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N,H* IN THE ORION AMBIENT RIDGE: CLOUD CLUMPING VERSUS ROTATION

MARIA WoMACK,! L. M. Z1urys,?>3 AND L. J. SAGe*3
Received 1992 September 21 ; accepted 1993 January 7

ABSTRACT

Spectra of the J = 1 — 0 transition of N,H" have been obtained over a 2’ x 2’ area toward the Orion-KL/
IRc2 star-forming region with 26” angular resolution using the IRAM 30 m telescope. The N,H* emission,
which exclusively traces the ridge gas, exhibits multiple radial velocities which appear to arise from the pres-
ence of at least four clouds of quiescent material. One cloud, ~75” in extent, lies to the N and NE of Orion-
KL, with a velocity of Vg ~ 9.5 km s™'. A second cloud, ~60” in extent, lies to the NW and W, with an
average velocity of Vi ~ 7.2 km s~ '. There appears to be such a sharp velocity discontinuity between these
two clouds that both velocity components are present within a 15” region centered near IRc2 and other infra-
red sources. A third region, ~35” in extent, with Vg ~ 8.1 km s, is seen ~15” S of IRc2 and is likely to
arise from the compact ridge. A fourth velocity component of ¥, ~ 6.4 km s~ ! lies 15"-30” SW of IRc2 and
is attributed to Orion-S. The velocity structure of N,H*, therefore, does not uniformly change across OMC-1
and, consequently, is inconsistent with the presence of large-scale (~ 1'-2’) differential rotation of the extended
ridge along the SW-NE axis about IRc2. The coincidence of the two larger clouds with star-forming activity
in Orion-KL suggests that either the quiescent gas is being pushed apart or that the star formation may have

been triggered by a cloud-cloud interaction.

Subject headings: ISM: clouds — ISM: individual: Orion-KL — ISM: molecules — ISM: structure —

stars: formation

1. INTRODUCTION

Star formation is a fundamental problem in astronomy
which remains poorly understood. One of the best studied sites
of active star formation is the nearby Orion Molecular Cloud
(OMC-1), which contains Orion-KL, a region with several
strong compact infrared sources, at least one young stellar
object, IRc2, molecular outflows, and masers (e.g., Downes et
al. 1981; Snell et al. 1984; Johnston et al. 1992). The extended,
quiescent gas of OMC-1 is usually referred to as the ridge or
spike component.

The structure of the quiescent gas is not well understood. A
shift in radial velocity from ~7 to 10 km s~ ! along the
SW-NE direction of the extended ridge has been observed.
While observations of some molecules, such as CO, CS and
HCN, suggest that this velocity shift arises from overall rota-
tion of the quiescent gas (e.g., Liszt et al. 1974; Hasegawa et al.
1984; Vogel et al. 1985), data on NH;, H,CO, and SO are
better explained by the presence of two separate clouds (Ho &
Barrett 1978; Bastien et al. 1981, 1985; Friberg 1984). Unfor-
tunately, most of the molecules studied toward Orion-K L thus
far are present in the hot, energetic outflows as well as in the
extended ridge gas, which makes it almost impossible to trace
the ambient gas near the star-forming activity. In order to
better understand the large-scale dynamics of the ridge near
IRc2, it is important to observe molecules which can be found
only in the quiescent gas.
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One molecule with great potential for yielding information
about the extended ridge is N,H ™, which is an excellent tracer
of cold, dense, quiescent regions (Womack, Ziurys, & Wyckoff
1992). Low angular resolution (70”) observations of N,H*
toward Orion-KL indicate that the ridge gas consists of at least
two separate clouds with a possible juncture near IRc2
(Womack, Ziurys, & Wyckoff 1991). These data, although
taken with low spatial resolution, imply that there is no large-
scale differential rotation of the ridge gas.

In order to probe the quiescent gas near IRc2 in closer
detail, and to examine the question of the rotation, we have
observed the J = 1 — 0 transition of N,H* toward Orion-KL
with 26” resolution using the IRAM 30 m telescope. Here we
present the spectra and discuss implications for large-scale
dynamics and star formation in OMC-1.

