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ABSTRACT

We present the discovery of a source with broadband infrainetometric characteristics similar to Sakurai's
Object. WISE J180956.27-330500.2 shows vernyM@8Ecolors, but a very blue 2MASS{] vs. WISE[W1
(3.4 pm)] color. It was not visible during thlRASera, but now has a 12m flux well above thdRASpoint
source catalog detection limit. There are also indicat@nariability in historical optical photographic plates,
as well as in multi-epocAKARI mid-infrared measurements. The broadband infrared spestergy distri-
bution, posttRASbrightening and multiwavelength variability are all chetezistics also shared by Sakurai's
Object — a post asymptotic giant branch (post-AGB) star tvhiocderwent a late thermal pulse and recently
ejected massive envelopes of dust that are currently expgqadd cooling. Optical progenitor colors suggest
that WISE J180956.27-330500.2 may have been of late spetasal. Its dramatic infrared brightening, and
the detection of a late-type optical counterpart are ctarsisvith a scenario in which we have caught an ex-
tremely massive dust ejection event (in 1998 or shortly te3fduring the thermal pulse of an AGB star, thus
providing a unique opportunity to observe stellar evolutio this phase. WISE J180956.27-330500.2 is the
only source in the entiré/ISEpreliminary data release with similar infrared SED andadaility, emphasizing
the rarity of such sources. Confirmation of its nature is ebgjimportance.

Subject headingstars: AGB and post-AGB — infrared: stars — planetary nedauggeneral — stars: individ-
ual (Sakurai's Object, WISE J180956.27—330500.2)

1. INTRODUCTION 2. DATA

A substantial fraction of cosmic dust is manufactured in 2.1. WISE

late-type stars in the asymptotic giant branch (AGB) phase. The ide-field Infrared Survey Explore¥ISB satellite
Dust and gas are ejected into the interstellar medium aa rat yyight et al. 2010) has carried out a highly-sensitive all-
depending upon stellar mass and varying along its evolution gyy syrvey in four bands (W1-W4 centered on wavelengths
ary track (e.g., Vassiliadis & Wood 1993). For moderatesnas ¢ ~3.4, 4.6, 12 and 22m, respectively). The effective an-
stars & 3M), mass-loss is thought to be quasi-continuous gy resolution corresponds to a Gaussian with full-wialth
and to evolve gradually, whereas low-mass starsiMe)  half-maximuma6" in W1-W3, and 12 in W4. The whole
experience several explosive mass-loss events triggered b sky was surveyed once between 2010 January and July. Data
Helium-burning ‘thermal pulse’ (e.g., Schroeder et al.809  for ahout 57% of the sky were publicly available as of 2012
Remnants of such episodic shedding have been observed #ebruary, and we used this preliminary data relbaseor-
detached circumstellar shells in radio observations, ©Igf- der to select sources. The release includes calibrated Vega
sson et al. 2000, Yamamura et al. 1993) and the infrared (Ker-soyrce magnitudes. Sources brighter than mags of 8.0, 6.7,
schbaum et al. 2010; Izumiura et al. 2011). But catching-ejec 3 g8 and —0.4 in W14, respectively, begin to be affected by
tion events at an early stage is rare given their brevity. saturation. Profile-fitting is done using only unsaturated p
One source which has provided a ‘real-time’ view of stellar g|s; thus extending the dynamic range for point source brigh
evolution, dust formation and ejection is the so-calledbor  pess characterization into the saturated reginvagnitudes
again post-AGB star, Sakurai's Object (hereafter, ‘Sakura \yere converted to fluxes using standard zeropoints and color

Duerbeck & Benetti 1996). In this class of objects, a white ¢orrection assuming &, (283) SED relevant for the sources
dwarf undergoes a Helium-burning flash resulting in a reju- perein (Table 1 of Wright et al. 2010).

