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Outline 

• Why to care about OH emission?

• One of the first molecules detected in the radio: OH 

• The OH molecule can constrain the H2O chemistry

• Rotational lines of OH: in the far-IR - compared to Herschel/HIFI, SOFIA/
GREAT reaches higher frequencies with good spectral resolution: unexplored 
territory

• OH observations in SOFIA Early Science

• Models: envelope models (RATRAN), OH radio lines (Cesaroni & Walmsley 
1991 model)

• Conclusion of the Early Science project

• Outlook: OH observations from Cycle I
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Radio lines of OH

• OH: first interstellar molecule 
detected at radio wavelengths 
(Weinreb et al. 1963)

• “18 cm radio lines” of OH identified 
(Weinreb et al. 1965)

• radio interferometry:

‣ origin: maser spots (0.”05)

• Hyperfine structure (HFS) 
transitions from higher rotational 
levels have also been detected (4 to 
23 GHz)
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Cesaroni & Walmsley (1991)

first OH lines observed
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Radio lines of OH: anomalous HFS ratio

• Radio HFS lines of OH are not in LTE

• anomalous HFS ratio

• emission and absorption

• stimulated emission (masers)

• Very high critical density (n>108 cm-3)

• Transitions between the HFS levels are 
sensitive to the far-IR radiation field, and 
the density

➡ sensitive tracers of the physical 
conditions

• Excitation mechanism not well 
understood

Neufeld et al. (2002)
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of 1.5, a Doppler parameter6 b of 1.5 km s!1, and a cloud
LSR velocity of 6.0 km s!1. Under the conditions typical of
diffuse interstellar clouds, the population in the 110 rota-
tional state of water is very small, and thus the effects of
stimulated emission on the 110–101 optical depth can be
neglected. The column density of water in the 101 state is
straightforwardly obtained as 1:9" 1013 cm!2. If the ortho-
para ratio for water is 3, the implied total water column den-
sity is 2:5" 1013 cm!2. The water abundance relative to H i
is#10!8.

3.2. Arecibo Observations ofOH

Figure 2 shows the OH spectra obtained at AO toward
the 10 positions observed in W51. These spectra show the
ratio of beam-averaged brightness temperature TB to con-
tinuum brightness temperature TBC. The beam-averaged
brightness temperature of the radiation incident on the AO
antenna is computed according to TB ¼ TA=!A þ TCMB,
where TA is the antenna temperature, !A # 0:8 is the aper-
ture efficiency—including atmospheric losses, as determined

from calibration observations of an astronomical contin-
uum source—and TCMB ¼ 2:73 K is the temperature of the
cosmic background radiation (which is ‘‘ chopped out ’’ by
our observing procedure). The size of the Arecibo main
beam is#2<6" 3<0 (FWHM) at 1666MHz.

The continuum brightness temperatures TBC measured
for each position are shown in Table 1, along with the mea-
sured equivalent width Wv (in units of km s!1) for each of
the observed OH lines. Here, Wv is defined asR
½ðTB ! TBCÞ=TBC)dv, so that a negative value ofWv implies

an absorption line and a positive value an emission line.
Because of strong radio frequency interference, the 1720
MHz line strength could be measured reliably only toward
the SWAS-observed (0, 0) position, where the absolute line
strength was largest.

The results shown in Table 1 imply that the ratio of equiv-
alent widths departs greatly from the 1 : 5 : 9 : 1 value
expected in LTE for Wv(1612) :Wv(1665) :Wv(1667) :
Wv(1720). In particular, the 1665/1667 MHz absorption
line ratio is considerably smaller than the LTE value and the
1612/1667 MHz ratio considerably larger. Moreover,
the 1720 MHz line is observed in emission toward the
(0, 0) position, indicating the presence of weak maser
amplification.

For lines of small optical depth, the equivalent width
is related to the OH column density and the excitation

Fig. 2.—OH spectra obtained toward 10 positions in W51. The red, green, blue, and magenta curves show the 1612, 1665, 1667, and 1720MHz transitions,
respectively.

6 The Doppler parameter b is defined (as usual) such that the optical
depth drops by a factor e ¼ 2:718 at a velocity shift b from line center. The
corresponding FWHM obtained from a Gaussian fit to the absorption line
is 3.4 km s!1.

280 NEUFELD ET AL. Vol. 580

18 cm radio lines towards W51
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• Two ladders: 

   different mechanisms are important for 

   masing

‣ 2Π1/2 ladder: collision

‣ 2Π3/2 ladder: radiation

• maser emission in 2Π3/2 ladder: radiative 
excitation + collisional de-exctation

• far-IR line overlap + radiative pumping:

‣ problematic to models

• Cesaroni & Walmsley (1991): OH models 
revisited

• ultimately N(OH) and X(OH) is constrained

Excitation conditions of OH
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recombine to form H2O and OH with branching ratios of ∼33%
and 66%, respectively (Vejby-Christensen et al. 1997). H2O is
destroyed by ultraviolet photons and by reactions with Cþ, Hþ

3 ,
and other ions such as HCOþ. All key reactions in this network
have been measured or calculated at low temperatures (e.g.,
Klippenstein et al. 2010). The steady-state H2O abundance re-
sulting from pure gas-phase chemistry is typically a few times
10"7 with respect to H2 at low T and scales with the cosmic-ray
ionization rate ζ (e.g., Woodall et al. 2007).

In the last decades, this traditional view of the oxygen chem-
istry has been radically changed, triggered by the very low
abundances of O2 in cold clouds found by SWAS (e.g., Bergin
et al. 2000). It is now realized that in cold and dense regions,
H2O is formed much more efficiently on the grains through a
series of reactions involving O and H accreted from the gas, as
predicted more than 50 years ago by van de Hulst and quantified
by Tielens & Hagen (1982). Surface science laboratory experi-
ments are only now starting to test these reactions experimen-
tally (Ioppolo et al. 2008, 2010; Miyauchi et al. 2008; Dulieu
et al. 2010; Romanzin et al. 2010). While the details are not yet
fully understood (e.g., Cuppen et al. 2010), there is ample ob-
servational evidence from 3 μm absorption spectroscopy of the
solid H2O band toward YSOs that the H2O ice abundances can
be as high as ∼10"4, much higher than results from freeze-out
of gas-phase H2O (e.g., Whittet et al. 1988; Pontoppidan
et al. 2004).

