{ LIVERPOOL

JOHN MOORES
UNIVERSITY

LJMU Research Online

Henze, M, Ness, J-U, Darnley, MJ, Bode, MF, Williams, SC, Shafter, AW, Kato, M
and Hachisu, |

A remarkable recurrent nova in M 31: The X-ray observations

http:/Iresearchonline.ljmu.ac.uk/id/eprint/4130/

Article

Citation (please note it is advisable to refer to the publisher’s version if you
intend to cite from this work)

Henze, M, Ness, J-U, Darnley, MJ, Bode, MF, Williams, SC, Shafter, AW, Kato,
M and Hachisu, | (2014) A remarkable recurrent nova in M 31: The X-ray
observations. ASTRONOMY & ASTROPHYSICS, 563 (L8). ISSN 0004-6361

LJMU has developed LJMU Research Online for users to access the research output of the
University more effectively. Copyright © and Moral Rights for the papers on this site are retained by
the individual authors and/or other copyright owners. Users may download and/or print one copy of
any article(s) in LUIMU Research Online to facilitate their private study or for non-commercial research.
You may not engage in further distribution of the material or use it for any profit-making activities or
any commercial gain.

The version presented here may differ from the published version or from the version of the record.
Please see the repository URL above for details on accessing the published version and note that
access may require a subscription.

For more information please contact researchonline@Ijmu.ac.uk

http://researchonline.ljmu.ac.uk/


http://researchonline.ljmu.ac.uk/
mailto:researchonline@ljmu.ac.uk

Astronomy& Astrophysicsnanuscript no. 23410 ©OESO 2014
February 12, 2014

LETTER TO THE EDITOR

A remarkable recurrent nova in M 31 - The X-ray observations
M. Henzé, J.-U. Nes$, M. J. Darnley, M. F. Bodé, S. C. Williamg, A. W. Shafte?, M. Kato*, and . Hachis®

1 European Space Astronomy Centre, P.O. Box 78, 28692 Viéhemde la Cafiada, Madrid, Spain
email:mhenze@sciops.esa.int

Astrophysics Research Institute, Liverpool John Moorewéhsity, IC2 Liverpool Science Park, Liverpool, L3 5RF, UK
Department of Astronomy, San Diego State University, Sagbj CA 92182, USA

Department of Astronomy, Keio University, Hiyoshi, Yokoha 223-8521, Japan

Department of Earth Science and Astronomy, College of Arts$ciences, The University of Tokyo, Komaba, Meguro-kiky®o
153-8902, Japan

a b~ W N

Received 13 January 2014ccepted 7 February 2014

ABSTRACT

Context. Another outburst of the recurrent M 31 nova M31N 2008-12a avasunced in late November 2013. Optical data suggest
an unprecedentedly short recurrence time of approximatedyyear.

Aims. In this Letter we address the X-ray properties of M31N 20@8-1

Methods. We requestedwift monitoring observations shortly after the optical disagveWe estimated source count rates and
extracted X-ray spectra from the resulting data. The cpmeding ultraviolet (UV) data was also analysed.

Results. M31N 2008-12a was clearly detected as a bright supersotiyXsource (SSS) only six days after the well-constrained
optical discovery. It displayed a short SSS phase of two welekation and an exceptionally hot X-ray spectrum with flective
blackbody temperature 6f 97 eV. During the SSS phase the X-ray light curve displaygdificant variability that might have been
accompanied by spectral variations. The very early X-rajabiity was found to be anti-correlated with simultansariations in
the UV flux.

Conclusions. The X-ray properties of M31N 2008-12a coherently point taigza high-mass white dwarf in the nova system. This
object might be a promising Type la supernova progenitorr&giscovered additional X-ray detections of M31N 2008 if2at are
consistent with our data and increase the number of knowa patbursts to seven. This nova is an exceptional objectntieaits
further attention in the future.

