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ABSTRACT

Context. The M 31 nova M31N 2008-12a was recently found to be a recurreva (RN) with a recurrence time of about 1 year.
This is by far the fastest recurrence time scale of any knolkn R

Aims. Our optical monitoring programme detected the predictedi2futburst of M31N 2008-12a in early October. We immedjatel
initiated an X-rayUV monitoring campaign witf8wift to study the multiwavelength evolution of the outburst.

Methods. We monitored M31N 2008-12a with dailgwift observations for 20 days after discovery, covering thererstipersoft
X-ray source (SSS) phase.

Results. We detected SSS emission around day six after outburst. $Bestite lasted for approximately two weeks until about day
19. M31N 2008-12a was a bright X-ray source with a high blackbtemperature.

Conclusions. The X-ray properties of this outburst were very similar te #013 eruption. Combined X-ray spectra show a fast
rise and decline of thefkective blackbody temperature. The short-term X-ray light/e showed strong, aperiodic variability which
decreased significantly after about day 14. Overall, theayproperties of M31N 2008-12a are consistent with the aeepapulation
properties of M 31 novae. The optical and X-ray light curvaa be scaled uniformly to show similar time scales as thodbeof
Galactic RNe U Sco or RS Oph. The SSS evolution time scaleeffective temperatures are consistent with a high-mass WD. We
predict the next outburst of M31N 2008-12a to occur in aut@dhs.
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The underlying WD is not significantlyfiiected by a sin-

. gle nova outburst. After a certain time, accretion resunmes a
-~ Novae are the product of powerful outbursts occurring ontevhigags to the next outburst. Recurrent novae (RNe), in csintra
.= dwarfs (WD) in close binary systems where hydrogen-rich mgs cjassical novae (CNe), are those systems for which more
P terial accreted from the companion star accumulates on e W,an one outburst has been observed. This is a phenomeno-
s surface until hydrogen fusion in degenerate matter leadBt0|ogica) definition based on approximately a century of mader
(T explosive ejection of the accreted envelope. The exparititg astronomical observations. All novae can show repeated out
pseudo photosphere rapidly increases the optical luntinosi b rsts|(Epelstain et 4. 2007) on typical time scales of yeges
the system by four to eight orders of magnitude before fadiggyyn to a few months for the most extreme objelcts (Yaronlet al.
more slowly. This “new star” is the optical nova. For receigos;Kato et all 2014). Together with an infrequent observa
reviews on nova science see Bode & Evans (2008). tional coverage these fiérent time scales mean that currently

When the ejected envelope expands, deeper and hotter Igyly ten Galactic RNe are knowh (Schakfer 2010). However,
ers of the pseudo photosphere become visible. This leads Badnotta & Schaefer (2014) recently suggested that abdat 25
hardening of the nova spectrum at an approximately constafnthe~ 400 known Galactic novae might be potential RNe. Re-
bolometric luminosity until ultimately a supersoft X-ragwsce current novae are good candidates for type-la supernogepro
(SSS) emerges (e.g. Hachisu & Kato 2006; Krautter 2008brs (e.gl Kato & Hachisli 2012).
Powered by stable hydrogen burning, the SSS phase typically
lasts from months to years. Its end indicates the cessatithe o For our large neighbour galaxy M 31, Shafter etial. (2015)
burning and the descent of the WD luminosity and temperatuezently reported a comprehensive archival study revgdlh
back to quiescence. likely RNe among the almost one thousand known outbursts
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(see the online catalodhi®f [Pietsch et al. 2007). In X-rays,than in 2013, was designed to study the (spectral) varigloifi
Henze et al. (2014e, hereafter HPH2014) presented updatedM31N 2008-12a in greater detail.
sults from a dedicated monitoring survey of M 31 novae which, The Snift X-ray telescope (XRT;_Burrows etlal. 2005) data
together with the archival analysis|of Pietsch et al. (2208.7), analysis started from the cleaned event files as producdutat t
resulted in an unprecedentedly large sample of 79 novae waWift Data Center using HEASoft version 6.13. In our analysi
SSS counterpart (see also Henze et al. 2010, 2011). A gatistwe used HEASoft version 6.16. Count rates and upper limits
analysis of the sample showed strong correlations betweenwere estimated with the XIMAGE (version 4.5.1) source stati
ray and optical nova parameters (HPH2014). Its proximity amics (sosta) tool. The background level was derived from a
size make M 31 the ideal target for extragalactic nova sigvey source-free region near the object. All estimates inclugle ¢
In late 2012 we realised that the repeated detectiorestions for vignetting, dead time, and the point spreadtion
of M31N 2008-12a established the object as a likely RNPSF) of the source based on the merged data from all detsctio
(Shafter et all 2012). Subsequently, the 2013 eruption wakuncertainties correspond tarlconfidence and all upper lim-
monitored closely in X-rays by Henze et al. (2014a, herds to 3o confidence unless otherwise noted.
after HND2014) and studied by Darnley et al. (2014b, heeeaft The X-ray spectra were extracted using the Xselect software
DWB2014) in the optical (see also Tang et al. 2014). The detduersion 2.4c) and analysed using XSPEC (Arnaud 1996, ver-
tion of a bright and hot SSS phase clearly showed that anotem 12.8.2). Our XSPEC models assumed the ISM abundances
nova outburst had occurred only approximately one year affeom [Wilms et al. |(2000), the Tiibingen-Boulder ISM absorp-
the previous outburst. tion model [Babs in XSPEC), and the photoelectric absorption
Earlier outbursts had been detected in 2008 (the eponymetgss-sections from Balucinska-Church & McCammon (1992).
M31N 2008-12a found by Kabashima & Nishiydfhand 2011 Spectra were binned to include at least one count per bin and
(M31N 2011-10e; Korotkiy & Elenif), albeit only with rela- fitted in XSPEC assuming Poisson statistics according_tdl Cas
tively sparse single-filter photometry. Tang et al. (20le)rfd (1979).
another outburst in archival data of Dec 2009. Additionaty A typical Swift observation comprises several individual
HND2014 we recall two X-ray detections with ROSAT in 1992snapshots” due to the low-earth orbit of the satellite. Hist
and 1993/ (White et &l. 1995) and o@kandra detection in 2001 paper, we determined count rates and spectra to study tiie sho
(Williams et al! 2004) that can now be attributed with higblpr time (spectral) variability. This analysis was based ondytime
ability to earlier outbursts of M31N 2008-12a. interval (GTI) filtering of the event files. We created exp@su
The sixth outburst in seven years of nova M31N 20081aps for every snapshot and used identical source and back-
12awas predicted in HND202WB2014 and successfully dis-ground regions to extract source counts. The resultingrease
covered in early October 2014 by Darnley et al. (2014d) as tiien parameters and measurements are listed in Table 2h&or t
result of a dedicated optical monitoring programme (see al¢ariability analysis in Sedtl3 we excluded snapshots wiioe
Darnley et all 2014c). Optical spectroscopy confirmed theanosure times of less than 50 s, because of the large unceesinti
outburst and described a spectrum consistent with the qursviAll statistical tests on the X-ray variability were perfoethusing
eruptions [(Darnley et &l. 2014a). The optical and UV propdhe R software (R Development Core Team 2011).
ties of the 2014 outburst are described in detail in Darnteal e We also analysed th8wift UV/optical telescope (UVOT,
(2015, hereafter DHS2015). Roming et al/ 2005) data and estimated the magnitude of the
We initiated aSwift monitoring campaign that detected th&ova using thewvotsource tool. All magnitudes assume the
SSS phase soon after the outbufst (Henzelétal. #014d,c) BiYPT photometric system (Poole etial. 2008) and have not been
followed the X-ray light curve until the source had disappea corrected for extinction.
(Henze et al. 2014b). This paper describes the SSS evolition
M31N 2008-12a during the 2014 outburst and draws compar-
isons to the 2013 X-ray data. 3. Results

The SSS phase of nova M31N 2008-12a was detect&iiyto
) ) have started on day six after the 2014 outburst and lasteld unt
2. Observations and data analysis day 18. The position, spectrum and light curve of the X-ray

