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B Abstract The establishment of new spectral classes cooler than type M has had
a brief, yet already rich, history. Prototypes of the new “L dwarf” and “T dwarf”
classes were first found in the late 1980s to mid-1990s, with a flood of new discoveries
occurring in the late 1990s with the advent of deep, large-area, digital sky surveys. Over
four hundred and fifty L and T dwarfs are now cataloged. This review concentrates
on the spectroscopic properties of these objects, beginning with the establishment of
classification schemes rooted in the MK Process. The resulting grid of spectral types
is then used as a tool to ferret out the underlying physics. The temperature ranges
covered by these spectral types, the complex chemical processes responsible for the
shape of their emergent spectra, their nature as either true stars or brown dwarfs, and
their number density in the Galaxy are discussed. Two promising avenues for future
research are also explored: the extension of the classification system to three dimensions
to account for gravity- and metallicity-dependent features, and the capability of newer
large-area surveys to uncover brown dwarfs cooler than those now recognized.

1. INTRODUCTION

The need for new spectral types stems from the once frustrating but ultimately
successful search for a theoretical entity termed a brown dwarf. Brown dwarfs,
first postulated by Kumar (1963a,b) and Hayashi & Nakano (1963), are low-mass
by-products of star formation. During their pre-main-sequence contraction phases
the cores of these low-mass objects become electron-degenerate, and it is this
degeneracy that supports the object from collapsing further.

In objects of higher mass, contraction is halted not by electron degeneracy but by
gas pressure; in those objects contraction produces core densities and temperatures
capable of igniting hydrogen fusion, and this occurs before electron degeneracy is
reached. These higher mass objects—known as dwarf stars—have been recognized
since the dawn of Man because the Sun, as one prominent example, is rather hard
to overlook. Over the past century and a half, astronomers have come to classify
these dwarf stars based on their spectra, finally settling on a jumbled alphabet of
OBAFGKM to delineate the types, O representing the hottest dwarfs and M the
coolest.
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The lack of stable hydrogen burning in brown dwarfs, on the other hand, makes
them much dimmer intrinsically. Even twenty-five years after the theory was pro-
posed, no definitive brown dwarfs had been found. Then, in 1988, a brown dwarf
search finally revealed an object not classifiable as a normal M dwarf. In perform-
ing a near-infrared imaging search for low-mass companions around 200 white
dwarfs, Becklin & Zuckerman (1988) discovered a very red companion to the 32-pc
distant DA4 white dwarf GD 165. A 6400-9000 A spectrum of the companion,
dubbed GD 165B, was first obtained by Kirkpatrick, Henry, & Liebert (1993).
They noted that TiO absorption, which is the hallmark of the M spectral class,
could not be distinguished even though VO may still have been present. Other
observed absorption bands were found not to match the CH4 or NHj3 features seen
in Jupiter and Saturn. Indeed the two independent temperature estimates for GD
165B (Zuckerman & Becklin 1992; Kirkpatrick, Henry, & Liebert 1993) supported
a temperature lower than that of known M dwarfs but much hotter than the onset
of CO-to-CHy4 conversion, prompting some researchers to believe that this object
was a link between stars and planets. Other astronomers, however, seemed to write
GD 165B off as an oddity.

A few years later, researchers uncovered another object whose status as a stellar-
to-planetary link was impossible to ignore. While searching an initial sample of
100 nearby stars with ages of ~1 Gyr, Nakajima et al. (1995) uncovered a common
proper motion companion to the 5.7-pc distant M1 dwarf Gl 229. The implied dis-
tance of this companion, dubbed Gl 229B, meant that it was even dimmer than GD
165B. The most eye-opening revelation about Gl 229B was that its near-infrared
spectrum showed clear absorption by CHy at H and K bands (Oppenheimer et al.
1995) and strongly resembled the spectrum of Jupiter. The temperature of T, <
1000 K that was implied by the measured absolute luminosity and spectroscopic
signatures bespoke a kind of cool object like none ever before seen outside our
own Solar System.