Key words. Galaxies: individual: M 31 — novae, cataclysmic variables — X-rays: binaries — stars: individual: M31N 2008-12a

1. Introduction genitors, RNe correspond to the final stage of the binaryuevol
tion (see Hachisu et al. 1999b,a).

Recurrent Novae (RNe) are those for which more than one nqva Novae in our neighbour galaxy M 31 (distance 780 kpc;

- ‘outburst has been observed. As in the case for Classical Ki@llandl1993; Stanek & Garnavich 1998) have been observed

vae, the outburst is caused by a thermonuclear runaway inf@halmosta century. Currently, almost a thousand novaosty

accreted envelope of matter on top of a white dwarf (WD) @€ known in M 31 (see the online catalogué [Pietsch et &l.

a close binary system (sée Bode & Evans 2008, for recent #907). Dedicated X-ray monitoring observations of M 31 no-

—1 views). A proportion of the accreted matter is ejected dytie Vae to_gether with archival studies compiled a sample of 79 no

~ ‘outburst and forms a drastically enlarged pseudo-photysphVae with SSS counterparts (seg Henze et E:Jl|. 2013c, hgreafter

'>2 thereby leading to the optical nova. The matter remainintnen HPH2013, and references therein). A statistical analyfsibis

> WD hosts stable hydrogen burning soon after the outburss TFample revealed strong correlations between optical anayX-
process powers a supersoft X-ray source (SSS; photon esergrameters, showing that novae that decline fast in theapti

below 1 keV, seé Parmar et al. 1998) that can be observed oft&hot in X-rays with short SSS durations (HPH2013).
the ejected matter becomes optically thin to soft X-rays. Nova M31N 2008-12a was first discovered in Dec 2008

by F. Kabashima & K. Nishiyanfa Two additional eruptions

While the optical characteristics of a nova depend on thgre found in Oct 2011 and Oct 2012, with the latter be-
properties of the ejected envelope, only X-ray measuresrant ing classified as the outburst of a Menova byl Shafter et al.
low us to observe the WD directly and study its physics. Novg2012). For a comprehensive description of the optical ertgs
with a short SSS phase are expected to host a massive WD (gr@l the identification of the latter outbursts with M31N 2008
Hachisu & Kato 2006, 2010). Also, a higlfective temperature 12a see the accompanying Letter by Darnley i al. (2014; here
of the SSS indicates a high-mass WD _(Sala & Hernanz|200&jter DWB2014). In Nov 2013, another outburst was detected
A massive WD is required to produce recurrence times that &g Tang et al.(2013) and this Letter focusses on the resuolts f
short enough to be observed (Truran & Livio 1986; Yaron et ahe subsequent X-ray monitoring.
2005%). The shortest time between two confirmed nova outburst
was eight years for the Galactic RN U Sco (Schaefer 2010). nhttpy//www.mpe.mpg.de-m31novagoptym3Y/index.php
the single-degenerate scenario of Type la supernova (SNda) 2 httpy/www.cbat.eps.harvard.eBAT_M31.html#2008-12a
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2. Observations and data analysis

0.06

Soon after the announcement of the Nov 2013 outburst of |
M31N 2008-12a we requested a target of opportunity (ToO) X
ray monitoring withSwift (Gehrels et &l. 2004). The extremely g }[ hl

0.04

short recurrence time suggested a high-mass WD, the SS8 phas .I. }[ }[
of which we aimed successfully to detect and characterise. Ao 4 _I__I_ .I.
observations are summarised in Tdble 1. Additionally, inl@@
we list all observations of 8nift monitoring programme after _|_

the 2012 outburst that did not detect any X-ray source. o _|_+

The Swift X-ray telescope (XRT;_Burrows etial. 2005) data -H-

analysis was based on the cleaned event files. We derived the g —
count rates given in Tabé 1 using the source statistiost(a) o 0‘3 0‘4 0‘5 0‘6 0‘7 0.9
tool within the HEAsoft XIMAGE package (version 4.5.1.). ' ' ’ ' ' '