Immediately after the 2014 outburst of M31N 2008-12a was ap2u/c€ are in excellent agreement with the 2013 measurement
nounced bvyDarnIev et al. (2014d), we initiated a daily maomit his shows beyond reasonable doubt that we did detect sifpers

ing campaign withBwift (Gehrels et al. 2004). This programmg('ray emission from the 2014 outburst of M31N 2008-12a.

began only 18 hours after the discovery and was designed to

cover the complete SSS phase, as predicted, based on the 204.3x-ray light curve

outburst (see HND2014). In 2013 the SSS was already visi- ) ) )

ble at the time of our first X-ray observation (on day 6 aftefo determine the X-ray time scales more precisely we as-
the eruption, see HND2014, Henze et al. 2013). This time, \ygme here that the optical outburst occurred on 2014-16902.
were determined to constrain the SSS turn on of the nova méleé (MID 56932.69) with an uncertainty of 0.21 d. This
accurately. All monitoring observations are summarisedian date is halfway between the discovery (2014-10-02.90 Ug; se
blell. We were granted a 20-day monitoring with daily observRarnley et all 2014d) and the last non detection published by
tions of 8 ks duration whenever the scheduling permitteds THhe iPTF collaboration (2014-10-02.47 UT Cao €t al. 2014). A

monitoring, with exposure times that were considerablytan time scales in this paper assume MJD 56932.69-a8. Note,
that DHS2015 define their = 0 reference date as the optical

1 httpy/www.mpe.mpg.de-m31novagopym3yindex.php flux maximum, which occurred almost exactly one day after our
2 httpy/www.cbat.eps.harvard.eBAT_M31.html#2008-12a assumed outburst (MJD 56933.7, see DHS2015).

3 httpy/www.cbat.eps.harvard.etimconffollowups The light curve around day six, as shown in Eig. 1 (see also
J004528854154094.html Tabld2), suggests that we witnessed the gradual emergénce o
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Fig. 1.  Swift XRT light curve (0.2 - 10 keV) of nova M31N 2008- 2 "I"
12a during day six after outburst. Triangles indicate upipgts. Based £ S A
on the individual snapshots of observation 00032613048 Tablé2). & A & '}'
This observation likely shows the emergence of the SSS. é -
o e
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the SSS during this observatioBaift ObsID 00032613048; Time after outburst [d]

see TablEll and also Henze etlal. 2014d). We conclude thal 2. Swift XRT (a) count rate light curve (0.2 - 10 keV) and (b)
the SSS turn-on timeldn) was 5.9 days after outburst (MID effective black-body temperature evolution of M31N 2008-1Réirt)
56938.6; the midpoint of the observation on day six). We de&e 2014 outburst (black). In grey we show the corresponditg of
rive an uncertainty of 0.5 d, combined from the half duratibn the 2013 outburst (based on HND2014). Time is in days afté420

the XRT observation and the uncertainty of the optical otstbu 10-02.69 UT (see Seff.3.1) for the 2014 data. The error batise
ton = (5.9 + 0.5) d. represent either (a) the duration of the observation orh{)time be-

tween sets of observations (see Ject. 3F&nhel a: Triangles indicate
The X-ray luminosity of the nova rose quickly until reachupper limits. Panel b: Sets of observations with similar spectra have
i i feen fitted simultaneously assuming a fidgg= 1.4 x10** cm 2.
ing a plateau around day seven to eight after outburst. The
Swift XRT light curve of the 2014 outburst is shown in Hiy. 2a.
This figure also shows the 2013 light curve from HND2014 as
a comparison in grey. Both light curves are very similar. We _. .
discuss these similarities in Séct]4.1. 4. Discussion

After day 15, the X-ray flux started to decline markedly and.1. Comparison to the 2013 outburst
the SSS had disappeared within a few days. We estimate the SSS

turn of (tof) to have occurred between the end of observatigihe 2013 and 201&wift XRT light curves of M31N 2008-
00032613060 (ectively on MID 56950.84, the end of th_e fifth 24 are strikingly similar (see Fig. 2a). The respectiva-om
snapshot, see Taljle 2) and the start of the following obterva 5,4 turn-gf times are consistentton = (6 = 1) d (2013) vs
00032613061 (MJID 56951.42, see Tdble 1). Including themncg -~ _ (5.9 + 05) d (2014) andtyg = (19+ 1) d vStog =

tainty on the optical outburst data this givetgg = (18.4+0.5) d. (184 + 0.5) d. The accurately measurésh confirms our in-

terpretation in HND2014 of the SSS appearing around the time
of the first 2013 observation. The 2014 time scale measuresmen

3.2. X-ray spectrum presented in this work should be considered as having hagher
curacy and precision.

In Fig.[2b we show the evolution of thefective temperature Overall, the two X-ray light curves are consistent. While

of M31N 2008-12a during the SSS phase. Here, sets of obsgk 2013 Jight curve appears more variable, in contrast ¢o th
vations with similar temperatures (previously determifi@ti- - smoother plateau in 2014, this impression is caused by tyeio
vidually) have been fitted simultaneously to reduce the Bncgyposure times of the 2014 observations. Both light curkess
tainties. Again, the corresponding data of the 2013 outbukgmilar variability on short time scales. We discuss thigétail
(HND2014) are plot_ted_ in grey. All _flts assume an absorbgq sect[ZB and Figl4. The same figure shows that the 2014
blackbody parametrisation with thé, fixed to the 2013 overall oy nt rates seem to be slightly higher than in 2013, albéibyo
best fit of 14 x10*! cm? (HND2014). A simultaneous mod- 5 statistically significant amount. Note, that also theaight

elling of all 2014 detections found best-fit parameters =1@8t ¢ ;ryes of the known outbursts are very similar (see DHS2015)
with the 2013 resultskT = (103j§) eV andNy = (1.4 + 0.3)

102 cnm2. The X-ray spectral temperatures for both eruptions show a
consistent evolution, too (see Hig.2b). The longer exmmsur

Figure[2b indicates that thefective temperature rose andimes of the 2014 monitoring led to higher numbers of photons
fell together with the count rate. The peak blackbody teraperand smaller statistical uncertainties on the estimatéectve
ture likely exceeded 110 eV, which no other nova in the M 3dlackbody temperatures. In HND2014, we could not be cer-
sample of HPH2014 has yet come close to. The next highdain of a spectral evolution. Here, the smaller errors of20&4
well determinedT was~ 80 eV for M31N 2007-12b (see alsomeasurements and the similarities to the 2013 results alw
Pietsch et &l. 2011). Because of the strong similaritieséen to study the changes irffective temperature with considerably
the 2013 and 2014 outbursts, we discuss the spectra of bmth chigher confidence by performing a combined analysis of all X-
paigns together in Se€i. 4.2. ray spectra from both years.
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However, this work is based on low-count, low-resolution
@ CCD spectra obviously indiicient to impose any credible con-
straints to atmosphere models. Our analysis does not aino{o p
vide accurate absolute temperatures, but rather to metseire
relative temperature evolution during and between theuwatb.
We are employing the blackbody model as a simple and robust
S = = | parametrisation of the spectral shape. In a similar wayksla
body fits were used by HPH2014 to model the population prop-
erties of M 31 novae, to which we compare M31N 2008-12a in
. Sect[Z4.b below. Inthe present work, relative changes isplee-
trum are easier to study, because we are comparing datatieom t
same instrument of the same nova.

: : : We combined the sets of spectra used to producé&lFig. 2b into
6 8 10 12 14 16 18 thefive groups that most readers might intuitively congtinoen
Time after outburst [d] this figure. These groups correspond to the stages of the rise

and decline of the light curve (two groups each; also compare
(b) Fig.[2a) as well as the light curve plateau. The latter iseepr
sented by one group comprising two (black) sets of 2014 spect
group 1| and three (grey) sets of 2013 spectra (comparé Fig. 2b). g8rou

' of spectra were fitted simultaneously, again assuming a fixed
Ny = 1.4 x10% cm 2.