Water ice formation starts at a threshold extinction of
AV ≈ 5 mag: i.e., well before the cloud collapses (Whittet
2003). A small fraction of the H2O ice formed by surface reac-
tions can be desorbed back into the gas phase by a variety of
nonthermal processes, including cosmic-ray-induced desorption
and photodesorption (see the recent overview by Hollenbach
et al. 2009). The efficiency of the latter process has been quan-
tified by laboratory experiments to be ∼10"3 per incident UV
photon (Westley et al. 1995; Öberg et al. 2009).

Near protostars, the grain temperature rises above ∼100 K
and all the H2O ice thermally desorbs on very short timescales
(Fraser et al. 2001), leading to initial gas-phase abundances of
H2O as high as the original ice abundances of ∼10"4. Other
molecules trapped in the water ice matrix evaporate at the same
time in these so-called hot-core or hot-corino (in the case of low-
mass YSOs) regions. Thus, constraining the H2O evaporation

FIG. 2.—Temperature and density structure of a high-mass protostellar enve-
lope. For illustrative purposes, a typical abundance profile is included (dash-
dotted line) on an arbitrary scale, with the relevant chemical processes in each
regime indicated at the top of the figure. The figure is based on the model of
AFGL 2591 (L ¼ 6 × 104 L⊙) presented by van der Tak et al. (1999). For dis-
tances of ∼1 kpc, the typical Herschel beam of 20″ corresponds to 20,000 AU;
i.e., it encompasses the entire envelope. For low-mass protostars, the ice evap-
oration zone moves inward to radii typically less than 100 AU. See the electronic
edition of the PASP for a color version of this figure.
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FIG. 3.—Summary of the main gas-phase and solid-state chemical reactions
leading to the formation and destruction of H2O. Three different chemical re-
gimes can be distinguished: (1) ion-molecule chemistry, which dominates gas-
phase chemistry at low T ; (2) high-temperature neutral-neutral chemistry; and
(3) solid-state chemistry. The latter chemical scheme is based on the latest
laboratory data by Ioppolo et al. (2010); s-X denotes species X on the ice sur-
faces. See the electronic edition of the PASP for a color version of this figure.
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OH is chemically related to water
• The hydroxyl radical (OH) is closely 

linked to H2O 

• formation and destruction: 

OH+H2 ⇔H2O+H 

• byproduct of the H2O photodissociation 
process in the presence of UV photons. 

• OH can constrain the water chemistry

• important cooling line of the 

ISM (among [O I], 

[C II], CO, H2O)

• constrain the 

cooling budget 

of shocks
van Dishoeck et al. (2011)
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Observations of the rotational lines of OH

• First observations of the far-IR OH 
lines: KAO and ISO

• Herschel/PACS

• But...OH is detected in various 
environments: maser spots, 
envelopes, shocks

➡ the line profile needs to be 
spectrally resolved to 
distinguish between broad/
narrow component

➡ the HFS lines to study LTE 
conditions

• Herschel/HIFI: first spectrally 
resolved OH lines (163.1 μm)

• OH/H2O ratio: constrain chemistry

A&A 531, L16 (2011)

2 kpc (Hachisuka et al. 2006) with a total luminosity of ∼105 L"
(e.g. Helmich & van Dishoeck 1997; Boonman et al. 2003;
van der Tak et al. 2005; Chavarría et al. 2010; Benz et al. 2010).

2. Observations and data reduction

The OH triplet at 1837.747, 1837.817, and 1837.837 GHz from
W3 IRS 5 (α2000 = 02h25m40.s60, δ2000 = +62◦05′51.′′0) was ob-
served with HIFI on Herschel. The observations were carried out
as part of the “Water In Star-Forming Regions with Herschel”
(WISH) key program (van Dishoeck et al. 2011). W3 IRS 5 was
observed on July 29th 2010 (obsid 1342201666) in dual beam
switch mode with an on-source integration time of 17 min. The
beam size (HPBW) at 1837 GHz is about 12′′. The average
system temperature was 1245 K. The wide band spectrometer
(WBS) offers a nominal resolution of 1.1 MHz, corresponding
to a velocity resolution of about 0.18 km s−1 at 1837 GHz. The
OH triplet at 1834.7 GHz was not observed.

HIFI data were reduced using the Herschel interactive pro-
cessing environment (HIPE v4.0.0, Ott 2010) and the GILDAS-
CLASS1 software. The H and V polarizations were combined,
reaching Trms ≈ 0.1 K. We subtracted a first order polynomial
from the spectra and calibrated to Tmb scale using a main beam
efficiency of 0.70. Molecular data (Table 1) are taken from the
Leiden atomic and molecular database LAMDA2 (Schöier et al.
2005) with data from the JPL catalog3 (Pickett et al. 1998) and
collisional rate coefficients by Offer et al. (1994).

The calibration uncertainty of band 7b is currently estimated
to <∼32% and is mainly caused by the unknown side band gain
ratio. The uncertainty reduces to about 10% for a ratio close to
unity. The errors on the integrated intensities are only fitting er-
rors and do not include the calibration uncertainty. The velocity
calibration is uncertain by ∼0.2 km s−1 and could partially ex-
plain the ∼0.5 km s−1 offsets of the line peaks from the source
velocity of !lsr = −38.4 km s−1 (van der Tak et al. 2000).

3. Results

HIFI clearly detects the OH triplet at around 1837.8 GHz
(163.1 µm) towards W3 IRS 5 (Fig. 1). For the first time, the
hyperfine components of the line triplet are spectrally resolved.

Two components dominate the line shape: the line profile
shows narrow components residing on top of a broad emis-
sion feature, similar to that found by Chavarría et al. (2010)
for H2O lines in W3 IRS 5 and Kristensen et al. (2010) in
low-mass YSOs. The narrow components with full widths at
half maximum (FWHM) of ∼4−5 km s−1 are centered close to
the positions expected from the hyperfine pattern. The lines
are split by 20.2 MHz (3.3 km s−1) towards the blue and
70.2 MHz (11.5 km s−1) towards the red relative to the middle
line. Therefore, the (F = 2+→ 1−; Table 1) and (F = 1+ →
0−) transitions are blended, while the (F = 1+→ 1−) transition
is resolved. The underlying broad component with a FWHM of
∼30 km s−1 consists of the three blended hyperfine components,
each with ∆! ∼ 20 km s−1. The hyperfine pattern is unresolved
in the broad component.