In the years following these two initial discoveries, many similar objects were
uncovered. Objects later in type than M9.5 dwarfs and spectroscopically akin to GD
165B were uncovered by a variety of techniques. The first of these was discovered
by Kirkpatrick, Beichman, & Skrutskie (1997) during a search of 105 deg? of
data from the Two Micron All-Sky Survey (2MASS; M.F. Skrutskie, R.M. Cutri,
R. Stiening, M.D. Weinberg, S. Schneider, et al., submitted) Prototype Camera.
This was followed closely by the discovery of three more objects by Delfosse et al.
(1997) in 230 deg? of data from the Deep Near-Infrared Survey (DENIS; Epchtein
etal. 1999) and another by Ruiz, Leggett, & Allard (1997) in a list of proper motion
candidates pulled from 400 deg? of red optical data.

Soon thereafter, objects spectroscopically similar to Gl 229B were uncovered.
The first two were discovered by Strauss et al. (1999) and Tsvetanov et al. (2000)
in 400 deg? of Sloan Digital Sky Survey (SDSS; York et al. 1999) commissioning
data, followed closely by four new objects discovered by Burgasser et al. (1999)
in 1784 deg? of early 2MASS data.

The beginnings of a spectral sequence were becoming clear, but a gap still
remained between the GD 165B-type objects and those resembling G1 229B. This
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gap was finally filled by Leggett et al. (2000) with the discovery of three objects
from additional SDSS data. At last an entire spectral sequence had emerged linking
the previously known low-mass stars to cool, planet-like (i.e., methane-bearing)
objects.

2. THE PHILOSOPHY OF CLASSIFICATION

As these discoveries began to mount, it became obvious that new spectral types
were needed. Spectra of objects like GD 165B were clearly distinct from previously
known M dwarfs, and spectra of objects like Gl 229B were again clearly distinct
from the others. Most researchers agreed that two new letters were needed for
typing these objects; only Martin et al. (1997) advocated the use of a single new
class. This suggests two immediate questions: (a) Which new letters should be
chosen? (b) What sort of classification methodology would be best applied to
these discoveries?

The first question is the easier one to answer. Suggestions for the two new letters
were first put forth in the proceedings of a 1997 conference by Kirkpatrick (1998),
who suggested “H,” “L,” “T,” and ““Y” as the best contenders. The reasoning behind
this was further chronicled in Kirkpatrick et al. (1999), who suggested specifically
that “L” be used for GD 165B-like spectra and “T” for the GI 229B-type. This
decision was not reached in a vacuum; rather, before the choices were committed
to print, many researchers in the brown dwarf community were polled about their
preferences, members of IAU Commission 45 (who deal with issues related to
stellar classification) were asked for their input, and audience response to the
proposed letters was tested during various colloquia. As a result of this process,
described in more detail in Kirkpatrick (2001a), there has been widespread, almost
unanimous use of “L” and “T” as the spectral type descriptors for these objects.

A more divisive issue arises when trying to answer the second question, how-
ever. To this end, it is helpful to review the broader history of general scientific
classification. The roots of modern classification are often traced back to the eigh-
teenth century naturalist Carl Linnaeus, sometimes referred to as the Father of
Taxonomy. His two-part naming of genus and species for categorizing plants is
still used today to classify living organisms. Even though the concept of a binomial
descriptor is still used, the basis for classification under the Linnaeus system—
which considered only a very limited set of characteristics (the details of each
plant’s reproductive organs)—was found to produce “artificial” groupings. In-
stead, the methodology of classification most used today can be traced back to the
seventeeth century naturalist John Ray. Ray’s method drew upon all of the charac-
teristics of a plant—leaves, roots, flowers, etc.—to determine classification. This
methodology was accepted as producing the most believable “natural” groupings
because it used the totality of information for each plant.

These historical facts also help reiterate why classification is important in the
first place. Classification plays two critical roles. The first role is to help scientists
uncover the underlying reasons why plants (or animals or stars, etc.) fall into the
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forms seen. In this sense classification is a means to an end; it is a necessary
first step in understanding the reasons for the object’s creation and/or makeup.
Classification enables us to see the similarities and the differences more clearly. By
having a clearer picture of the patterning of nature, the hope is that the underlying
reasons for those similarities and differences will be easier to deduce. Linnaeus’s
sex-based system of typing was too focused on a single trait and sometimes placed
objects that looked completely unalike into the same category. Ray’s multi-trait
morphological classification, on the other hand, proved more popular because it
provided groupings seemingly more aligned with nature itself.

