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Cataclysmic variable:  
WD + Main Sequence                
 
Roche lobe overflow 

 Symbiotic binary:  
 WD + Red Giant               

 
accretion from a red giant wind 

Hydrogen 
burning in 
degenerate 
conditions 
on top of 
the white 
dwarf 

Classical nova Recurrent nova 

Prec~104-105 yr  
•  Prec<100 yrs 
•  Massive WDs & Mwd  can increase 

à possible SNIa scenarios 

Stellar explosions: white dwarfs in close binary systems 



M.	Hernanz	–	e-ASTROGAM	Workshop		–	Padova,	28/2-2/3/2017	

•  Radioactivity in the ejecta:  
Ø  traces nucleosynthesis  
Ø  photons with E ~ MeV  
Ø  not detected yet: CGRO/Comptel, INTEGRAL/

SPI 

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

SPI 
•  Particle acceleration in strong shocks 

Ø  external shocks between ejecta and dense red 
giant wind in symbiotic recurrent novae 

Ø  internal shocks within the nova ejecta in classical 
novae 

Ø  IC (leptonic) or π0 decay (hadronic) è photons 
with E>100 MeV 

Ø  detected with Fermi/LAT in 6 (+3) novae 

Two types of gamma-ray emission from novae 



M.	Hernanz	–	e-ASTROGAM	Workshop		–	Padova,	28/2-2/3/2017	

High Energy (HE) Gamma-rays :   
E > 100 MeV 

“Fermi/LAT novae” 
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First evidence of particle acceleration - p & e - to 
TeV energies in nova predicted before Fermi launch 
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First evidence of particle acceleration - p & e - to 
TeV energies in nova predicted before Fermi launch 

•  RS Oph: symbiotic recurrent nova (WD + RG companion) 
•  Two last nova eruptions: 1985 & 2006 (Prec = 21 yrs) - 

Porb=456 days – d =1.6 kpc 
•  Expanding shock wave sweeps red giant wind 
•  Acceleration of particles (p and e) to TeV energies in a 

nova - RS Oph (2006) - demonstrated for the first time 

•  “Miniature SN remnant”- much dimmer & evolving much faster 
è study of time dependence of cosmic ray acceleration in a 
blast wave is possible  

•  HE gamma-rays 
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RS Oph (2006): predicted HE gamma-ray emission 

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

RS Oph would have been detected by Fermi! 

Tatischeff, MH, 
ApJL 2007 
 
TH, Cospar 
Symposium 2008 
 
MH,Tatischeff,  
Balt. Astr. 2011 
(arXiv:1111.4129) 
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First Nova detected in (HE) gamma-rays  
Fermi/LAT - E>100 MeV 
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•  V407 Cyg: WD + red giant (wind) system (symbiotic nova)  
•  CNe: WD + MS also detected by Fermi at E>100 MeV 



M.	Hernanz	–	e-ASTROGAM	Workshop		–	Padova,	28/2-2/3/2017	



M.	Hernanz	–	e-ASTROGAM	Workshop		–	Padova,	28/2-2/3/2017	

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 ASTROGAM 
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Nature, 2014 

Mechanism of particle acceleration in classical novae: 
not well understood yet 
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Nature, 2014 

Mechanism of particle acceleration in classical novae: 
not well understood yet 

Metzger et al., 2015, MNRAS 
•  Slow shell ejected first 

(equatorial “belt” shaped by 
binary orbit) 

•  Fast wind sweeps that shell: 
shocks, revealed by radio 
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Cheung et al., ApJ (2016) Other detections of CNe 
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Cheung et al., ApJ (2016) V1389 Cen 2013 & V5669 Sgr 2015:  
dimmer and with longer duration – 
multiple peaks in optical light curve 
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Cheung et al., ApJ (2016) 
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Newest detections 

Symbiotic recurrent novae 

Classical Novae 

Summary of novae detected (predicted to be) by 
Fermi/LAT 

Nova 
Lup 
2016  

V5855 
Sgr 
2016 

Laura Delgado PhD   
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Gamma-rays from radioactivities:   
E ~ 1 MeV 

INTEGRAL (2012-) 

CGRO (1991-2000) 
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Nucleus τ Type of emission Nova type 

13N 862 s 
511 keV line 
continuum (E<511 keV) 

CO and ONe 

18F 158 min 
511 keV line 
continuum (E<511 keV) 

CO and ONe 

7Be 77 days 478 keV line CO mainly 

22Na 3.75 yr 1275 keV line ONe 

26Al 1.0X106 yr 1809 keV line ONe 

Why do novae emit gamma-rays with E~1 MeV?  
Main radioactive isotopes synthesized in novae 
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Spectra of CO novae 
MWD = 1.15 M¤ 

•  e--e+ annihilation and 
Comptonization  
continuum and 511 keV line  
e+ from 13N and 18F 
 

photoelectric absorption       
 cutoff at 20 keV 

transparent at 24-48 h 
  
•  478 keV line from 7Be decay 

7Be 

d=1 kpc 

Hydrodynamics & nucleosynthesis:SHIVA JH98 
MC code for gamma-ray spectra: Gómez-Gomar 
et al.1998, MNRAS; Hernanz et al 1999, ApJL 