Gaussian fits to the narrow components are presented in
the Appendix (Sect. A). The derived hyperfine intensity ratios
(1:3 ± 0.5:1.5 ± 0.3) deviate from the prediction of LTE in
the optically thin limit (∼Aulgu, 1:5:2). Pumping by far-infrared

1 http://www.iram.fr/IRAMFR/GILDAS
2 http://www.strw.leidenuniv.nl/~moldata/
3 http://spec.jpl.nasa.gov

Fig. 1. HIFI spectrum of the OH triplet at 1837.8 GHz with half the
dual-sideband continuum. The expected positions of the lines and the
source velocity are labeled. The blue lines show the best fit from the slab
models and the outflow component separately.

Table 1. Molecular data of the observed OH transitions between the
2Π1/2 3/2 and 1/2 excited states.

Transition Frequency Aul gu gl Shift
F, P [GHz] [s−1] [km s−1]
1+→ 1− 1837.7466 2.1(–2) 3 3 11.5
2+→ 1− 1837.8168 6.4(–2) 5 3 0.0
1+→ 0− 1837.8370 4.3(–2) 3 1 -3.3

Notes. A(B) ≡ A × 10B. The last column denotes the velocity shift rela-
tive to the component with the largest Einstein A coefficient.

dust continuum radiation, line overlap, and optical depth may all
contribute to the observed hyperfine anomaly. Modeling results
(Sect. 3.1) indicate that at least the 2+ → 1− line is optically
thick. Based on comparison with spherical envelope models
(Sect. 3.2), we attribute the narrow components to OH emission
from the hot parts of the envelope.

The broad component in OH is most likely associated with
outflow emission. Its integrated intensity is around 37 K km s−1

(Sect. A). A similar component can also be identified in the line
profiles of other species like CO and H2O (Sect. B) from recent
Herschel results and ground-based observations (e.g. Hasegawa
et al. 1994; Boonman et al. 2003; Chavarría et al. 2010).

3.1. Slab models

As a first modeling step to derive OH column densities, the slab
method outlined in Bruderer et al. (2010, Appendix B) is used.
This method calculates the molecular spectrum from two slabs –
one representing the envelope and one the outflow – in front
of a continuum source, determined from the observed contin-
uum flux. The slabs are assumed to cover the entire continuum
source. The free parameters describing each slab are the OH col-
umn density NOH, the excitation temperature Tex (assumed to be
equal for all hyperfine transitions), the line width ∆!, and the po-
sition of the line center !lsr. Overlap between different hyperfine
components of OH is taken into account. To constrain the free
parameters (NOH, Tex, ∆!, and !lsr), the χ2 between observation
and model is minimized using an uncertainty of Trms ∼ 0.1 K.

L16, page 2 of 5

Wampfler et al. (2011)

W3 IRS 5

broad + narrow component:

outflow+envelope origin

7
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Motivation

• 2Π1/2 (J=3/2-1/2) @ 1834.75 GHz

                            @ 1837.82 GHz

• Targets: (ultra) compact HII regions

• W3(OH)

• NGC7538 IRS1

• G10.62-0.39

• (ultra) compact HII: young and 
compact sources of radio free-free 
emission, but still embedded in a 
dusty envelope

• Goal: combined with radio cm 
transitions the physical conditions 
can be constrained

8
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2Π1/2 (J=3/2-1/2) 
@ 1834.75 GHz

2Π3/2 (J=5/2-3/2) 
@ 2514 GHz
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Typical UC-HII regions: W3(OH)

Rivera-Ingraham et al. (2013) • W3 Giant Molecular Complex (Herschel)

• W3(OH) at high angular-resolution:
UCHII region

maser spots

hot molecular core

9

d=2 kpc
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Typical UC-HII regions: NGC 7538
The Astrophysical Journal, 773:102 (9pp), 2013 August 20 Fallscheer et al.

NGC 7538S
IRS 11,

IRS 1-3G111

10 pc

N

Figure 1. Three-color image of an approximately 50′ × 50′ portion of
NGC 7538. The wavebands included are SPIRE 250 µm (red), PACS 160 µm
(green), and PACS 70 µm (blue). The eastern half of the image is dominated by
a prominent ring-like feature of uncertain origin.
(A color version of this figure is available in the online journal.)

dust. Elsewhere in the region, Frieswijk et al. (2007) found a fil-
amentary complex in an 18′ × 18′ map of C18O(2–1) around the
cold cloud G111.80+0.58 (at α, δ (J2000) = 23:16:22, 61:22:47;
G111 hereafter). The G111 complex contains about a dozen can-
didate cold, high-mass clumps, several with masses exceeding
100 M# (Frieswijk et al. 2007). All of these regions are labeled
in Figure 1.

The Herschel data presented here expand our spatial coverage
of this region by nearly an order of magnitude, revealing the
full extent of the filamentary structure in the area as well as a
large population of compact, potentially star-forming sources.
Herschel’s ability to both detect and characterize cold, high-
mass sources makes it an especially exciting tool for the study of
high-mass star formation in nearby regions such as NGC 7538.

2. OBSERVATIONS

2.1. Herschel Data

The observations of a ∼1◦ × 1◦ portion of NGC 7538
were made by Herschel on 2009 December 14 as part of
the HOBYS Key Programme. The data were acquired using
the PACS (Poglitsch et al. 2010) and SPIRE (Griffin et al.
2010) cameras working in parallel mode with a scanning speed
of 20′′ s−1 (ObsIDs: 134218808, 1342188089). Images were
obtained simultaneously with PACS at 70 µm and 160 µm and
SPIRE at 250 µm, 350 µm, and 500 µm. These five wavebands
range in angular resolution from 5.′′6 at 70 µm to 36′′ at
500 µm. The calibration and deglitching of the Level 0 PACS
and SPIRE data were done using HIPE23 version 9.0. The
level 1 data were then used to produce maps with version

23 HIPE is a joint development software by the Herschel Science Ground
Segment Consortium, consisting of ESA, the NASA Herschel Science Center,
and the HIFI, PACS, and SPIRE consortia.

Figure 2. Dust temperature (top) and molecular hydrogen column density
(bottom) maps of NGC 7538. The ring structure discussed in Section 3.2 as
well as several prominent objects in the region are labeled in the column density
plot.
(A color version of this figure is available in the online journal.)