The second role of classification is to provide scientists with a vernacular. The
Ray system lacked a quick shorthand for referring to each type of plant, a short-
coming that was remedied by Linnaeus. This quick shorthand makes scientific
discussion much easier, whether the topic is lepus californicus or M5 dwarf stars.
An essential element is that the vernacular be independent of our current, some-
times misguided, understanding of the biological or astrophysical underpinnings.
Such a shorthand system of reference that is independent of theory and based
only on observables will be immutable even as our ideas and perceptions of the
underlying scientific causes change with time.

So, in answer to the second question, it would seem wise to follow these same
principles in classifying L and T dwarfs. Fortunately, it is these principles that
guide the MK system of classifcation (Morgan, Keenan, & Kellman 1943), the
most utilized system of spectral typing for normal stars. In explaining their use of
standard reference points (i.e., actual stars) on the sky, Morgan & Keenan (1973)
state, in Ray-esque terms, that “these standard reference points do not depend
on values of any specific line intensities or ratios of intensities; they have come
to be defined by the appearance of the totality of lines, blends, and bands in the
ordinary photographic region.” They further state, “For example, a star located
at A2 Ia would have a spectrum having a total appearance as in the standard o
Cygni; a star of spectral type G2 V would have a spectrum whose appearance
is similar to that of the Sun. The use of such a frame of reference makes the
process of spectral classification a differential one.” In an obituary to Morgan,
Garrison (1995) explains further that “Morgan used the techniques of visual pattern
recognition in a morphological approach to classification. In today’s climate of
the ‘deification of quantification,” it is sometimes difficult for people to see the
power of such an approach, yet the human brain has evolved to be ideally suited
to such a methodology. Morgan was fond of using the analogy of the brain’s
ability to recognize familiar human faces. With pattern recognition, the result is
immediate; nothing is measured, but all of the pattern information is compared
with experience.”

Not only does the MK system incorporate the totality of classification fa-
vored by the Ray approach, but it also parallels the Linnean ideal for naming.
The MK system’s convenient shorthand of spectral class plus luminosity class is
ubiquitous in astronomy, from college introductory textbooks to premier research
publications.
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Does the MK system also satisfy the two critical roles of classification, as out-
lined above? First, there is little doubt that the MK system is helpful to researchers
studying the underlying reasons why stars appear as they do or else the system
would not have had the longevity it has enjoyed. No Hertzprung-Russell diagram
would be complete without a few MK classifications added. Second, its vernacu-
lar is widely used and its types have remained the same over the past sixty years.
Mihalas (1984) points out that this constancy of types—a consequence of the fact
that the classification grid is based on empirical standards—is the most important
concept of the MK system “because it implies that the system does not, from the
beginning, contain theoretical preconceptions. That’s the absolute bane of trying to
abstract anything from an empirical system. You build a theoretical preconception
into it and all it does is give it back to you! This must be avoided at the outset.”

In summary, the MK system satisfies all of the precepts of a robust and useful
scientific taxonomy: ease of naming, classification based on the sum of the traits,
utility for deducing the underlying physics, and shoptalk that is constant with time.
In the following sections of this review, only those schemes rooted in the philosophy
of the MK system will be discussed. Although others have proposed classifications
in which the goal was to incorporate theory into the scheme (Basri et al. 2000) or in
which a single index was the primary classification criterion (Martin et al. 1999),
these schemes have been little used. Given the broader history of taxonomy, it is
not surprising that MK-like schemes have been the ones most universally accepted.

3. CORE CLASSIFICATION SCHEMES

A total of 403 L dwarfs and 62 T dwarfs are currently known. Table 1 is provided
as a historical reference to the discoveries found prior to the writing of this review.
Spectroscopic features that distinguish these objects along with schemes used in
their classification are discussed in sections that follow, beginning with the shortest
observable wavelengths and moving longward.

