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Abstract. The Orion Nebula is one of the most frequently observed nearby (< 1 kilo-
parsec) star forming regions and, consequently, the subject of a large bibliography
of observations and interpretation. The summary in this chapter is bounded spatially
by the blister HII region, with sources beyond the central nebula that are part of the
same dynamical clustering covered in other chapters in this book. Herein are discussed
panchromatic observations of the massive OB stars, the general T Tauri population, the
sub-stellar sources and variable stars within the Orion Nebula. First, a brief history of
400 years of observation of the Nebula is presented. As this history is marked clearly
by revelations provided in each age of new technology, recent ultra-deep X-ray surveys
and high resolution multi-epoch monitoring of massive binary systems and radio stars
receive special attention in this review. Topics discussed include the kinematics, mul-
tiplicity, mass distribution, rotation, and circumstellar characteristics of the pre-main
sequence population. Also treated in depth are historical and current constraints on the
distance to the Orion Nebula Cluster; a long standing 10-20% uncertainty has only re-
cently begun to converge on a value near ~ 400 parsecs. Complementing the current
review of the stellar population is a companion chapter reviewing the molecular cloud,
ionized HII region and the youngest protostellar sources.

Introduction

An interesting hypothesis drawn from our knowledge about the Orion Nebula is that
50, 000 years ago it was invisible to the naked eye. The ionizing photons of the massive
O and B type stars, whose projected arrangement yield the namesake Trapezium, had
not yet burned away the layers of natal molecular gas out of which they had formed.
While bright blue stars were visible along the Sword of Orion, having formed continu-
ally over the previous few million years, there were, on a scale perhaps much grander
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Figure 2.  Young star distribution along the Orion Molecular Cloud. The variable
infrared stars identified by Carpenter et al. (2001)(yellow circles) are compared to
the OB members of the Orion Ic (blue diamonds) and Id (red squares) (Brown 1996).
The reverse grayscale image is the MSX band A (8 micron) image from Kraemer
et al. (2003). Labels (I.,II.,...) mark the five subregions of Parenago (Table 1) and
their more descriptive names. The equatorial coordinate axis (decimal degrees) are
in equinox J2000. This chapter focuses on the stars forming in region IV, the Orion
Nebula.

and paired with more descriptive names, e.g., Region II corresponds to the NGC 1977
HII region.

While at optical wavelengths these features seem apparent (and perhaps some such
as NGC 1977 are significant) when one views the Sword of Orion at near-IR wave-
lengths (2 pm), which are much less sensitive to variations in extinction, no boundaries
are apparent between these regions. Figure 2 presents a map similar in extent to the
previous optical image but where the Nebula is traced by mid-IR (8 pm) emission as
observed by the Midcourse Space Experiment (MSX) (Kraemer et al. 2003). Infrared
variable stars (Carpenter et al. 2001) extend across all these groups without clearly de-
marcating any of them except for the strong concentration of sources at the apex of the
Orion Nebula. Another set of frequently used designations concern the OB stars of the
Sword; Blaauw (1964) segregated the Sword OB stars in the Ic and Id associations,
ordered in part by apparent youth, while Warren & Hesser (1978) expanded the Ic asso-
ciation on the sky but segregated the Sword OB stars into subregions (C1, C2, C3, C4),



which are referred to in this review by the collective designation Ic*. While the Orion
Id OB “members” coincide with the stellar density maximum in Figure 2, the spatial
division of Ic* and Id members appears rather arbitrary.

Another naming system deserves clarification. The terms “Trapezium” cluster
(Trumpler 1931), which refers to stars immediately surrounding the asterism that is the
arrangement of 4 bright OB stars in the center of the Nebula, and “Orion Nebula Cluster
(ONC),” which dates to Haro (1953), suggest perhaps that these are separate entities.
This survey of the literature does not reveal any physical reason to suppose that the
Trapezium stars represent anything distinct about star formation in the Nebula beyond
their mass. While the study by Hillenbrand (1997) arbitrarily divided the region into
three “radial zones:” Trapezium Cluster (r< 0.3 parsec); ONC (r< 3 parsec); Orion Ic
association, only slight age gradients between them were found (see also Ramirez et al.
2004). It is therefore a secure inference that the entire region is a single contiguous star
forming event that requires complete description.