This method takes into account the background, estimated in Channel Energy (keV)

source-free region around the object, as well as correxfon i 1 gyift XRT spectrum extracted from merged event files. This
sampling dead time, vignetting and point spread functi®HP s shown only for visualising the highffective temperature. Model
The upper limits in Tabldd 1 arid 2 were computed assumingjiténg was performed on the individual spectra. In grey wevsHor
PSF constructed from the merged data of all detections. comparison a scaled spectrum of the bright and hot nova M3IN -2
The source and background photons were extracted fra@b (Pietsch et al. 2011) which is a suspected RN (Bode le0af)2
the event files within the HEAsoft Xselect environment (ver-
sion v2.4c). The spectral analysis used XSPEC (Arnaud| 1996,
version 12.8.1g) with the Tibingen-Boulder ISM absorptiod 31 reddening maps of Montalto et al. (2009) we derived an
model ((Babs in XSPEC), the photoelectric absorption crossxpproximate E(B-V) 0.26 for the position of M31N 2008-12a.
sections from Balucinska-Church & McCammon (1992) and tAéis corresponds tbly ~ 1.8 x10?* cm™2 (using the relation of
ISM abundances from_Wilms etlal. (2000). All spectra wel@tlver & Ozel 2009), which is consistent with the best-fit ealu
binned to include at least one photon per bin and fitted in XSPE A spectrum extracted from the combined event files of all
assuming Poisson statistics according to Cash (1979). detections is shown in Figl 1. This spectrum was grouped-to in
The ultraviolet (UV) magnitudes are given in the Vega sysiude at least 20 counts per bin and is only used for visuiisa
tem and were determined using theotsource tool. All  Practically all source photons have energies below 1 keis Th
magnitudes assume th8wift UV/optical telescope (UVOT, source is clearly a SSS. Because the Wien tail of the spectrum
Roming et al. 2005) photometric system (Poole &t al. 2008) agxtends to (relatively) high energies we can infer that t86 &

0
=
c
>
o

0.02

have not been corrected for extinction. unusually hot even without the use of specific spectral nsdel
All upper limits correspond to @ confidence and all error (which are controversial, see €.g. Ness &t al. 2013).
ranges to & confidence unless otherwise noted. In Fig.[2a we show the X-ray light curve of the nova during

the 2013 outburst. This plot and Table 1 assume that the opti-
cal outburst occurred between the last upper limit and tise fir
detection reported by Tang et al. (2013), i.e on Nov 26.6 2013
Nova M31N 2008-12a was clearly detected®wift as a bright (with an uncertainty 0f0.5 d). Following the first detection of
X-ray source following its 2013 outburst (first announced bje SSS on day six after the outburst its count rate increased
Henze et all 2018a). Based on the unprecedentedly shorta@ssequently showed significant variability (see Hig. ZE)is
currence time we had expected a massive WD that should digriation was not due to instrumental vignetting or bad oois.
play a fast SSS appearance (according to Hachisu &|Kata 20T8ge count rate started dropping on day 16 and the source-disap
HPH2013). Consequently, ti8ift monitoring was designed to peared a few days later. The last detection in an individbal o
start as soon as possible to constrain the beginning of tile S8rvation on day 18 showed a count rate that was approxinatel
phase. Surprisingly, the SSS turned on even faster thatgean order of magnitude below the peak level (see also Table 1).

3. Results

and the first observation, approximately six days afteraliecy, The SSS might still have been detected at thdedel in the
detected a bright SSS. The source was monitoredSWift until - merged 14.3 ks of the last five upper limit observations. How-
the SSS turnedfbtwo weeks later (see Taljle 1). ever, with (77 + 3.4) x10 ct s'* its count rate would have