venation of the giant phase (lben et al. 1983), manifesting a
drastic changes in broadband spectral shape and intemsity o 2.2. Supporting archival data

timescales of days—months (Asplund et al. 1999; Hajduk et al The Two Micron All Sky Survey (2MASS) mapped the sky

2005). In the late nineties, Sakurai ejected a massive dusgn the near-IRJ, H and K, (hereafter,K) bands between
envelope which changed the source optical and infrared ap-997-2001 frorﬁ ground-tfased teleséopes at Mt. Hopkins,

pearance completely, and which continues to evolve prigsent Arizona and Cerro Tololo, Chile (Skrutskie et al. 2006). We
(Kerber et al. 1999b; Kufl et al. 2003; Evans et al. 2006; used zeropoints from Cohen et al. (2003).

Chesneau et al. 2009). - . . The InfraRed Astronomy SatellitéRAS carried out a pi-
Here, we present the discovery of similar massive dust €jeC-gneering all-sky survey at 12, 25, 60, and 10 in 1983

tion in a previously-unremarkable system, which appears tO(Soifer et al. 1987). A poi
. e . . A point source catalog (PSC) was pro-
have been a late-type AGB star. This may be the first ime g, .o \yhich covered 96% of the sky to approximate detec-
that the early stage of a thermal pulse has been caught in thig,, jimits of 0.5, 0.5, 0.5 and 1.5 Jy, respectively, in toarf
phase. The find was made possible by combining new, wide- A ' '
area infrared sky surveys. L http://wise2.ipac.caltech.edu/docs/release/prelim/
2 http://wise2.ipac.caltech.edu/docs/release/prelipgep/secsbc.html
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bands.

The Japanese missickKARI possessed two instruments:
the InfraRed Camera (IRC; Onaka et al. 2007) and the Far-
Infrared Surveyor (FIS; Kawada et al. 2007). Its main praduc
was an all-sky catalog covering the IRC 9 and; &8 bands
(Ishihara et al. 2010) and FIS 65, 90, 140, and L60bands
(Yamamura et al. 2010), to 80% completeness flux limits of
0.12 and 0.22 Jy (IRC) and 3.3, 0.43, 3.6, and 8.2 Jy (FIS),
in the respective bands. Its survey lasted from 2006 May to
2007 August. We only used fluxes with a reported quality flag
f qual =3, indicating good photometric reliability.

Optical photographic plate data and their digitized versio
are available over the sky. These date overtth®70s—-1990s.
More details are given if 4.1.

3. SAMPLE SELECTION

During a study of sources with extremely-rélSEcolors,
we serendipitously found an intriguing source with KtSE
colors but a very blue 2MASEK vs. WISEW1 color, and no
IRAScounterpart. In order to investigate this further, we re-
fined and applied the following selection criteria to theirent
preliminary data release:

1. 9a 2MASS (K) association within ‘3 of the WISEpo-
sition.

2. K-W1< —3.7.

3. W1-W2> 3.0.

4. ph_qual ='AAAA.

5. 3 anIRASPSC counterpart within’1

The first two criteria select sources with an apparent
2MASS K-band flux (invF, units) higher than that ilVISE
W1 by at least 100, either due to an intrinsically blue spéctra
slope, or due to variability between the 2MASS and WISE
observation epochs.

The third criterion selects sources witiISEcolors char-
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FIG. 1.— Ratio of WISEto IRAS12 um flux densities vs.WISEW3
Color (W3-W4) for the 38 sources that satisfy our selectioteda 1-4.
WISEJ1810-330 (W) and Sakurai (S) stand out as having brigtiteina-
matically at 12um, and also in terms of their red W3—W4 color.

13 (WISEJ1810-330), respectively. The W3 fluxes of both
lie well above thelRASPSC limit, and neither is confused
with other objects of similar magnitude within a few arcmin,
confirmed by careful inspection of the colors and fluxes of
neighboring sources. Thumbnail images for WISEJ1810-330
are shown in Fig. 2.