Topical Scope of the Review

This chapter summarizes current knowledge regarding those stars which sit within and
surround the Orion Nebula HII region. A review of the cold molecular cloud, the hot
HII region and the characteristics of the very youngest stars is presented in a subsequent
chapter (O’Dell et al.). Further outlying regions in Figure 2 e.g. to the North (OMC
2-3; NGC 1977, Upper Sword) and South (LDN 1641) of the Nebula are discussed in
other chapters in this volume (i.e., Peterson & Megeath and Allen & Davis, respec-
tively). The focus here is on those surveys that provide constraints on the physical
properties of the revealed high mass, T Tauri and substellar objects.

The review is organized as follows. First, a brief history of important or previ-
ously broad reviews of research on the Orion Nebula is presented (Sect. 1.), followed
by an overview of distance determinations to the Nebula in the past 70 years (Sect. 2.).
Individual sections are reserved for reviewing the T Tauri members with a focus on
summarizing the many broadband CCD and spectroscopic studies that have occurred
during the past two decades (Sect. 3.), the O and B type members of the Nebula with de-
tailed reviews of each of the Trapezium stars (Sect. 4.), and the variable stars (Sect. 5.).

1. History of Study of the Orion Nebula

During the fifty years after the development of the telescope in 1608 the nebular nature
and stellar content of Orion Nebula were independently discovered by a handful of
observers. The observing logs of Nicolas-Claude Fabri de Peiresc (1610) and of Johann
Baptist Cysat (at the latest 1618) (Wolf 1854; Holden 1882) represent the earliest
written records that the Sword of Orion contained a “fog” or “milky nebulosity,” which
here borrows the words used by W. Herschel (1802) to describe the region. The first
hand drawn charts of the region include those of Galileo (1617), who did not distinguish
the Nebula, of Giovanni Battista Hodierna (drawn sometime before 1654), who did, and
the more famous 1656 drawing by Huyghens, which is the most widely known. His
accurate rendition of the central nebula surrounding the Trapezium provides an origin
for the term “Huyghenian region” (Figure 3).

A nearly complete journal of 273 years of telescope aided visual observation of
the Nebula is provided in Edward S. Holden’s The Monograph of the Central Parts of
the Nebula of Orion (1882). Holden’s monograph includes the reproduction of dozens



Figure 3.  The 1656 sketch of the inner Orion Nebula by Huyghens. The figure
has been re-oriented from its publication form such that North is up and East is to
the left. Image is reproduced from Holden (1882).

of hand drawn sketches as well as observing logs each in their original language. Vari-
ation in the reproduction of the Nebula is remarkable. The first photographic plates of
Orion made by Henry Draper between 1880 and 1882 were included as an addendum
to Holden’s work as well as a discussion of the processes of obtaining these images.
Figure 4 is a reproduction of that image and is captioned with Holden’s description.

The next ~ 100 years of photographic observation of the Nebula included quanti-
tative studies of its variable stars, the discovery of a cluster of faint stars in the Nebula’s
core, very broad censuses and an expansion in the role of the Nebula as a testbed for
new observing techniques. Numerous variable star studies were performed using the
Harvard Plates by H. Leavitt (published by Pickering) or confirmed by M. Applegate
(published by Shapley). In the 1930s, deep red photographic plates revealed that the
Nebula contained a substantial cluster of fainter stars in addition to the brightest mem-
bers (Trumpler 1931; Baade & Minkowski 1937). The broad surveys of Brun (1935)
and Parenago (1954a) provided excellent photographic updates to the Bond (1867)
visual census of stars in the Nebula.

Parenago, a Russian astronomer, published a major, lengthy analysis of the region
in 1954. A translation of sections of this publication was undertaken for this review and
it indicates that he relied on prior and concurrent work of female Russian astronomers
(e.g., Barkahatova, Uranova, Kirillova) some of whose names do not reappear in the
literature outside of his book. His analysis extended to the topics of parallax, proper
motions, astrometry and photometry, covering all of the Sword of Orion. Most impor-
tant he found a clear evidence for a “cloud” of members lying above the main sequence.
Perhaps because of the Cold War and the lack of translations from his work from Rus-
sian to other languages, his work is extremely poorly cited in the literature. The dis-
paraging of his work by Walker (1956) was not unnoticed by the author as revealed
in the posthumous publication, Parenago & Sharov (1961). Nevertheless, this work