18 of the Scanamorphos software package (Roussel 2012).
Figure 1 shows a three-color image made from SPIRE and
PACS data. The stretch and contrast of each waveband have been
manipulated slightly to accentuate color variations. The bright
region which dominates the western half of the image coincides
with the void in the H ii region. This bright complex contains the
aforementioned IRS sources as well as the young stellar object
(YSO) NGC 7538S (α, δ (J2000) = 23:13:45, +61:26:51). The
two brightest emission peaks in the image saturated the detectors
in the SPIRE 250 µm band. These peaks are coincident with
IRS 1–3 (at α, δ (J2000) = 23:13:45, +61:28:10) and IRS 11
(at α, δ (J2000) = 23:13:44, +61:26:49). Both peaks were re-
observed with Herschel in bright source mode to fill in the
holes in the map (ObsID: 1342239268). These observations
were taken on 2012 February 13 and the saturated pixels
were replaced in the images using the method described in
Nguyen Luong et al. (2013). Figure 1 also highlights the highly
filamentary nature of the emission.

Using the 160 µm, 250 µm, 350 µm, and 500 µm data, we
constructed H2 column density and dust temperature maps of
the region using the IDL χ2 minimization fit routine mpfitfun.
These maps are shown in Figure 2 and include labels of all of
the sources mentioned above.

2.2. JCMT Data

To obtain CO(3–2) emission observations, we observed
NGC 7538 with the HARP instrument at the James Clerk

2

Fallsheer et al. (2013) • NGC 7538 complex

• NGC7538 IRS 1 source: radio emission 
from ionized, collimated jet (HCHII region) + 
dust cores
4 Zhu et al.

1.3-mm

Fig. 2.— The CARMA high-resolution image of IRS 1 at 1.3 mm is compared with the images observed with the VLA at 6, 2.0, 1.3 and
0.7 cm (Sandell et al. 2009). Different from other figures in this paper, this reference center is the same as the original figure in Sandell et al.
(2009). The white stars mark the position R.A. (J2000) = 23h13m45.s37, Dec. (J2000) = 61◦28′10.′′43.

(a) SMA 0.87-mm (b) CH3OH(12,1,11-12,0,12)

(c) 13CH3OH(12,1,11-12,0,12) (d) 13CH3OH(14,1,13-14,0,14)

Fig. 3.— (a) The SMA 0.87-mm continuum image with a FWHM beam size of 2.′′1×2.′′0, P.A. = 38◦. The contours are (–1, 1, 2, 3, 4, 6,
8, 10, 12, 15, 18, 21, 24, 28)×5σ, and the rms noise is σ = 45 mJy beam−1. (b) The integrated intensity map of the line CH3OH(12,1,11-
12,0,12) with a FWHM beam size of 2.′′2×2.′′0, P.A. = 29◦. The contours are (-1, 1, 2, 3, 4, 5, 6, 7, 8)×10σ, and the rms noise is σ = 1.7
Jy beam−1 km s−1. (c) The integrated intensity map of the line 13CH3OH(12,1,11-12,0,12) with a FWHM beam size of 2.′′2×2.′′0, P.A.
= 31◦. The contours are (-1, 1, 2, 3, 4, 5, 6, 7, 8)×3σ, and the rms noise is σ = 1.7 Jy beam−1 km s−1. (d) The integrated intensity
map of the line 13CH3OH(14,1,13-14,0,14) with a FWHM beam size of 2.′′1×2.′′0, P.A. = 38◦. The contours are (-1, 1, 2, 3, 4, 5, 6, 7,
8)×3σ, and the rms noise is σ = 2.0 Jy beam−1 km s−1. (e) - (g) The spectra of CH3OH(12,1,11-12,0,12), 13CH3OH(12,1,11-12,0,12) and
13CH3OH(14,1,13-14,0,14) at the peak position of the continuum emission. The red lines in (e) - (g) are the results of Gaussian fitting for
the line profiles.

medium and is compressed by the ionized outflow.
The CARMA image at 3.4 mm (Figure 1c) shows a

point-like source with no significant detection of the SW
extension. A total flux density of 0.93±0.10 Jy was de-
termined for the central unresolved core. Assuming a flat
power-law (β ∼ 0.5 for dust emissivity), a peak flux den-
sity of 0.01 Jy beam−1 is extrapolated from the 1.3-mm
peak flux density of the SW extension, which is below
the 3σ limit of the 3.4 mm-image.

The CARMA 1.3-mm image (Figure 1d), convolved
to a circular beam of 0.′′1, shows a central emission peak
with a flux density of 1.0±0.1 Jy beam−1. The innermost
part of the HC H II region at 1.3 mm is un-resolved,
which could be the optically thick part of the ionized
outflow containing an accretion disk in IRS 1. Because
the optically thick free-free emission dominates the 1.3-
mm continuum, as well as the limitation of the angular
resolution, the postulated ionized disk in IRS 1 has not

Sandell et al. (2009), Zhu et al. (2013)
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• The targeted sources probe the 
latest stage of the early evolution 
of high-mass (proto)stars

d=2.7 kpc
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SOFIA/GREAT spectra – W3(OH)

Λ doublets

hyperfine components

A&A 542, L8 (2012)

Fig. 1. Upper three panels: the 2Π1/2, J = 3/2−1/2 rotational lines of
the three UCHIIRs in emission. The gray dashed line shows vlsr. Red
lines indicate the position of the hfs components of the – parity line of
the doublet, while blue labels show the hfs of the + transition. (Labels
are shifted for better visibility.) The dashed green line shows the τ =
0.1 hfs fit to the spectra. The lower sideband rest velocity is shifted
according to the vlsr of the individual sources and is indicated on the
upper axis of each plot, while the rest velocity scale is the same for
all sources. The lowest panel shows the 2Π3/2, J = 3/2−5/2 transition
toward NGC 7538 IRS1.

p = −1.0 and a total luminosity of 1.3 × 105 L# following van
der Tak et al. (2000). Assuming a constant abundance of χOH =
0.8 × 10−8 we reproduced the observed emission line intensities
and the absorption feature as well (Fig. B.1). This indicates that
an envelope model can explain rotational transitions of the emit-
ting and absorbing OH gas.

4.3. G10.62−0.39: OH emission from an envelope
and a compact source

Similarly as for the other sources, we produced models with
RATRAN, where the physical model of the envelope is based on
models of Plume et al. (1997) and Mueller et al. (2002), adopt-
ing a power-law density profile with an exponent p = −2.5,
n0 = 1.2×109 cm−3 and a total luminosity of 9.2×105 L#. These
calculations produce a narrower emission feature than observed

in our OH spectrum and underestimate the line intensity, giv-
ing TL ∼ 0.6 K. Either a higher OH abundance or the addition
of a compact component corresponding to the UCHII region is
needed.

