Mining the sky for isolated very young stars
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Accreting young stars whose origin cannot be urakély linkedtoostandarnd-istellan binthnplacessareextremely-aad-alsoccallenging rcandidates dorftheccommonlycaceceptedrshed)of

7

stellar formation. We present preliminary resuft®tical obervationssconducted-onisolated" stars showing strong ne@nd:farinfrareéd: excessithat areilikelyl dueciccumstellardiscs
We acquired highiesolution ropticalaspectra allowingsus to\invedigmnidetailstheinanature iand physi¢al cparameters. Wsingdiusscorrelatiortechniqueiand cother tools, we deri
accurate radial and rotational velocities and peréal an autoaticispectralzclassificatiomThe spectralsubivactechniquenasaused:o derive theithromospheri@ctivity Jeveland thei
lithium abundance. Both indicators show that tte@sspresentetereafterarervery young; withtagejareunaVviy@rorreven younger:. Theyyofferrthe: opportunityto gtthte-stagdetweer:n
transition and debrisircumstellaidiscssandnayrhelpitorshed mewllights onatypicalfformationcpsses:aitars andl planets: im lemass: clouds.ds.

Scientific background

Although newly-formed stars are usually confinedhe locations of their parental clouds, many psees tend to disperse them.Once mixed in the galplethe environment,
young stars are virtually indiscernible becauséheeitheir global photometric properties nor thesence of nearby gas can help to disentangle tr@mdlder stars. During the last ten
years,isolated very young stars have been detected and it hasrieet@reasingly evident that a considerable nurobsuch stars, are present in the solar neighboarh@iven their age
and proximity,very young nearby stars in the field are of gregiartance to better understand the recent locaf@t@ation history and to give new insight into fi®cess of star formation
outside standard formation regions (i.e. associatiod clusters). Moreover, they offer a unique opputy to study the evolution of circumstellar dis@.e. the transition phase of disc
dispersal) as well as planet formation and migratimcesses. Stellar soft X-ray surveys may vilyuaintain hundreds of such hidden young stars.

Searching for accreting isolated very young stars

ACCreting T Tauri stars (TSS) whose Origin cannot meStakably linked to standard stellar nurseriesFigure 1 Color-color diagrams from which we selected thadidate young stellar objects (red symbols). Among
(|e in loose associations) are extremely rareekaW Hya itself, HEN 3-600A, TWA 14 [1]’ and TWAL a these about hundred stars we finally retained dlcandidates fulfiling our selection criteria: miand far-IR
new member of the TW Hya association recently disoed with GALEX [2], HD319139 which is member of %xiiéfee‘?’oi‘.“é?yéﬁ‘;?;p”ey Wk.Tﬁ?h”eSsFSSH"‘."E" sb;:'egc?ﬂ:;fe T R
the B pic moving group [3], and possibly thRasTyc [4] system TYC4496-780-1 [5] that display thex H
accretion and circumstellar disc signatures, noreaatually known. Discoverinigolated very young stars with 4
age around 10Myr is extremely important for studyphenomena related to planet formation, espedialthie
gap between 3 and 50 Myr respectively covered hyfstaning regions (SFRs; like Taurus and Chamaefeon
example) and open clusters near the zero-age-regiresce.

Selecting an appropriate sample of targets is taemdifficulty in such studies. Extending the cept 1
of the RasTyc sample to fainter catalogues requires sophisticiteld because, only on the basic of positiona
coincidence, the probability of false identificattodrastically increases with optically fainteratagues. Thanks
to statistical multivariate analysis methods, depet for the automatic classification of XMM-NewtXrrays
sources [6, 7], we have constructed the RASS-$&togue (RSC). The RSC encompassRagTyc sample
and extends it by a factor 3 or so, with good idieation of active young stars down to V=18. Moveq the : i % | |
correlation of the RSC with the AKARI IRC mid-IRlaky survey (S9W and L18W filters) [8] offers the ¥ 3 émw w12 23 20 -L5 10 05 00 05 10 15 20
opportunity to search for “isolated” and possiblgmting stars (i.e. TW Hya analogs). o