The resulting &ective temperature evolution is shown by
the blackcoloured data points in Figl 3. We clearly see an in-
crease in ffective temperature during the first four days of the
group 3| SSS phase, from 684 eV (orange; group 1) over (843) eV
(purple; group 2) to the maximum of 1205 eV (black; group
3), while the count rate was still increasing as well. The max
= imum dfective temperature was reached during the light curve
. plateau. Subsequently, the blackbody temperatures dextea
(98« 4) eV (blue; group 4) and finally 78 7 eV (red; group 5)
just before the count rate dropped below our detection limit

group 4 We also performed a blackbody parametrisation of the spec-
. tra of individual snapshots. This included only observadiwith

more than 200 s exposure time for which a stable fit could be ob-

tained. In total, we used 63 individual spectra (28 from 28id

group 5| 35 from 2013). These individual fits were subjected to a smoot

| | | | ] . | ing using local polynomial regression filtering with the L8&

0.4 0.5 0.6 07 08 09 1.0 method |(Cleveland et 8l. 1992). The fitting used least sguare

Channel Energy (keV) weighted by the inverse of the variances. In Elg. 3 we alswsho
the 95% confidence prediction intervals of this smoothingdit

Fig. 3. Panel a: The efective blackbody temperature of M31N 20084 grey band. For reasons of clarity the individual snapstmot t
12a depending on the time after outburst. Based on spectna thie peratures are not shown.

2014 and 2013 outburst (the latter described in HND2014)ts §& ) . . .
spectra with similar temperature (compare Eig. 2b) have liigeed si- The grouped fits and smoothed regression are consistent in
multaneously. Blagkoloured data points show the bestiit and cor- Showing a significant rise infiective temperature. This is con-
responding uncertainty. The error bars in time after ostbextend Sistent with theoretical models predicting a hardeningreftho-
from the first to the last observation of each group. The gegyon tospheric emission due to the gradual emergence of hotter-at
shows the 95% confidence prediction interval derived froroatiting  sphere layers (e.g. Sala & Hernanz 2005; Hachisu &|Kato|2006;
temperature fits based on individual snapshots (see[SBdbrde- \Wolf et all[2018). The high blackbody temperature maximum
ta_lls). Panel b: Blnned_co_mblned XRT spectra in arbitrary flux unitsyf 120+ 5 eV is unprecedented in the M 31 nova sample (see
with blqckbodylflts (solid lines). The colours corresponthi outburst HPH2014 and Sedt.4.5). This indicates an extremely massive
stages In panel a. WD, following the correlation betweenffective temperatures
and WD masses in the models|of Sala & Hernanz (2005) and
Wolf et al. (2013) that suggest that more massive WDs on av-
erage exhibit higher temperatures. A high WD mass would be
First, let the reader be reminded that it is widely acknogteii Consistent with the fast SSS time scales (see Sett. 4.3jand s
that blackbody parametrisations of X-ray spectra of novae @utburst recurrence time (Kato eflal. 2014).

not produce physical results. High-resolution X-ray specf During the decline of the SSS flux there is clear evidence
Galactic novae during the SSS phase have revealed a wefiltha decreasingfiective temperature (compare Figs. 2 ahd 3).
of absorption or emission lines superimposed on the comtimuWhile there were already indications for this behaviourhia t
(e.g..Ness 2012; Ness etlal. 2013). Non-LTE atmosphere m@6413 data we presented in HND2014, adding the new 2014
els, if possible including atmosphere expansion, have begn measurements provides a considerably higher level ofingrta
gested for the accurate modelling of the SSS state of novge (&he cooling is consistent with predictions by theoreticaldels
Petz et al. 200%; Rauch etlal. 201.0; van Rossum|2012). (Sala & Hernanz 2005; Wolf et al. 2013).

120
HH

100
L

bbody KT [eV]
60

40
1

group 2
!

flux [arbitrary units]

4.2. Combined X-ray spectral evolution
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The drop in luminosity from the plateau to the last detection
is consistent with &4 dependency on the photospheric temper-
ature drop (at constant radius) between the third and thdilas
in Fig.[3 (both a factor of 5). In contrast, during the rise of the »
SSS light curve the average count rate increased conslderap
less than the blackbody temperature (factoB vs factor~ 16 S
for T#). This behaviour is predicted by theoretical models thag ]
assume a spectral hardening caused by a receding photesptier
(e.g.Sala & Hernainz 2005). In this scenario, the decreasing §
dius would reduce the rise in flux due to the increasifigaive O
temperature.

In Fig.[3b we show the merged, binned XRT spectra of the
five groups in Fig.Ba together with a blackbody fit. This pro- T T T T T T T
vides a visualisation of the spectral evolution. Note, izt
temperature fits for Fig]3a were performed on the spectma-of
dividual observations using Poisson statistics accorttiffgasn
(1979). The binned spectra are broadly consistent withethe t
perature evolution suggested in [ify. 3a. However, theysaige
gest additional spectral features beyond a simple blackboa- -
tinuum when comparing the fit to the data, e.g. ataround 0/7 keg [
in groups 2 and 4 or to the flat top spectrum of group 3. T « I

Any more detailed interpretation is not possible given th% I
quality of our spectra. High-resolution X-ray spectra ofdgdic © - T . . . .
novae (see e.g. Néss 2012; Ness Bt al.[2013) show that tHeir SS 6 8 10 12 14 16 18
state can show a plethora of emission and absorption feature Days after outburst [d]

(Ness et al. 2012, see e.g. the RN U Sco). Similarly, some part
of the X-ray spectrum that here we attribute to the blackbody
continuum could be due to overlapping, unresolved emigsion
absorption features.

©

ct/s
4
1

count rate [ 107

I

0.30

—high (c)

0.20

unts s keV

0.10

4.3. Combined X-ray light curve and variability

In HND2014 we found significant X-ray variability during the S
SSS phase of M31N 2008-12a. In contrast, the 2014 light curve
appears smoother (compare the grey and black data ia]Fig. 2a) 8

However, the 2014 exposures were typically longer than 1820 © 0.4 0.5 06 07 0.8 09 1.0
(see TablEll and HND2014) and would therefore produce an av- Channel Energy (keV)

erage count rate that could hide short term variability. {Tolg
this variability we estimated separately the count ratealfdhe
individual Swift XRT snapshots of the 2014 monitoring. The re

Fig. 4. Pand a The short-term X-ray light curve of M31N 2008-
12a based on the individual XRT snapshots. Data points with bars

. : . . ghow the XRT count rates and corresponding errors (see[@pfiethe
sulting count rates are given in Table2. We also revisited tBy14 (black) and 2013 (grey) outbursts. Note, that the coatetaxis

2013 data, as described in HND2014, and applied the same piges a linear scale in contrast to the logarithmic scale gi2si Solid
cedure to extract the count rates given in Table 3. lines represent smoothed fits, based on local regressiotheo8014
In Fig.[da we show the short term X-ray light curves ofplue) and 2013 (orange) datBanel b: The light curves from panel a
M31N 2008-12a in 2014 (black) and 2013 (grey). This pldtave been de-trended by subtracting the smoothed fits fremmeipec-
clearly reveals that both light curves show a similar amaint tive data. The red (and light red) data points mark the coatetsrthat
variability on time scales of hours. Smoothed fits, based @r¢ at least & above t.he smoothed fit for the' 2014 (2013) data during
ine LOESS local rgrsein an shown s <o Ino 1310 M L0005 LS oy ot b s
suggest that the 2014 outburst (blue) was on average stig el ¢: Binned XRT spectra for all the high (red colours) and low lu-
br_lght(?r t_han the 291.3 OUtbl.JrSt. (orange). _Thﬁeulem_:e In_Iu- minosity (blue colours) snapshots of the 2014 and 2013 mong that
minosity is not statistically significant, but it is congist with  re indicated in panel b with corresponding colours.
indications that theféective temperature of the 2014 outburstin
the later stages might have been systematically higherithan
2013 (see Fid.2b). Observations of future outbursts widival tests: the variances in XRT count rate of the 2013 and 2014
us to put useful constraints on the variations in tempeesdnd de-trended light curves before day 13 are not significanifly d
luminosity between outbursts. ferent (1.1 vs 1.7). The same is true for the variances atgr d
The X-ray variability of M31N 2008-12a can best be seet¥4 (0.12 vs 0.13). However, theftéirence between the high-
in Fig.[db, where we show the de-trended light curves of tleead low-variability parts of both light curves are highlgsifi-
2014 (black, red, blue) and 2013 (grey, light red, light BIBES cant beyond the level with p-values of 2.£1076 (2013) and
phases. The de-trending assumes the smoothed average sHo8«10~° (2014).
in Fig.[da, which has been subtracted. In Elg. 4b two things ar The significant drop in variability after day 13 could indiea
immediately obvious: Both light curves show (a) a similar dehe end of an early variability phase which has been observed
gree of variability which (b) is reduced considerably afibout in a number of Galactic novae (e.g. KT Eri, RS Oph; Bode et al.
day 13. This visual impression is confirmed by statistical R010; Osborne et al. 2011). We performed a Lomb-Scargle anal
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ysis [Lomb[ 1976/ Scardle 1982) on the two de-trended high- = 1
cadence light curves in Figl 4b before day 14. We did not detec
any periodic signal in either light curve on the 95% confidence =R

level. 2

Additionally, we searched for any characteristic varidpil § 3 -
time scales with an approach similar to the structure foncti £
described by Simonetti et'al. (1985). For any two pairs ofobs = & .
vations we recorded the time lag and thffetience in count rate. 3