5. Conclusions
We have detected the OH 2Π1/2, J = 3/2−1/2 rotational lines
in emission toward three classical UCHIIRs and the 2Π3/2, J =
3/2−5/2 rotational line in absorption toward one of them,
NGC 7538 IRS1. Our modeling shows that the FIR radiation
field plays an important role in the excitation conditions. Except
for NGC 7538 IRS1, an envelope model with a low OH abun-
dance (χOH = 0.8 × 10−8) cannot explain the observed line
intensities alone; an additional compact component with high
density and high OH abundance is needed. We have shown for
W3(OH) that the emission is dominated by the UCHIIR and not
the nearby hot-core. Given the particular excitation properties
of the radio lines of the OH molecule, a detailed modeling of
their properties (emission, absorption, or population inversion)
and observations of more rotational transitions of OH can pro-
vide more constraints on the physical conditions.
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Fig. 1. Upper three panels: the 2Π1/2, J = 3/2−1/2 rotational lines of
the three UCHIIRs in emission. The gray dashed line shows vlsr. Red
lines indicate the position of the hfs components of the – parity line of
the doublet, while blue labels show the hfs of the + transition. (Labels
are shifted for better visibility.) The dashed green line shows the τ =
0.1 hfs fit to the spectra. The lower sideband rest velocity is shifted
according to the vlsr of the individual sources and is indicated on the
upper axis of each plot, while the rest velocity scale is the same for
all sources. The lowest panel shows the 2Π3/2, J = 3/2−5/2 transition
toward NGC 7538 IRS1.

p = −1.0 and a total luminosity of 1.3 × 105 L# following van
der Tak et al. (2000). Assuming a constant abundance of χOH =
0.8 × 10−8 we reproduced the observed emission line intensities
and the absorption feature as well (Fig. B.1). This indicates that
an envelope model can explain rotational transitions of the emit-
ting and absorbing OH gas.

4.3. G10.62−0.39: OH emission from an envelope
and a compact source

Similarly as for the other sources, we produced models with
RATRAN, where the physical model of the envelope is based on
models of Plume et al. (1997) and Mueller et al. (2002), adopt-
ing a power-law density profile with an exponent p = −2.5,
n0 = 1.2×109 cm−3 and a total luminosity of 9.2×105 L#. These
calculations produce a narrower emission feature than observed

in our OH spectrum and underestimate the line intensity, giv-
ing TL ∼ 0.6 K. Either a higher OH abundance or the addition
of a compact component corresponding to the UCHII region is
needed.

5. Conclusions
We have detected the OH 2Π1/2, J = 3/2−1/2 rotational lines
in emission toward three classical UCHIIRs and the 2Π3/2, J =
3/2−5/2 rotational line in absorption toward one of them,
NGC 7538 IRS1. Our modeling shows that the FIR radiation
field plays an important role in the excitation conditions. Except
for NGC 7538 IRS1, an envelope model with a low OH abun-
dance (χOH = 0.8 × 10−8) cannot explain the observed line
intensities alone; an additional compact component with high
density and high OH abundance is needed. We have shown for
W3(OH) that the emission is dominated by the UCHIIR and not
the nearby hot-core. Given the particular excitation properties
of the radio lines of the OH molecule, a detailed modeling of
their properties (emission, absorption, or population inversion)
and observations of more rotational transitions of OH can pro-
vide more constraints on the physical conditions.
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Fig. 1. Upper three panels: the 2Π1/2, J = 3/2−1/2 rotational lines of
the three UCHIIRs in emission. The gray dashed line shows vlsr. Red
lines indicate the position of the hfs components of the – parity line of
the doublet, while blue labels show the hfs of the + transition. (Labels
are shifted for better visibility.) The dashed green line shows the τ =
0.1 hfs fit to the spectra. The lower sideband rest velocity is shifted
according to the vlsr of the individual sources and is indicated on the
upper axis of each plot, while the rest velocity scale is the same for
all sources. The lowest panel shows the 2Π3/2, J = 3/2−5/2 transition
toward NGC 7538 IRS1.

p = −1.0 and a total luminosity of 1.3 × 105 L# following van
der Tak et al. (2000). Assuming a constant abundance of χOH =
0.8 × 10−8 we reproduced the observed emission line intensities
and the absorption feature as well (Fig. B.1). This indicates that
an envelope model can explain rotational transitions of the emit-
ting and absorbing OH gas.

4.3. G10.62−0.39: OH emission from an envelope
and a compact source

Similarly as for the other sources, we produced models with
RATRAN, where the physical model of the envelope is based on
models of Plume et al. (1997) and Mueller et al. (2002), adopt-
ing a power-law density profile with an exponent p = −2.5,
n0 = 1.2×109 cm−3 and a total luminosity of 9.2×105 L#. These
calculations produce a narrower emission feature than observed

in our OH spectrum and underestimate the line intensity, giv-
ing TL ∼ 0.6 K. Either a higher OH abundance or the addition
of a compact component corresponding to the UCHII region is
needed.

5. Conclusions
We have detected the OH 2Π1/2, J = 3/2−1/2 rotational lines
in emission toward three classical UCHIIRs and the 2Π3/2, J =
3/2−5/2 rotational line in absorption toward one of them,
NGC 7538 IRS1. Our modeling shows that the FIR radiation
field plays an important role in the excitation conditions. Except
for NGC 7538 IRS1, an envelope model with a low OH abun-
dance (χOH = 0.8 × 10−8) cannot explain the observed line
intensities alone; an additional compact component with high
density and high OH abundance is needed. We have shown for
W3(OH) that the emission is dominated by the UCHIIR and not
the nearby hot-core. Given the particular excitation properties
of the radio lines of the OH molecule, a detailed modeling of
their properties (emission, absorption, or population inversion)
and observations of more rotational transitions of OH can pro-
vide more constraints on the physical conditions.
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Fig. 1. Upper three panels: the 2Π1/2, J = 3/2−1/2 rotational lines of
the three UCHIIRs in emission. The gray dashed line shows vlsr. Red
lines indicate the position of the hfs components of the – parity line of
the doublet, while blue labels show the hfs of the + transition. (Labels
are shifted for better visibility.) The dashed green line shows the τ =
0.1 hfs fit to the spectra. The lower sideband rest velocity is shifted
according to the vlsr of the individual sources and is indicated on the
upper axis of each plot, while the rest velocity scale is the same for
all sources. The lowest panel shows the 2Π3/2, J = 3/2−5/2 transition
toward NGC 7538 IRS1.

p = −1.0 and a total luminosity of 1.3 × 105 L# following van
der Tak et al. (2000). Assuming a constant abundance of χOH =
0.8 × 10−8 we reproduced the observed emission line intensities
and the absorption feature as well (Fig. B.1). This indicates that
an envelope model can explain rotational transitions of the emit-
ting and absorbing OH gas.

