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OutlineOutline
•

 
Introduction to SSS emission from novae in M 31

•
 

First XMM-Newton survey of M 31
•

 
Optical novae: the major class of SSS in M31

•
 

The M 31 nova web page 
•

 
Chandra HRC nova detections 2004/5 

•
 

Ongoing nova search program in M 31 with optical 
telescopes and spectral characterization

•
 

Position improvement and search for novae on archival 
plates

•
 

Ongoing XMM-Newton/Chandra monitoring of the 
center field of M 31, Swift follow-up

•
 

Periodicities in M31N 2007-12b
•

 
Statistics and outlook



ROSAT AO1 proposal 1989 (I)ROSAT AO1 proposal 1989 (I)



ROSAT AO1 proposal 1989 (II)ROSAT AO1 proposal 1989 (II)



Optical Nova 
detected at SSS 
position

[SHP97] 268  = 
M31N 1990-09a



Why M31 optical nova/SSS Why M31 optical nova/SSS 
observations?observations?

•
 

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
•

 
30 to 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, AO7, AO8: 3x ten observations with 10 day separation 
distributed over about 3 months, each

•
 

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



TheThe Andromeda Andromeda 
GalaxyGalaxy M 31M 31
W. Pietsch, M. Freyberg, 
F. Haberl et.al. 2004, 
A&A 434, 483
• Similar analysis to M 33 

based on archival data

• 856 sources in fields

• Hardness ratio and time 
variability

• classification and 
identification

XMM-Newton large 
program (Holger Stiele)



HardnessHardness ratio ratio plotsplots of M 31 of M 31 sourcessources
HRi = (Bi+1 – Bi)/ (Bi+1 + Bi) B1: 0.2-0.5 keV 

B2: 0.5-1.0 keV 
B3: 1.0-2.0 keV 
B4: 2.0-4.5 keV 
B5: 4.5- 12 keV

fg-star
AGN

SSS
SNR
XRB



Pietsch, Fliri, Freyberg, Greiner, Haberl, Riffeser, Sala 2005, 
A&A 442, 879 

2006, A&A 454, 773

• search for optical nova 
correlations in XMM- 
Newton, Chandra and 
ROSAT catalogs and 
archival observations

• 21 X-ray counterparts 
in M 31 and 2 in M 33

• novae dominant class 
of supersoft X-ray 
sources in M 31 center

OpticalOptical novaenovae: : thethe major major classclass of of supersoftsupersoft 
XX--rayray sourcessources in M 31in M 31

10 arcmin



XX--rayray nova light nova light curvescurves (<1000 d)(<1000 d)

1450



Summary Summary opticaloptical novaenovae
–

 

Novae established as major class of  SSS in M 31 center
–

 

Spectra can be modeled by BB spectra (T <80 eV)
–

 

Novae as SSS best detectable with XMM-Newton EPIC pn, 
Chandra HRC I and ACIS S

–

 

SSS state of novae may be shorter than half a year, several novae 
missed in optical and X-ray searches

–

 

Start time of  SSS state gives estimate of ejected hydrogen mass

 for two novae (~10-5 Mo

 

and ~10-6 Mo

 

)
–

 

SSS state of at least 15% of novae turned on within a year
–

 

At least one of the novae showed SSS state lasting to 6.1 years 
after optical outburst  (similar to GQ Mus

 

and Nova LMC 1995)
–

 

Six of the SSS turned on between 3 and 9 years after optical 
outburst and may be recurrent novae. This could indicate larger 
SSS rate among recurrent novae than among classical novae or 
that percentage of recurrent novae in M 31 has been strongly 
underestimated

–

 

M31 optical nova catalog with homogeneous naming on 
http://www.mpe.mpg.de/~m31novae/opt/m31/M31_table.html



M31 optical nova catalog IM31 optical nova catalog I



M31 optical nova catalog IIM31 optical nova catalog II



Chandra detections of optical novae in M31 Chandra detections of optical novae in M31 
from Jul 2004 to Feb 2005from Jul 2004 to Feb 2005

Pietsch, Pietsch, 
HaberlHaberl, , 
SalaSala, , 
StieleStiele, , 
HornochHornoch, , 
RiffeserRiffeser, , 
FliriFliri, , 
Bender, Bender, 
BühlerBühler, , 
BurwitzBurwitz, , 
Greiner, Greiner, 
Seitz Seitz 
2007, 2007, 
A&A A&A 
465, 375465, 375





Observed and derived parameters of Observed and derived parameters of 
XX--ray detected optical novae in M 31ray detected optical novae in M 31



Main results from 2007 paperMain results from 2007 paper
•

 
11 out of 34 novae detected within a year

•
 

For 11 novae (mainly from paper I) end of SSS phase is 
detected

•
 

7 novae still bright 1200,1600,1950, 2650, 3100, 3370 
and 3380 days after outburst

•
 

One turns on after 50 d, one 200 d after outburst
•

 
3 novae short X-ray outbursts starting within 50 d after 
optical outburst and lasting only 2-3 months

•
 

X-ray emission SSS from spectra or count rate 
comparison of Chandra HRC I and ACIS I

•
 

Number of detected novae much higher than previously 
estimated (>30%)

•
 

X-ray light curves give estimates for masses and burned 
masses of White Dwarfs and of ejecta



Analysis of archival platesAnalysis of archival plates
•

 
Important for secure identification of recurrent 
novae

•
 

Digitized Tautenburg
 

Schmidt plates of M 31 
Henze, Meusinger, Pietsch 2008, A&A 477, 67
–

 
55 nova candidates (22 new)

–
 

Improved positions for 84 
•

 
Digitized “Rosino” plates 
(collaboration with M. Orio, improved positions in work)

•
 

Other novae on archival plates should also be 
digitized and re-analysed
–

 
Sharov

 
and Alksnis

 
plates (info on request)

–
 

Hubble, Bade, Arp
 

plates?