3.1. The Optical

Optical spectra of a subset of bright L and T dwarfs are shown in Figure 1. Early-L
dwarfs show a mélange of atomic and molecular bands, the most prominent being
neutral alkali lines (Na I, K I, Rb I, Cs I, and sometimes Li I), oxide bands TiO
and VO, hydride bands CrH and FeH, and CaOH. By mid-L the ground-state Na I
and K I lines have grown tremendously in strength; the hydrides MgH, CaH, CrH,
and FeH have also strengthened, whereas the oxides TiO and VO have largely
disappeared. By late-L and early-T, H,O has increased in strength, the neutral
alkali lines are still strong, and the hydrides are much reduced in prominence.
By late-T, H,O is a major absorber and the two prominent lines of Na I and K I
have grown so wide that they have begun to further supress the pseudo-continuum
between them at ~7000 A.
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TABLE 1 Discovery references for L and T dwarfs

#of new  # of new

Reference L dwarfs T dwarfs Note
Becklin & Zuckerman 1988 0 GD 165B, the first L dwarf
Nakajima et al. 1995 0 1 Gl 229B, the first T dwarf
Kirkpatrick, Beichman, & 1 0 2MASP J0345432 4 254023

Skrutskie 1997
Delfosse et al. 1997 3 0 first DENIS L dwarfs
Ruiz, Leggett, & Allard 1 0 Kelu-1

1997
Rebolo et al. 1998 1 0 G 196-3B
Martin et al. 1998 1 0 Roque 25
Delfosse et al. 1999 1 0 DENIS-P J0909 — 0658
Kirkpatrick et al. 1999 19 0 more 2MASS L dwarfs
Strauss et al. 1999 0 1 SDSSp J162414.37 4+ 002915.6
Burgasser et al. 1999 0 4 first 2MASS T dwarfs
Cuby et al. 1999 0 1 NTTDF 1205-0744
Zapatero Osorio et al. 1999 1 0 SOri 47
Goldman et al. 1999 2 0 GJ 1001B, EROS-MP J0032 —

4405

Martin et al. 1999 5 0 more DENIS L dwarfs
Reid et al. 2000 3 0 more 2MASS L dwarfs
Fan et al. 2000 7 0 first SDSS L dwarfs
Burgasser et al. 2000a 0 1 Gl 570D
Tsvetanov et al. 2000 0 1 SDSSp J134646.45 — 003150.4°
Leggett et al. 2000 0 3 SDSS early-T “missing link” dwarfs
Kirkpatrick et al. 2000 64 0 more 2MASS L dwarfs
Burgasser et al. 2000b 1 2MASSI J0559191—140448
Gizis et al. 2000 0 more 2MASS L dwarfs
Zapatero Osorio et al. 2000 10 0 more SOri L dwarfs
Gizis, Kirkpatrick, & 1 0 GJ 1048B

Wilson 2001
Wilson et al. 2001 3 0 G1337C, G 618.1B, HD 89744B
Burgasser et al. 2002a 0 11 more 2MASS T dwarfs
Geballe et al. 2002 9 6" more SDSS L and T dwarfs
Schneider et al. 2002 8 more SDSS L dwarfs
Hall 2002 1 0 2MASSI J1315309 — 264951

(Continued)
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TABLE 1 (Continued)

#of new  # of new
Reference L dwarfs T dwarfs Note
Potter et al. 2002 0 G1 564B and Gl 564C
Liu et al. 2002a 0 1 IFA 0230-Z1
Liu et al. 2002b 1 0 G1779B
Hawley et al. 2002 48 0 more SDSS L dwarfs
Lodieu, Scholz & 3 0 SSSPM L dwarfs
McCaughrean 2002
Gizis 2002 9 0 more 2MASS L dwarfs
Dahn et al. 2002 1 0 2MASSW J2244316 + 204343
Barrado y Navascués et al. 1 0 SOri 71
2002
Zapatero Osorio et al. 2002 0 1 SOri 70
Scholz & Meusinger 2002 1 0 SSSPM J0829 — 1309
Liebert et al. 2003 1 0 2MASSIJ0144353 — 071614
Burgasser et al. 2003¢c 0 1 2MASS J15031961 + 2525196
Scholz et al. 2003 0 1 € Ind B
Salim et al. 2003 1 0 LSR 0602 + 3910
Gizis et al. 2003 3 0 more 2MASS L dwarfs
Kendall et al. 2003 7 0 more 2MASS L dwarfs
Wilson et al. 2003 10 0 more 2MASS L dwarfs
Berriman et al. 2003 1 0 2MASSI J0104075 — 005328
Lépine, Rich & Shara 2003 1 0 LSR 1610 — 0040 (sdL?)
Burgasser et al. 2003a 1 0 2MASS J05325346 + 8246465
(sdL)
Thorstensen & Kirkpatrick 1 0 2MASS J07003664 + 3157266
2003
Burgasser, McElwain & 0 3 more 2MASS T dwarfs
Kirkpatrick 2003d
Cruz et al. 2003 35 0 more 2MASS L dwarfs
Cruz et al. 2004 0 2MASS J05185995 — 2828372
Kendall et al. 2004 6 0 more DENIS and 2MASS L dwarfs
Burgasser et al. 2004a 1 7 more 2MASS T dwarfs + 1 sdL
Knapp et al. 2004 22 124 more SDSS L and T dwarfs
Stanway et al. 2004 1 0 GOODS-N i-drop #2
Metchev & Hillenbrand 1 0 HD 49197B
2004