4.3. G10.62−0.39: OH emission from an envelope
and a compact source

Similarly as for the other sources, we produced models with
RATRAN, where the physical model of the envelope is based on
models of Plume et al. (1997) and Mueller et al. (2002), adopt-
ing a power-law density profile with an exponent p = −2.5,
n0 = 1.2×109 cm−3 and a total luminosity of 9.2×105 L#. These
calculations produce a narrower emission feature than observed

in our OH spectrum and underestimate the line intensity, giv-
ing TL ∼ 0.6 K. Either a higher OH abundance or the addition
of a compact component corresponding to the UCHII region is
needed.

5. Conclusions
We have detected the OH 2Π1/2, J = 3/2−1/2 rotational lines
in emission toward three classical UCHIIRs and the 2Π3/2, J =
3/2−5/2 rotational line in absorption toward one of them,
NGC 7538 IRS1. Our modeling shows that the FIR radiation
field plays an important role in the excitation conditions. Except
for NGC 7538 IRS1, an envelope model with a low OH abun-
dance (χOH = 0.8 × 10−8) cannot explain the observed line
intensities alone; an additional compact component with high
density and high OH abundance is needed. We have shown for
W3(OH) that the emission is dominated by the UCHIIR and not
the nearby hot-core. Given the particular excitation properties
of the radio lines of the OH molecule, a detailed modeling of
their properties (emission, absorption, or population inversion)
and observations of more rotational transitions of OH can pro-
vide more constraints on the physical conditions.
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OH line parameters

T. Csengeri et al.: SOFIA observations of OH toward classical UCHII regions

Table 1. Summary of the derived line parameters of the 2Π1/2, J = 3/2 − 1/2 transition.

Source Position Tmb,RJ vlsr ∆v Total τ Tex

RA[J2000] Dec[J2000] [K] km s−1 km s−1 [K]
W3(OH) 02:27:03.90 61:52:24.6 1.83 ± 0.34 –45.70 ± 0.31 7.54 ± 0.87 0.1−2 40.2−5.1
G10.62−0.39 18:10:28.64 –19:55:49.5 1.34 ± 0.29 –3.17 ± 0.51 9.50 ± 1.15 0.1−5 30.2−3.7
NGC7538 IRS1 23:13:45.36 61:28:10.5 1.04 ± 0.34 –57.80 ± 0.43 5.46 ± 1.00 0.1−5 24.1−3.5

Notes. Line intensities are derived for the sum of the three hfs lines in each Λ-doublet of the 2Π1/2, J = 3/2−1/2 transition. We give the range of
total τ values that give fits within the noise level and the corresponding Tex values. The total τ corresponds to the sum of optical depths of all hfs
components in both doublet components.

of the Λ-doublet (a blended triplet at 1834.7355, 1834.7474,
1834.7504 GHz, for the F = 1−−1+, 2−−1+, 1−−0+ transi-
tions, respectively) could be recorded in the image band. For
G10.62−0.39 the F = 1+−1− line partially overlaps with the
emission from the image band.

For all sources, the observed line profiles of this transition
exclude the presence of a broad outflow component within our
noise level of ∼0.4 K. The lines are turbulence-dominated and
well-fitted with Gaussians within this noise level. The derived
line-widths are consistent with those of other high-density trac-
ers (Plume et al. 1997), suggesting an origin from a dense, tur-
bulent medium.

Toward NGC 7538 IRS1, the blended 2514 GHz lines of the
2Π3/2, J = 5/2−−3/2+ rotational transition were also observed
and are clearly seen in absorption. The triplet of lines from the
other component of the Λ-doublet at 2510 GHz was not ob-
served. The level of continuum emission was unstable and could
not be determined reliably.

Given the OH molecules’s substantial dipole moment
(1.66 D), these high-frequency rotational transitions have high
critical densities ≥108 cm−3. As a consequence, the LTE as-
sumption is unlikely to apply even in the usual high-density en-
vironment of massive protostars, and FIR radiative pumping is
expected to play a role in the excitation. Therefore ideally one
should fit the individual hfs components to derive their inten-
sity ratio, however, the presented spectra do not have sufficient
signal-to-noise ratio for that. We used, hence, the HFS fitting
method with CLASS and simultaneously fitted all six hfs com-
ponents of the doublets with fixed optical depth, τ. Best fits, with
a residual rms within the noise, are summarized in Table 1. The
spectra’s quality is moderate. For example, the broad feature un-
derlying the 1837 GHz line toward W3(OH) is caused by an im-
perfect spectral baseline.

4. Analysis: Radiative transfer modeling

We used RATRAN (Hogerheijde & van der Tak 2000) to model
OH emission from protostellar envelopes, where the effect of
dust heating was included by adopting models from the liter-
ature (van der Tak et al. 2000; Mueller et al. 2002). Only for
W3(OH) we present the 2Π1/2, J = 3/2−1/2 line intensities
calculated for a compact (few arcsecond size) source associ-
ated with OH maser emission with the large velocity gradient
(LVG) model of Cesaroni & Walmsley (1991). In addition to the
FIR pumping, this takes into account line overlap effects and the
hfs structure of the lines to give a detailed prediction for the cm
radio lines of OH.

4.1. W3(OH): OH emission dominated by the UCHII region

Cesaroni & Walmsley (1991) created an LVG code3 to model the
line properties (emission, absorption and population inversion)

3 This code uses the collisional cross-sections from Flower (1989).

for the cm radio lines of OH toward W3(OH), where the 4 GHz
hfs lines are seen in both emission and absorption. They show
that this particular combination originates from a very narrow
range of physical conditions. As a first step we reproduced their
model and looked at the predictions for the FIR lines.

The Cesaroni & Walmsley (1991) model describes a small
(few arcsecond) compact source based on interferometric obser-
vations from the literature (Guilloteau et al. 1985; Wilson et al.
1990). They qualitatively reproduce the radio line observations
using Tgas = Tdust = 151 K, including the presence of both inter-
nal dust and line overlap effects. The model uses an abundance,
χOH = 2 × 10−7 and a velocity gradient of 200 km s−1 pc−1

(see also Appendix A). Line overlap is taken into account and
the velocity range available for non-local line overlap is fixed
in this model to ∆V = 0.7 km s−1. We reproduced their model
and looked into the FIR lines (Fig. A.1, upper panel). The ob-
servations agree well with the predictions of the model in a
density range of nH2 = 2−3 × 106 cm−3 with a correspond-
ing Tex ∼ 50−60 K. We note, however, that the model largely
overpredicts the optical depth. Using this LVG code we also
tested the importance of internal heating by dust, i.e. FIR ra-
diative pumping from the dust continuum photons. As shown
in Fig. A.1 (lower panel) we find that models without a radia-
tion field strongly underestimate the line intensity by an order of
magnitude.

