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10-7-10-3 Mo ejected

500-5,000 km/s
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Supersoft X-ray 
source

~Ledd = 10^38 erg/s
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Optical UV SuperSoft X-rays

Near Constant Bolometric Luminosity
Novae – a brief summary

Nuclear burning on the WD surface sustains near Eddington luminosity (~1038 erg/s)
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ACCRETE ERUPT

Recurrence period is typically 1000s of years, but some 
novae recur on much shorter timescales (decades)
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Novae in a nutshell
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ACCRETE ERUPT

Around 10 novae are discovered in the Galaxy per year
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A typical visible light curve
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Aydi et al. (2018a,  
MNRAS 474, 2679)

Nova SMC 2016
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Novae as we know them – Standard paradigm

E. Aydi - MSU

E. Aydi 2018 © 

Luminosity powered by thermal 
emission from the hot WD
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emission from novae

Fermi-LAT
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A shock!!
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GeV gamma-ray 
emission from novae

Fermi-LAT

Ackerman et al. (2014)

γ

Shocks
Relativistic 

speeds?
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Particle acceleration in novae

E. Aydi - MSU

A charged particle traveling through the 
shock wave (from upstream to 
downstream). If it encounters a moving 
change in the magnetic field, this can 
reflect it back through the shock 
(downstream to upstream) at increased 
velocity. 

If a similar process occurs upstream, the 
particle will again gain energy.

Animation 
by Andrey Vladimirov

Diffusive Shock Acceleration
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Gamma-rays from novae
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Li et al. (2017)

Aydi et al. (2020a)

Nova V906 Car
(ASASSN-18fv)

Nova V5856 Sgr
(ASASSN-16ma)
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Where are the shocks?
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Nova V407 Cyg 

Credits: 
http://svs.gsfc.nasa.gov/goto?10626 

Abdo et al. (2010)

Giant evolved 
secondary

https://www.youtube.com/redirect?event=video_description&v=QkFjBQN_f5E&redir_token=LgbxstfncNCUgw23tjyiH181IEp8MTU1MDg2OTIzMEAxNTUwNzgyODMw&q=http%3A%2F%2Fsvs.gsfc.nasa.gov%2Fgoto%3F10626
https://www.youtube.com/redirect?event=video_description&v=QkFjBQN_f5E&redir_token=LgbxstfncNCUgw23tjyiH181IEp8MTU1MDg2OTIzMEAxNTUwNzgyODMw&q=http%3A%2F%2Fsvs.gsfc.nasa.gov%2Fgoto%3F10626
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Nova V407 Cyg 

Credits: 
http://svs.gsfc.nasa.gov/goto?10626 

Abdo et al. (2010)

Giant evolved 
secondary

γ

https://www.youtube.com/redirect?event=video_description&v=QkFjBQN_f5E&redir_token=LgbxstfncNCUgw23tjyiH181IEp8MTU1MDg2OTIzMEAxNTUwNzgyODMw&q=http%3A%2F%2Fsvs.gsfc.nasa.gov%2Fgoto%3F10626
https://www.youtube.com/redirect?event=video_description&v=QkFjBQN_f5E&redir_token=LgbxstfncNCUgw23tjyiH181IEp8MTU1MDg2OTIzMEAxNTUwNzgyODMw&q=http%3A%2F%2Fsvs.gsfc.nasa.gov%2Fgoto%3F10626
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Chomiuk et al. (2014) Metzger et al. (2015)
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Chomiuk et al. (2014)

Predicted T ~ 106 – 107 K
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Metzger et al. (2016)

Predicted T ~ 106 – 107 K



Shocks internal to the 
ejecta
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Chomiuk et al. (2014)

Cooling time is short à 
radiative shocks

Metzger et al. (2016)



Shocks internal to the 
ejecta
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Chomiuk et al. (2014)

Observed Lγ ~ 1035 -1036 erg/s

Chomiuk et al. (2021)
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Gamma-rays from novae
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Li et al. (2017)

Lγ ~ 0.1 - 1% LBol

(1038 erg/s)

≈



Gamma-rays from novae
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Diffusive shock acceleration 
mechanism

~5%

Li et al. (2017)

Lγ = Lsh  ε γ  εnth

(1038 erg/s)

Lγ ~ 0.1 - 1% LBol≈
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Gamma-rays from novae
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Li et al. (2017)

Lsh ≈ 1038 erg/s

Rivaling the bolometric 
luminosity of the nova

(1038 erg/s)

Lγ ~ 0.1 - 1% LBol Lγ ~ 1% Lsh≈
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Chomiuk et al. (2014)

Radiative shocks?

Lsh ≈ 1038 erg/s

Rivaling the bolometric luminosity of the 
nova.

