arxiv:1005.3018v1 [astro-ph.EP] 17 May 2010

Astronomy & Astrophysicsnanuscript no. 14639 © ESO 2010
May 19, 2010

A search for debris disks in the Herschel ATLAS*

M.A. Thompsori, D.J.B. Smit, J.A. Steverf§ M.J. Jarvié, E. Vidal Pere2, J. Marshafl®, L. Dunné, S. Eale$, G.J.
Whitel®1° |, Leeuw!®,, B. Sibthorp&®, M. Baes, E. Gonzalez-Solaré$ D. Scotf?, J. Vieirig?! A. Amblard!, R.
Auld?, D.G. Bonfield, D. Burgarelld, S. Buttiglion@, A. Cava-?3, D.L. Clement8, A. Cooray, A. Dariuslt, G. de
Zotti®, S. Dyée, S. Eale$, D. Frayet®, J. FritZ, J. Gonzalez-Nuevd, D. Herran2?, E. Ibaf3, R.J. Ivisort?, G.
Lagaché?® M. Lopez-Caniegt, S. Maddox, M. Negrelld®, E. Pascalg M. Pohler, E. Rigby’, G. Rodighier§, S.
Samutl, S. Serjeartf, P. Temi®, |. Valtchanov#’, and A. Verma®

(Affiliations can be found after the references)

ABSTRACT

Aims. We aim to demonstrate that tiéerschel ATLAS (H-ATLAS) is suitable for a blind and unbiased survey fiebris disks by identifying
candidate debris disks associated with main sequenceirsthesinitial science demonstration field of the survey. \Weve that H-ATLAS reveals
a population of far-infraredub-mm sources that are associated with stars or starbjeets on the SDSS main-sequence locus. We validate our
approach by comparing the properties of the most likely whatd disks to those of the known population.

Methods. We use a photometric selection technique to identify maguerce stars in the SDSS DR7 catalogue and a Bayesian ld&dliRatio
method to identify H-ATLAS catalogue sources associata thiese main sequence stars. Following this photometiectien we apply distance
cuts to identify the most likely candidate debris disks anld put the presence of contaminating galaxies using UKID&S K-band images.
Results. We identify 78 H-ATLAS sources associated with SDSS pointrses on the main-sequence locus, of which two are the magy li
debris disk candidates: H-ATLAS J090315.8 and H-ATLAS JED2. We show that they are plausible candidates by comgpéreir properties
to the known population of debris disks. Our initial resiiftdicate that bright debris disks are rare, with only 2 cdaths identified in a search
sample of 851 stars. We also show that H-ATLAS can deriveulisgdper limits for debris disks associated with Hippardasssin the field and
outline the future prospects for our debris disk searchnamoge.
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1. Introduction areal coverage H-ATLAS is a shallower tier to these studies,
. but a tier with the potential to search a much larger number of
The Herschel ATLAS or H-ATLAS (Ealesetal.,[ 2010) is giars for bright debris disks and with a large body of support
the largest Open Time Key Project on tierschel Space g high quality optical and infrared legacy data (Ealedkt a
Observatoryl (Pilbratt et al., 2010), and will uIUmater;_urm/er 2010). The H-ATLAS fields are covered by SDSS DRTiiiz
500 square degreeg with both the PACS and SPIRE "?Strume(wﬁazajian etdl.| 2009) and UKIDSS Large Area Survey in
(Poglitsch et al.. 2010; Giin etal.,,[2010). H-ATLAS is de- yjK (Lawrence et dl., 2007) with forthcoming deeper INT
signed to revolutionise our view of dust and dust-obscutad s;n4 ST KIDS optical data, VISTA VIKING in the near-
formatlpn by detecting- 250000 ga]ames in the far-mfrared.infrared, WISE in the mid-infrared and GMRT radio contin-
The primary goal of the H-ATLAS is to study galaxy formay,ym The supporting optical & infrared data allows straight
tion and evolution (see the other H-ATLAS articles in thi$-vo \yarq selection of main sequence stars in the H-ATLAS fields
ume), however the unrivalled sensitivity and wide-areacage 5 the main sequence colour locls (Covey éf al., 2007) amd th
means that H-ATLAS can also reveal dust in a range of Mofge of techniques to exclude contaminating backgrounckgala
local (i.e. within the Milky Way) environments. At the Seisi o5 such as the inspection of deégband images for extended
ity limits of H-ATLAS (a So threshold of 33 mJy at 250m  piects and the use of the FIR-radio correlation (Carilli &Y
measured from the science demonstration data, Pasquale #§99). Finally, a debris disk search in H-ATLAS is complgtel