M 31 XMM large programM 31 XMM large program

•
 

Covered full disk of M 31 in observations 
from June 2006 to February 2008

•
 

Some fields covered more than once due 
to high background

•
 

No monitoring, just snapshots
•

 
Still some novae detected

Talk by Holger Stiele



M31 optical nova monitoring M31 optical nova monitoring 
consortiumconsortium

X-ray:
–

 

W. Pietsch, R. Bender, V. Burwitz, M. Freyberg, J. Greiner, F. Haberl, M. Henze, 
A. Rau, H.Stiele, MPE Garching

–

 

J. Fliri, A. Riffeser, S. Seitz, Uni

 

Sternwarte

 

Muenchen
–

 

D. Hatzidimitriou, P. Reig, University of Crete
–

 

M. Hernanz, IEEC Spain
–

 

D. Hartmann, Clemson University
–

 

M. Orio, University of Wisconsin, INAF Osservatorio

 

di

 

Torino
–

 

G. Sala, IEEC-UPC Spain
–

 

M. Della Valle, Osservatorio

 

Astrofisico

 

di

 

Arcetri, Firenze
Optical monitoring:
–

 

Skinakas

 

1.3m, 60cm
–

 

Super-LOTIS 60cm
–

 

La Sagra

 

45cm
–

 

Collaboration with amateurs (K. Hornoch; K. Nishiyama

 

& F. Kabashima) 
Optical spectroscopy:
–

 

Skinakas

 

1.3m
–

 

SAO 6m
–

 

Palomar 200inch
–

 

Fast information of interested observers (F. Di

 

Mille, A. Shafter)



First results from AO5, AO6 and AO7 First results from AO5, AO6 and AO7 
M 31 optical nova monitoringM 31 optical nova monitoring

•
 

Optical novae and SSS in M 31 globular clusters 
Henze

 

et al. 2009, A&A in press
•

 
Fast supersoft

 
X-ray emission from M31N 2007-11a 

Henze

 

et al. 2009, A&A 498, L13
•

 
Short term time variability in SSS light curve of 
M31N 2006-04a 

•
 

Some first statistics 

•
 

1105 s pulsations in the supersoft
 

emission from the 
He/N nova M31N 2007-12b

 Pietsch et al. in preparation

See talk by Martin Henze



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 XMM-Newton 2007 Dec 29  ?faint
 2008 Jan    8   bright, puls.

 Swift                        Jan  13   bright 
Kong & Di

 

Stefano ATel

 

1360

 XMM-Newton 2008 Jan  18   bright, puls. 
Jan  28   bright, puls. 
Feb    7   bright, puls.

•
 

Start of SSS within 30 days, duration?



M31N 2007M31N 2007--12b EPIC 12b EPIC pnpn imagesimages

2007 Dec 29     2008 Jan 8     2008 Jan 18    2008 Jan 28

XMM-Newton  EPIC pn 200-1000 eV



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



Pulsations in XPulsations in X--ray emission from ray emission from 
M31N 2007M31N 2007--12b (e.g. 2008 Jan 28)12b (e.g. 2008 Jan 28)

Period 1105 s
 “dips” in 3 obs.

CV with magnetic massiv 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



M 31 M 31 
monitoringmonitoring

Optical novae 
over-plotted



M 31 M 31 
monitoringmonitoring

Optical novae 
over-plotted

X-ray novae
over-plotted



Optical novae in M31 and XOptical novae in M31 and X--ray ray 
detectionsdetections



Nova statistic in Local Group Nova statistic in Local Group 
galaxiesgalaxies

opt.novae
 
novae/year  SSS                      

total           2000-2008       detected
Galaxy

 
391

 
~8

 
~10

LMC
 

39
 

0.7
 

3
SMC

 
17                0.3               

M 31                   816                22                   53
M 32                       3                0.2          
NGC 205                4                0.1

M 33                     32                0.5                  2



OutlookOutlook
•

 
Observations and analysis
–

 

Optical monitoring for M 31 novae continues after sun block end 
of May 2009

–

 

Classify as many M 31 novae as possible by optical spectra
–

 

XMM-Newton/Chandra monitoring of M 31 center from Nov 2009 
to Feb 2010 secured

–

 

Improved positions of “Rosino” novae
–

 

Continue monitoring in AO9?
•

 
Comparison M 31 to Galactic nova research
–

 

Light curves of SSS states –

 

deep observations of individual 
novae (high resolution spectra, high time resolution)

–

 

Higher probability to find rare objects in M 31
–

 

Determine ejected, burning and White Dwarf masses for as 
many M 31 novae as possible 

•
 

X-ray results of last years proved importance of M 31 
nova monitoring
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