Because the known hot-core source, W3(H2O), is only 6′′
offset from W3(OH) (Wyrowski et al. 1999), we tested whether
adding an envelope component could influence our model re-
sults. We used RATRAN (Hogerheijde & van der Tak 2000) and
adopted an envelope model from van der Tak et al. (2000), with a
power-law density profile n(r) = n0(r/r0)p (n0 = 5.3×104 cm−3,
p = −2) and a temperature gradient with an exponent of −0.4,
adding up to a total luminosity of 2 × 104 L&. We adopted an
abundance of χOH = 0.8 × 10−8, which is observed in a similar
environment by Wampfler et al. (2011). These models predict
very low line intensities (TL ∼ 0.3 K), therefore we conclude
that for W3(OH) such an envelope model cannot significantly
contribute to the observed line intensities. This result is consis-
tent with the observed vlsr ∼ −46 km s−1 of the emission, which
coincide with the UCHII region,W3(OH), rather than the neigh-
boring hot-core, W3(H2O).

4.2. NGC 7538 IRS1: OH emission dominated
by an envelope component

For this source, the 2514 GHz 2Π3/2, J = 5/2−3/2 transition
was also observed. The line is seen in absorption and although
the absorption feature seems to be saturated, the continuum level
is uncertain. Hence, the only constraint we can deduce is that
it appears in absorption. (The similar line-width of the hfs fits
suggests that the optical depth may be similar to that of the
2Π1/2, J = 3/2−1/2 transition.)

We used RATRAN to model an envelope with a power-
law density and temperature profile with n0 = 5.3 × 104 cm−3,
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Fig. 1. Upper three panels: the 2Π1/2, J = 3/2−1/2 rotational lines of
the three UCHIIRs in emission. The gray dashed line shows vlsr. Red
lines indicate the position of the hfs components of the – parity line of
the doublet, while blue labels show the hfs of the + transition. (Labels
are shifted for better visibility.) The dashed green line shows the τ =
0.1 hfs fit to the spectra. The lower sideband rest velocity is shifted
according to the vlsr of the individual sources and is indicated on the
upper axis of each plot, while the rest velocity scale is the same for
all sources. The lowest panel shows the 2Π3/2, J = 3/2−5/2 transition
toward NGC 7538 IRS1.

p = −1.0 and a total luminosity of 1.3 × 105 L# following van
der Tak et al. (2000). Assuming a constant abundance of χOH =
0.8 × 10−8 we reproduced the observed emission line intensities
and the absorption feature as well (Fig. B.1). This indicates that
an envelope model can explain rotational transitions of the emit-
ting and absorbing OH gas.

4.3. G10.62−0.39: OH emission from an envelope
and a compact source

Similarly as for the other sources, we produced models with
RATRAN, where the physical model of the envelope is based on
models of Plume et al. (1997) and Mueller et al. (2002), adopt-
ing a power-law density profile with an exponent p = −2.5,
n0 = 1.2×109 cm−3 and a total luminosity of 9.2×105 L#. These
calculations produce a narrower emission feature than observed

in our OH spectrum and underestimate the line intensity, giv-
ing TL ∼ 0.6 K. Either a higher OH abundance or the addition
of a compact component corresponding to the UCHII region is
needed.

5. Conclusions
We have detected the OH 2Π1/2, J = 3/2−1/2 rotational lines
in emission toward three classical UCHIIRs and the 2Π3/2, J =
3/2−5/2 rotational line in absorption toward one of them,
NGC 7538 IRS1. Our modeling shows that the FIR radiation
field plays an important role in the excitation conditions. Except
for NGC 7538 IRS1, an envelope model with a low OH abun-
dance (χOH = 0.8 × 10−8) cannot explain the observed line
intensities alone; an additional compact component with high
density and high OH abundance is needed. We have shown for
W3(OH) that the emission is dominated by the UCHIIR and not
the nearby hot-core. Given the particular excitation properties
of the radio lines of the OH molecule, a detailed modeling of
their properties (emission, absorption, or population inversion)
and observations of more rotational transitions of OH can pro-
vide more constraints on the physical conditions.
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Fig. 1. Upper three panels: the 2Π1/2, J = 3/2−1/2 rotational lines of
the three UCHIIRs in emission. The gray dashed line shows vlsr. Red
lines indicate the position of the hfs components of the – parity line of
the doublet, while blue labels show the hfs of the + transition. (Labels
are shifted for better visibility.) The dashed green line shows the τ =
0.1 hfs fit to the spectra. The lower sideband rest velocity is shifted
according to the vlsr of the individual sources and is indicated on the
upper axis of each plot, while the rest velocity scale is the same for
all sources. The lowest panel shows the 2Π3/2, J = 3/2−5/2 transition
toward NGC 7538 IRS1.

p = −1.0 and a total luminosity of 1.3 × 105 L# following van
der Tak et al. (2000). Assuming a constant abundance of χOH =
0.8 × 10−8 we reproduced the observed emission line intensities
and the absorption feature as well (Fig. B.1). This indicates that
an envelope model can explain rotational transitions of the emit-
ting and absorbing OH gas.

4.3. G10.62−0.39: OH emission from an envelope
and a compact source

Similarly as for the other sources, we produced models with
RATRAN, where the physical model of the envelope is based on
models of Plume et al. (1997) and Mueller et al. (2002), adopt-
ing a power-law density profile with an exponent p = −2.5,
n0 = 1.2×109 cm−3 and a total luminosity of 9.2×105 L#. These
calculations produce a narrower emission feature than observed

in our OH spectrum and underestimate the line intensity, giv-
ing TL ∼ 0.6 K. Either a higher OH abundance or the addition
of a compact component corresponding to the UCHII region is
needed.