The source position, as determined from the merged X®BEen more than an order of magnitude below the bright phase.
event files of all detections, is RA 00h45m29.29s, Dee  Therefore, this bright SSS phase which indicates stabledayd
+41°54'08"5 (J2000; 90% confidence errord. Although this gen burning (see e.g. Sala & Hernanz 2005), was definitely ove
is 478 away from the optical coordinates reported by Tang et ak this point. Consequently, we assume a SSS téitinoe (o)
(2013) (RA= 00h45m28.89s, Dee +41°54'10"2) both posi- of (19 + 1) d. This is consistent with the results of the low-
tions are consistent( 20~ level) due to the large uncertaintiescadencéwift monitoring following the 2012 eruption that failed
Moreover, the appearance of the X-ray source soon afterthe @ detect a SSS 20 d after outburst (see Talfile 2 and Eig. 2a).
tical nova outburst as well as its characteristics (seed)deave The X-ray variability might have been accompanied by spec-
little doupt that both events are related. Therefore, wetile 5 variation. In Figi2b we show the results of a simultargo
the transient X-ray source as the counterpart of M31N 2088-1ing (with Ny fixed to the global best fit) of separate groups

The best-fit parameters for a SImuItanegus fit of all X-rayf consecutive observations with similar count rate. Fefily
spectra with a black body model && = (97;) eV andNu = ghows indications for lowerfeective temperatures at the very
(14139 x10° cm 2. A y* test statistic for this fit gave a reducedheginning and end of the SSS phase. We also fitted the second
x? of 1.19 for 574 degrees of freedom. The estimakddis and sixth temperature bin (low count rates) and the third and
exceptionally high for an M 31 nova (cf. HPH2013). From théfth bin (high count rates) in Figl2b simultaneously withefik
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6 8 10 12 14 16 18 20 Fig. 3. Short-term X-ray and UV light curves for the five snapshots of

Swift observation 00032613005 on day six after outburst (seeTHbl
Time after outburst [d]

Fig. 2. Evolution of X-ray count rate (a) andfective black bod o .
tergnperature (b) of M31N 2%08-12a durigg) the 2QRBft monitoring.y varlatlon_s that cause the WD _photosp_here lo ex’pand or shrink
This assumes an outburst on 2013-11-26.60 UT (see alsophiae  (S€€.Reinsch et al. 2000; Greiner & Di Stefano 2002). Based
error bars in time represent the duration of the individuzsesvation ON its frequent outbursts and evidence from the optical data
(a) or the time between the grouped observations Rajiel a: Upper (DWB2014) M31N 2008-12a is likely to have a high accretion
limits are indicated by black open triangles. A blue astenmarks the rate. The observed variability might indicate that acoretiad

first upper limit estimated from th®wift monitoring after the 2012 out- been re-established as early as six days after outburst.
burst (see Tablg 2)Panel b: Groups of observations have been fitted

simultaneously with thé&l, fixed to the global best fit. The red dashed
line shows the overall best-fit temperature derived in &bct. 4.2. Theoretical implications of the short recurrence time

Theoretically, a recurrence periotg} Y of order one year is only
absorption. These groups of observations represent thedmgl  e€xpected for extremely massive WDs (.35Mo) with a high
low-luminosity states of M31N 2008-12a, with the forth teenp Mass accretion rate exceeding 1, yr* (Wolf et all (2013,
ature bin possibly belonging to a transitory stage. Theltiegu Saio etal. 2014, in prep.). A massive WD is consistent with th
best-fit temperatures were found to b&etient, albeit with weak high temperature suggested in our X-ray spectra (Sectg3li
significancekT = (105 3) eV (high) vs (91 4) eV (low). For such a short;, however, the accreted mass is too small (sev-

Furthermore, we found significant X-ray variability withineral 107 Mo) for the pseudo-photosphere to bloat to a red-giant
the first (6 ks)Swift observation of the 2013 outburst (see alsgize. Therefore, we would expect a relatively higfeetive sur-
Henze et al.2013b). This count rate variation was acconeganface temperature even at the optical maximum that resuls in
by variability in the UV. Subsequently, no significant UV iar faint peak magnitude. The shorter the the fainter the peak
ations were found against a gradual decline (see Table 1). Magnitude.