2. OBSERVATIONS

Spectra of the N,H* J =1-0 transition were obtained
using the Institut de Radio Astronomie Millimétrique (IRAM)
30 m telescope at Pico Veleta in Spain during UT 1990 August
10-12, 1991 August 14-15, and 1991 November 2-3. The
A = 3 mm SIS receiver was used, with a system temperature of
T;,s ~ 550 K at 93.1710 GHz. The spectrometer consisted of a
256 channel filterbank with 100 kHz resolution, corresponding
to a velocity resolution of 0.32 km s~ ! per channel. The half-
power beam width at this frequency was 0, = 26”, and the
beam efficiency was 5, ~ 0.6. Temperature scales were estab-
lished by the chopper-wheel method and are given in terms of
T%. The spectra were obtained in a dual position-switching
mode, with the off position +900” in azimuth. Maps of N,H*
emission were made in a 2’ x 2’ grid across OMC-1, centered
on a = 5"32™46:7; 6 = 5°24'23"0 (1950.0). The pointing accu-
racy is estimated to be ~5”. All scans at each offset position
were averaged, and a baseline of order zero or one was sub-
tracted from them.
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3. RESULTS

The N,H* J = 1 — 0 transition consists of seven hyperfine
lines which are collapsed into three AF; components (Cazzoli
et al. 1985). Figure 1 shows N,H* spectra toward OMC-1 as
a function of position on the sky. The three AF, hyperfine
components can be seen clearly at the position (Aa”, Ad") =
(—30, 30).

In order to measure the N,H™* radial velocities, the three
AF | line regions were defined and Gaussian profiles were fitted
to the data. If two different velocity components were present
in a single spectrum [i.e., at (— 15, 15)], then Gaussian profiles
were fitted to all six -features to deconvolve the lines. The
resulting velocities are indicated for each position in Figure 1
and are listed in Table 1. The AF, = —1 line is the only tran-
sition which has no further hyperfine splitting and, conse-
quently, was used for determining the N,H™ line width. For
the few spectra in which the AF, = —1 line could not be
clearly seen, line widths were measured for the AF, =0 and
+1 transitions, and the width of the AF, = —1 line was esti-
mated. Line radiation temperatures and line widths are listed
in Table 1. Uncertainties in velocity and line-width measure-
ments were determined from the Gaussian fits, and the accu-
racy of the radiation temperatures is estimated to be +15%.

As demonstrated by Figure 1 and Table 1, there appear to be
four distinct velocity components of the quiescent gas within
~30” of IRc2. To the N and NE is 2 9.5 + 0.3 km s~ ! com-
ponent which traces a cloud ~ 75" in extent. To the N, W, and
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NW of the infrared source is a 7.2 + 0.3 km s~ ! cloud with a
size of ~60". The linear scale of these clouds is ~0.15 pc,
assuming a distance of 480 pc to Orion-KL. There is a notice-
able overlap of the 9.5 and 7.2 km s~ ! velocities within our 26"
beam at the positions (0, 0), (0, 15), (—15, 15), and (—15, 0).
A third, more confined component, with Vg = 8.1 + 0.3 km
s~ 1 is seen ~15” S of IRc2 and extends about 35”. A fourth
component, at Vg = 6.4 + 0.2 km s~ !, is observed more than
20” to the S and SW of Orion-KL. The line widths of the 9.5
and 7.2 km s~! components are Av,, = 1.1 +0.1 km s~}
while the 8.1 and 6.4 km s~ ! components are slightly broader
at 1.2 + 0.2 and 1.3 + 0.3 km s, respectively. Another inter-
esting feature of the map is the significant decrease in N,H™*
near the (0, 0) position, compared with only 30" N or W, and
the absence of emission to the E and SE of IRc2.

4. DISCUSSION
4.1. Multiple Cloud Components versus Ridge Rotation

Four separate velocity components in N,H* of ~9.5, 8.1,
7.2, and 6.4 km s~ ! are present in OMC-1 and must all arise
from the ridge because of their narrow line widths. The 8.1 km
s~! cloud clump has a radial velocity, angular size, and loca-
tion similar to the so-called compact ridge, although it has a
somewhat narrow line width for this region (e.g., Blake et al.
1987; Mangum et al. 1990). The 6.4 km s~! component is
attributed to Orion-S which has a radial velocity of ~6.5 km
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FiG. 1.—N,H* J =1 - 0 spectra plotted as a function of distance from the Orion-KL/IRc2 position (x = 5"32™46°7; § = 5°24'23"0). For each spectrum, the
velocity scale is shown, and measured velocities are given in the upper left. The temperature scale, in T%, is given at the lower left of the figure. Toward the N and NE
of IRc2, the 9.5 km s~ ! velocity component dominates the spectra; toward the NW and W, the 7.2 km s~ ! velocity is more apparent. The 9.5 and 7.2 km s~ !

components are both present within ~ 15” of IRc2.