5. Conclusions
We have detected the OH 2Π1/2, J = 3/2−1/2 rotational lines
in emission toward three classical UCHIIRs and the 2Π3/2, J =
3/2−5/2 rotational line in absorption toward one of them,
NGC 7538 IRS1. Our modeling shows that the FIR radiation
field plays an important role in the excitation conditions. Except
for NGC 7538 IRS1, an envelope model with a low OH abun-
dance (χOH = 0.8 × 10−8) cannot explain the observed line
intensities alone; an additional compact component with high
density and high OH abundance is needed. We have shown for
W3(OH) that the emission is dominated by the UCHIIR and not
the nearby hot-core. Given the particular excitation properties
of the radio lines of the OH molecule, a detailed modeling of
their properties (emission, absorption, or population inversion)
and observations of more rotational transitions of OH can pro-
vide more constraints on the physical conditions.
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Fig. 1. Upper three panels: the 2Π1/2, J = 3/2−1/2 rotational lines of
the three UCHIIRs in emission. The gray dashed line shows vlsr. Red
lines indicate the position of the hfs components of the – parity line of
the doublet, while blue labels show the hfs of the + transition. (Labels
are shifted for better visibility.) The dashed green line shows the τ =
0.1 hfs fit to the spectra. The lower sideband rest velocity is shifted
according to the vlsr of the individual sources and is indicated on the
upper axis of each plot, while the rest velocity scale is the same for
all sources. The lowest panel shows the 2Π3/2, J = 3/2−5/2 transition
toward NGC 7538 IRS1.

p = −1.0 and a total luminosity of 1.3 × 105 L# following van
der Tak et al. (2000). Assuming a constant abundance of χOH =
0.8 × 10−8 we reproduced the observed emission line intensities
and the absorption feature as well (Fig. B.1). This indicates that
an envelope model can explain rotational transitions of the emit-
ting and absorbing OH gas.

4.3. G10.62−0.39: OH emission from an envelope
and a compact source

Similarly as for the other sources, we produced models with
RATRAN, where the physical model of the envelope is based on
models of Plume et al. (1997) and Mueller et al. (2002), adopt-
ing a power-law density profile with an exponent p = −2.5,
n0 = 1.2×109 cm−3 and a total luminosity of 9.2×105 L#. These
calculations produce a narrower emission feature than observed

in our OH spectrum and underestimate the line intensity, giv-
ing TL ∼ 0.6 K. Either a higher OH abundance or the addition
of a compact component corresponding to the UCHII region is
needed.

5. Conclusions
We have detected the OH 2Π1/2, J = 3/2−1/2 rotational lines
in emission toward three classical UCHIIRs and the 2Π3/2, J =
3/2−5/2 rotational line in absorption toward one of them,
NGC 7538 IRS1. Our modeling shows that the FIR radiation
field plays an important role in the excitation conditions. Except
for NGC 7538 IRS1, an envelope model with a low OH abun-
dance (χOH = 0.8 × 10−8) cannot explain the observed line
intensities alone; an additional compact component with high
density and high OH abundance is needed. We have shown for
W3(OH) that the emission is dominated by the UCHIIR and not
the nearby hot-core. Given the particular excitation properties
of the radio lines of the OH molecule, a detailed modeling of
their properties (emission, absorption, or population inversion)
and observations of more rotational transitions of OH can pro-
vide more constraints on the physical conditions.
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Models: NGC7538 IRS 1

• OH: very high critical density 

➡ n > 108 cm-3, LTE may not apply

• Envelope model: RATRAN 

• Dust parameters: 

‣ L = 1.3 x 105 L☉

‣ n0=5.3 x 104 cm-3; p = -1.0

‣ X(OH) = 0.8 x 10-8

• RATRAN does not treat line overlap 
and overlap effects

• good fit to the observed lines!

Hogerheijde & van der Tak (2000)

van der Tak et al. (2000)

OH emission in NGC7538 IRS1: well 
reproduced by an envelope model!
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Models: G10.6-0.39

• Envelope model: RATRAN 

• Dust parameters: 

‣ L = 1.3 x 105 L☉

‣ n0=5.3 x 104 cm-3; p = -1.0

‣ X(OH) = 0.8 x 10-8

• underestimating the observed lines

van der Tak et al. (2000)
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Models considering the radio lines
Cesaroni & Walmsley (1991)

• the masing radio OH lines: 
transitions between the HFS levels 
are sensitive to the far-IR radiation 
field, effects of line overlap need to 
be considered

• Cesaroni & Walmsley (1991) LVG 
model:

‣ far-IR radiation field

‣ line overlap

• qualitatively explains the behavior of 
the radio lines 
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Models considering the radio lines
radio lines

models for W3(OH)
Tdust = Tgas = 151 K
internal dust+line 
overlap

Cesaroni & Walmsley (1991)

far-infrared lines

17

R=0.01 pc
200 km s−1 pc−1

X(OH) = 2 × 10−7



Max Planck Institute for Radioastronomy                               Timea CSENGERI                                         

Models considering the radio lines

• Cesaroni & Walmsley 
model: qualitatively 
reproduce the radio OH 
lines for W3(OH)

• Including far-IR radiation 
field: good 
correspondence to the 
observed line intensities 
at n~2-3 x 106 cm-3

• Excluding far-IR radiation 
field: underestimating the 
line intensity 

• Considering the envelope 
component (RATRAN): 
underestimates the line 
intensity

far-IR radiation field

without far-IR radiation field

OH emission in W3(OH): from the UCHII 
region and not the nearby hot-core, W3(H2O)!

18
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Conclusions 

• the far-infrared rotational lines of OH detected 2Π1/2 (J=3/2-1/2)

-> both doublets spectrally resolved

• the 2Π3/2 (J=5/2-3/2) line is in absorption

• Models:

• low OH abundance envelope: good for NGC7538 IRS 1

• not sufficient for W3(OH) and G10.62-0.39

‣ additional high-density, high OH abundance component is needed

• W3(OH): The emission from W3(OH) comes predominantly from the 
UCHIIR and not from the hot core.

• RATRAN modeling yields for the dense component n(H2)=~3x106 cm-3 

• accounting for pumping by the FIR  radiation field emitted by hot dust 
is needed

19
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Outlook

• More OH lines observed towards typical 

UC-HII regions

• sources also observed with Herschel

2Π1/2 
(J=3/2-1/2)

1837 GHz

2Π3/2 
(J=5/2-3/2)

2504 GHz

G10.47 ✓   ✓   

G34.26 ✓   ✓   

W49N ✓   ✓   

W49B ✓   ✓   

W33A ✓   

G332.83 ✓   ✓   

G332.83

W49N

2Π1/2 (J=3/2-1/2)

20
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Outlook

Next steps:

• Include the latest collisional rate coefficients in the Cesaroni & 
Walmsley model

• Calibrate the radio lines to the far-infrared rotational lines of OH

• derive OH abundances in the various components: envelopes, 
shocks and outflows

• Cycle I data: reduction and data analysis in progress...
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