Fig.[3 we show both short-term light curves based on the indi- The low peak brightness of M31N 2008-12a (never above
vidual Swift snapshots during the first detection. They appear 18th mag, see DWB2014) seems consistent with this scenario.
be anti-correlated. This process could indicate the griaaaar- While high accretion rates can also trigger hydrogen slealhiés
gence of the SSS. Therefore, we estimate a SSS turn-on t@meless massive WDs without causing a nova (see Jose et al.
(ton) of (6« 1) d. 1993), the observed evidence suggests that M31N 2008-12a wa
experiencing actual nova outbursts. Optically faint nowété

fast and hot SSS phase might generally be good RN candidates.
4. Discussion An extremely massive WD can be born as an ONe WD in

L the final stage of stellar evolution for a narrow range of zage
4.1. Variability main-sequence mass 8—10My). Another possibility is mass-
Significant X-ray variability during the early stages of tagS &ccretion onto an initially less massive WD in a binary syste
phase has been observed in several Galactic novae (e.g.iKT iR (CO) WD was born wittMwp < 1.07 Mo and accumulates
RS OphiBode et al. 2010; Oshorne efal. 2011). One interpfa@ss until reaching the Chandrasekhar mass it will explsde a
tation of this fect is a variable absorption column during thé& SN 1. RNe with short, correspond to immediate progeni-
emergence of the SSS from the expanding ejectdoarapti- tors of SNe la in the single degenerate scenario (Hachisu et a
cally thick wind (see e.d. Hachisu & Kato 2006). Short-term X19998.5).
ray variability of various kinds has been observed in the M 31
nova sampl_e (see HPHZOB)' . 4.3. Population picture

The anti-correlation between X-ray and UV flux during the
early SSS phase (Fig.3) and the later possible temperaduire vin Fig.[4 we show the position of M31N 2008-12a in the five-
ations (Figl2b) might point towards intrinsic variatiomsthe parameter space of the correlations presented by HPH2013 fo
WD temperature. Schwarz et al. (2011) suggested a sim#ar sthe M 31 nova sample. The SSS time scales were unprece-
nario to explain the anti-correlated X-ray and UV variahili dentedly short, also compared to Galactic novae where e.g.
during the SSS phase of the Galactic nova V458 Vul (see atbe fastestton was displayed by the RN U Scox( 8 d;

Ness et al. 2009). They drew an interesting parallel to tlie vaSchlegel et al. 2010). The average SSS temperature seems con
ability in persistent SSSs which might originate in acenetiate siderably higher than measured for any other M 31 nova and
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é 1@ § 1 ) 12a had at least _three outbursts bef_ore 2008. A folloyv-upzpap
= | will study the optical and X-ray archives in more detail.
£g] S |
z3 3 5. Conclusions
s |
£ 8- g The X-ray properties of M31N 2008-12a suggest coherendly th
2 1 the binary system hosts a high-mass WD. The fast recurrence
Qb | &1 ‘ ‘ = | times and optical evidence indicate a high accretion ratadh
5 20 100 500 2000 10 20 50 100 establishing of which could explain the observed early Xaad
turn-on time [d] blackbody KT [eV] UV variability. M 31 remains a treasure island for nova scien
-J© ] (d) and might holq the ke_y to the undersf[a_nding of the (potdntial
53 g | numerous) optically faint RNe and their impact on SN la prege
v © itor theories. The position of M31N 2008-12a will be watched
% S =3 closely (in particular) in late 2014.
-
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Fig. 4. Double-logarithmic plots of the nova parameter corretaio
from HPH2013. The solid grey lines indicate a robust poweflawith
corresponding 95% confidence regions in light grey. Theetations References
displayed are: (aon Vs tog, (b) black bodykT vs tyg, (€) R band
optical decay time,r Vs ton, and (d) expansion velocity wgn. All  Arnaud, K. A. 1996, in Astronomical Society of the Pacific @mence Series,
time scales are in units of days after outburst. Overpldttedd are the Vol. 101, Astronomical Data Analysis Software and Systemsdv/G. H. Ja-

rameters of M31N 2008-12 rived in .3 or by DWB201 _ coby & J. Barnes, 17+

parameters of M3 008-12a as derived in $gct. 3 or by 820 Balucir){ska—Church, M. & McCammon, D. 1992, ApJ, 400, 699

Bode, M. F.,, Darnley, M. J., Shafter, A. W., et al. 2009, ApJ5,71056

Bode, M. F. & Evans, A. 2008, Classical Novae, ed. Bode, M. Evans, A.