We then applied a local regression smoother to estimatevthe é N

erage variability on dferent time scales. We found the resulting®

smoothed average to be flat over time; i.e. all time scalesn(fr Y 4

seven minutes to seven days) appear to show a similar defgree o

variability. _ . , o 0 2 4 6 8 10 12 14 16 18
To shed further light on the origins of the high-variability

phase we compared the XRT spectra of those measurements sig-

nificantly above and below the average (smoothed) count ratgy. 5. Optical (red,V filter), UV (blue, uw2 filter) and X-ray light

We further restricted this comparison to snapshots taken dcurves of M31N 2008-12a during the 2014 outburst. The optisa

ing the temperature maximum (the black data point in[Big. 3a@)agnitudes were taken from DHS2015 (see also Table 1).

to avoid a contamination by the overall temperature evofuti

The selected high-flux data points are marked in red (2014) or o )

light red (2013) in Fid#b, while the low-flux measurementdon disk. Here, reprocessed SSS emission rmght have slowed

are coloured blue (2014) or light blue (2013). The merged af@Wn. and even briefly reversed, the optical light curve gleca

binned spectra are shown with corresponding colours irdig. We cannot e>_<c|ude that an optlcal plateau did occur below the
The largest dference between the two spectra seems to cﬁghSltlv!ty limit of the.observatlons. See DHS2015 for aadet

cur in the energy range of®— 0.8 keV, while particularly at discussion of the optical light curve.

lower energies the spectra become more similar. This could i

dicate that the variability is not caused by absorption intra ; ; ;

material, which shouldféect softer X-rays more. Absorption by4'5' gdeﬁrtsed ;Jcegg;auon picture, ejected hydrogen mass, &

completely opaque material appears unlikely as well, bezau

this would not change the shape of the spectrum. Changesnifrig.[8 we provide an update on the connection of M31N 2008-

photospheric temperature are more likely to shdieas as in 12a with the big picture of M 31 novae as it was first discussed

Fig.dc (see Ness et al. 2015, in prep.). in HND2014. The data for the M 31 nova sample (grey) is based
The high-flux data points (red) in Fig. 4b have count rates HPH2014, who discussed the four correlations and their im

that are on average a factor of52higher than for the low- plications in detail. Here, we assume the 2014 measurements

flux (blue) data points. This would correspond to a factor &r the opticalt,r decline rate and the expansion velocity as

1.3 higher temperatures if caused byT4 dependency (e.g. presented by DHS2015. We further use the updated SSS time

105 kT to 133 KT). Other possible explanations are an em#saleston andtyg, as derived in Sedt. 3.1, and assume the peak

sion line dominated spectrum with variable line strengthse  blackbody temperatur&T = 120+ 5 eV) estimated in Se¢f.4.2.

0.6-0.8 keV range most likely oxygen lines) or a varying degree All parameters are in good agreement with the average mul-

of ionisation of O (as suggested for RS Ophlin Ness 2015). tiwavelength behaviour of M 31 novae, except for the expansi

velocity. A low expansion velocity (and a faint optical maxi

mum; see DHS2015) could indicate a weak outburst on an ex-

tremely high mass WD (see HND2014). We note that this find-

Theoretical nova models predict a gradual hardening of tig is at odds with a recent study on Galactic novae propos-

source spectrum that ultimately leads to the emergenceeof g high expansion velocities as one among several progisin

SSS (e.d. Hachisu & Kdto 2006). In Hig. 5 we visualise the-ovendicators for an underlying RN_(Pagnotta & Schaefer 2014).

all multiwavelength evolution of M31N 2008-12a using thre&131N 2008-12a shows clearly that low expansion velocities d

energy bands: the opticaV/ (band), the UV gw2 filter), and not rule out an RN. This is in agreement with theoretical mod-

the soft X-ray regime. The optical and UV measurements wegts predicting lower expansion velocities for very highration

taken from DHS2015, where more detailed light curves of ttigtes (plus short recurrence times in case of high-mass ‘éées,

2014 outburst in various optigalV filters are presented and dis-Yaron et all 2005).

cussed. The remaining three parameter connections in[Fig. 6, while
In Fig.[H we see th& band and UV magnitudes decliningconsistently below the M 31 average, are still in good agezgm

in a similar way. There is no significant shift in emissionrfro with the overall population fits and therefore extend theta-r

the optical to the UV, which is bright already very early irethtions to faster time scales and higher temperatures. We theite

outburst. Together with the faint optical peak magnitudeie- M31N 2008-12a is not the nova with the fastest Sg$any

haviour is consistent with a weak outburst in which the expanmore. This title was taken by the Galactic RN V745 Sco in

ing pseudo photosphere exhibits a higieetive temperature and February 2014 (SSS turn on 3-4 d, 5ee Pagelet al. 2014).

never reaches ared giant size (see HND2014 and DHS2015). Based on the SS&n = (5.9 + 0.5) d we estimated the
The V band light curve shows two distinctive re-hydrogen mass ejected during the outburst. This assumes tha

brightenings, the latter of which coincides with the risiB§S the central SSS becomes visible once the ejecta turn dptical

emission. | Hachisu et al. (2008) suggested that the obsertidd to soft X-rays. Following Della Valle et al. (2002), ws-a

plateaus in the optical light curves of Galactic novae lile®oh sumed the ejecta to expand as a spherical symmetric shall wit

are caused by the reprocessing of X-ray emission by the -acaehicknessilling factor of 0.2 (see also Henze et al. 2010, for

X-ray count rate [ 1072 ct/s ]

Time after outburst [d]

4.4. Multiwavelength evolution
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M. Henze et al.: RN M31N 2008-12a: 2014 outburst in X-rays
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Fig. 6. Double-logarithmic plots of the nova parameter corretaio Fig. 7. Comparison of the light curves of M31N 2008-12a (black)

from HPH2014. The solid grey lines indicate a robust povaer-fit
with corresponding 95% confidence regions in light grey. Toeela-
tions displayed are (apn VStqg, (b) black-bodykT vstyg, (€) R-band
optical decay time,r Vs ton, and (d) expansion velocity wgn. All
time scales are in units of days after outburst. Overploitetlue as-
terisks are the parameters of M31N 2008-12a as derived inFecby
DHS2015. The error bars on these values are smaller thanzihefs
the symbols.

with the Galactic RNe RS Oph (blue) and U Sco (red) in norradlis
time scales. Filled black circles, for M31N 2008-12a, ird&/ magni-
tudes as presented in DHS2015 and filled black squares skeof+tay
count rates (compare FIg. 2 and TdHle 1). Blue asterisksR®0Oph,
give the optical ¥, visual andy) magnitudes taken from Hachisu et al.
(2006) and blue open circles indicate the X-ray count rae%{0.55
keV) taken from_Hachisu et al. (2007). Red dots, for U Scowstiwe
optical magnitudes taken from the AAVSO archive while snogén
red circles give the X-ray count rate (0.2-1.0 keV) deducethfthe

Swift archive. The black solid line indicates a theoretical ligintve for

a detailed description oflthe method). We used the average sss plackbody flux from a377 M, WD with a chemical compo-
Ho FWHM = 2500 km s* (see DHS2015) to derive the corition of X = 0.6, Y = 0.38, andZ = 0.02 between"**” andteo",

responding expansion velocity as the standard deviaticheof
Gaussian line. We found an ejected hydrogen masdgty =

