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Nova Phenomenon:  
Phenomenology similar 
to SN: 

different energetic 
scale, 1045 vs 1051/53 erg 
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Roche Lobes If we draw the surface 
of constant potential 
energy, the isopotential 
surface close to each 
stars are ~ spherical 
BUT a larger radii, due 
to the tidal forces, it 
becomes oval shaped. 
There is a particular 
isopotential surface 
which has a “digit 8” 
shape.These two lobes 
are called Roche Lobes 
and the point they are 
connected if the first 
Lagrange point, L1. The 
gravitational forces due 
to the stars are 
balanced.   
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The star of the system which evolves  (à red subgiant/giant) 
will fill in its roche lobe  and the stellar material at L1 is not 
longer bound to the star and can fall onto the companion. 

Roche Lobes cont’d 
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When the gas is falling 
towards a compact object it 
usually has some angular 
momentum with respect to 
the accreting star. As a 
consequence the gas will not 
fall directly onto the object 
but will start orbiting it. Gas 
particles having different 
orbits will collide with each 
other and the motion of the 
gas will be circularized. 
Through friction, turbolence 
and viscosity the gas before 
falling onto the compact 
object forms an accretion 
disk. 

The Accretion Disk 



The Nova phenomenon 

When pressure at bottom of  
accreted layer (mostly H) is 
 
      P > 1019 dyne cm-2  
 
 

→  Explosive H-burning 
→   violent TNR 
→ accreted  shell ejected 
     (v ~ 1000-5000 km s-1) 

Δmacc ~ R4
WD/MWD 
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“ The Galactic Novae ” 
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M 31 

Arp 1956 

Rosino 1964, 1973, 1989 



M 31 

Log (100 x vd) 
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M31  

The MMRD 



  
“ The Galactic Novae ” 
    Cecilia P-G, 1957 

Speed classes 
  
vs.  
 
Basic Properties of the 
Nova progenitors ?    



The physical parameters of the 
outburst are primarly determined 
by the: 
•  Mass of the WD 
•  Accretion rate 
•  Temperature of the WD  
•  Magnetic Field 
•  Composition of the accreted     
   material 
•  Mixing processes between accreted 
   envelope and underlying WD 
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M31+LMC 

Della Valle & Livio 1995  

 MB (max) = -8.3x10xlog MWD 



….however as a first order of 
approximation one can say that  

‘the more massive is the WD the 
more powerful is the outburst’ 

      
Lmax ~ log MWD 

20 

 MB (max) = -8.3x10xlog MWD 



Williams 92 



He/N 

Fe II 

adapted from DV & Livio 1998 



Baade (ApJ, 1944) introduced the concept into astronomy 
that  different kinds of stellar populations have different 
spatial distribution within the galaxies. We can take 
advantage of this notion to find out useful hints about the 
population assignments of the progenitors of Novae. Due to 
their luminosities (MV ~-6/-9) Novae are particularly suited 
for this purpose because they can be identified in the Milky 
Way and in external galaxies.  



Disk  Disk + Bulge  only  Bulge  

WD Mass à 



Milky Way Nova Populations  

1. A typical “disk nova” is a “fast nova” whose lightcurve is 
characterized by a bright maximum, up to MV ~ -9 and fast 
decline t3<20d or t2<12d and belongs to the He/N class. The 
progenitor is preferentially located at small heights above the 
galactic plane (<100-150pc)  and it is related to the oldest 
fraction of Pop I stellar population, therefore the WD is 
relatively massive (MWD ≥ 1M¤)   

2. A typical “bulge nova” is a “slow nova” whose lightcurve   
 is characterized by a relatively fainter maximum MV ~ -7  and 
slow  decline t3>20-25d and normally belongs to the FeII class. 
The progenitors extend up to ≥ 1000pc from the Galactic plane 
and are likely to be related to a Pop II stellar population of the 
bulge/thick disk and therefore associated with less massive 
WDs (MWD ≤ 1M¤)   
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Henze et al. 
2014, 2011, 
2010 

Classical novae: the major 
class of supersoft X-ray 
sources in M 31 
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Henze et al. 2013 

Distributions of the effective BB temperature kT for disk 
and bulge Novae (≤ 90%) 

20 40 60 80 kT (eV) 



  
“ The Galactic Novae ” 
    Cecilia P-G, 1957 

From morphological 
classification to 
physical 
classification 
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Novae contribute to the chemical enrichment of  galaxies 
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Mass of  ejected shell 

10-4/-5 M¤ 

DV et al. 2002 
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24 novae/yr DV & Livio 1995 
35 novae/yr  Shafter 1997  
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24 – 35 novae/yr 
x 10-4 x 100 yr-à ~ 0.3 M¤ 
 
  
 
 



Milano 2009 34 

SNe- II + Ia 

10-20 M¤vs. 1.4 M¤ 



Milano 2009 35 

Only SNe-Ia 

~ 1.4 M¤ 
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24-35 novae/yr 
x 10-4 x 100 yr-à ~ 0.3 M¤ 
 
cf. ~ 1.4 M¤ from SNe-Ia 
 
 



37 

Novae can produce interesting 
concentrations of rare isotopes 

(100-1000 times solar values) 

•  13C;  15N                      Sparks, Starrfield, Truran  (1978);  
                                                                                         Williams (1985);  

•  7Li                                  Arnould and Norghard (1975);  
                                                                                Starrfield et al. (1978);  
                                                                 D’Antona and Matteucci (1991) 

•  22Na; 26Al                  Hillebrandt and Thielemann (1982); 
                                                                            Kolb and Politano (1997) 
 

•  Ne                                         Livio and Truran (1994) 
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24 novae/yr DV & Livio 1995 
35 novae/yr  Shafter  
 
  
 
 



M81 
The cumulative 
distribution of the rates 
of decline for M31 and 
LMC are different (K-S 
gives <1%). 

Novae in the MW 
are mostly bulge 
novae  à  
FeII class  
 

DV & Duerbeck 1993 
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 ~ 1024 erg 


