvard.edu/abs/2022Sci...376...77H/abstract
https://ui.adsabs.harvard.edu/abs/2022NatAs...6..689A/abstract
https://ui.adsabs.harvard.edu/abs/2025A&A...695A.152A/abstract
https://ui.adsabs.harvard.edu/abs/2025A&A...695A.152A/abstract
https://ui.adsabs.harvard.edu/abs/2025A&A...695A.152A/abstract
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RS Ophiuchi
Very-high-energy gamma-ray emission

Everyone agrees: more naturally explained by hadronic than leptonic processes

[H.E.S.S. Collaboration, Science 376 (2022)]

[D. Green, 19th Recontres du Vietnam (2023)]

https://ui.adsabs.harvard.edu/abs/2022Sci...376...77H/abstract
http://vietnam.in2p3.fr/2023/tmex/transparencies/PS6-MM/01_green.pdf
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RS Ophiuchi
Very-high-energy gamma-ray emission

Everyone agrees: more naturally explained by hadronic than leptonic processes

need more time for higher energy 
particles to be accelerated

[H.E.S.S. Collaboration, Science 376 (2022)]

https://ui.adsabs.harvard.edu/abs/2022Sci...376...77H/abstract
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RS Ophiuchi
pause to talk about atmospheric issues

[SeaWiFS Project, NASA/Goddard Space Flight Center, and ORBIMAGE]

[Derek Strom, Giovanni 
Ceribella, MAGIC Collaboration]

[D. Green, 19th 
Recontres du Vietnam 
(2023)]

https://earthobservatory.nasa.gov/images/1169/dust-and-the-canary-islands
https://www.sense-pro.org/portraits/experiments/magic
https://www.sense-pro.org/portraits/experiments/magic
http://vietnam.in2p3.fr/2023/tmex/transparencies/PS6-MM/01_green.pdf
http://vietnam.in2p3.fr/2023/tmex/transparencies/PS6-MM/01_green.pdf
http://vietnam.in2p3.fr/2023/tmex/transparencies/PS6-MM/01_green.pdf
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RS Ophiuchi
pause to talk about atmospheric issues

[D. Green, 19th 
Recontres du Vietnam 
(2023)]

low atmospheric 
transparency

[R. Konno, PhD thesis (2024)]

[C. Ichoku, ORE Climate Science (2020)]

[H.E.S.S., MPIK/Christian Föhr]

yearly biomass burning

http://vietnam.in2p3.fr/2023/tmex/transparencies/PS6-MM/01_green.pdf
http://vietnam.in2p3.fr/2023/tmex/transparencies/PS6-MM/01_green.pdf
http://vietnam.in2p3.fr/2023/tmex/transparencies/PS6-MM/01_green.pdf
https://edoc.hu-berlin.de/items/4226c7d2-d30e-493d-b017-ba8aecc09177
https://oxfordre.com/climatescience/display/10.1093/acrefore/9780190228620.001.0001/acrefore-9780190228620-e-523
https://www.nasa.gov/feature/goddard/2017/gamma-ray-telescopes-reveal-a-high-energy-trap-in-our-galaxys-center
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RS Ophiuchi
pause to talk about atmospheric issues

low atmospheric 
transparency

[R. Konno, PhD thesis (2024)]

If the atmospheric issue is too bad, 
then we can’t do anything :(

If the atmospheric issue is not too 
bad, we can try to correct for it

https://edoc.hu-berlin.de/items/4226c7d2-d30e-493d-b017-ba8aecc09177
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RS Ophiuchi
pause to talk about atmospheric issues

low atmospheric 
transparency

[R. Konno, PhD thesis (2024)]

If the atmospheric issue is too bad, 
then we can’t do anything :(

If the atmospheric issue is not too 
bad, we can try to correct for it

e.g., scale the instrument response functions 
(IRFs) to take the lower transparency into 
account

TC = 0.63fraction of Cherenkov photons 
that reach the ground 
compared to simulations

https://edoc.hu-berlin.de/items/4226c7d2-d30e-493d-b017-ba8aecc09177
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RS Ophiuchi
pause to talk about atmospheric issues

[R. Konno, PhD thesis (2024)]