The infrared SEDs of both objects are plotted in Fig. 3, in-
cluding alscAKARIdata. Photometry in the various bands is
listed in Table 1. The deep ‘dip’ at W1 in the SEDs of both
sources (according to the selection of mismatched 2MASS
andWISEcolors) is apparent.

4.1. Optical counterpart

Table 1 lists magnitudes of the optical counterpart of
WISEJ1810-330 drawn from historical photographic surveys
in BV RI. These must be used with caution, given that faint

acteristic of a cold or reddened SED. This disfavors sourcesobject measurement on old plates is subject to increased un-

with an intrinsically blue slope.

ph_qual inthe fourth criterion is a quality flag assuring se-
cure photometry in aNVISEbands (signal-to-noise SINLO),
so that we may explore SED characteristics in detail.

The last criterion favors newly-brightened sources ore¢hos
without published identifications.

4. RESULTS

Of ~257 million objects in the preliminary data release,
only 38 satisfy theNISE-2MASS criteria 1-4 above. These
are mostly stars of late (KM) spectral type along with a hand
ful of Mira Cet stars and Carbon stars. Examining our fi-
nal selection criterion, i.e. the presence of IRAS PSC
counterpart, it turns out that two sources stand apart from

certainty as compared to CCDs. We preferred modern digi-
tized scans where availaBle Furthermore, the exact epoch

of observation is not always explicitly stated in the pulglic
available data. Magnitudes were converted to approximate
fluxes using generic zeropoifitor plotting in Fig. 3. Exact
bandpass responses are not always available, so thesd shoul
be considered approximate only.

4.2. Multiwavelength variability

Despite the above caveats, there are indications of strong
multiwavelength optical variability. WISEJ1810-330 apfsea
to have brightened by2 mags over the approximate period
of 1968-1984 (exact dates unknown)inand~1 mag over
the 1980s inRk. The two available photometric data points in

the others. These are Sakurai and a source designated &g instead imply fading by-1 mag over20 years preceding

WISE J180956.27-330500.2 (hereafter, ‘WISEJ1810-330").
These are the only two sourcesthoutan IRASPSC coun-
terpart. A comparison of th&/ISEandIRASfluxes is plot-
ted in Fig. 1 (interestingly, these two sources also starid ou
in terms of their red W3-W4 color, as shown). Assuming a
conservative PSC flux limit of }2i%,=0.5 Jy and neglecting
small color corrections in th&RAS12 ym vs. WISEW3 band-

1987.
AKARI observed the source over two epochs. The 9 and
18 um fluxes of WISEJ1810-330 declined from 5.6 to 5.0 Jy

3 This was true in thek band, where an older USNO-B1.0 measurement
is R2=15.98 (Monet et al. 2003), about 2 mags fainter than in thitizkgl
sky survey (DSS). We measured source flux in the DSS image andacethp
it to to field stars, obtaining consistent results with thigiier mag listed in

passes, the above non-detections imply a brightening in therapie 1.

postiRAS12 ;m fluxes by factors of at least 50 (Sakurai) and

4 http://ssc.spitzer.caltech.edu/warmmission/propkitfpagtojy/
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and from 9.6 to 9.0 Jy, respectively, between 2006 Septem-value of Eg_v=0.32 (Bohlin et al. 1978), or an optical ex-
ber and 2007 March. Typical detection S50, so these tinction Ay=1.0 for a standard extinction curve slope with

changes are significant. Ry=3.1. Near- and mid-IR extinction is 10—20 times smaller
The source position does not appear to have been coveredstill (see, e.g., several references listed; in.2.3 of Gandhi
with other missions, e.gSpitzer 1ISO, Hersche) or HST. et al. 2011a). The actual extinction could either be lower if

5. DISCUSSION some of the gas column lies behind WISEJ1810-330, or may
_ ' _ be somewhat higher iRy happens to be larger along this line-
5.1. Comparison of WISEJ1810-330 and Sakurai of-sight. In any case, these numbers suggest that interstel

The similarity in the broadband infrared properties andtvar reddening is unlikely to be extreme, so the SEDs plotted in
ability of WISEJ1810-330 and Sakurai is striking. In par- Fig. 3 should not change dramatically after extinction eorr
ticular, the 2MASSWISESEDs appear to mirror each other tion, especially in the IR.
well, including the redVISEcolors and the apparent W1 dip.