We used color-color diagrams, to select, a prigoung stellar objects from the RSC-AKARI cross-etation sample. In the B-V vs. V-S9W diagraRig.1, left panel), stars
showing IR excess are clearly visible on the rgiie of the major sequence. They are also outsidehe right upper region of the J-L18W vs. SOW-WL8liagram Fig.1, right panel). A
bibliographic survey of about 100 stars, initiadlglected, shows that about 60% of them are alrkadwn TTS, Herbig Ae/Be or Wolf-Rayet stars. Aboufd@f them turn out to be
composed of very well-known objects like O-type avitla-type stars. Interestingly, we also found & f@S CVn systems. Finally, we found about 10 stdrseovable from the north
hemisphere with no reference in the literature sheiw an IR excess. This excess could originata ftast emission and these stars are likely exhipitircumstellar discs. Although some
of them are close to known SFRs and could be SFRstawg TTS members, not yet identified, a few adrthare located quite far away from any known Skirsky region mostly void of
dense interstellar matter. We also note that TW iksgdf and TYC4496-780-1 were part of the selectidrich makes us confident on the effectivenest@felection method we used.

Figure 2. Optical spectra (black) of the 5 stars (from tofbottom) observed witBophie spectrograph for which thedprofile (upper spectra) and lithium content (lowpestra) leave no doubt on their youth. The red $hews the synthetic spectrum build up with a speat anon-
active lithium poor reference star, broadened at theeni of the star and Doppler-shifted according to iéidial velocity. Blue line display the residualsr Bach star, the right panel show the spectralgriistribution exhibiting strong near-IR excedely due to a circumstellar disc.
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Observation campaign

High resolution optical spectroscopy was acquicediscriminate young stars from older ones
thanks to spectral features. High lithium contemtnbow widely accepted as a youth criteria and
according to the concept of the magnetospheric tcorenodel, the large &l line width (several
hundred km/s) is indicative of large-scale gas flohile the inverse P Cygni profile traces gas infall
ek L:["(WGZW A - ot 2L s . [1,9]. Observations were conducted on 2 meter dklescopes at th@bservatoire de Haute Provence

’ : awedl %" ith the Sophie spectrograph and witklercator/HERMES at Calar-Alto observatory.

6520 6540 6580 6600 6620 i

RXJ0330

O a———— | WO -
= | * Among the 13 field stars initially selected frone tRSC-AKARI cross-correlation because of
. ; . their near- far-IR excess, 5 exhibit large: Bimission profile [fig.2, upper spectrum) and high lithium
abundanceHjg.2, lower spectrum) typical of TTS. They also show strongx hariability (Fig.3) like
observed in TTS. Except RXJ0330 which is alreadyogaized as a young stellar object thanks to
R \ Sptizer observations, the other ones were unknown. Basethese observational criteria, they are
| ! s Y S g FRLA.: classified as likelysolated pre-main sequence accreting TTS and their age &stihio be 5-10 Myr.
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Figure 3. Ha region of RXJ0550 spectra acquired on January 20lbte the strong
temporal variability of the b profile compared to the observation acquired onévalver
2010 (left side), a phenomena often observed ireting TTS.
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Conclusions and perspectives

We have discovered 5 field TTS probably still in their accretion phase from a circumstellar
disc according to spectroscopic diagnostic. Althoughstottly isolatedall are located several degrees
apart from the cores of SFR in the vicinity. A careful analysis of the spectroscopic data allbw to
characterise these 5 candidates, in particular #ffgictive temperature, gravity, mettallicictydial and
projected rotational velocities. Additional photdnie observations will better constrain the SEDniro
which an independent age estimation can be deredircumstellar disc modelling. Finally, the
kinematics should shed light on their origin andgible relation with SFR in the vicinity.
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