(2.6 + 0.4) x10°8 M,,. This is consistent with the overall ejecta In Fig.[d we also included a theoretical SSS light curve
mass estimated from the optical data in DHS2015. calculated following! Kato & Hachisu| (1994); Kato (1999);

Furthermore, in Fig]7 we compare the optical and X-raytachisu & Kato [(2006) for a.B77 M, WD with an envelope
light curves of M31N 2008-12a to those of the two promineghemical composition ok = 0.6, Y = 0.38, andZ = 0.02. The
Galactic RNe RS Oph (2006 outburst) and U Sco (2010 ouf=ray light curve starts when the optically thick wind stdfise-
burst). Although the three RNe hadigirent outburst durations oretical SSS turn-on tim&i®¥ and ends at the epoch when hy-
of 18 d for M31N 2008-12a, 35 d for U Sco, and 83 d fodrogen shell-burning extinguishes (theoretical SSS afftime
RS Oph, we show that their overall light curve evolutionsd®o t”f‘f"'y). To fit the count rates of M31N 2008-12a, we freely
remarkably similar after a linear scaling. These similesiare shifted the theoretical light curve vertically. We conauthat
particularly striking for the early optical decline, the S&Irn- the SSS phase of M31N 2008-12a is consistent with our theoret
on and turn-@ times, and the X-ray cooling times after the SSga| model of a 1377 M, WD representing the upper mass end
turn off. of mass-accreting and non-rotating WDs.

The scaling behaviour of RNe is in contrast to CNe, where
the time-scalability of the optical decay can be describgad b
universal decline law which predicts aff@irent linear propor- 5, Summary & Conclusions
tionality, i.e. a diferent slope, betweeta vs. ton andt, vs. ) ) ] o
to (See Figures 12 and 13[in Hachisu & Kato 2010). This is b¥(e carried out high-caden@ift XRT monitoring of the 2014
cause the early optical decline depends directly on the Wism&utburst of the remarkable recurrent nova M31N 2008-12a.
but barely on the hydrogen contextin the envelope which is These are our main findings:
fuelling the SSS phase. Thisfilirence in the proportionality is
qualitatively consistent with the observed behaviour efpop- 1. M31N 2008-12a was detected as a bright SSS with well
ulation trends for M 31 novae (see HPH2014 and[Big. 6). Thus, constrained and very fast time scaleggf = (5.9 + 0.5) d
the scalability of these RNe might be a clue to understanitieg ~ andtyg = (184 + 0.5) d.
physics of novae with very short recurrence periods. We note
thatllzzo et al.|(2014) reported that also the Galactic RN X Py2. The X-ray light curve and spectral evolution of the 2014
in its 2011 outburst showed SSS time scales consistentagth t  outburst are very similar to the 2013 outburst presented in
M 31 trends. A systematic comparison between novae in M 31 HND2014.
and the Galaxy is in preparation.
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. The combined 2014 and 2013 spectral evolution suggessshisu, I., Kato, M., Kiyota, S., et al. 2006, ApJ, 651, L141

a fast rise in temperature followed by an equally rapanChiSU, l., Kato, M., Kiyota, S., et al. 2008, in AstronoaiiSociety of the

acific Conference Series, Vol. 401, RS Ophiuchi (2006) aedRecurrent
ova Phenomenon, ed. A. Evans, M. F. Bode, T. J. O'Brien, & NDalnley,

Hachisu, I., Kato, M., & Luna, G. J. M. 2007, ApJ, 659, L153
Henze, M., Ness, J., Bode, M. F., Darnley, M. J., & Williams,CS 2013, The

ay Astronomer’s Telegram, 5627, 1

ﬁgnze, M., Ness, J.-U., Darnley, M. J., et al. 2014a, A&A, 363[HND2014]
enze, M., Ness, J.-U., Darnley, M. J., et al. 2014b, Thedketmer's Telegram,

Henze, M., Ness, J.-U., Darnley, M. J., et al. 2014c, Theok&tmer’s Telegram,

big picture of the M 31 sample presented by HPHZOlkl!?nze' M., Ness, J.-U., Darnley, M. J., et al. 2014d, Thedk&tmer’s Telegram,
The connection between optical and X-ray time scales jisn,e . pietsch, W., Haberl, F., et al. 2014e, AGA, 563,[AH2014]
consistent with the average M 31 nova behaviour as wellenze, M., Pietsch, W., Haberl, F., et al. 2010, A&A, 523, A89

Hsnze, M., Pietsch, W., Haberl, F., et al. 2011, A&A, 533, A52

|ower than expected, Wthh m|ght be exp|ained by a Weé_qgo, L., Della Valle, M., Ederoclite, A., & Henze, M. 2014 Av e—prints

Kato, M. 1999, PASJ, 51, 525
Kato, M. & Hachisu, I. 1994, ApJ, 437, 802
Kato, M. & Hachisu, I. 2012, Bulletin of the Astronomical Seiy of India, 40,

3
decline. Based on a blackbody parametrisation we estimate(ﬁI
a maximum €ective temperature okT = 120+ 5 eV, 206
significantly above any other M 31 nova.
4. The short-term X-ray light curves of 2014 and 2013 displ
strong, aperiodic variability that decreased significant
around day 14 after outburst. 6604, 1
5. The X-ray parameters of M31N 2008-12a fit well into the 6565, 1
558, 1
Only the expansion velocity, as measured by DHS2015,
outburst on a high-mass WD with a high accretion rate.
6. The SSS phase of M31N 2008-12a can be modelled assunso3

ing a WD close to the Chandrasekhar mass. The optical afatb, M., Saio, H., Hachisu, I., & Nomoto, K. 2014, ApJ, 79361
X-ray light curve can be scaled to show similar time scal&sautter, J. 2008, in Astronomical Society of the Pacific féoence Series, Vol.

as the light curves of the Galactic RNe RS Oph and U Sco.

401, Astronomical Society of the Pacific Conference Seees,A. Evans,
M. F. Bode, T. J. O'Brien, & M. J. Darnley, 139—
Lomb, N. R. 1976, Ap&SS, 39, 447

~ M31N 2008-12a ffers a unique laboratory for detailed studness, J. U. 2012, Bulletin of the Astronomical Society ofipa0, 353
ies of repeated nova outbursts. For the first time, the uepreess, J.-U. 2015, Acta Polytechnica, accepted [arXiv:150191]
dented one-year recurrence time makes it feasible to followNess, J.-U., Osborne, J. P., Henze, M., et al. 2013, A&A, B58,

single nova over a large number of outbursts. We are confidg@

s, J.-U., Schaefer, B. E., Dobrotka, A., et al. 2012, g3, 43
orne, J. P., Page, K. L., Beardmore, A. P., et al. 2011, 744 124

that M31N 2008-12a will show further outbursts in the foesepage, k| L., Osbome, J. P., Beardmore, A. P., & Mukai, K. 20THe As-
able future and we predict the next outburst for the autumn oftronomer's Telegram, 5870, 1

2015 which we aim to study in great detail.
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M. Henze et al.: RN M31N 2008-12a: 2014 outburst in X-rays

Table 1. Swift observations of nova M31N 2008-12a following the 2014 orgbu

ObsID Exp Daté MJDP AtC UV [mag] Rate lgs-10°

[ks] [UT] [d] [d] uvm2 uvwl uvw2 [102cts!] 10%®ergs?!]

