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Abstract. New observations of hydrogen recombination lines in the compact HIl region K3-50a
are presented. They cover a broad waveength range from the near-IR (Bro. and others, observed
with 1SO), through sub-mm and mm transitions (H260. - H30c. from JCMT and H40o - H68o
from Nobeyama) to radio wavdengths. The line fluxes are compared with a simple modd.
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1. Introduction and observations

As part of a study of hydrogen recombination line emission processes in dusty HIl regions, new
observations have been made of the compact source K3-50a. The observed transitions cover a
broad wavelength range from the near-IR (observed with 1SO), through the sub-mm and mm
(JCMT and Nobeyama 45m) to radio wavelengths. The complete list of newly detected
trangitions, together with existing radio data, is given in Table 1. Other sources included in this
multi-wavelength study are G29.96, G45.12 and, for comparison purposes, the planetary nebula
NGC7027.

Table 1. Hydrogen recombination line data for K 3-50a.

line telescope frequency peak flux density reference
(GH2) )

Brou ISO 73981 340 + 85 new

Pfou ISO 40187 216 +54 new

Huou ISO 24232 thd new

H7o ISO 15727 thd new

H8o ISO 10783 thd new

H260. JCMT 353.6 89+11 new

H270 JCMT 316.4 108+ 1.3 new

H29o. JCMT 256.3 75+06 new

H300 JCMT 2319 72+06 new

H400. NRO 99.0 37+04 new

H42o NRO 85.7 30+04 new

H530 NRO 42.9 21+02 new

H57a NRO 34.6 17+02 new

H660. NRO 224 11+01 new

H680. NRO 20.5 10+01 new

H760 VLA 14.7 0.48+0.10 De Preeet a. (1994)

H1090 WSRT 50 0.072 + 0.008 Van Gorkom et al. (1981)

H1100 WSRT 4.9 0.058 + 0.008 Roelfsema et al. (1988)




Severd illustrative spectra are shown in Fig. 1. The sub-mm and mm antenna temperatures were
converted to flux densities assuming a source FWHM of 2.2 arcsec (De Pree et a. 1994) leading
to beam correction factors of 1-3%. The uncertainties quoted in the table are the quadratic sum of
uncertainties in the peak flux density from a single Gaussian fit, beam size and telescope aperture
efficiency. The I SO data have only been partially analysed and an absolute calibration uncertainty
of 25% has been assigned.

2. Lineemission processes

Shown in Fig. 2 are the recombination line observations and an ad hoc nebula modd. The moded
incorporates spontaneous and stimulated emission for the Case B approximation and uses departure
coefficients from Salem and Brocklehurst (1979) and Walmsley (1990) to describe the departure of the
level populations from LTE. The general expression for the peak total line flux density in such a mode
(eg. Bdl & Seaquist 1978; Puxley et al. 1991), in the absence of stimulated emission by a background

source, is
S =By, To) | T el 1oee)
7e + 7 by

where € is the solid angle subtended by the source, B is the Planck function, T, and T_ are the continuum

and line optical depths, T, isthe LTE line optical depth, and b, and y describe the departure fromLTE. In
the example illustrated above, of purely spontaneous emission, this expression reduces to

S = QB(v, , Te)e C(1-e7L)

These simplified models are characterised by the source size, as expressed by €2, and the dectron
temperature and density, which define the dependence of departure coefficients on principal quantum
number. It can be seen that this modd is in good overall agreement with the data.

The toy modd illustrated in Fig. 2 does not yet include the several effects of dust. Absorption of line
photons by dust at the shorter waveengths is well known. However absorption of UV photons, by dust
internal to the nebula, can also reduce the line optical depth of Lyman transitions, causing the leve
population to revert from Case B (optically thick) to Case A. Thermal emission from the warm internal
dust can induce transitions between high bound levels via absorption and stimulated emission. These latter
two processes have been studied by Hummer & Storey (1992) and each can cause a deviation of 15-25%
from Case B.

Following completion of the ISO SWS data processing, more realistic source models are to be constructed,
incorporating the shell morphologies and velocity gradients exhibited by several of the targets, and the
multi-wavelength dataset will be analysed to quantify the departures from LTE and the Case B
approximation.
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Figure 1. Example spectra of K3-50a: H30o, H53c, Bro. and Pfo.
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Figure 2. Simple model of the K 3-50a line emission and observational data.
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