Shock energy is radiated rather than being 
dissipated into adiabatic expansion 

Shocks as an additional source of emission
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Shocks powering other stellar eruptions
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Type IIn SNe    

Stellar mergers

Tidal Disruption Events 



SMARTS

Nova V5856 Sgr providing some evidence
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Li et al. (2017)



Nova V906 Car seals the deal
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Nova V906 Car (ASASSN-18fv), discovered by the 
All-Sky Automated Survey for SNe (ASAS-SN) in 

March 2018 as a bright Galactic transients!
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Nova V906 Car seals the deal
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Simultaneous flares à 
same origin (shocks)

Luminosity doubledà 
shocks radiate a large 

fraction of nova 
luminosity

Aydi et al. 2020 (Nat Ast, 4, 776)
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The first direct evidence!!!
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Aydi et al. in prep.

Aydi et al. 2020 (Nat Ast, 4, 776)
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Some answers
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GeV gamma-ray 
emission from novae

Fermi-LAT

Ackerman et al. (2014)
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Nova shocks as laboratory
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Credit: NASA/Daana Berry/Skyworks Digital

SL SNe/ Type IIn SNe FBOTs

Credit: Bill Saxton, NRAO/AUI/NSF
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Novae as neutrino sources
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Hadronic Leptonic



SMARTS

Novae as neutrino sources
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IceCube
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Novae as neutrino sources
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IceCube – upgraded
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Novae as TeV sources
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Nova RS Oph (2021)

RS Oph is a Galactic 
recurrent nova with 
a recurrence period 

of 15-16 years. 
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Novae as TeV sources
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Major Atmospheric 
Gamma-ray Imaging 
Cherenkov Telescope

(MAGIC)

High Energy 
Stereoscopic System

(HESS)
Fermi-LAT
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Novae as TeV sources
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HESS Collab. (2022)



Novae as TeV sources
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E. Aydi 
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Novae as TeV sources
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Particle accelerators in our Galactic backyard

IceCube

VERITAS

CTA
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Nova T CrB will light up our sky
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Nova T CrB will light up our sky
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Recurrent Nova T Coronae Borealis 

Predicted to erupt in 2024 +\- 1
And it will reach second magnitude

Distance ~ 0.8 kpc
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A rare opportunity!
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Brace yourselves!

E. Aydi - MSU

Brace Yourselves!

Nova T CrB is coming!
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Summary
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Shocks play a major role in powering nova luminosities.

Novae can serve as very valuable laboratories in our Galactic backyard to 
understand particle acceleration and shock interaction in other shock-
powered transients.

Novae could be come the next multi-messenger Galactic sources – brace 
yourselves for T CrB!

www.eliasaydi.com
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Hiring opportunity!
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Postdoc/PhD (graduate students) at Texas Tech University working on 
multi-wavelength observations of novae/transient phenomena with a focus 
on high-energies!

www.eliasaydi.com



SALT - SAAO

SMARTS

Summary

E. Aydi - MSU

Shocks play a major role in powering nova luminosities.

Novae can serve as very valuable laboratories in our Galactic backyard to 
understand particle acceleration and shock interaction in other shock-
powered transients.

Novae could be come the next multi-messenger Galactic sources – brace 
yourselves for T CrB!

www.eliasaydi.com



Extra slides



SMARTS

Novae in the radio
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black: synchrotron from EVN
color: thermal from VLA

Symmetry axis “flips” by 90 degrees 
in 2 years following explosion.

Chomiuk et al. (2014)

V959 Mon
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Radio imaging reveals two interacting outflows
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Chomiuk et al. (2014)

V959 Mon

Bill Saxton / NRAO 
/ AUI / NSF



Spectra reveals two outflows 
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Aydi et al. 2020 
(Nat Ast, 4, 776)

Halpha line 
profiles evolution



Spectra reveals two outflows 
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Peak Aydi et al. 2020 
(Nat Ast, 4, 776)

Halpha line 
profiles evolution
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Spectra reveals two outflows 
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Nova LMC 2019

[-3]

[+5]

Aydi et al. 2020, ApJ, 905, 62
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Imaging with CHARA

Aydi et al. in perp.
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Aydi et al. in perp.
Imaging with CHARA

3800 km/s

5000 km/s
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What determines the shock power in novae?
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2 to 3 novae are detected with Fermi each year
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Chomuik et al. (2021)
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What determines the shock power in novae?
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Ashley Stone

Stone et al in prep.
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Luminosity of the shocks??

E. Aydi - MSU Aydi et al. 2020, ApJ, 905, 62

Lsh    ρv2∝
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Parameter space to determine Lgamma
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Stone et al in prep.