Furthermore, both sources have only recently emerged in the 5.3. Dust mass

mid-IR. As illustrated by Fig. 1, these properties are ueiqu  Dust mass may be computed by using the infrared emissiv-
to WISEJ1810-330 and Sakurai. The nature of WISEJ1810ty relation of Hildebrand (1983), give and the dust char-
330 is completely unknown, but these facts suggest thaRits | acteristics. Here, we simply assume a canonical graphite co
photometric properties are analogous to Sakurai. position with 0.1um-sized grains (Carbon-rich grains have

Sakurai is known to have ejected a large amount of dustpeen identified around Sakurai; Eyres et al. e.g. 1998; Evans
around 1998 (e.g. Geballe et al. 2002). If WISEJ1810-330¢t al. e.g. 2006). Specifically, we use Eq. 2 from Gandhi
also ejected dust recently, the optical and near-IR arest&pe et al. (2011b). For the recel¢ISEdata withT'~320 K, the
to have faded and reddened since peak brightness, while thebserved W3 flux i§%» ,,m=7.5 Jy. This yields a dust mass of
mid and far-IR fluxes would rise due to dust reemission. The 5;.=2 1x10-7D? M. If D=2-5 kpc similar to Sakurai (van
extremely red W3-W4 color of both these sources in Fig. 1is Hoof et al. 2007),1;=(0.9-5)<10~¢ M, for WISEJ1810—
indicative of the presence of dust. _ , 330. For a typical gas:dust mass ratioxf00, the implied

The bright near-IR 2MASS fluxes are consistent with hot 1,151 mass-loss rate is large (cf. Yamamura et al. 1993; Win-
(I'~~1300 K) dust having been freshly ejected in or before (oq 6t 41, 2000), suggesting it cannot remain steady. A non-
1998 (Fig. 3). Such .dUSt would have. been .V'S.'b.le \MRAS_at zerog index would boost the mass further.

12 um for any modified blackbody with emissivity beta-index — nage numbers must be used with caution since the absolute

(<25 (F, < v? B, r, whereF,, is observed flux density and values of dust ;

; : : 5 o physical parameters are presently unknown.
By, is the Planck function). This suggests that dust ejection |ngiead, a comparison with Sakurai may be useful, for which
occurred sometime between tfRASand 2MASS epochs. we find ’MS furai (2010 dust)~3x 106 D2 M. ,Thus

The WISE SED implies a much lower thermal tempera- _ Sakurai 2
ture (I'~320 K) in 2010, though a single modified black- Muwisp1s10-33/Msakurai=0- 00 Dwiskns10-33/ Dsarurai)”
body SED does not fit the observed fluxes well (a mix
of multi-temperature components is likely). The apparent _ 5.4. The na.\ture of WISEJ1810-330
2MASSMWISE ‘mismatch’ then implies some dust cooling A major uncertainty is the spectral type of the central star.

over the~11+ interim years. Assuming a r_eddening dfz_v=0.3, B-V varies from=2.4
Integrating over the two blackbody curves in Fig. 3 gives t0 —0.6,V—R is about 1-2 and?—/~0.5 or 1.5, where color
bolometric infrared luminositiesi(z,;) of ~425D? L, for measurements are based upon photometry closest matched in

