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Cataclysmic variable: 
WD + Main Sequence (Porb ~ hrs-day)

Roche lobe overflow - accretion disk

Hydrogen 
burning in 

degenerate 
conditions on 

top of the 
white dwarf

Stellar explosions: white dwarfs in close binary systems
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Classical nova

• Prec ~ 104-105 yr
• rate ~ 35/yr in our Galaxy (MW)
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Cataclysmic variable: 
WD + Main Sequence (Porb ~ hrs-day)

Roche lobe overflow - accretion disk

Symbiotic binary: 
WD + Red Giant (Porb ~100 days)

Accretion from a red giant wind (& disk)

Hydrogen 
burning in 

degenerate 
conditions on 

top of the 
white dwarf

Recurrent nova

• Prec < 100 yrs
• Occur on massive WDs & Mwd can 

increase à possible SNIa scenarios

Stellar explosions: white dwarfs in close binary systems
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Classical nova

• Prec ~ 104-105 yr
• rate ~ 35/yr in our Galaxy (MW)
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• Radioactivity in the ejecta: 
§ traces nucleosynthesis directly
§ photons with E ~ MeV expected 
§ not detected yet (CGRO/Comptel, INTEGRAL/SPI)

Two types of gamma-ray emission from novae
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• Radioactivity in the ejecta: 
§ traces nucleosynthesis directly
§ photons with E ~ MeV expected 
§ not detected yet (CGRO/Comptel, INTEGRAL/SPI)

• Particle acceleration in strong external shocks between ejecta and circumstellar 
material (or internal shocks within the ejecta):
§ red giant wind in symbiotic recurrent nova 
§ “dense circumstellar matter”
§ IC (leptonic) or π0 decay (hadronic) è photons with E>100 MeV
§ detected with Fermi/LAT (now in several novae) - and also in VHE 𝜸-rays in 

RS Oph in 2021 (MAGIC, HESS, ...)

Two types of gamma-ray emission from novae
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High Energy (HE) Gamma-rays: 
E > 100 MeV 

"Fermi/LAT - GeV novae”
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First evidence of particle acceleration - protons & electrons - to TeV
energies in novae found before Fermi launch: RS Oph outburst in 2006
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• RS Oph: symbiotic recurrent nova (WD + RG companion)

• Previous recorded (missed) eruptions: 1898, (1907), 1933, (1945), 1958, 1967

• Two latest nova eruptions (in February 2006): 1985 & 2006 (Prec = 21 yrs, to be 

compared to 104-105 yrs in classical novae)

• Porb = 456 days  d ≈ 1.6 kpc (2.4 kpc)

• Expanding shock wave sweeps red giant wind

Ø Newer eruption: August 2021 à Prec = 15 yrs

ApJL 2007
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First evidence of particle acceleration - p & e - to TeV energies in novae 
RS Oph outburst in 2006: blast wave evolution
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RS Oph observations with RXTE/PCA:
X-ray spectra at various times (first 3 weeks)
à Tshock (t)

Sokoloski et al. Nature (2006)
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First evidence of particle acceleration - p & e - to TeV energies in novae 
RS Oph outburst in 2006: blast wave evolution
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*

Velocities (t)

• IR (Das et al 2006, Evans et al. 2007)

• X-rays, RXTE & Swift (Sokoloski et al. 2006, Bode 
et al. 2006)

Two caveats: 

q v (X-rays) < v (IR)

*vshock (X-rays) valid for test-particle adiabatic shock, 
but underestimates vshock when particle acceleration is 
efficient

q After day 6, forward shock cooled very ("too") fast: 

t-1/2 (radiative phase) instead of t-1/3 (adiabatic phase)

Ø acceleration of particles in the blast wave - escape 
of the highest E ions from the shock region

Tatischeff & Hernanz, ApJL (2007)
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• Acceleration of particles (p and e) to TeV energies in a nova - RS Oph (2006) -
demonstrated for the first time

• Explains why the observed cooling of the shock started so early (6 days after 
outburst)

• Reconciles shock velocities deduced from X-ray data with those measured from 
broad IR lines