If the atmospheric issue is too bad, 
then we can’t do anything :(

If the atmospheric issue is not too 
bad, we can try to correct for it

e.g., scale the instrument response functions 
(IRFs) to take the lower transparency into 
account

fraction of Cherenkov photons 
that reach the ground 
compared to simulations

[H.E.S.S. Collaboration, Science 376 (2022)]

use a “standard candle” source (Crab) to verify method

or more sophisticated methods: T. L. Holch et al. 2022, T. L. Holch 2025

https://edoc.hu-berlin.de/items/4226c7d2-d30e-493d-b017-ba8aecc09177
https://ui.adsabs.harvard.edu/abs/2022Sci...376...77H/abstract
https://ui.adsabs.harvard.edu/abs/2022JPhCS2398a2017H/abstract
https://ui.adsabs.harvard.edu/abs/2025JPhCS2985a2004H/abstract
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T Coronae Borealis
What’s next?

[NASA's Goddard Space Flight Center Conceptual Image Lab]

Explodes every ~80 years; should have happened last year 😬  but should happen sooooon

https://svs.gsfc.nasa.gov/20393/
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Supernovae

Since we know novae produce gamma rays, what about supernovae?
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Supernovae

Super nova should produce gamma-rays, but it is all about the winds

OB Stars produce have HUGE winds, produce massive 
bubbles

Density is close to star is high, then falls off drastically, 
usually as 1/r2

Density of wind determined by star mass loss rate and wind 
velocity

ρ(r) =
·M

4πr2β(r)
β(r) = vW(1 − R*/r)3

LBV: Mass losses ~ 1e-2 Msun/year, Vw ~ 100 km/s
RSG: Mass losses ~ 1e-5 Msun/year, Vw ~ 30 km/s

RG: Mass losses ~ 1e-7 Msun/year, Vw ~ 30 km/s
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Supernovae

Super nova should produce gamma-rays, but it is all about the winds absorption 

Gamma-gamma absorption plays a role in detecting SNe
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Supernovae

There is pretty much no hope for 
detecting an RSG SNe within 
unless it within our Galaxy or 
LMC/SMC

LBV SNe are better choices

CTAO South could detect LBV up 
to 6 Mpc

Detectable emission is significantly 
delayed from eruption, due to 
gamma-gamma absorption
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Supernovae

HESS has published lots of ULs 
on SNe observations

All just too far away

Maybe CTAO will change the 
picture and detect VHE emission 
from an SNe
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Gamma-ray binaries (not micro quasars) 

A different class of gamma-ray 
binaries exist than micro quasars

Be Stars are stars rotating so 
rapidity that they create decretion 
disks

If a pulsar is orbiting the Be star, 
then as the pulsar passes through 
the decretion disk, x-rays + 
gamma-rays can be produced 
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Gamma-ray binaries

A different class of gamma-ray 
binaries exist than micro quasars

Be Stars are stars rotating so 
rapidity that they create decretion 
disks



Sylvia J. Zhu David Green | CTAO summer school 2025 | time-domain astronomy

Gamma-ray binaries (not micro quasars)

Emission is high correlated with phase of binary, but not 100% 
correlated

These can be planned far in the future but sometime surprises 
occur
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Gamma-ray binaries (not micro quasars)

Eta Carinae is a colliding wind binary of two massive stars (30 
and 100 M☉ and a period of ~2000 days

HE and VHE gamma-rays can be seen in different parts of the 
phase near periastron 



Sylvia J. Zhu David Green | CTAO summer school 2025 | time-domain astronomy

Gamma-ray binaries (not micro quasars)

Majority of emission is generated 
from shocks of the colliding wind 
between the two massive stars

Dominated by hadronic emission

Binaries really represent the 
evolution of systems on years 
time scales
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Gamma-ray binaries (not micro quasars)
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Supernova remnants 
SN 1987a

Supernova remnants also show evolutions

Shocks expand, interact with material, change in flux and in general evolve  

Seen mostly in young SNRs over long long time scales in x-rays and optical 

30 years of CTAO could see this for certain sources as well
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What does Time-Domain Astronomy mean?

I wanted to highly a few sources but there 
are many many more Galactic transients

We can see from theses sources that time-
domain is more than just bursts and short 
events

Time-domain can be 
• days - Novae
• Months - Binaries
• Years - Supernovae/Binaries
• Decades - SNRs