2010] Rigby et al. 2010) this implies the potential to de&@W-  gerendipitous and carried outin parallel with the primaigsce
logues of the well-known debris disks (€.9. Holland et €94, progranl?me. P P ¥

Greaves et al., 1998) out to distances of between 20 and 150 pc
A search for debris disks in H-ATLASfters a powerful
complement to those deeper and more targeted studies that ar In Sec{2 we show that the full H-ATLAS survey will allow
currently being undertaken witHerschel (DUNES, DEBRIS us to search- 10000 main sequence stars for the presence of
and GASPS — see publications in this volume), are set light debris disks analogous to Beta Pictoris anti000 stars
be carried out with SCUBA-2 (SUNS: Matthews et al., 2007#pr Fomalhaut analogues. This large search sample means tha
and have been perfomed ISpitzer (thoroughly described in H-ATLAS will be much more sensitive to rarities in the debris
Carpenter et al., 2009, and references therein). With itlewidisk population than targeted surveys, leading to strintgsis
of stochastic disk evolution models (Wyédtt, 2008) and peten

* Herschel is an ESA space observatory with science instrumenk&lly uncovering bright angr cold disks that may have under-
provided by European-led Principal Investigator consaatid with im-  gone recent disruptive events (e.g. Lisse et al., 2007)THAS
portant participation from NASA will allow us to answer questions such as how frequent aghbri
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systems such as Beta Pictoris or HR 4796 and is there an ug
limit to the amount of debris formed during disk evolution? 20 1

2. Photometric selection of main sequence stars in
the H-ATLAS Science Demonstration Field

.15
The H-ATLAS science demonstration (SD) field occupie1
roughly 16 square degrees and is centred at 09:05:3
+00:30:00 (J2000). Descriptions of the PACS and SPIRE ir
ages obtained in parallel mode and the data reduction puoeec
used can be found in_Ibar et al. (2010) and Pasquale et al0f20
respectively. Point sources were identified within the issags-
ing a combination of PSF filtering, Gaussian fitting and apert - - S
photometry |(Rigby et all, 2010). The mediaor Boise values 1 0 1 °
(including confusion noise) in the SPIRE 250, 350 & 00
maps are 33, 36 & 45 m/lyeam respectively. The PACS images
are roughly a factor 2 noiser than predicted withrioise levels Fig. 1. SDSSi vs.i — z colour magnitude diagram of SDSS point
of 105 and 138 mJppeam at 100 and160n respectively. The sources (i.e. with probPSE 1) in the H-ATLAS SD field. A
H-ATLAS source catalogue for the SD field (Rigby et al., 201Ghagnitude cut of < 21.3 has been applied to exclude sources
contains 6878 band-merged sources with flux densi§or- in  with large photometric error. Dots indicate field SDSS point
at least one of the 5 H-ATLAS bands (100, 160, 250, 350, 5@durces (red) and point sources within the main sequenke ste
um). The catalogue excludes higher noise regions at the €dgéap locus (blue). The grey shaded polygon indicates theurelo
the map and thus covers affieetive area of 14.5 square degreesnagnitude region occupied by main sequence stars betwsen di
Each source in the H-ATLAS catalogue has been matched to thaces of 4 and 200 pc (calculated using [the Davenport et al.
corresponding most likely SDSS DR7 object within & 5@arch (2006) photometric parallax relation). Stars within theimese-
radius. This matching process is described furtherin Setitll. quence locus that fall into this box are shown as larger green
(2010) and is an implementation of the Bayesian Likelihoggbints for clarity.
Ratio technique of Sutherland & Saunders (1992).

