Constraints on the Stellar/Substellar Initial Mass Function in the Orion Nebula Cluster

Lynne A. Hillenbr and & John M. Car penter (Caltech)

Imaging observations were obtained on 8, 9, 10 February, 1999 using NIRC (Matthews & Soifer 1994) mounted on the Keck I 10-m telescope. Data were obtained through K-band H-band and Z-band filters. The resulting mosaic of 225 images in each filter covers a 5.3 x5.3 region at 0.15 / pixel. The K band mosaic is complete at the 20 level to approximately .

(2.00 2.43μm),

– ((1.50 1.82μm), – (2.00 2.43μm) – ′ ′ ″ σ K 17≈

II. Observations

The Orion Nebula is probably the most famous star forming region in the sky, yet it is only within the past few years that we have begun to characterize the extent and nature of the young stellar population just emerging from the molecular cloud. More than 80% of the optically visible stars projected of the Trapezium stars are < 1 Myr of age (Herbig & Terndrup 1986; Prosser et al. 1994; Hillenbrand 1997), and their mass distribution peaks with some evidence for a turnover towards lower masses (Hillenbrand 1997). However, these optical data are complete only for visual extinctions < 2.5 mag. Despite the apparent turnover in the mass function, there is still room in the data for a reversal of the downward trend just below 0.1 Mo and a subsequent rise in the mass function across the stellar/substellar boundary, as has been claimed for the Pleiades (Bouvier et al. 1998).

within 2 pc ≈

near 0.2 Mo ≈ to 0.1 Mo ≈

I. Introduction

The location of a star of given mass in the K vs. H-K diagram depends on the:

III. Analysis

The H and K band mosaics of the Orion Nebula Cluster obtained using NIRC at Keck I and a map of the visual extinction (adapted from Goldsmith, Bergin, & Lis 1997). Approximately 670 stars were detected in the H and K frames within region imaged here down to mag. The extinction map was derived from C^{18}O molecular line observations. The contours begin at A_V=25 mag with increments of_V=10 mag. The peak visual extinction mag.

the 5.3′x5.3′ ≈ K 17≈ AΔ is 75≈

Figur e 1:

K vs. H-K diagram for stars in our survey area. The left panel shows the location of individual stars, while the middle represents the same distribution in the form of a density plot. The right panel shows the density plot at an identical color scale for the contribution of field stars as predicted by the Wainscoat et al. (1997) Galactic star count model when observed through the extinction map shown in Figure 1. The total number of field stars expected is ~ 26 stars for mag, and so field stars contribute negligibly to the star counts at all magnitudes and colors brighter than the completeness limits of the survey. In each panel, the solid while lines represents the 1 Myr pre-main sequence isochrone for stellar masses greater than 0.08 Mo, and the dotted extensions represents the locus of brown dwarfs down to 0.02 Mo (D’Antona & Mazzitelli 1997). The dashed red lines are the reddening vector for Av=50.

K 17≤

Figur e 2:

• stellar age • amount of extinction • presence and properties of a circumstellar disk

If the cluster age is known and the contribution to the observed colors from circumstellar disks can be ascertained, the extinction toward each star can be estimated by de-reddening it in the K vs. H-K diagram to the appropriate pre-main sequence isochrone. The resulting absolute magnitude can then be converted directly to a stellar mass. Note that as stars evolve through the pre-main sequence phase (^5 yr^8 yr), the H-K colors change by < 0.1 mag, while the K magnitudes become fainter mag. Thus the masses derived from such techniques are more sensitive to the assumed cluster age than the derived extinctions.

Our procedure is to assume “reasonable”distributions for the stellar ages and the near-infrared excess characteristics, and to then explore the effects of these assumptions on the resulting mass function. We constrained the plausible distributions of these properties by analyzing a subset of the ONC cluster that has available optical spectroscopic data (Hillenbrand 1997).

We consider the following cases for stellar ages:

from 10∼ to 10∼

by 5∼

• all stars are 10^5 yr old • all stars are^5 yr old • all stars are 10^6 yr old

3 10×

We consider the following cases for infrared excess:

• no star has an infrared excess • all stars have the same amount of infrared excess • all stars have an infrared excess drawn from a uniform distribution • all stars have an infrared excess drawn from the distributions found to characterize other pre-main sequence stars of comparable age:

H K–

( ) = 1/2 Gaussian with σ =0.5 mag Δ K = 2.5 H K–( ) Δ× Δ

From the histograms shown in Figure 3, we draw the following conclusions concerning the stellar/substellar Initial Mass Function in the Orion Nebula Cluster:

• the IMF derived from broad-band, neared-infrared data is sensitive to the assumed age distribution for the cluster, and to a lesser extent, the presence of near-infrared excesses.

• within the plausible range of stellar ages, we infer the presence substellar objects in the ONC.

• the near-infrared and the spectroscopic IMF’s are similar in that both show a plateau, if not a peak, between 0.2 and 0.4 Mo.

• our best estimation of the ONC IMF suggests that it is flat or falling at 0.08 Mo; i.e. these data are inconsistent with an IMF that rises rapidly across the hydrogen burning limit.

• these data do not rule out a departure from a single power-law mass distribution near the hydrogen burning limit. Determination of the detailed shape of the IMF in this mass range requires infrared spectroscopy.

of 80>

IV. Results

Abstract

We present results from a 0.5-0.9 FWHM near-infrared imaging survey over a 5.3 x 5.3 area centered on the Orion Nebula Cluster (ONC). At the age and distance of this cluster and in the absence of extinction, the hydrogen burning limit (0.08 Mo) occurs at mag while an 0.02 Mo object has a magnitude of mag. Our photometry is complete for source detection at the 20 level to , and thus our survey is sensitive to all objects more massive than 0.02 Mo with visual extinctions less than 10 magnitudes. Consistent with previous studies, we find a peak in the magnitude distribution at mag with a steady decline in the source counts to our completeness limit. We have used the observed magnitudes, colors, and star counts to constrain the shape of the Initial Mass Function across the hydrogen burning limit. We find that the IMF is flat or slightly falling at 0.08 Mo, and that our data are inconsistent with a rapidly rising mass function across the stellar/substellar boundary.

″ ′ ′

K 13.5 ≈ K 16.2 ≈ σ K 17 mag ≈

K 12.5 ≈

Figur e 3:

Distribution of stellar masses derived from the K vs. H-K data corrected for the presence of near-infrared excess under three different assumptions for the cluster age, compared to the mass distribution inferred in the spectroscopic analysis of Hillenbrand (1997). Open histograms represent all data, while shaded histograms represent stars with values of A_V < 10 mag. Our new observations are sensitive to stars with M < 1.5 Mo only. The green line shows the linear fit over 0.04 - 0.4 Mo. The slope of the ONC mass function across the stellar/substellar boundary is strongly constrained by these data to have a value < 0.1.α

We believe the last case is the most realistic assumption for the infrared excess distribution, and it is the only case discussed in detail here.

We derived the IMF by running a Monte Carlo simulation where each star was randomly assigned an infrared excess based upon the above distributions. Each object was then de-reddened back to the appropriate isochrone to determine its mass. The results of this analysis are presented in Figure 3.