(Continued)
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TABLE 1 (Continued)

# of new # of new

Reference L dwarfs T dwarfs Note

Burgasser 2004a 1 0 2MASS J16262034 + 3925190
(sdL)

Chauvin et al. 2004 1 0 2MASSW J1207334 — 393254B

Tinney et al. (submitted) 0 5 more 2MASS T dwarfs

Kirkpatrick et al. (in prep.) 13 0 more 2MASS L dwarfs

Cruz et al. (in prep.) 22 1 more 2MASS L and T dwarfs

Reid et al. (in prep.) 61 0 more 2MASS L dwarfs

Totals 403 62

2The object SDSSp J042348.57 — 041403.5 has an optical spectral type of L7.5 and a near-infrared type of TO; it is listed
here as a T dwarf since this is its designation in the earliest reference.

bThis object has an optical type of L6.5 pec and appears to have an L + T hybrid spectrum in the near-infrared; it has been
listed here as an L dwarf.

“This object was first published in Burgasser et al. (1999) but credit is given there to the SDSS team, who had discovered
it earlier.

4One of the “new” T dwarfs (SDSS J120747.17 + 024424.8, type TO) listed in the near-infrared spectroscopy paper by
Knapp et al. (2004) appears in the optical spectroscopy paper by Hawley et al. (2002), where it is listed as an L8 dwarf.
For bookkeeping purposes here, it is counted as an L dwarf via the earlier reference.

Note: Papers are ordered chronologically by publication date, even within a given year. Objects known to be close L + L,
L + T, or T + T binaries are listed in the table as one object, not two, except in the case of Gl 564BC for which separate
spectra of both components have been acquired.

Note: Other objects in star formation regions such as Orion (Lucas et al. 2001) and Serpens (Lodieu et al. 2002) have been
tentatively designated as L dwarfs via near-IR spectroscopy. These spectra are distinctly unlike normal L dwarfs and in
some cases these same objects exhibit optical spectra consistent with M type. Late-M and L dwarfs of young age (low
gravity) are discussed further in Section 5.2.

Note: Several possible L and T dwarf companions—to Gl 86 (Els et al. 2001), to LHS 2397a (Freed et al. 2003), and
to 2MASSW J1047127 + 402644, 2MASSW J1426316 + 155701, 2MASSW J2140293 + 162518, and 2MASSW
J2331016 — 1040618 (Close et al. 2003)—are not listed in the table because confirmation spectra have not yet been
acquired. Furthermore, a possible T dwarf companion to the A dwarf double HD 150451AB (Carson et al. 2002) is not
listed because it is now believed not to be a T dwarf even though common proper motion has been verified (Carson et al.
in prep.).

Note: Bouy et al. (2003) estimate L spectral types for 31 objects using / — J colors. A literature search shows that 18 of
these have types measured from actual spectra, and a comparison to the Bouy et al. values shows that their estimated types
are systematically too late by four subclasses on average. In individual cases these can be too late by as much as seven
subclasses. Hence, most of the “new” L dwarfs listed in that paper are actually late M dwarfs. None of those L dwarfs are
included here unless verified by actual spectra from other sources.

Note: A current list of L and T dwarfs can be found at http://DwarfArchives.org.