In order to search for debris disks in this catalogue, we
must first identify a sample of main sequence stars. We use ftigtoris<150 pc, Fomalhaw80 pc, Veg#HR 8799<50 pc and
main sequence colour locus identified by Covey etlal. (200Hpsilon Eridani<20 pc. We indicate the colour-magnitude re-
which constrains the location of main sequence stars in SDIGN in which main sequence dwarf stars at a distance of 4—
colour space. This approach allows us to maximise our sea/® PC should lie in Figl]1 by a grey shaded box, calculated
sample by going to faint magnitudes and takes advantageUsing the distance modulus and thg vs. ( — z) photometric
the well-calibrated and well-understood SDSS Optica| ph’[ﬂ. parallax relation for dwarf stars from DaVenport et al. (‘6"))0
try_ We use a 4-dimensional main sequence locus as describlme that late M and L dwarfs follow a shallower relation for
in [Kimball etal. (2009) rather than the full 7-dimensionafi — 2 > 1.26 (West et al., 2005), and also that we have extrap-
SDSS-2MASS locus of Covey et all (2007). The infrared exolated the Davenport etlal. (2006) relation to-(7) < 0.2 to
cess of a warm debris disk Ktband can move our target star@ccount for the bluer stars in the sample.
away from the nominal locus, and as our aim is to identifysstar _ In the H-ATLAS SD field for maximum distances of 200,
that are potential debris disk hosts, we thus do not use 2MA$80, 80 and 50 pc (i.e. sensitive to HR 4796, Beta Pictoris,
or UKIDSS colours in our photometric selection. Fomalhaut and Vega analogues) we find a total of 851, 340, 31

Figure[1 shows a colour-magnitude diagram of the 1800@fd 9 stars respectively on the main sequence locus. There ar
star like objects (selected with 'probPSE) detected by SDSS N0 stars on this locus nearer than 20 pc in the SD field, which is
DR7 in the H-ATLAS SD field. The general population ardikely an efect of the SDSS becoming saturated for near, bright
shown by red dots and those falling within 2 ‘units’ of the 4Stars. Such stars can be obtained from the Tycho-2 & Hipsarco
dimensional main sequence color locus defined by Kimball et §2talogues (Hgg etal.. 2000; van Leeuwen, 2007), although i
(2009) are shown in blue. Note that the colour locus is 40iS paper we focus upon the larger and better selected SDSS
dimensional and Fig.] 1 shows only a 1D cut through the loci@@Mple of main sequence stars. Assuming similar stellegiden
Figure[l shows that the bulk of the main sequence stellar-poi§S in the remaining 550 square degrees that will be mapped i
lation detected by SDSS is comprised of faint and likelyatist the full survey, H-ATLAS will thus encompass a search sam-
halo stars. However, there are a substantial number ofveliat Pl on the order of 10000 main sequence stars for the brightes
bright (11< i < 17) and hence likely nearby stars for which it iglebris disks (HR 4796 and Beta Pictoris analogues) and on the
possible that H-ATLAS could detect associated debris disks Order of 300-1000 stars for Fomalhaut and Vega analogues.

We estimate the maximum distance to which H-ATLAS
could be sensitive to debris disks by scaling from Sp&zer ; e i ; _ ;
MIPS and SCUBA SEDs of known examples (Beta Pictorig,' Candidate debris disks in the H-ATLAS SD Field
Rebull et al.| 2008; Epsilon Eridani, Backman etlal. 2009; HR/e identify candidate debris disks by taking a sample of H-
8799/ Lisse et al. 2007; Fomalhaut, Stapelfeldt et al. 208da ATLAS sources from the catalogue that have a high reliabil-
& HR 4796, Sheret et dl. 2004). The most sensitive wavelength match &80% reliability) to SDSS DR7 catalogued sources
of H-ATLAS is 250um (at which the stellar photospheric con{Smith et al., 2010). There are 2334 sources that pass ftés cr
tribution is minimal) and we find that the maximum distanceson. We then filter this list to only include SDSS point scesc
for these debris disk analogues are: HR 4%38)0 pc, Beta (‘probPSF=1’) and identify point sources on the 4-dimensional
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ATLAS J090315.8015758 and H-ATLAS J090240-P14351.