Ashley Stone



Nova V906 Car is lit
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NuSTAR

Aydi et al. 2020 (Nat Ast, 2, 697)



Nova V906 Car is lit
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X-ray coming
From deeply

Embedded shocks

X-rays are 
absorbed/suppressed 

LX ~ 10^34 erg/s

Aydi et al. 2020 (Nat Ast, 2, 697)
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Shock signatures in the X-rays
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Early hard X-rays from shocks
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(2001)
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Surveying the X-ray Behavior of novae
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Gordon et al. (2021, ApJ, 910, 134)

Swift Grant – PI: Aydi

Alexa C. Gordon



SALT - SAAO

SMARTS

Surveying the X-ray Behavior of novae
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Gordon et al. (2021, ApJ, 910, 134)

Recurrent novae
V3890 Sgr and RS Oph

Alexa C. Gordon
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Gamma-rays from novae
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Credits: 
http://svs.gsfc.nasa.gov/goto?10626 

External shocks Internal shocks

https://www.youtube.com/redirect?event=video_description&v=QkFjBQN_f5E&redir_token=LgbxstfncNCUgw23tjyiH181IEp8MTU1MDg2OTIzMEAxNTUwNzgyODMw&q=http%3A%2F%2Fsvs.gsfc.nasa.gov%2Fgoto%3F10626
https://www.youtube.com/redirect?event=video_description&v=QkFjBQN_f5E&redir_token=LgbxstfncNCUgw23tjyiH181IEp8MTU1MDg2OTIzMEAxNTUwNzgyODMw&q=http%3A%2F%2Fsvs.gsfc.nasa.gov%2Fgoto%3F10626
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TESS as a tool to study Novae
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ASASSN-19qv (nova SMC 2019)

Discovered by 
ASAS-SN on July 
04, 2019 in the SMC

Aydi et al. in prep.



SMARTS

TESS as a tool to study Novae

E. Aydi - MSU

Discovered by 
ASAS-SN on July 
04, 2019 in the SMC

ASASSN-19qv (nova SMC 2019)

Aydi et al. in prep.



SMARTS

TESS as a tool to study Novae

E. Aydi - MSU

ASASSN-19qv (nova SMC 2019)

Aydi et al. in prep.
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Imaging years into the eruption
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Preliminary results:
Thanks to Ricardo Salinas
And Eliott Horch

Nova V906 Car  ≈ 2 years after eruption with Zorro on Gemini

Halpha

170 mas

832 nm

90 mas
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Chomiuk et al. 2021, 
ApJ, 257, 49
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Novae across the spectrum
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How and where dust forms?
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Chomiuk et al. 2021, 
ApJ, 257, 49



Single ejection vs multiple ejections?
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From Chomiuk et al. (2021)

Woudt et al. (2009)

Hubble LA

Harman & O’Brein (2003)

Gilll & O’Brien (1998)
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Single ejection vs multiple ejections?
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Shock parameter space
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Metzger et al. (2016)
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Novae as laboratory
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Novae as laboratory
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Cosmic neutrino background? 
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Novae as laboratory
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Fang et al. (2021)
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Novae as laboratory
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Fang et al. (2021)

Contribute a few % of the 
total IceCube background
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Novae as TeV sources
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New insights into classical novae!!
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• Are novae potential multi-messenger sources?

• How novae expel their envelopes? 
     Novae can be used as miniature common envelope events.

• What is the parameter space that determines the 
luminosity of shocks in stellar explosions?

• How is dust formed around novae and stellar explosions? 
Any role for the shocks? 
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Laboratory to study shocks and dust 
formation
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Type IIn SNe    Stellar mergers IR transients
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How and where dust forms?
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Strope et al. (2010) SMARTS Consortium (Walter 2012)
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How and where dust forms?

Derdzinski et al. (2017)
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How and where dust forms?
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GMOS N/S +  GNIRS + FLAMINGOS 2

Strope et al. (2010)
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How and where dust forms?
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GMOS N/S +  GNIRS + FLAMINGOS 2

Strope et al. (2010)

JWST
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Preliminary results:
Thanks to Ricardo Salinas
And Eliott Horch

Halpha

170 mas

832 nm

90 mas

Nova V906 Car  ≈ 2 years after eruption with Zorro

How and where dust forms?
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Imaging with CHARA
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Nova V1674 Her - Discovered on June 12, 2021 Aydi et al. in perp.

Joint Fermi, NOIRLab, 
NOAO project 
PI: Aydi
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Imaging with CHARA

Aydi et al. in perp.
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Imaging with CHARA

Aydi et al. in perp.
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Imaging with CHARA

Nova V5852 Sgr Aydi et al. (2016)
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Imaging with CHARA

Aydi et al. in perp.
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Aydi et al. in perp.
Imaging with CHARA

3800 km/s

5000 km/s

Distance from expansion 
parallax is around 5-6 kpc, 
consistent with other methods.
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Imaging with CHARA
Habtie et al. (2024, MNRAS 527, 1405)
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Imaging with CHARA
Nova V1405 Cas- Discovered on March 18, 2021

Aydi et al. in perp.
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Imaging with CHARA
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700 km/s

2100 km/s
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Imaging with CHARA
Nova V1405 Cas- Discovered on Marc 18, 2021

Aydi et al. in perp.
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