© American Astronomical Society * Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1993ApJ...406L..29W

No. 1, 1993 N,H* IN THE ORION AMBIENT RIDGE L31
TABLE 1
OBSERVATIONS OF N,H* J = 1 - 0 ToWARD ORION-KL
T%(K)
Position® SR Av,),
(Aa, A) F,=0-1 F,=21 F,=1-1 (kms ' (km s~ 1)
(60,60) .......ceennennne 1.30 3.01 3.01 9.74 £ 0.20 1.02 £ 0.15
60,30) oooovennenanns <0.60
60,0) .ovvniniinnnnnn e <0.60
(60, —30) ...ccvvrnnnn <0.60
(60, —60) ....cvvernnn <048
(30,60) .....oovnnnnnnnt 2.12 3.46 2.70 9.79 £ 0.20 095+ 0.15
(30,30) ..oniiniennnnns 0.42 1.25 1.05 9.35+0.20 091 £+ 0.15
(B0,0) woeeeeernaeaaanns <040
(30, =30) ...ooiinnnnnns <0.28
(30, —60) .............. <0.29
(0,60) ..oovvnninienannnn <0.33 1.64 0.85 9.31+0.20 1.02 + 0.15
0,30) «.ovnniiiannnnns 0.60 1.68 1.14 9.47 £ 0.20 1.28 +0.30
(LX) B <0.15 045 0.29 9.28 + 0.25 1.30 + 0.30
(LX) TR <0.15 0.46 0.24 7.34 £ 0.25 1.30 + 0.30
0,—30) ..ccennennnnnee 0.73 1.73 1.15 8.10 + 0.25 0.95 + 0.15
0, —60) ....ccevvnnennnn 0.74 235 141 6.51 +£0.25 1.62 + 0.30
(—30,60) .............. 1.29 2.58 222 7.39 + 0.20 1.02 £ 0.15
(—30,30) ...oonennennne 1.43 348 2.80 7.39 £ 0.20 1.02 £ 0.15
(—=30,0) ..cninninnnnnnn 0.45 1.65 1.21 707 +025 095+ 0.15
(=30, -30)............ 045 1.18 0.60 6.28 + 0.30 1.02 +£ 0.15
(=30, -30)............ <0.31 1.48 0.83 7.72 £ 0.30 1.02 + 0.15
(=30, —60)............ <0.40 1.18 0.80 7.07 + 0.25 127 £ 0.20
( 1.74 4.80 339 7.66 + 0.20 0.95 +0.15
( 1.54 3.32 3.14 740 +£020 1.02+0.15
( 0.41 1.44 0.95 7.05 £ 0.20 1.25 +£0.20
( 0.26 097 0.73 6.75+025 095+0.15
( . <031
( 0.99 226 1.81 722 £0.20 1.02 + 0.15
( 0.31 0.64 043 943 + 0.20 1.02 +0.15
( 0.45 1.08 0.77 7.05 + 035 095 + 0.15
( <0.22 0.56 047 9.05 + 0.35 1.02 £ 0.15
( 0.37 0.83 0.57 649 + 035 1.29 £ 0.30
0.40 1.18 0.85 838+035 1.50+0.30
0.38 1.21 0.94 9.55 + 0.20 1.02 + 0.15
<020 0.66 0.61 733 +£0.20 095 +0.15
<0.23 0.97 0.78 8.29 +0.30 1.20 £ 0.20
<0.27 1.31 0.91 9.85 + 0.20 1.20 + 0.20
<0.38
<0.30 0.51 0.39 7.78 £ 0.35 1.20 £ 0.20

a Offsets are in arcseconds with respect to the coordinates « = 5"32™46°7; 6 = 5°24'23"0 (1950.0).

s~! and Av,, ~ 2.5 km s~ ! (e.g., Ziurys, Wilson, & Mauers-
berger 1990).