1 As we will show, the physical properties of these objects are
1 within the spectrum of known debris disks and the H-ATLAS
detections are thus consistent with a debris disk hypathesi
We summarise the FIR and stellar properties of H-ATLAS
] J090315.8 and H-ATLAS J090240.2 in Talile 1 and present
| three colour images of the disks in FIJ. 3. Tge- i colours

of the host stars imply spectral types of K2 and G5 respdgtive
(Covey et al., 2007). Their 2MASS colours or brightnesses ar
| inconsistent with those of giant stats{ H & H — K for both

© H-ATLAS J090240.2-014351 stars is<0.3 and< 0.1 respectively). The photospheric flux of

| these stars at 250m is of the order of a few:Jy and so we
can be confident that the 250n emission is a genuine excess
over the stellar spectrum. Both disks are unresolved aj250
although H-ATLAS J090315.8 shows a marginal extension to
the West. H-ATLAS J090240.2 on the other hand is compact
z and centred on the star’s position to within the pointinguaacy

Fig. 2. SDSSi vs.i — z colour magnitude diagram of SDSS poinff Herschel. Inspection of UKIDSSK-band images shows that
sources with high reliability matches to H-ATLAS catalogu®ackground galaxy contamination is unlikely.

sources. Objects whose SDSS colours place them on the stella Both candidate disks are detected in the 250 & 350
locus are identified by open circles. Thre grey shaded reigion SPIRE bands, but not at 100, 160 or 5@@ (both disks have
dicates the colour-magnitude region occupied by starsdmstwt €mission significant at thes2level at 500um). With only two
and 200 pc as in Fi@l 1. Solid and dashed lines indicate distanflux points it is dificult to constrain either the fractional lumi-
of 300 & 400 pc respectively. The two candidate debris disks a0sity or the temperature of the disk. We estimate temperatu

identified by their H-ATLAS catalogue ID. by fitting a fixedB=0.5 modified blackbody (e.g. Wyatt et al.,
2005) to the 110, 16@m upper limits and 250, 350 & 500

um flux measurements. As the 110 and 160 flux are only

main sequence colour locus described in the previous sectian upper limit the derived temperatures should be considere
We find a total of 204 H-ATLAS sources matched to SDS8s strict upper limits. We note that as our photometric dis-
sources with ’probPSEL’, of which 78 sources fall within the tance estimates are only good to withif0% (Davenport et al.,
main sequence locus (see Fig. 2). Within this sample we ¢006), the error in derived disk mass is largely dominated by
pect considerable contamination from dust obscured QSOsdistance rather than temperature. Using the standarditpa
unresolved galaxies whose optical colours are reddened ieutlined in Holland et al/ (1998) and Sheret et al. (2004) we d
the main sequence locUs (lvezi€ et al., 2002). Indeed,ahe s rive masses for the two candidate disks of 0.06-0.13avd
ple have a median-band magnitude of 19.8, fainter than thé.5-1.3M; for H-ATLAS J090315.8 and H-ATLAS J090240.2
value at which galaxies dominate over stars (Covey et a0 R0 respectively. The mass of both candidate disks is withirothe
Unsurprisingly due to their optical colours, none of the Hserved range of known disks (Wyatt, 2008; Lisse etal., 2007,
ATLAS main sequence locus objects have measured SDSS sisgteret et éll, 2004), comparing specifically to HD 12167 with
troscopic redshifts which would allow us to select out QS amass of 1 M andg Pic with a mass of 0.1 M (Sheretet al.,
unresolved galaxies. The inclusion of UKIDSS near-IR cadou2004)
in the selection would aid in this discrimination_(Ivezitad!,
2002), but as we mention in the previous section, would al30 conclusions & future prospects for H-ATLAS
select against pOSS|_bIeban_d excess in debris disk stars. debris disk searches