00032613042 7.9 2014-10-03.63 56933.63 0.94 - -.2101 <0.2 <0.2
00032613043 7.9 2014-10-04.44 56934.44 1.75 .318.1 - - <0.2 <01
00032613045 3.9 2014-10-05.16 56935.16 2.47 -419.1 - <04 <03
00032613046 1.8 2014-10-06.02 56936.02 3.33 - - - < 0.6 <04
00032613047 7.3 2014-10-07.35 56937.35 4.66 - -.619.1 <02 <02
00032613048 6.9 2014-10-08.29 56938.29 5.60.42®.2 - - 07+01 05+01
00032613049 4.4 2014-10-09.02 56939.02 6.33 -.020.2 - 22+0.2 16+0.2
00032613051 44 2014-10-10.09 56940.09 7.40 - - - .0£303 23+02
00032613050 6.5 2014-10-10.35 56940.35 7.66 - -.620.2 32+02 24+£02
00032613052 7.7 2014-10-12.04 56942.04 9.35.12104 > 201 - 39+03 29+0.2
00032613054 1.8 2014-10-13.56 56943.57 10.88 - >204 - 40+ 05 3004
00032613055 5.3 2014-10-14.04 56944.04 11.35 - - - .2+£33 24+0.2
00032613056 1.6 2014-10-15.42 5694542 12.73 - - > 206 35+05 26+04
00032613057 4.8 2014-10-17.36 56947.36 14.67 - >209 - 28+03 21+02
00032613058 2.2 2014-10-18.75 56948.75 16.06 - - - .04 15+0.3
00032613059 4.1 2014-10-19.31 56949.31 16.62 - - >212 09+0.2 07+0.1
00032613060 4.7 2014-10-20.03 56950.04 17.35.02D4 - - 04+01 03+01
00032613061 5.8 2014-10-21.42 56951.42 18.73 - >211 - <0.3 <0.2
00032613062 6.1 2014-10-22.03 56952.03 19.34 - - - <0.2 <0.2

Notes: 2 Dead-time corrected exposure time; Start date of the observatio; Time in days after the outburst of nova
M31N 2008-12a in the optical on 2014-10-02.69 UT (MJD 568382see Sedf. 3.1 Swift UVOT filters were UVM2 (166-
268nm), UVW1 (181-321nm), and UVW?2 (112-264nrfi)X-ray luminosities (unabsorbed, black-body fit, 0.2 - 1R&)/) and
upper limits were estimated according to Sgct. 3.
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Table 2. Individual Swift snapshots of the observations in Table 2.

ObsID_part Exp Daté MJIDP  AtC UV [mag] Rate lgo-10°
[ks] [UT] [ [d] uvm2 uvwl uvw2 [102cts?] 10%®ergs?]

00032613042_1 1.59 2014-10-03.63 56933.63 0.94 - -.04D1 <04 <0.3
00032613042_2 2.46 2014-10-03.69 56933.69 1.00 - -04D1 <05 <04
00032613042_3 2.46 2014-10-03.76 56933.75 1.06 - -34D.1 <05 <04
00032613042_4 1.45 2014-10-03.82 56933.82 1.13 - -24D1 <11 <0.8
00032613043 1 0.74 2014-10-04.44 56934.44 1.75.148.1 - - <10 < 0.7
00032613043 2 1.75 2014-10-04.50 5693450 1.81.148.1 - - <05 <04
00032613043_3 1.70 2014-10-04.56 56934.56 1.87.248.1 - - < 0.7 <05
00032613043 4 2.53 2014-10-04.62 56934.62 1.93.448.1 - - <03 <03
00032613043 5 0.90 2014-10-04.69 56934.69 2.00.348.1 - - <09 <07
00032613043_6 0.33 2014-10-04.71 56934.71 2.02.648.2 - - <22 <17
00032613045 1 0.87 2014-10-05.16 56935.16 2.47 -.149.2 - <14 <1.0
00032613045 2 0.29 2014-10-05.31 56935.30 2.61 -049.3 - <44 <33
00032613045_3 1.01 2014-10-05.62 56935.62 2.93 -449.2 - < 0.9 < 0.7
00032613045 4 1.10 2014-10-05.69 56935.69 3.00 -549.3 - <15 <11
00032613045 5 0.60 2014-10-05.82 56935.82 3.13 - >196 - <14 <1.0
00032613046_1 0.02 2014-10-06.02 56936.02 3.33 - - - <384 < 288
00032613046_2 0.14 2014-10-06.50 56936.50 3.81 - - - <54 <41
00032613046_3 1.23 2014-10-06.89 56936.89 4.20 - - - <08 <06
00032613046_4 0.38 2014-10-06.95 56936.95 4.26 - - - <23 <17
00032613047_1 0.13 2014-10-07.35 56937.36 4.67 - - >188 <6.5 <48
00032613047_2 0.82 2014-10-07.36 56937.36 4.67 - - >202 <10 < 0.7
00032613047_3 1.72 2014-10-07.42 56937.42 4.73 - -.649.2 < 0.6 <05
00032613047_4 1.71 2014-10-07.49 56937.49 4.80 - -.0491 <04 <0.3
00032613047_5 1.05 2014-10-07.57 56937.57 4.88 - -.649.2 < 0.9 < 0.7
00032613047_6 1.55 2014-10-07.63 56937.62 4.93 - -949.2 < 0.7 <05
00032613047_7 0.37 2014-10-07.84 56937.84 5.15 - -4493 <35 <26
00032613048_1 0.88 2014-10-08.29 56938.29 5.60.749.3 - - <16 <12
00032613048 2 1.00 2014-10-08.35 56938.36 5.67 > 200 - - <13 <10
00032613048 3 0.96 2014-10-08.42 56938.43 5.74.849.3 - - <08 < 0.6
00032613048 _4 1.51 2014-10-08.49 56938.49 5.80.120.3 - - 09+0.3 07+0.2
00032613048 5 0.97 2014-10-08.55 56938.55 5.86 > 200 - - <16 <12
00032613048 6 0.60 2014-10-08.62 56938.62 5.93 > 197 - - <29 <22
00032613048 _7 0.61 2014-10-08.69 56938.69 6.00 > 197 - - 28+0.8 21+0.6
00032613048 8 0.38 2014-10-08.95 56938.95 6.26 >194 - - 14+0.8 11+06
00032613049 1 0.34 2014-10-09.02 56939.02 6.33 - >194 - <57 <43
00032613049 _2 0.39 2014-10-09.23 56939.23 6.54 - >195 - 19+0.8 15+ 0.6
00032613049 _3 0.60 2014-10-09.30 56939.30 6.61 - >197 - 51+10 38+0.8
00032613049 4 0.43 2014-10-09.43 56939.43 6.74 -.120.3 - 20+08 15+ 0.6
00032613049 5 0.93 2014-10-09.43 56939.43 6.74 - - - .0+£d5 15+ 04
00032613049 _ 6 0.23 2014-10-09.55 56939.55 6.86 - >190 - < 6.2 <46
00032613049 7 0.44 2014-10-09.69 56939.69 7.00 - >196 - <35 <26
00032613049 8 0.74 2014-10-09.76 56939.76 7.07 -.649.3 - 11+04 08+0.3
00032613049 9 0.28 2014-10-09.90 56939.89 7.20 - >186 - 26+1.1 19+0.8
00032613051_1 0.63 2014-10-10.09 56940.09 7.40 - - - 6+£D6 12+ 04
00032613051_2 0.93 2014-10-10.15 56940.15 7.46 - - - .0+D4 07+0.3
00032613051 _3 1.25 2014-10-10.22 56940.22 7.53 - - - .8+8.7 28+05
00032613051_4 0.04 2014-10-10.29 56940.29 7.60 - - - <210 <158
00032613050_1 0.65 2014-10-10.35 56940.36 7.67 - - - 2+99 32+0.7
00032613050_2 0.42 2014-10-10.42 56940.42 7.73 - - - .7+£83 43+1.0
00032613051 5 1.05 2014-10-10.55 56940.55 7.86 - - - 1107 31+£05
00032613051_6 0.54 2014-10-10.62 56940.62 7.93 - - - 5+41 34+0.8
00032613050_3 0.57 2014-10-11.09 56941.09 8.40 - - >200 12+05 09+04
00032613050_4 0.81 2014-10-11.15 56941.15 8.46 - - > 202 30+£07 23+05
00032613050 5 0.76 2014-10-11.22 56941.22 8.53 - ->201 20+0.6 15+ 04
00032613050_6 0.76 2014-10-11.30 56941.30 8.61 - - >202 23+0.6 18+05

Notes: As for TablE1.
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Table 2. continued.

ObsID_part Exp Daté MJDP At® UV [mag] Rate loo_10°©

[ks] [UT] [d] [ uvm2 uvwl uvw2 [102cts?] 10%ergs?]