• Emission of HE & VHE gamma-rays
• “Miniature SN remnant”- much dimmer & evolving much faster è study of time 

dependence of cosmic ray acceleration in a blast wave is possible 

Ø Nova remnant vs SN remnant – like 𝝁QSO vs QSO

Tatischeff & Hernanz, ApJL (2007)
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First evidence of particle acceleration - p & e - to TeV energies in nova 
found before Fermi launch: RS Oph outburst in 2006
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RS Oph (2006): predicted HE gamma-ray emission

• π0 production: (p-p collisions; hadronic)
• IC contribution: (e- -photons; leptonic) derived from non thermal synchrotron (radio) 
and ejecta Lej~LEdd

èπ0 production dominates  
RS Oph would have been detected by Fermi in 2006 - but it was not yet launched

• V.Tatischeff, MH, ApJL
2007

• VT&MH, Cospar
Symposium 2008

• MH,V.Tatischeff, Balt. 
Astr. 2011 
(arXiv:1111.4129)
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First Nova detected in (HE) gamma-rays, by  Fermi/LAT - E>100 MeV
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v V407 Cyg: WD + red giant system (symbiotic binary, RG wind) 
v CNe: WD + MS (cataclysmic variable, no wind) also detected by Fermi at E>100 MeV
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Discrimination 
between hadronic and 

leptonic emission 
models requires a 

sensitivity of
~10-11 erg cm-2 s-1 at 
30 MeV in ~10 days
(P. Jean priv. comm.)

Should be possible 
with e-ASTROGAM
not approved by ESA 
– now re-proposed as

AS-ASTROGAM
AMEGO?
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Cheung et al. ApJ (2016) • Dimmer and with longer duration
• Multiple peaks in optical and gamma-ray light curves
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see more 
details later 
about 
comparison 
of optical 
and 𝜸-ray 
light curves
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Mechanism of particle acceleration in 
classical novae: not fully understood yet

Figures from B. Metzger: “Shocks in 
novae and supernovae” - Meeting 
at Columbia University, June 2017

Ø see also later

Metzger et al., 2015, MNRAS
• Slow shell ejected first (equatorial “belt” 

shaped by binary orbit)
• Fast wind sweeps that shell: shocks, 

revealed by radio (see next slide)
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see also Martin, Dubus, Tatischeff, Dosne, 2018, A&A
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Mechanism of particle acceleration in classical novae not fully understood

Nature, 2014
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Annu. Rev. Astron. Astrophys. 2021, 
59: 391-444
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v Fast outflow vf collides with slower outflow vs
à forward shock (into slow flow) & reverse 
shock (into fast flow): heating of the gas

• Gas cools via UV & X-rays
• UV & X-rays absorbed and reprocessed to 

UVOIR
v e & ions accelerated at the shocks are 

advected to the cold central shell where they 
emit 𝜸-rays

• Optical and 𝜸-rays production occurs with little 
delay à correlated optical and 𝜸-ray light 
curves

Figure 13 in ARAA, adapted 
from Metzger et al. 2015

Chomiuk, Metzger & Chen (2021)

"Anatomy of a nova internal shock"
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Novae detected by Fermi: comparison 
of optical and 𝜸-ray light curves

Chomiuk, Metzger & Chen (2021)
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Novae detected by Fermi: 
spectral properties

Chomiuk, Metzger & Chen (2021)

Novae detected up to 4.5 kpc
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Summary
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Before RS Oph 2021 outburst:

• High-E gamma-ray observations probe the mechanism of mass ejection in novae

• Comparison with SNRs: same phases but with shorter evolutionary timescales

• Contemporaneous multiwavelength coverage is crucial (radio, IR, X)

• HE gamma-rays: ASTROGAM - AMEGO? would represent an important step forward for the 

understanding of the process of particle acceleration in novae, e.g., leptonic versus hadronic, and 

nova mass outflows in general (especially for those non detectable in VHE gamma-rays)

RS Oph 2021 outburst:

• Detection with Fermi/LAT (not new in novae): it's the brightest nova in GeV gamma-rays ever

• Detection at VHE gamma-rays (1st time for novae) with MAGIC, HESS, ...

• Shown that p acceleration occurs, as predicted in the 2006 previous RS Oph eruption in 2006

Ø See presentations this afternoon