the prior 2MASS component and90D? L, for the recent  time. Uncertainties are-0.7-1 mag. Photometric variabil-
WISEFAKARI component, wheré) is the distance in kpc. ity and other caveats mentioned§d.1 and§ 4.2 complicate
Unlike Sakurai, wherd g, has stayed approximately con- the issue. Fig. 3 plots the plausible range of observed opti-
stant, the bolometric IR power of WISEJ1810-330 has de-cal fluxes after accounting for these uncertainties. Theative
clined by a factor of~5 between the 2MASS anwISE  SED shape in the optical appears to have been red, and the
epochs. redder colors suggest a tentative late (K or M) type classific
Regarding other wavelengths, in the optical a historical tion. WISEJ1810-330 may thus be in an earlier evolutionary
counterpart exists for WISEJ1810-330, but was not known phase as compared to the post-AGB phase that Sakurai was
pre-1991 for Sakurai. Multiwavelength variability is a com  discovered in.
mon characteristic in both objects. In the far-IR regime, th ~ Sakurai displayed a sharp increase in its optical fluxes
AKARI65 and 90um data of WISEJ1810-330 lie above the around 1991 (Duerbeck & Benetti 1996). The rising optical
extrapolation of the blackbody curve overlaid on tW&SE phase for WISEJ1810-330 may have already begun before
data (see Fig. 3), suggesting the presence of additions&rcoo the mid-1980s, according to its brightenidgyand R mag-
dust already in existence in 2006, or some systematic chang@itudes. If the historical optical data probe pre-dusttps
in dust properties. UnfortunatelAKARI did not carry out  photospheric fluxes of a late-type central star with an SED
sufficient scans of Sakurai for accurate far-IR photometry. ~ peak around~1 um, then Lg, should have brightened by
o ~100 in order to power the hot 2MASS emission (Fig. 3).
5.2. Extinction The emerging picture is that we could be observing early
WISEJ1810-330 lies more than 6 degrees below the Galacdust ejection during the thermal pulse of an AGB star. The
tic plane (=—1°.0, b=—6".6). The integrated Galactic neutral Presence of an optical pre-cursor, its (tentative) lapetglas-
gas column IVy;) along this line-of-sight is determined to be sification, the rapid and strong increaselig.; and the mas-
Ni=1.88x 102! cm2 (Dickey & Lockman 1990). For atyp-  Sive amount of dust ejectedf;~10~° M) are all consistent

ical Milky Way dust:gas ratio, this translates into a reddgn ~ With this scenario. The dust ejection epock) (ies between
thelRAS(1983) and 2MASS (1998) observations.

5 Referee communication to may be estimated by assuming that the dust exists in a
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FIG. 2.—IRAS(12 um), DSS2 (red), 2MASSK) andWISE(W1-W4) images of the field of WISE J180956.27—330500.2. All insare centered on the
position of WISEJ1810-330 (marked by a red dash in some)IRA&image is 100x 50 wide; the rest are’2 wide each.
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FiG. 3.— (Left) Broadband infrared SED of WISEJ1810-330 (top thick line)tt&€d lines separate older 2MASS data from newer midiRSE-AKARY)
observations. Optical data are denoted by the color bahe &idttom left, and includé-0.5 mags to account for variability and systematic photome#iibration
uncertainty. The SED of Sakurai’s Object, scaled down byctofeof 7 for clarity, is shown as the lower thin (orange) in@Right) Planck functions overlaid
on the IR SED of WISEJ1810-330 inF,, units. The dotted curve covers the 2MASS points and has a tatope (') of 1300 K, whereas the dashed curve
over theWISEdata is for7'=320 K. These models are for illustrative purposes only, deoto emphasize the overall changdinand theAKARIfar-IR excess.

single shell in instantaneous thermal equilibrium withl-ste cline. This may be a sign of erratic (early-time) photoneetri
lar heating. Based upon the approximdtg, and T val- variability such as Sakurai exhibited at late times (Duekbe
ues derived ir§ 5.1, the shell radiuscxLpo*>T 2, imply- et al. 2000), though the large photometric uncertaintiekema
ing r(wrse)=7.6X72mass)- This expansion took 11.7 years. conclusive inferences impossible.llf, did increase~100-
If the expansion velocity remained constant singeback- fold post-1983, it would imply a peak’ mag~10.5-11.4,
ward extrapolation placeg between 1996 October and 1998 similar to Sakurai. If so, why was the appearance of a new
July. Using a more realistiG increases(ysg)/72mAss) bright star was not reported for WISEJ1810-330? One possi-
and pusheg; closer to the 2MASS epoch. bility is a very brief period between brightening and dust ob
TheV band, on the other hand, shows a mild historical de- scuration. Moreover, the source location is far enoughidets
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the Galactic plane that it does not fall in intensively-nored
fields, but is still close enough to the plane that the fiel@ls r
atively crowded in the optical making it a non-trivial stuidy
amateur observations.