Two models have been proposed to explain the velocity shift
from ~7 km s~ ! in the SW to ~10 km s~ ! in the NE of the
extended ridge gas. Differential rotation of the ridge along a
SW-NE axis about KL has been suggested (Liszt et al. 1974;
Hasegawa et al. 1984; Vogel et al. 1985). Alternatively, it has
been proposed that the ridge is comprised of two or more
distinct clouds which may overlap along the line of sight (Ho &
Barrett 1978; Bastien et al. 1981, 1983; Womack et al. 1991).

To determine if the data are consistent with the rotation
model, the N,H™ velocities along the central 30” wide path of
the ridge from 80” SW to 80” NE have been plotted as a
function of distance from IRc2 (Fig. 2). The position angle of
the cut is ~ 35°, consistent with estimates of a disk in rotation
about IRc2 perpendicular to the axis of the bipolar outflows
(e.g., Hasegawa et al. 1984; Murata et al. 1991). If rotation were
present, the spectra should show a systematic change in veloc-
ity from ~8 km s ! in the SW to ~10 km s~ ! in the NE,
tapering off on either end to the bulk cloud velocity of ~9 km
s™!, as proposed by Vogel et al. (1985). As demonstrated

clearly in Figure 2, while there is an overall change from ~7.2
km s~ ! SW of IRc2 to ~9.5 km s~ ! in the NE, there is no
systematic velocity gradient along the SW-NE axis. In fact, it
is difficult to see any preferred axis of rotation in the extended
ridge. For example, in the NE, cloud velocities are ~9.7 km
s~ 1 at (60, 60), ~9.4 at (30, 30), ~9.9 km s~ ! at (15, 15), and
~9.3 km s~ ! at (0, 0). Similar variations in velocity are present
in the 7.2 km s~ ! cloud.

Furthermore, there is an abrupt jump in velocity from ~7.4
km s~ ! at (— 30, 60) and (— 30, 30) to ~9.4 km s~ ! at (0, 60)
and (0, 30). This is difficult to explain with the rotation model,
because the change in velocity occurs 30” to 60” NW of IRc2
(the proposed center of the rotation). If the NW velocity dis-
continuity represented the receding and approaching edges of
a rotating cloud, then a similar jump should be symmetrically
positioned 30"-60" SE of the infrared object. Instead, no
extended ridge emission is detected 30"-60” to the SE of IRc2,
as Figure 1 and Table 1 show.

To illustrate the inconsistency between the rotation model
and the observations further, we computed radial velocities
(V) for a differentially rotating spherical cloud about a central
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FIG. 2—Observed radial velocities of N,H* emission along the SW-NE
direction (hypothetical rotation axis) of the extended ridge are plotted as a
function of distance from IRc2. Velocities attributed to the 9.5 and 7.2 km s ™!
clouds are denoted with filled circles, those of the compact ridge with asterisks,
and data from Orion-S with open circles. Computed radial velocities for differ-
entially rotating cloud models are plotted in solid and dashed lines. The
observed velocities are completely inconsistent with the rotating cloud hypoth-
esis, but are explained by the presence of four separate cloud clumps.

stellar mass, M, ~ 25 M, according to the equation
Ve = Vo + sin i{G[M, + (M./R.)R]/R}'*,

where V,, is the bulk velocity of the cloud (taken to be 8.4 km
s~1), G is the gravitational constant, R is the distance from the
center of the cloud, i is the inclination of the cloud with respect
to the line of sight, M, is the total cloud mass, and R, is the
total cloud radius. This model assumes that the cloud’s mass
increases linearly with radius from the central stellar mass.
Velocities were calculated for a rotating cloud of M, = 100
M, (solid line) and 300 M , (dashed line), assuming i = 35° and
R, = 45", parameters typically assigned to the proposed rotat-
ing ridge (e.g., Hasegawa et al. 1984; Vogel et al. 1985; Murata
et al. 1991). The results are plotted along with the observed
velocities in Figure 2. If the quiescent gas were in differential
rotation about IRc2, then the model lines should be in agree-
ment with the observed radial velocities. Instead, the data
appear to have a small dispersion about a velocity of either 7.2
km s~ ! or 9.5 km s~ !, with some extra points arising from the
compact ridge and Orion-S.

Therefore, the N,H™ velocities are completely inconsistent
with large-scale (1'-2') differential rotation of the extended
ridge gas about IRc2. Instead, the data strongly support the
two-cloud model of KL first proposed by Ho & Barrett (1978).
In addition, a similar velocity structure is seen in spectra of
CH;CCH consistent with multiple cloud components (Wang,
Wouterloot, & Wilson 1993).

