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

•  violent TNR 
•  accreted shell ejected (v ~ 1000-5000 km s-1) 

Nova Phenomenon 

All novae are recurrent at intervals of ~101 - ~106 yr. 

∆macc ~ R4
WD/MWD 



Why Novae ? 

•  White	  dwarf	  structure	  
•  Nuclear	  reactions	  
•  Hydrodinamics	  of	  
explosive	  mass	  loss	  

•  Common	  envelope	  
structures	  

•  Dust	  Formation	  
•  Mass	  of	  the	  ejecta	  
•  Abundances	  	  	  
•  Distance	  Indicators	  



Summary 

Novae as Distance Indicators 

Novae and the MW 
nucleosinthesis 



Nova as distance indicators 

   The usage of novae as distance indicators is 
based on the pionering studies of McLaughin 
(1945) in the MW and Arp (1956)  and Rosino 
(1964, 1973) in M31. They found that the 
absolute magnitude of novae at maximum 
correlates with the rate of decline.  
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Novae are observed in extragalactic 
systems (M31, MCs, M33, M81, M101, 
Virgo, Fornax), calibrated via 
Cepheids and then used as secondary 
distance indicators  



M = 2.2 x log t3 -10.5 McLaughlin (1945) 
M = 2.0 x log t3 -10.1 Vorontsov-Velyaminov (1947) 
M = 3.7 x log t3 -13.8 Kopylov (1952)  
M = 2.3 x log t3 -10.9 Buscombe & de Vaucouleurs (1955)  
M = 2.5 x log t3 -11.8 Schmidt 1957  
M = 1.8 x log t2 -11.5 Pfau 1976  
M = 2.4 x log t3 -11.3 de Vaucouleurs 1978  
M = 2.41 ± 0.23 x log t2 -10.70 ± 0.30 Cohen 1985   
M = 2.54 ± 0.35 x log t3 -11.99± 0.56 Downes & Duerbeck 2000   

The Galactic MMRD 
maximum magnitude vs. rate of decline relation 
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M31+LMC 

Della Valle & Livio 1995  

MMRD  



Are Novae good enough ?  
Novae are bright. They can reach an 
absolute magnitude at max of ~ -9 à 2-3 
mag brighter than Cepheids of large periods 

Cepheids are detected only in Spirals 
whereas novae can be detected also in Es à 
calibration of SN-Ia  

There exists a good theoretical understanding 
of the MMRD relation 



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 Process between accreted                
envelope and underlying WD 
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M31+LMC 

… ‘the more massive is the WD the 
more powerful is the outburst” Della Valle & Livio 1995 

                Livio 1992  

The “tool” 



De Bruijne & de Marchi (2011) 



1.  Calibration of  the Galactic MMRD based on the 
brightest “historical” Novae (mV

min < 10-12 ) + 
“new objects” ~ 5-6/yr that can be observed at 
maximum (and during the early decline) 

 à novae turn to “primary indicators”   



2.  GAIA Calibration of the MMRDMW + 
     E-ELT observations of Novae in galaxies    
     with (m-M) ~ 36 à Ho measurements   



74±3%  
Ia+NIR Cep 
Freedman et al. 2012 

74±8%  
HII 
Chavez et al. 2012 

72±6%  
water maser 
Reid et al. 2012 

66±8%  
Lensing 
Paraficz  et al. 2010 

74±5%  
Ia+Cep 
Riess  et al. 2009 

63-73kms-1 Mpc-1  

WMAP- LAMBDA 
data product 



2.  GAIA Calibration of the MMRDMW + 
     E-ELT observations of Novae in galaxies    
     with (m-M) ~ 36 à Ho measurements   

(m-M) ~ 30  
 
Infall correction toward Virgo ~ 100/400 km s-1  
 
Average recession velocity of the cluster ~ 900/1200 km s-1 

 
à ΔHo/Ho ~ 30% 

(m-M) ~ 36 à ~ 11000 km s-1 à ΔHo/Ho  ~ 3%  



3)  Independent Calibration (from Cepheids) 
of the peak luminosity of SNe-Ia in Es/Ss 

 
à   Distance 
à   Progenitors (systematic differences at 

maximum light of SNe-Ia) 



4. Direct measurement of the distance  to LMC with 
nova parallaxes and calibration of the  LMC MMRD   

Panagia et al. 1991 
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Why Novae ? 

•  White	  dwarf	  structure	  
•  Nuclear	  reactions	  
•  Hydrodinamics	  of	  
explosive	  mass	  loss	  

•  Common	  envelope	  
structures	  

•  Dust	  Formation	  
•  Mass	  of	  the	  ejecta	  
•  Abundances	  	  	  
•  Distance	  Indicators	  
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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  

x 10-4 x 100 yr-à ~ 0.3 M¤ 

cf. ~ 1.4 M¤ from SNe-Ia 
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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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Izzo et al. 2015 
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Direct measurements of the distance of Nova Systems will 
improve (~ 40%) the accuracy on abundances estimates (not 
only for Li !) 
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24 novae/yr DV & Livio 1995 
35 novae/yr  Shafter  
 
  
 
 



vdB&Pr 
DV&Gil 
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CC-SNe + SNe-Ia 
10-20 M¤+ 1.4 M¤/100yr 

SNe- Ia 1.4 M¤/100yr 
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M31+LMC 

Della Valle & Livio 1995  

The “tool” 