00032613050_7 1.12 2014-10-11.36 56941.36 8.67 - - >204 47+0.7 35+05
00032613050_8 0.71 2014-10-11.55 56941.55 8.86 - -.0204 28+0.7 21+05
00032613050_9 0.73 2014-10-11.63 56941.62 8.93 - - >202 33+0.8 25+0.6
00032613052_1 0.23 2014-10-12.04 56942.04 9.35189 - - 56+19 42+ 14
00032613052_2 0.50 2014-10-12.23 56942.23 9.5419.6 - - 41+10 31+08
00032613052_3 0.27 2014-10-12.44 56942.44 9.%519.2 - - 59+16 44+12
00032613052_4 1.72 2014-10-12.49 56942.48 9.2920.3 - - 4.7+ 0.6 35+05
00032613052 _ 5 1.72 2014-10-12.55 56942.55 9.8620.4 - - 17+04 13+03
00032613052_6 1.66 2014-10-12.62 56942.62 9.93204 - - 51+0.6 38+05
00032613052_7 0.59 2014-10-12.83 56942.83 10.14198 - - 44+10 33+0.8
00032613052_8 1.04 2014-10-13.55 56943.55 10.86 >-20.1 - 24+0.6 18+04
00032613054 _1 0.40 2014-10-13.57 56943.57 10.88 >-195 - 42+12 32+09
00032613054 2 1.43 2014-10-13.62 56943.62 10.93 >-20.2 - 40+0.6 30+04
00032613055_1 0.31 2014-10-14.04 56944.04 11.35 - - - 9+0.6 06+0.5
00032613055 _2 0.21 2014-10-14.30 56944.30 11.61 - - - .3x34 25+1.1
00032613055_3 0.70 2014-10-14.37 56944.37 11.68 - - - .3+8.8 25+0.6
00032613055_4 0.64 2014-10-14.43 56944.43 11.74 - - - .3£830 40+0.8
00032613055 5 1.74 2014-10-14.49 56944.48 11.79 - - - 5+85 26+04
00032613055 6 1.72 2014-10-1455 5694455 11.86 - - - 7+D5 21+04
00032613056_1 0.11 2014-10-15.42 56945.42 12.73 - ->190 <152 <114
00032613056_2 0.36 2014-10-15.49 56945.49 12.80 - ->197 44+13 33+10
00032613056_3 0.47 2014-10-15.55 56945.55 12.86 - ->198 19+07 14+05
00032613056_4 0.36 2014-10-15.69 56945.69 13.00 - ->196 33+11 25+038
00032613056_5 0.34 2014-10-15.75 56945.75 13.06 - ->196 58«15 43+1.1
00032613057_1 1.26 2014-10-17.36 56947.36 14.67 >-20.1 - 25+05 19+04
00032613057_2 1.26 2014-10-17.43 56947.43 14.74 >-20.2 - 32+06 24+05
00032613057_3 1.26 2014-10-17.50 56947.50 14.81 >-20.1 - 30+05 23+04
00032613057_4 1.05 2014-10-17.63 56947.63 14.94 >-20.1 - 25+0.6 19+04
00032613058 _1 0.02 2014-10-18.76 56948.75 16.06 - - - <402 < 302
00032613058 2 1.00 2014-10-18.83 56948.83 16.14 - - - .8x05 13+04
00032613058 3 0.20 2014-10-18.91 56948.91 16.22 - - - 9+1.2 14+09
00032613058 4 0.87 2014-10-18.97 56948.96 16.27 - - - 3+DP6 17+04
00032613059 1 0.04 2014-10-19.31 56949.31 16.62 - ->183 28+28 21+21
00032613059 2 1.08 2014-10-19.36 56949.36 16.67 - - > 203 0.7+0.3 06+0.2
00032613059 _3 1.02 2014-10-19.43 56949.43 16.74 - - > 203 12+04 09+0.3
00032613059 4 1.02 2014-10-19.50 56949.50 16.81 - ->202 15+04 11+03
00032613059 5 0.99 2014-10-19.97 56949.96 17.27 - - > 203 <13 <10
00032613060_1 0.23 2014-10-20.03 56950.04 17.3519.2 - - <38 <29
00032613060_2 0.94 2014-10-20.37 56950.37 17.6820.0 - - 05+0.3 04+0.2
00032613060_3 0.55 2014-10-20.57 56950.57 17.8819.7 - - <23 <17
00032613060_4 1.55 2014-10-20.63 56950.62 17.9320.3 - - <11 <08
00032613060 5 1.48 2014-10-20.83 56950.82 18.1320.3 - - 05+0.2 03+0.2
00032613060_6 0.00 2014-10-20.89 56950.89 18.2015.5 - - < 3730 < 2800
00032613061_1 0.86 2014-10-21.42 56951.42 18.73 >-20.0 - <14 <10
00032613061 2 0.15 2014-10-21.62 56951.62 18.93 >-204 - <51 <38
00032613061_3 0.03 2014-10-21.62 56951.62 18.93 - - - <286 <215
00032613061_4 1.18 2014-10-21.62 56951.62 18.93 - - - <14 <10
00032613061 5 0.22 2014-10-21.64 56951.64 18.95 - - - <36 <27
00032613061_6 1.65 2014-10-21.69 56951.69 19.00 >-20.4 - <06 <04
00032613061_7 1.74 2014-10-21.75 56951.75 19.06 >-20.3 - <06 <05
00032613061_8 0.03 2014-10-21.82 56951.82 19.13 >-17.7 - <384 < 288
00032613062_1 0.94 2014-10-22.03 56952.03 19.34 - - - <038 <06
00032613062_2 0.21 2014-10-22.49 56952.49 19.80 - - - <57 <43
00032613062_3 1.14 2014-10-22.56 56952.56 19.87 - - - < 0.9 <07
00032613062_4 0.04 2014-10-22.75 56952.75 20.06 - - - <182 <137
00032613062_5 0.03 2014-10-22.76 56952.76 20.07 - - - <332 < 249
00032613062_6 0.24 2014-10-22.76 56952.76 20.07 - - - <35 <26
00032613062_7 0.30 2014-10-22.76 56952.76 20.07 - - - <27 <20
00032613062_8 0.24 2014-10-22.77 56952.77 20.08 - - - <35 <27
00032613062_9 0.08 2014-10-22.77 56952.77 20.08 - - - <107 <8.0
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Table 3. Individual Swift snapshots of the 2013 monitoring observations from HND2014

ObsID_part Exp Daté MJDP At® UV [mag] Rate lgo-10°

[ks] [UT] [d] [d] uvm2  uvwl uvw2 [102cts?] 10%¥ergs?]

00032613005_1 0.7 2013-12-03.03 56629.03 6.43 - - >200 26+0.7 20+05
00032613005_2 1.3 2013-12-03.09 56629.09 6.49 - -.9149.3 09+03 07+02
00032613005_3 0.7 2013-12-03.16 56629.16 6.56 - - >200 29+07 22+05
00032613005_4 1.7 2013-12-03.23 56629.23 6.63 - -949.2 14+0.3 11+0.2
00032613005_5 1.7 2013-12-03.43 56629.43 6.83 - -.2192 <10 <07

00032613006_1 0.2 2013-12-04.09 56630.09 7.49 - - >193 29+12 21+0.9
00032613006_2 1.7 2013-12-04.16 56630.16 7.56 >199 >191 > 20.0 17+04 13+0.3
00032613006_3 0.0 2013-12-04.23 56630.23 7.63 - - > 183 <185 <139
00032613007_1 1.9 2013-12-04.70 56630.70 8.10.31®3 >198 198+0.3 16+0.3 12+02
00032613007_2 0.1 2013-12-04.76 56630.76 8.16 - - > 187 35+21 26+16
00032613008_1 1.7 2013-12-05.23 56631.23 8.63 >197 > 198 >19.9 22+04 17+03
00032613009_1 1.3 2013-12-05.70 56631.70 9.10 > 195 > 196 >19.8 42+ 06 31+05
00032613009_2 0.3 2013-12-05.85 56631.85 9.25 >188 > 177 >191 41+14 31+11
00032613009_3 0.3 2013-12-05.96 56631.96 9.36 > 184 - > 188 43+13 32+10
00032613010_1 1.0 2013-12-06.10 56632.10 9.50 >193 > 192 > 194 37+0.7 28+0.5
00032613010_2 1.0 2013-12-06.16 56632.16 9.56 >194 > 192 > 195 38+07 28+ 05
00032613011_1 15 2013-12-06.63 56632.63 10.03 >196 > 197 >19.8 40+ 0.6 30+04
00032613011_2 0.5 2013-12-06.71 56632.71 10.11 >190 > 190 >19.2 42+10 32+0.7