New nucleosynthesis from José, with Iliadis et al. nucl. react. 2010-2011: 
less 18F – Chaffa et al., DeSéréville et al., … 
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Spectra of ONe novae 
MWD = 1.15-1.25 M¤ 

•  continuum and 511 keV line  
as  in CO novae but  
photoelectric absorption  

 cutoff at 30 keV 
 
•  1275 keV  line from 22Na decay 
  
•  1.15 & 1.25 M¤: 1.25 more 
transparent è larger emission 
early and smaller later 

d=1 kpc 

22Na 

New nucleosynthesis from José, with Iliadis et al. nucl. react. 2010-2011: 
less 18F – Chaffa et al., DeSéréville et al., … 
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Light curves: 1275 keV (22Na) line 

tmax: 15 days (1.15M�), 4-8 days (1.25 M�) – duration: months 

Flux:  (1.1-1.2)x10-5 ph/cm2/s  - Line width : 20 keV 

Only in 
ONe 

novae  

d=1 kpc 
Rise phase Exponential 

decline  

New models from José, with nucl. react. from Iliadis et al. (2010-2011) 
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Light curves: 478 keV (7Be) line 

Mainly in CO novae 

tmax: 5 days (1.15 M�) 

duration: some weeks 

Flux : (1-2)x10-6 ph/cm2/s 

Line width: 3-7 keV 

à 7Be decays into 7Li 

d=1 kpc 

New models from José. Nucl. 
reactions from Iliadis et al. (2010-2011) 
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ToO proposals for INTEGRAL/SPI (PI: MH) 
- since its launch in 2002  

 not triggered yet 
 

ASTROGAM: 25 x better à d: 5 x larger 

7Be (478keV) and 22Na (1275 keV) not detected yet 
(e.g., with CGRO/COMPTEL)  

Detectability with INTEGRAL/SPI  



News	&	Views	



First detection of 7Be (7Li) in a nova:  
Nova Del 2013, CO nova 

•  Subaru	Telescope:	8.2-m	diameter.	
Mauna	Kea	(Hawaï)		

•  High	Dispersion	Spectrograph	
(HDS):	spectral	resoluUon	60	000	-	
90	000	(0.0052	nm	@	312-313	nm)	

•  Able	to	disUnguish	9Be	II	doublet	at	
313.0422	nm	&	313.1067	nm	from	
the		7Be	II	doublet	at	313.0583	nm	
&	313.1228	nm		

•  Blueshi^ed	lines	with	1103	&	1168	
km/s	(also	H	and	Ca)	



•  X(7Be, th, max.)= 10-5.1 = 8.2x10-6  
•  X(7Be, obs)= 10-4.3+/-0.3  = 5.0x10-5 

Ø  obs. factor 6 larger than predicted 
 

v Novae could be much larger contributors 
to galactic 7Li than expected 

v  Interesting way to detect 7Li through its 
parent nucleus radioactive 7Be 

Detection of 7Be (7Li) in Nova Del 2013 
- Summary 



Other novae with detected 7Be (7Li) 

Detection of the 478 keV gamma-ray line would be a clear 
and independent proof!! 
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Light curves: 511 keV line: CO and ONe novae  

New models from José. Nucl. reactions 
from Iliadis et al. (2010-2011): less 18F 

•  Intense (but short duration) 
•  Very early appearence, before 
visual max. (before discovery) 

13N 

18F 

22Na 

ONe 

d=1 kpc 
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Light curves: 511 keV line: CO and ONe novae  

New models from José. Nucl. reactions 
from Iliadis et al. (2010-2011): less 18F 

•  18F longer duration emission: 
radically reduced 

• 13N very short peak remains (but 
model dependent:convection)  

•  22Na low flux tail remains:  

~ 10 days duration, with a flat 
flux ~ 5x10-6 ph/cm2/s 

Ø  unique diagnostic of envelope 
properties (chem. comp. & transpar.) 

•  Intense (but short duration) 
•  Very early appearence, before 
visual max. (before discovery) 

13N 

18F 

22Na 

ONe 

d=1 kpc 
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Light curves: 511 keV line: CO and ONe novae  

13N 

18F 

13N 

18F 

22Na 

d=1 kpc 

notice different y scales 

New models from José. Nucl. reactions 
from Iliadis et al. (2010-2011): less 18F 

CO ONe 
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Gamma-ray and visual light curves 
Detection requires “a 
posteriori” analyses with 
wide FOV instruments all 
used; negative results 

All-sky monitoring with 
Compton telescope 
perfectly suited: CGRO/
BATSE, WIND/TGRS,  
SWIFT/BAT 
All used: negative results 
 
eASTROGAM? 

Visual maximum later 
than 511 keV and 
continuum maxima 
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Summary 
•  HE gamma.rays: e-ASTROGAM 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 (comparison 
to SNRs: much shorter evolutiontimescale) 
Ø Contemporaneous multiwavelength coverage is crucial 

(radio, IR, X) 
•  MeV gamma-rays: close novae could be detected - 1275 

keV (22Na), 478 keV (7Be), 511 keV & continuum (e+-e) 
Ø  relevance for the origin of 7Li in the Galaxy 
Ø  understanding of mixing and convection in the nova 

envelope 
Ø  discovering novae hidden by interstellar dust 