Figure 2 shows a finer grid of optical spectra from late-M through late-T, high-
lighting the region between 6800 and 8700 A in which a number of diagnostic
features is found. The strong oxide bands seen in late-M dwarfs weaken through
the early-L dwarfs. By mid-L strong absorption by neutral alkali lines and hy-
drides appears. By late-L types the ground-state Na I line is the major shaper of
the emergent flux, and its influence continues through late-T.

Optical classifications in the spirit of the MK System have been established for
L dwarfs by Kirkpatrick et al. (1999) and for T dwarfs by Burgasser et al. (2003b).
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TABLE 2 Anchor points for L and T dwarf classification

Spec.

type Optical anchor Near-IR anchor

LO 2MASP J0345432 + 254023

L1 2MASSW J1439284 + 192915

L2 Kelu-1 (at J13054019 — 2541059)

L3 2MASSW J1146345 + 223053

L4 2MASSW J1155009 + 230706

L5 DENIS-P J1228.2 — 1547

L6 2MASSs J0850359 + 105716

L7 DENIS-P J0205.4 — 1159

L8 2MASSW J1632291 + 190441 ..

TO ... SDSS J120747.17 + 024424.8
Tl e SDSSp J015141.69 + 124429.6
T2 SDSSp J125453.90 — 012247.4 SDSSp J125453.90 — 012247.4
T3 2MASS J12095613 — 1004008
T4 ... 2MASSI J2254188 + 312349
T5 2MASSI J0559191 — 140448 2MASS J15031961 + 2525196
T6 SDSSp J162414.37 + 002915.6 SDSSp J162414.37 + 002915.6
T7 ... 2MASSIJ0727182 + 171001
T8 2MASSI J0415195 — 093506 2MASSI J0415195—-093506

Note: Anchors for the optical classification of L dwarfs are from Kirkpatrick et al. (1999); L dwarf anchors for
the near-infrared have not yet been devised. T dwarf anchors are from Burgasser et al. (2003b) for the optical and
Burgasser (priv. comm., collaborative results from the SDSS and 2MASS teams) for the near-infrared.

Both papers identified a set of reference objects (also known as anchor points) to
serve as the on-sky classification standards for the typing scheme. These anchors
are listed for convenience in Table 2. Although readers are referred to the above two
papers for discussion of line/band strengths and spectral ratios useful for typing,
it should be noted that the establishment of anchors is the single most important
step in constructing a classification scheme. Details of how those anchors are used
to classify a new set of objects—whether it be through automated methods or
simply through by-eye fits (see, e.g., the discussion in Hawley et al. 2002)—are of
secondary importance as long as those classifications are judged against the same
set of standards.

The spectra of the L and T dwarfs shown in Figure 2 are those of the anchor
points on the optical typing system. Except for the larger spectrum-to-spectrum
difference between L8 and T2, these spectra can be viewed almost like consecutive
frames in a movie. That is, if one were to stack plots of the individual spectra, one
per page, and flip rapidly through the pages, the movie would flow from one frame
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Figure 2 Detailed optical spectra from 6800 to 8700 A fora sequence of late-M through
late-T dwarfs. The L and T spectra shown here are those of the L and T anchors (standards)
from the optical classification system of Kirkpatrick et al. (1999) and Burgasser et al. (2003b).
Spectra have been displaced vertically in half integral units to ease intercomparison.

to the next without any jumps in the sequence. Ideally, any grid of standards should
show this same effect.

Currently, no optical spectra have been acquired that fill the aforementioned
gap between L8 and T2. Oddly, the near-infrared spectral sequence (as discussed
below) shows a continuum of spectra throughout this L8-T2 range without any