00032613012_5 0.0 2013-12-07.10 56633.10 10.50 >-18.8 > 196 96+ 6.8 72+51
00032613012_2 0.0 2013-12-07.10 56633.10 10.50 - - - 444 33+33
00032613012_3 0.0 2013-12-07.10 56633.10 10.50 - - - 0462 120+ 6.9
00032613012_4 0.0 2013-12-07.10 56633.10 10.50 - - - 782 6.5+4.7
00032613012_1 0.0 2013-12-07.10 56633.10 10.50 - - - .8t4.8 36+3.6
00032613012_6 0.0 2013-12-07.10 56633.11 10.51 - - - <792 <594

00032613012_7 0.2 2013-12-07.11 56633.11 10.51 >189 - - < 9.6 <72
00032613012_8 1.4 2013-12-07.17 56633.16 10.56 >198 > 188 > 19.6 13+04 10+03
00032613012_9 0.2 2013-12-07.23 56633.23 10.63 >200 > 188 > 196 13+09 09+0.7
00032613013_1 1.1 2013-12-07.57 56633.57 10.97 >193 > 193 > 196 17+04 13+0.3

00032613013_2 0.0 2013-12-07.63 56633.63 11.03 - ->194 239+240 180+180
00032613013_3 0.3 2013-12-07.63 56633.63 11.03 - - - .0+D9 15+0.6
00032613013_4 0.1 2013-12-07.64 56633.64 11.04 > 192 - - <151 <113
00032613013_6 0.3 2013-12-07.64 56633.64 11.04 >-19.1 - 24+10 18+08
00032613013_5 0.0 2013-12-07.64 56633.64 11.04 - - - <1060 <796
00032613013_7 0.1 2013-12-07.64 56633.64 11.04 - - - <151 <113
00032613014_1 0.2 2013-12-08.03 56634.04 11.44 ->191 46+ 1.8 34+14

00032613014 2 1.4 2013-12-08.17 56634.17 11.57 >195 > 195 > 198 25+ 05 19+04
00032613015_1 1.1 2013-12-08.57 56634.57 11.97 >192 > 195 > 196 35+ 06 26+ 05
00032613015_2 0.8 2013-12-08.64 56634.64 12.04 >190 >192 > 194 26+0.7 19+ 05

00032613016_1 0.1 2013-12-09.04 56635.04 12.44 >-182 - 36+25 27+19
00032613016_2 0.1 2013-12-09.10 56635.10 12.50 >-18.2 - 42+29 31+22
00032613016_3 0.1 2013-12-09.17 56635.17 12.57 >-18.2 - <112 <84
00032613016_4 0.4 2013-12-09.17 56635.17 12.57 >-18.8 > 192 21+09 15+0.7

00032613016_5 1.6 2013-12-09.50 56635.50 12.90 >198 > 192 > 198 29+05 21+04
00032613016_6 1.7 2013-12-09.57 56635.57 1297 >198 > 191 > 197 20+04 15+ 03
00032613016_7 0.5 2013-12-09.64 56635.64 13.04 >189 > 184 > 190 37+09 28+07
00032613017_1 1.7 2013-12-10.44 56636.44 13.84 >197 > 198 > 199 32+05 24+04
00032613017_2 1.7 2013-12-10.50 56636.50 13.90 > 196 > 198 >19.8 35+0.5 26+04

00032613017_3 0.4 2013-12-10.57 56636.57 13.97 >186 > 188 > 189 25+09 19+0.7
00032613018_1 0.4 2013-12-11.04 56637.04 14.44 >186 > 187 > 188 <3.0 <23
00032613018_2 0.8 2013-12-11.11 56637.11 14.51 >192 >193 > 194 24+0.6 18+ 05
00032613018_3 0.9 2013-12-11.17 56637.17 1457 >192 > 193 > 195 15+05 11+04

00032613019_1 0.3 2013-12-11.31 56637.30 14.70 >187 > 180 > 185 21+10 16+0.8
00032613019_2 1.7 2013-12-11.50 56637.50 14.90 >198 > 191 > 19.8 14+0.3 10+03

Notes: As for TablE1 except forwhich gives the time in days after the 2013 outburst of M31M&Q2a in the optical on
2013-11-26.60 UT (MJG: 56622.60), following HND2014.
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Table 3. continued.

M. Henze et al.: RN M31N 2008-12a: 2014 outburst in X-rays

ObsID_part Exp Daté MJDP At® UV [mag] Rate loo_10°©

[ks] [UT] [d] [d] uvm2  uvwl uvw2 [102cts?] 10%ergs?]

00032613020_1 1.5 2013-12-11.57 56637.57 1497 >196 >197 >198 19+04 14+0.3
00032613020_2 0.3 2013-12-11.64 56637.64 15.04 >185 >186 > 188 14+07 11+06
00032613019 _3 1.0 2013-12-11.64 56637.64 15.04 >196 >189 >195 19+05 15+04
00032613021_1 0.2 2013-12-12.04 56638.04 15.44 > 189 - - 16+1.2 12+0.9
00032613021_2 0.9 2013-12-12.11 56638.11 15.51.8494 - - 11+04 08+0.3
00032613021_3 0.8 2013-12-12.17 56638.17 15.57 > 199 - - 13+04 09+0.3
00032613022_1 0.7 2013-12-12.32 56638.32 15.72 > 198 - - 19+05 14+04
00032613022_2 0.7 2013-12-12.39 56638.39 15.79 > 198 - - 12+04 09+0.3
00032613022_3 0.4 2013-12-12.45 56638.45 15.85 > 196 - - <31 <23
00032613023_1 1.2 2013-12-12.52 56638.52 1592 >196 >195 >198 22+05 16+04
00032613023 2 0.7 2013-12-12.58 56638.58 1598 >192 >191 >194 12+04 09+0.3
00032613024 _1 0.7 2013-12-12.78 56638.78 16.18 > 198 - - 15+05 11+04
00032613024 _2 0.6 2013-12-12.85 56638.85 16.25 > 198 - - 13+05 09+04
00032613024_3 0.8 2013-12-12.92 56638.92 16.32 > 200 - - 15+05 11+04
00032613025_1 1.1 2013-12-13.11 56639.11 16.51 >-20.1 - 07+0.3 05+0.2
00032613025_2 0.9 2013-12-13.17 56639.17 16.57 >-19.9 - 13+04 10+0.3
00032613026_1 1.1 2013-12-13.31 56639.31 16.71 >-20.1 - 0.7+0.3 05+0.2
00032613026_2 0.8 2013-12-13.38 56639.38 16.78 >-20.0 - <20 <15
00032613027_1 1.1 2013-12-13.58 56639.58 16.98 >-20.1 - 05+0.2 04+0.2
00032613027_2 0.8 2013-12-13.65 56639.65 17.05 >-20.0 - 05+0.3 04+0.2
00032613028_1 1.1 2013-12-13.78 56639.78 17.18 >194 >194 >196 <14 <10
00032613028 2 0.9 2013-12-13.85 56639.85 17.25 >193 >194 > 196 <14 <10
00032613029 _1 0.3 2013-12-14.24 56640.25 17.65 - - - <32 <24
00032613030_1 0.9 2013-12-14.38 56640.38 17.78 - - - .8+x0.3 06+0.3
00032613031_1 1.1 2013-12-14.52 56640.52 17.92 - - - <09 <07
00032613031_2 0.3 2013-12-14.60 56640.59 17.99 - - - <28 <21
00032613031_3 0.3 2013-12-14.66 56640.66 18.06 - - - <4.2 <32
00032613031_4 0.2 2013-12-14.71 56640.71 18.11 - - - <37 <28
00032613032_1 0.8 2013-12-14.78 56640.78 18.18 >192 >193 >195 <21 <15
00032613032_2 1.0 2013-12-14.85 56640.85 18.25 >195 >195 >197 <12 < 0.9
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