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M31 optical nova/SSS observations M31 optical nova/SSS observations 
for many novae simultaneouslyfor many novae simultaneously

• Optical 
– Detection
– Light curves
– Spectral classification

• X-ray 
– Light curves (start and end of SSS phase)
– Spectra (temperature, absorption, luminosity)

• Results
– Mass of ejected matter
– Burned mass
– White dwarf masses

Some recurrent novae
precursor of type Ia Supernovae?



Modeling of nova SSS stateModeling of nova SSS state
Ejected mass
Burned mass
WD mass
Chem. Comp.

e.g.
Sala & Hernanz 
2005
A&A 439, 1061

Hachisu & Kato 
2006
ApJS 167, 59



Observations of optical novae in M31Observations of optical novae in M31
• >50 novae per year in M31
• More than half of the novae in bulge area
• Several candidates for recurrent novae
• Monitoring of bulge area gives light curves of many novae 

simultaneously in one XMM-Newton/Chandra field (Galactic 
novae can only be monitored one by one, i.e. observation time 
used much less efficient)

• Only X-ray observations with good low energy sensitivity can 
detect SSS efficiently (EPIC pn, HRC-I, ACIS-S)

• Archival X-ray observations have un-regular sampling
• Dedicated XMM-Newton/Chandra proposals accepted

– AO5: eight observations with 1.5 month separation distributed over one 
year 

– AO6 - AO10: 5x ten observations with 10 day separation distributed 
over about 3 months + several additional Chandra GTO observations

• Detection of novae in the optical and classification of optical 
spectra essential for interpretation of X-ray data

• Statistical analysis:   talk by Martin Henze before Coffee break



M31 optical nova catalog IM31 optical nova catalog I



M31 optical nova catalog IIM31 optical nova catalog II
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M31N 2007-12b



M31N2007-12b: optical image

Local group survey SuperLOTIS



He/N nova M31N 2007He/N nova M31N 2007--12b12b
• Optical detection 2007 Dec 9.5 (16.1 w) 

at Miyaki-cho               Nishiyama & Kabashima 
at Wendelstein              Lee et al. ATel 1324 
and Kamil Hornoch

• Optical Spectrum at HET: Hα
 

4500 km/s FWHM, 
He/N type Shafter ATel 1332

• X-ray   Swift    till 2007 Dec 30 out, 2008 Jan 13 bright 
Kong & Di Stefano ATel 1360 

2008 May 26 out          
recurrent nova? 1.3 Msun white dwarf 

Bode et al. 2009, ApJ 705, 1056        

• Our monitoring: XMM-Newton 
starting 2008 Jan  8   bright 

Start of SSS within 30 days, duration, pulsations?



M31N 2007M31N 2007--12b: UV observations12b: UV observations



M31N 2007M31N 2007--12b: X12b: X--ray ray 
observationsobservations



M31N 2007M31N 2007--12b EPIC pn images12b EPIC pn images

Dec 29    Jan 8    Jan 18   Jan 28    Feb 7    Jul 18
2007       2008      2008       2008     2008      2008 

XMM-Newton  EPIC pn 200-1000 eV



M31N 2007M31N 2007--12b: light curve12b: light curve

optical

X-ray:
BB fit
NLTE



M31N 2007M31N 2007--12b: X12b: X--ray spectrumray spectrum

Black body

NLTE WD atmosphere

 
(solar metal abundance)

XMM-Newton EPIC pn, 2008 Jan 28



M31N 2007M31N 2007--12b: X12b: X--ray spectrumray spectrum

BB luminosities significantly above Eddington

 

limit  for WD, NLTE atm. more realistic



M31N 2007M31N 2007--12b: Pulsations, dips12b: Pulsations, dips
1110 s period

 WD rotation
 “dips”

 
in 3 obs.

 4.8 or 9.8 h 
binary orbit?

CV with massiv 
magnetic  WD
“Intermediate 

polar?”

Similar to 865 s pulsating SSS detected with XMM-Newton in June 2000

 
(no nova counterpart known)             Osborne et al. 2001, A&A 378, 800



M31N 2007M31N 2007--12b: 1110 s pulsations12b: 1110 s pulsations
•

 
Period constant between 
observations within errors

•
 

Pulsed fraction ~20% 
(0.15-1 keV)

•
 

No change in sub-bands
 (0.15-0.4, 0.4-1 keV)



M31N 2007M31N 2007--12b: system and outburst 12b: system and outburst 
parametersparameters

Sala
 

& Hernanz
 

2005, A&A439, 1061



M31N 2007M31N 2007--12b: system and outburst 12b: system and outburst 
parametersparameters

•

 

SSS start 21 -

 

30 d, end 60 -

 

120d after outburst

 nova with one of the shortest SSS states known
•

 

Nova envelope model with <50% mixing between solar-like accreted 
material and O/Ne

 

degenerate core
•

 

White dwarf mass        1.2 Msun
•

 

Ejected mass                2.0 x 10-6

 

Msun
•

 

Burned mass                2-6 x 10-7

 

Msun
•

 

White dwarf rotation     1110 s
•

 

Indication of inhomogeneous brightness distribution over surface

 of WD
•

 

Why already visible during SSS phase?
•

 

Accretion already restarted?
•

 

Intermediate polar?
•

 

4.9 h or 9.8 h orbital period?
•

 

Radius of emission region indicates magnetic WD
•

 

Recurrent nova?
•

 

SN Ia

 

progenitor?
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