To identify candidate disks in our sample we apply a pho-
tometric distance cut to select the brightest and neargstisb We have described a search method for debris disks in the
that are least likely to be QSOs or unresolved galaxies amd tHerschel ATLAS and present the two most likely candidate disks
most likely to be debris disks. We apply an initial photoritetr in the H-ATLAS SD field: H-ATLAS J090315.8 and H-ATLAS
distance cut of 200 pc to select the most likely candidatiesdis J090240.2;- 0.1and 1 M, mass candidate disks around KO and
though Fig[2 shows that there are a further 7 objects at 2DD-455 stars respectively. We also identify a further populatié
pc distance that could be massive or luminous disk candidaté6 SDSS point sources that are associated withygeiiRmm
The candidates that pass the main sequence colour locus amission and whose optical colours place them on the main se-
photometric distance tests are then finally subject to ailddta quence locus. The majority of these objects are likely toust-d
inspection of SDSS DRugrizand UKIDSS LASYJHK images obscured QSOs or unresolved galaxies (e.g. lveziC etG02)Y
to reject the presence of possible contaminating galaaiebsthe although the brighter and nearer (7 objects lie within a phot
wider field of the H-ATLAS SPIRE images to search for contanmetric distance of 400 pc) may be potentially luminous debri
inating cirrus. We stress that our search technique recaat- disks. Follow-up spectroscopy is required to investighese
date disks. Spectroscopic confirmation of the host star spectraipotheses. What is clear from the H-ATLAS SD field is that
types, more accurate spectrophotometric distances, thigke bright disks are rare — we have searched 851 stars within 200
olution PACS or SCUBA-AALMA imaging, or scattered light pc for FIR/'sub-mm emission and find only two candidate disks
imaging are required to confirm these objects as debris distts brighter than 33 mJy at 25@m. Our search finds a much lower
to better constrain their physical properties such as teatpes fraction of candidate debris disks than previdgstzer and
and mass. SCUBA studies (e.g. Carpenter et al., 2009; Hillenbrand.et a

We focus our following discussion on the two closest cand2008;| Wyatt, 2008), which typically find a 7-14% disk detec-
date disks found within a photometric distance cut of 200c: tion fraction. However we note that direct comparisons leetw
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Table 1. FIR and stellar properties of the candidate disks & theioeisdéed stars. Spectral types are estimated frongthé) (colour
relation of Covey et al! (2007) & distances from the photaorogtarallax from Davenport et al. (2006). Temperaturesatanated
by a greybody fit to the 250, 350 & 5Q0n fluxes and the upper limits of 140 mJy at 188, and 105 mJy at 116m with a fixed
B= 0.5 (Wyatt et al., 2005). Masses are calculated using tmelatd technique with a mass absorptionfiiogntx = 1.7 cn? g*
at 850um (Sheret et all., 2004).

H-ATLAS ID SDSS ID Sp.type Distance (pc) Faso (MJy) Faso (MJIy) Koo (MJIy) T (K) Dust massNlg)
J090315.8015758 J090315.9015800.9 K2 90-130 5114 53+ 14 19+ 9 65 0.06-0.13
J090240.2014351  J090240.10-014349.7 G5 190-290 +8R 48+ 7 17+9 60 0.5-1.3

H-ATLAS J090240.2-014351 - analysis (e.d. Kurczynski & Gawiser, 2010) to determinestiae

] tistical frequency of disk occurrence as a function of sgéct
type. We also plan to include bright stars from the Tycho-2 &
Hipparcos catalogues, which will extend our search to meare
main sequence stars. A preliminary search of the Tycho-2 cat
] alogue indicates that none of the 569 stars found within the H
] ATLAS SD field are associated with detectable debris disks. F

Declination

the 7 nearest Hipparcos main sequence stars within our field
(which lie between 30 & 80 pc) this means that H-ATLAS can
place upper limits on their disk masses of 0.01-0.Qy/(bf be-
tween 0.8 and 5.7 Lunar masses of dust, assuifing= 40 K).
Finally, H-ATLAS has significant legacy potential for the G¥A
mission (Lindegren et al., 2008), which will determine distes

] and spectral types for all stars brighter thas- 20 in the H-
0 a0 voa0o 30 w0 w0 ATLAS fields. In combination with GAIA parallaxes, H-ATLAS
will be able to determine precise disk mass upper limits for a
large sample of stars.

Right ascension

oo o H-ATLAS J090315.8+015758 |
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