Bode, M. F., Osborne, J. P, Page, K. L., et al. 2010, The Aetrr’s Telegram,

might have been even hotter during the high-count rate ebser2392, 1 _ _
vations (see Se(il 3 and Higj. 2b). Overall, the X-ray parame@ggngs\/_ ?é?Né’ R'"j"]'zlzzé’ Blggsek, J. A, etal. 2005, Space Bev., 120, 165
relations (Figd}a and b) are broadly consistent with thgupo Darnley, M. J., Wiliams, S. C., Bode, M. F,, et al. 2014, A&A press;

i - i i arXiv:1401,2905 [DWB2014]
lation trends. M3IN 20.08 1.2a theref.ore prowdes an Ir.npm)rtaGehrels, N., Chincarini, G., Giommi, P., et al. 2004, ApJl 61005
extension of these relations into previously unpopulaggions gremer,TJ&&oDi IStEf%%,g RMZI\?S/ZA' SA%(’)g%'ng

uver, 1. zel, . y ’ ’

of the parameter space. Hachisu, 1. & Kato, M. 2006, ApJS, 167, 59

The two optical parametertyg andvexp (see DWB2014), Bachion, | &0 M ZX00 00N G060 5 625 4ay

show stronger deviations from the rest of the nova sampleh SuHachisu; I., Kato, M., Nomoto, K., & Umeda, H. 1999b, ApJ, 5394
a behaviour might be consistent with a fainter nova outhasst Henze, M., Ness, J., Bode, M. F., Darnley, M. J., & Williams G5 2013a, The

. Astronomer’s Telegram, 5627, 1
suggested by theoretical models (Seci. 4.2). However,hi@r tienze, M., Ness, J., Bode, M. F., et al. 2013b, The Astronsnialegram,

two correlations in Fig&l4c and d the scatter is generathela  5633,1 . _ ,
At this stage, it is diicult to determine whether the connectiof€nze. M., Pietsch, W., Haberl, F., etal. 2013c, A&Ain prasXiv:1312.1241
; . [HPH2013
between the optical and X-ray parameters of M31N 2008-12a-|é|and, S.1998, AJ, 115, 1916
ianifi i Jose, J., Hernanz, M., & Isern, J. 1993, A&A, 269, 291
significantly diferent from the overall population trend. Montalto M. Sz S ioeer A etal. 2000 AGA 507, 283
Ness, J.-U., Drake, J. J., Beardmore, A. P., et al. 2009, 34,4160
gegs, ‘]Lf] F(?sl%orne,lg. E., genzde, M., e'&al5 2013I, é%ﬁm 124
. sborne, J. P., Page, K. L., Beardmore, A. P., et al. ,
4.4. Previous X-ray outbursts Parmar, A. N., Kahabka, P., Hartmann, H. W., Heise, J., & dayB. G. 1998,
A&A, 332, 199

During a literature search we found that M31N 2008-12a h@%ggﬂ W Elgti)'ejri' ?eégfggc“"'e%af’%ﬁoﬁi A“%/gé‘v‘ggg

actually been detected in X-rays before the first opticaborst pietsch, W, Henze, M., Haberl, F., et al. 2011, AGA, 531, A22

initi i “ _ Poole, T. S., Breeveld, A. A., Page, M. J., et al. 2008, MNR3&3, 627
was reported. It was initially discovered as the “recursarger Roisch, K. van Teeseling. A. g, A B & Beuermann. 808, AGA, 354,

soft X-ray transient” RX J0045:44154 by White et al.[ (1995) | 37

based on archival ROSAT data. Because no optical nova viResing, P. W. A., Kennedy, T. E., Mason, K. O., et al. 2005, cgp&ci. Rev.,
i i 0, 95