The rapid evolution of Sakurai outpaces all canonical pre-
dictions made by theory of post-AGB stars, which expects
slower flux changes from the onset of the Helium flash (Iben
et al. 1983; Kerber et al. 1999a; Herwig 2001). In con-

5

Ascertaining the degree of affinity between these sources
requires optical and infrared spectroscopic observatifns
WISEJ1810-330 in order to determine its spectral class, mea-
sure element abundances and understand the nature of eircum
stellar dust. Irrespective of these comparisons, howée\agy;
pears that we have identified a massive dust ejection event at
early times, making WISEJ1810-330 an interesting object in
its own right.

trast, WISEJ1810-330 may now be providing us a testbed for

studying the Helium flash of the (earlier) AGB phase. The in-

frared brightening and reddening appear to be coeval in both

objects, but the earlier optical rise of WISEJ1810-330 sug-
gests that the optical evolution of WISEJ1810-330 may be
slightly slower than that of Sakuraj @.1). Furthermore, the
post-2MASSL g, decline indicates that the central star could
already be relaxing following the thermal pulse, unlike the
apparently steady output of Sakurai. If so, the thermalguls
lasted no more than30 years — the interval from the optical
measurements of the late-1980s to YWESEepoch. This is
exceptionally-brief even compared to the ‘ultra-short'ssia
loss timescales of 10 years considered in the literature (e.g.
Iben 1982; Schroeder et al. 1998). The other possibilityas t
multi-temperature expanding shells result in complexaabti
depth effects unaccounted for in the, computation.

Large sky surveys are optimal for serendipitously catching

PG acknowledges a JAXA International Top Young Fellow-
ship, and ST a JSPS Postdoctoral FellowshiWISEis a
project of Univ. California, Los Angeles, and Jet Proputsio
Laboratory (JPL)/California Institute of Technology (€al
tech), funded by the National Aeronautics and Space Admin-
istration (NASA). 2MASS is a project of the Univ. Mas-
sachusetts and the Infrared Processing and Analysis Cen-
ter/Caltech, funded by NASA and the National Science Foun-
dation. AKARIis a project of the Japan Aerospace Explo-
ration Agency with the participation of the European Space
Agency. Data products from tHRASmissions were impor-
tant for the analysis herein. The NASA/IPAC Infrared Scinc

rare objects. The fact that only two sources (WISEJ1810-330Archive (IRSA) operated by JPL under contract with NASA,

and Sakurai) in the entir@d/ISE preliminary database share
similar properties emphasizes the rare (brief) nature ofisu

and SIMBAD operated at CDS, Strasbourg, France, were the
main databases queried. The USNO Image and Catalogue

events. Only a handful of other sources have been compared\rchive is operated by the U.S. Naval Observatory. The DSS

to Sakurai (e.g. A 30, A 78, FG Sge, V605 Agl and V838
Mon; Jacoby & Ford 1983; Lawlor 2005; Guerrero et al.
2012). Almost all are in more advanced states of evolution,

was produced at the Space Telescope Science Institute under
U.S. Government grant NAG W-2166, and the UK Schmidt
Telescope operated by the Royal Observatory Edinburgh and

and none appears to be coeval with Sakurai. WISEJ1810-33®y the Anglo-Australian Observatory. The expert refereg’s

thus provides a unique opportunity for follow-up.

view was prompt and valuable.
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