Figure 1 High signal-to-noise spectra of a sequence of bright L and T dwarfs. Feature
identifications are given for alkali and other atomic lines in green, oxide bands in blue,
hydride bands in red, and bands of CaOH and H,O in orange. For the L0.5,L3.5,and L5
spectra the contaminant telluric absorption bands are labelled in cyan; all other spectra
have been corrected for telluric absorption. Left panel: 4500 to 10,100 A spectra of a
sequence of L dwarfs. Right panel: 6300 to 10,100 A spectra of a sequence of late-L
through late-T dwarfs. These spectra were obtained at the W.M. Keck Observatory and
are compiled from Reid et al. (2000), Burgasser et al. (2003b), and Kirkpatrick et al.
(unpub.) and are displaced vertically by units of 1.5 in the log to ease intercomparison.
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gap. Note also in Figure 2 that there are fewer T-subtypes in the optical—only T2,
TS5, T6, and T8—than there are in the near-infrared because the optical spectrum-
to-spectrum differences do not warrant a grid any finer than this. The T2, TS, T6,
and T8 names for the optical subtypes were chosen to parallel the types of those
same objects under the near-infrared scheme.

Large compilations of optical spectra of L and T dwarfs can be found in
Kirkpatrick et al. (1999, 2000), Hawley et al. (2002), Burgasser et al. (2003b), Cruz
et al. (2003), and the M, L, and T Dwarf Archives (http://DwarfArchives.org).

3.2. The Near-Infrared

Near-infrared (1.0-2.3 um) spectra of a subset of late-M through late-T spectra
are shown in Figure 3 with a detail of the 0.95-1.35 pm region shown in Figure 4.
As seen in these plots, late-M and early-L spectra are characterized by strong
bands of H,O, bands of FeH and CO, and neutral atomic lines of Na, Fe, K, Al,
and Ca. The hallmark of the T spectral class, CHy, appears at early-T along with
strengthening H,O. By late-T the near-infrared spectrum has been chewed up into
a series of flux peaks near 1.08, 1.27, 1.69, and 2.08 um, each of which has been
sculpted on both sides by absorptions of CH4 and H,O (or, in the case of the short
wavelength side of the 1.08-um peak, by the broad wings of the K I line at 7800 A).
By T8 the 2.08-um peak has been further flattened by overlying collision-induced
absorption by H,.

To date there has, oddly enough, still not been an independent spectral classifi-
cation scheme established in the near-infrared for L dwarfs.! All current systems
either map near-infrared spectral ratios directly into the optical scheme or define
classifications based only on spectral ratios of idealized spectral type standards and
not on anchor objects. Geballe et al. (2002) show that their near-infrared scheme
for T dwarfs (below) is extendable to L types, but the scheme is not optimized for
L dwarfs and it lacks on-sky standards. Nevertheless, we utilize types from this
scheme in subsequent sections because it is the one most widely used.

For T dwarfs, the two classification schemes in use are those of Burgasser
et al. (2002a) and Geballe et al. (2002). The first of these employs anchor points
on the sky, and the second employs a set of idealized ratios. Fortunately, both
schemes yield very similar results and both groups are now combining their ef-
forts to produce a single scheme that follows the MK Process (Burgasser, priv.
comm.). The T dwarf anchor points for this collaborative scheme are listed in
Table 2.

It should not be assumed a priori that a set of objects classified on optical
spectroscopic morphology alone will necessarily fall into the same ordering based
on near-infrared morphology. This is because the two spectral regions sample
different physical environments in the atmosphere of the object. Nevertheless,
many studies (e.g., Reid et al. 2001, Testi et al. 2001, McLean et al. 2003)

"McGovern et al. (priv. comm.) are currently working to remove this deficiency.
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see details in Figure 4 14
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Figure 3 A sequence of mid-M through late-T spectra between 0.95 and 2.3 pum. Feature
identifications within the H- and K-band windows are marked. The feature-rich J-band spec-
tra are shown on an expanded scale in Figure 4. Spectra have been displaced vertically by
half integral units to ease intercomparison. These spectra come from the Brown Dwarf Spec-
troscopic Survey archive (http://www.astro.ucla.edu/~mclean/BDSSarchive/) and are from
McLean et al. (2003).

have shown that optical L dwarf types usually map well into a near-infrared
sequence.

There are, however, exceptions. Figure 3, which is a replotting of the spectral
sequence shown in figure 3 of McLean et al. (2003), illustrates this point. The
spectral types here are based on the optical classifications of these objects, and
this leads to an ordering that lacks the “movie frame” consistency of the optical
spectral sequence in Figure 2. If we consider only the sequence of J-band spectra in
Figure 4, however, we see a much smoother ordering. This is perhaps not surprising
because J-band wa