known before 2008, this source was not recognised as a NQYA" °2 Hernanz, M. 2005, AGA, 439, 1061

counterpart by Pietsch et/al. (2005) in the course of thehigal Schaefer, B. E. 2010, ApJS, 187, 275

analysis. White et al (1995) reported two X-ray outbursts ﬁchlegel, E. M., Schaefer, B., Pagnotta, A., et al. 2010,As$teonomer’s Tele-
p . . , 2430, 1
Feb 1992 and Jan 1993. The recurrence time of approxmatg&%gpz, G. J., Ness, J.-U., Osborne, J. P., et al. 2011, 31

one year as well as the short duration of the outbursts and #hgfter, A. W., Hormoch, K., Ciardullo, J. V. R., Darnley, ¥, & Bode, M. F.

; ; F 2012, The Astronomer’s Telegram, 4503, 1
high black body temperature Q0 eV) estimated by White etlal. giane k. 7. 8 Gamavich. P.M 1008, ApJ. 503, L131

(1995) are well in agreement with the results reported here. Tang, S., Cao, Y., & Kasliwal, M. M. 2013, The Astronomer'defgzam, 5607
Truran, J. W. & Livio, M. 1986, ApJ, 308, 721

Furthermore, another outburst of this “known recurremtraWhite, N. E., Giommi, P., Heise, J., Angelini, L., & Fantasta 1995, ApJ, 445,
sient” was reported by Williams etlal. (2004) €handra data ,,, 1125 .
. 2 5 < . illiams, B. F., Garcia, M. R., Kong, A. K. H., et al. 2004, 9, 735
taken in Sep 2001. Because this observation used the HRC&ﬂ}l\qu\}\f.ﬁ/IAllgrlm(,j A, &Ellcgrayl,(R.J ogop, ApJ, ng’z?)ﬁ A;y‘ﬁf 136
- i olf, W. M., Bildsten, L., Brooks, J., axton, B. y il
tector no X-ray spectrum exists. The qutburst was shortar thYaron, 0., Priainik. D., Shara. M. M.. & Kovetz, A. 2008, AfGb3, 308
five months. Overall, there is strong evidence that M31N 2008
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A&A-23410,0nline Material p5

Table 1. Swift observations of nova M31N 2008-12a.

ObsID Exp Daté MJDP AtC UV [mag] Rate lgs-10°
[ks] [UT] [d] [d] uvm2 uvwl uvw2 [102cts!] 10%®ergs?!]
00032613005 6.0 2013-12-03.03 56629.03 6.43 - -.419D1 13+0.2 10+0.1

00032613006 2.0 2013-12-04.09 56630.09 7.49.819.3 >195 197+02 18+04 13+0.3
00032613007 2.0 2013-12-04.70 56630.70 8.10.43P.2 194+02 193+0.2 17+03 12+03
00032613008 1.7 2013-12-05.23 56631.23 8.63.02M.4 196+0.2 198+0.3 22+04 17+03
00032613009 1.9 2013-12-05.70 56631.70 9.10.8%9.3 >199 199+03 40+05 30+04
00032613010 2.0 2013-12-06.10 56632.10 9.50.939.3 198+03 195+0.2 40+05 30+04
00032613011 2.0 2013-12-06.63 56632.63 10.03 >202 197+03 200+0.3 38+05 28+04
00032613012 3.3 2013-12-07.10 56633.10 10.50.12M.2 >198 202+03 13+0.2 10+£0.2
00032613013 1.8 2013-12-07.57 56633.57 10.97.1204 194+02 196+0.2 17+04 13+0.3
00032613014 15 2013-12-08.03 56634.03 11.43.639.3 >200 199+0.3 30+05 22+04
00032613015 1.8 2013-12-08.57 56634.57 11.97.91®4 200+0.3 > 203 32+05 24+04
00032613016 4.4 2013-12-09.03 56635.04 12.44.81®.2 197+03 200+02 25+03 19+0.2
00032613017 3.8 2013-12-10.44 56636.44 13.84 >206 199+02 200+02 32+03 24+02
00032613018 2.1 2013-12-11.04 56637.04 14.44.020.4 > 20.2 > 204 16+0.3 12+02
00032613019 3.0 2013-12-11.31 56637.30 14.70.12®.3 196+03 202+03 17+03 13+0.2
00032613020 1.9 2013-12-11.57 56637.57 14.97 >200 196+03 199+0.3 19+04 14+03
00032613021 1.9 2013-12-12.04 56638.04 15.44.919.2 - - 13+0.3 10+0.2
00032613022 1.9 2013-12-12.32 56638.32 15.72.42®.3 - - 13+03 10+0.2
00032613023 1.9 2013-12-12.51 56638.52 15.92.22M.4 198+0.3 200+0.3 18+04 14+03
00032613024 2.1 2013-12-12.78 56638.78 16.18 > 20.9 - - 17+03 13+0.2
00032613025 2.0 2013-12-13.10 56639.11 16.51 -.81®.2 - 09+0.2 07+0.2