4.2. Implications for Star Formation

It is noteworthy that at the projected juncture of the two
major clouds of quiescent gas there are molecular outflows,
masers, several compact infrared sources, and at least one
young stellar object, IRc2. The line-of-sight velocity difference
between the two clouds is ~2.2 km s~ !, which is similar to the
characteristic velocity dispersion between cloud clumps in
other star-forming regions (Pérault, Falgarone, & Puget 1985;
Stutzki & Giisten 1990; Evans, Kutner, & Mundy 1987). Thus

Vol. 406

it is possible that star formation at Orion-KL may have been
triggered by a cloud-cloud interaction.

Alternatively, star formation may have begun by another
method, and the resulting outflowing material may be plowing
into the quiescent gas, pushing apart the two regions of the
ridge and producing the observed velocity difference. The
kinetic energy needed to push apart two 50 M clumps at 1.1
km s~'is ~10*° ergs. Interestingly, this is comparable to the
energy of (2-30) x 10*° ergs thought to be expended by the
high-velocity molecular outflows within 100” of IRc2 (Martin-
Pintado et al. 1990, Snell et al. 1984).

Recent observations indicate that molecular clouds are not
whole, homogeneous quantities, but rather consist of smaller
(< 1 pc) clumpy components of gas and dust (e.g., Howe et al.
1991; Parmar, Lacy, & Achtermann 1991). Small-scale clump-
ing of material is expected to have a significant impact on the
chemistry of young star-forming environments (Burton, Hol-
lenbach, & Tielens 1990; Howe et al. 1991; Stutzki et al. 1988).
Therefore, in order to describe the physical and chemical con-
ditions influencing stellar birth, it is crucial to study the sur-
rounding cloud structure in greater detail.

4.3. Implications for Chemistry of Molecular Ions

Most chemical models of dense clouds predict that molecu-
lar ions are produced through ion-molecule reactions in cold,
quiescent gas and destroyed largely by dissociative electron
recombination, especially in regions of hot, perturbed gas
(Brown & Rice 1986; Herbst & Leung 1986; Langer & Graedel
1989; Millar 1990). Studies of N,H™ in molecular clouds have
found that its emission is characterized by narrow line widths
(Avy,, ~ 1-5 km s~ ') and low excitation temperatures (T, <
20 K), in agreement with models of molecular ion chemistry
(e.g., Womack et al. 1992). Interestingly, Figure 1 shows that
N,H* J =1-0 emission is significantly diminished within
30” of IRc2, where the 9.5 and 7.2 km s~ ! clouds overlap. This
region contains hot, perturbed gas, young stellar object(s) and
molecular outflows. While most chemical models predict that
molecular ions should be destroyed in hot, perturbed gas, this
of N,H* emission may be an excitation effect. As gas tem-
perature and density increase, the higher rotational levels of a
molecule should become more populated. In fact, measure-
ments of the N,H* J = 3 — 2 transition toward IRc2 obtained
with the same beamwidth (Womack et al. 1991) indicate a line
radiation temperature 5 times stronger than the J=1-0
measurement presented in this Letter. The observed relative
strengths of the J =1 -0 and J = 3 — 2 transitions are con-
sistent with the population distribution expected for N,H* in
the hot, dense gas surrounding IRc2. Therefore, the decrease of
N,H* J = 1 - 0 emission may be indicative of a different rela-
tive population of rotational levels in hotter, denser gas, rather
than a lower abundance of the ion. Further observations are
needed to better understand the behavior of molecular ions in
hot, dense gas.

5. CONCLUSIONS

A map of emission from the N,H* J = 1 — 0 transition, at
26" resolution, was made of the Orion-KL region. The spectra
exhibit several narrow velocity components and indicate the
presence of at least four quiescent clouds near IRc2. The mea-
sured velocities do not change uniformly across OMC-1 and
are completely inconsistent with large-scale (~ 1'-2’) differen-
tial rotation of the extended ridge gas about IRc2. The data are
explained by cloud clumping and overlap and suggest that
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either star formation has been initiated by a cloud-cloud colli-
sion or that two clouds are being pushed apart by energetic
phenomena.

A significant decrease of N,H* J=1-0 emission is
observed within 30” of IRc2. This may be due to the chemistry
in hot, dense gas, or it may be an excitation effect.
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