Despite the uncertainties in calculating both infrared excesses and stellar ages/masses, if sample sizes are large enough, relative comparisons will still be meaningful.

In this poster we attempt to identify any trends with stellar age or stellar mass in the frequency with which circumstellar accretion disks can be detected using data from the literature.

We consider star-forming regions closer than ~800pc with sufficient data for quantifying the near-infrared excess:

- spectral types => log Teff/K, - optical/infrared photometry => Av and log L/Lsun - H- and K-band photometry =>

Our sample consists of ~2500 stars found in:

Taurus, Ophiuchus, Lupus, Chamaeleon, IC 348, Orion Nebula Cluster, L 1641, NGC 2024, Mon R2, NGC 2264, TW Hya, Upper Sco, Per, Pleiades

Δ H K–( )

α

Young stellar objects with spectroscopic signatures of accretion activity have measureable near-infrared excess while those lacking spectroscopic accretion signatures also lack near-infrared excess (Edwards, 1995; Hartigan et al., 1990). Therefore, we can constrain accretion disk lifetimes by correlating near-infrared excess with stellar age and stellar mass.

a. Infrared Excesses:

A combination of stellar irradiative and viscous heating in circumstellar disks produces flux excesses at micro-meter => milli-meter wavelengths.

The magnitude of the excess depends on:

- stellar parameters: M* and R* - disk parameters: Macc, inclination, and Rinner hole [see Figure 2]

Measuring an infrared excess entails taking the observed flux and correcting it for:

- interstellar/circumstellar extinction - contribution of the stellar photosphere

We define a quantitative measure:

b. Stellar Ages/Masses

Deriving stellar ages/masses requires combining evolutionary theory with observations.

Pre-main sequence theory is uncertain due to our incomplete understanding of:

- convection - opacities - stellar atmospheres - initial mass-radius relationship

“Measuring” an age/mass requires locating a star on the theoretical HR diagram by converting a spectral type into an effective temperature and a color/magnitude into a reddening-corrected luminosity. [see Figure 3]

Δ H K–( ) H K–( )observed = H K–

( )reddening

– H K–( )photosphere –

Schematic illustrating pre-main sequence evolution through the HR diagram of a 1 solar-mass star, and the approximate timescales for each phase in the dispersal of circumstellar material.

Figur e 1:

Spectral energy distributions for various star/disk combinations, using the models of Calvet et al. Heavy solid line represents the spectral energy distribution of an un-reddened star while light solid lines indicate the total spectral energy distributions when the star is surrounded by an irradiation + accretion disk. Leftpanel: Disks of various accretion, inner disk hole, and inclination properties. Compared to the non-accreting no-hole pole-on disk, inclined disks reduce the magnitude of the infrared excess at all wavelengths, while inner disk holes reduce the infrared excess at short near-infrared wavelengths only, and accreting disks increase the magnitude of the infrared excess modulo the strong absorption bands appearing at higher accretion rates. Rightpanel: Stars of various spectral type, all surrounded by the same 10e-8 Macc, no hole, pole-on disk. The magnitude of the infrared excess decreases with decreasing spectral type/temperature/mass. Not shown is a similar trend of decreasing infrared excess towards larger/younger stars of given mass. Deciding whether or not a near-infrared excess is present requires accounting for the temperature/mass and radius/age of the star. Even at fixed temperature/mass or radius/age, one must also account for sensitivity to disks of various accretion, inclination, and inner disk hole properties.

Figur e 2:

Evolutionary Timescales for Circumstellar Accretion Disks

Lynne A. Hillenbr and (Caltech) & Michael R. Me yer (U. Arizona)

Figur e 4:

Figur e 3: HR diagram for those sample stars in star-forming regions closer than 500 pc also having H-K photometry. Filled symbols have values of (H-K) > 0.05. Δ

Outer disk (0.3-3 AU) fraction vs stellar age for all stars in near-by regions with data at 60 m from ISO (circles) or IRAS lower limits (triangles), taken from Meyer et al. (2000.). It appears that optically-thick outer dust disks dissipate or coagulate into larger bodies on a timescale comparable to the termination of the inner disk accretion diagnostics (Figure 4).

μ Figur e 5:

Correlations of near-infrared excess with stellar age (and with stellar mass) show more scatter than one might hope. [see Figures 4 and 5 -- and ask us!]

This indicates perhaps that these data can not be characterized by smooth functions, and hence that there are large dispersions in circumstellar disk lifetimes as a function of stellar mass.

We also note that our sample is wrought with selection effects:

- stars often are picked out as members of associations and clusters because they show the observational signatures of accretion disks

- cluster surveys are incomplete at the low-mass end

- we do not have good samples of 5-30 Myr old stars!!!

Our analysis of near-infrared (2 m) excess trends with stellar age and stellar mass supports a conclusion of large dispersions at any given mass in accretion disk lifetimes. There are rather young (<1 Myr) stars which already have lost their disks, and also rather old (> 10 Myr) stars which still retain their inner accretion disks, as has been known for some time.

Nevertheless, a generally declining trend of disk fraction with increasing stellar age is suggested, with relatively few (but indeed some) accretion disks present around low-mass stars after 15 Myr.

Similar analysis of mid-infrared (60 m) excess trends suggests evolution of outer dust disks on similar timescales as we have found here for inner accretion disks.

μ

μ

IV. Results

III. Approach and Sample

II. Tutorial

V. Conclusions

Inner disk (0.03-0.1 AU) fraction vs stellar age for all ~2500 stars in near-by star-forming regions located on the HR diagram and having H-K photometry. The dotted line uses a cut of mag to define a disk while the solid line uses mag. Dashed line indicates a restricted range of masses around the peak of the mass function.

Δ H K–( ) 0.03> Δ H K–( ) 0.1>

It is fairly common consensus that circumstellar disks are near-ubiquitously present around stars at birth. These disks are the sites of planetary formation, and with detection of exo-solar planets now occurring routinely, understanding of the evolutionary link between young circumstellar disks and planets is more critical than ever. Dimunition of accretion disk activity and transition from optically thick accretion disks to optically thin postplanet-building disks occurs during the early pre-main sequence phase [see Figure 1]. Observationally, there are at present no statistically significant quantitative constraints on accretion disk lifetimes as a function of stellar mass. We have attempted to constrain accretion disk lifetimes by compiling optical and near-infrared photometric and spectroscopic data for a large sample (N > 2500) of relatively nearby young stellar objects, from which near-infrared excesses and stellar ages and masses can be derived.

I. Introduction

Further r eading:

- S. Beckwith (1999, in Origins of Stars and Planets, edited by C. Lada & N. Kylafis)

- N. Calvet, L. Hartmann, S. Strom (2000, Protostars and Planets IV, edited by V. Mannings, A. Boss, and S. Russell

-D. Hollenbach, H. Yorke, & D. Johnstone (2000, Protostars and Planets IV, edited by V. Mannings, A. Boss, and S. Russell