00032613026 1.9 2013-12-13.31 56639.31 16.71 -.420.3 - 06+0.2 05+0.2
00032613027 1.9 2013-12-13.58 56639.58 16.98 -.22.2 - 05+0.2 04+01
00032613028 2.0 2013-12-13.78 56639.78 17.18 > 202 > 202 > 205 03+01 02+01
00032613029 0.3 2013-12-14.24 56640.24 17.64 - - - <34 <25
00032613030 0.9 2013-12-14.38 56640.38 17.78 - - - 9+04 0.7+0.3

00032613031 1.9 2013-12-14.52 56640.52 17.92 - - - <34 <25
00032613032 1.9 2013-12-14.78 56640.78 18.18 >202 201+04 203+0.3 05+0.2 04+01

00032613036 1.6 2013-12-15.06 56641.06 18.46 > 201 > 200 > 203 <12 < 0.9
00032613033 1.4 2013-12-15.64 56641.64 19.04 - -.82M.3 <0.9 < 0.7
00032613034 1.9 2013-12-16.05 56642.05 19.45 > 202 > 201 > 204 < 0.7 <05
00032613035 1.7 2013-12-16.52 56642.52 19.92.72®.3 - - <05 <0.3
00032613037 7.6 2013-12-17.06 56643.06 20.46 >199 204+0.2 > 203 <0.2 <0.2
00032613038 7.8 2013-12-20.66 56646.66 24.06.42®.2 >206 202+03 <0.1 <0.1
00032613039 8.0 2013-12-23.26 56649.26 26.66.02M.4 >196 205+0.2 <02 <01
00032613040 3.8 2013-12-23.59 56649.59 26.99 - - - <0.2 <0.2

Notes: 2 Dead-time corrected exposure timk; Start date of the observatioi; Time in days after the outburst of nova
M31N 2008-12a in the optical on 2013-11-26.60 UT (M3[36622.60; seke Tang etlal. 201%);Swift UVOT filters were UVM2
(166-268nm), UVW1 (181-321nm) and UVW2 (112-264nfaX-ray luminosities (unabsorbed, blackbody fit, 0.2 - 1.%kand
upper limits were estimated according to Selct. 3.

Table 2. Swift observations of the 2012 outburst of nova M31N 2008-12a.

ObsID Exp Date’ MJDP At® UV [mag] Rate loo 10°

[ks] [UT] [d] [d] u uvwl uvw2 [102cts?1] 10%®ergs?]

00032613001 4.0 2012-11-06.45 56237.45 20.35 - -.22@.2 <0.3 <0.2
00032613002 4.2 2012-11-16.34 56247.34 30.24 -.819.1 - <0.3 <02
00032613003 3.5 2012-12-16.13 56277.13 60.03 - -.42@.2 <0.3 <0.2
00032613004 3.7 2013-02-05.36 56328.36 111.26.819.2 - - <04 <0.3

Notes: As for Tablell. The timeis in days after the outburst of nova M31N 2008-12a in theagptoin 2012-10-17.10 UT (MID
=56217.10; see Sefi. 3.
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