
    Table 1 

GBT mapping observation parameters.



	Project code
	AGBT16B_225



	
	5, 6, 8, 9, 10, 15 and



	Observation dates
	17 of November 2016



		and 2 of December 2016.



	Polarizations
	XX,YY



	Spectral windows
	27



		1156, 1176, 1196,



		1217, 1240, 1259,



		1281, 1304, 1327,



		1351, 1375, 1400,



	Spectral window
	1420.4, 1425, 1451,



	frequencies (MHz)
	


		1478, 1505, 1533,



		1561, 1591, 1608,



		1621, 1652, 1665.4,



		1684, 1716, 1720.53



	Spectral window
	



	bandwidth (MHz)
	23.44


	Channels per spectral window
	65536



	Integration time
	



	per spectral dump (s)
	10.57


	Absolute flux calibrator
	3C123



	Total observing time
	15h



	Principal quantum numbers (a)
	156–178






Notes. (a) For Cnα lines.





  
    
      Fig. 1 
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Comparison between the temperature-calibrated GBT C157α line and the C158α observation of Chaisson (1974). The temperature scales of the two spectra agree over the brightest portion of M 42, the most affected by a nonlinearity in the signal path (see text for details). Both spectra were extracted from an aperture of diameter 18′ centered on [image: equation]. The on-source time of the C157α observationsis roughly seven minutes, while that of the C158α observationsis 1200 min. The resolution of the C158α spectrum is 1.9 km s−1 (Chaisson 1974) and that of the C157α spectrum is 1 km s−1.


    

  
    Table 2 

GBT single-pointing observation parameters.



	Project code
	Frequency ranges
	Aperture efficiency
	HPBW
	Principal quantum



		(MHz)
		(′)
	numbers (a)





	
	275–912
	0.7
	41–14
	193–287



	AGBT02A_028
	1100–1800
	0.7
	11–7
	154–181



		1800–2800
	0.68
	7–4.4
	133–153



	AGBT12A_484
	827–837
	0.7
	12
	199



	AGBT14B_233
	691–761
	0.7
	14
	204–211






Notes. (a) For Cnα lines.





  
    
      Fig. 2 
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Example of the baseline removal process for the GBT observations. Upper panel: raw data (in black) and the polynomial (green dashed line) used to remove the shape of the bandpass from the data. In this example a polynomial of order five was used. The red and blue dotted lines show the ranges where we expect the RRLs. These ranges are not considered while fitting the polynomial. Bottom panel: data after subtraction of the polynomial used to capture the bandpass shape. The velocity axis is referenced with respect to the rest frequency of the corresponding CRRL. This data is part of project AGBT12A_484.


    

  
    
      Fig. 3 
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LOFAR spectra of C351α observed on two different nights. The blue steps show the spectra obtained from observations performed during February 2014 and the gray steps for observations taken during October 2016. The 2014 detection, with a S/N of 4.5, is confirmed by the 2016 observations(with a S/N of 2.5). The spectra are the spatial average over a 9′× 9′ box centered on M 42.


    

  
    
      Fig. 5 
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Zoom-in of RRL spectra towards M 42 around the carbon feature. The RRLs correspond to α lines with principal quantum numbers 137, 145, 155, 156, 164, 174, 199, 280, and 351. CRRLs withn ≤ 199 appear in emission, while those with n ≥ 280 appear in absorption. The velocity is given with respect to the CRRL and the intensity axis is normalized to the peak of the CRRL. To reference the velocity with respect to helium, 27.4 km s−1 was subtracted. The spectra are offset by a constant 0.6 and are normalized using the peak of the brightest CRRL in each spectra. The dotted lines indicate the position of the CRRLs at ≈1.3, ≈ 6, and ≈ 8 km s−1 (black) and the HeRRL (blue). The C351α spectrum is the spatial average over a circle 36′ in diameter centered on M 42.


    

  
    
      Fig. 6 
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Comparison between the CRRLs observed in absorption and the 158μm-[CII] line. The blue steps show the C351α line profile inverted (from the LOFAR observations in 2014), the green steps the C280α line inverted (from the GBT observations AGBT02A_028), and the red steps show the 158μm-[CII] line (from the SOFIA observations of Pabst et al. 2019). The CRRLs trace a fainter velocity component in the 158μm-[CII] line due to the effect of stimulated emission. The dotted lines in the lower panel show the best fit Gaussian line profiles used to decompose the 158μm-[CII] line (the properties of these components are given in Table 3). The spectra are the spatial average over a circle 36′ in diameter centered on M 42.


    

  
    
      Fig. 7 
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Channel maps of C157α (top row), 158μm-[CII] (middle row), and 12CO(2–1) (bottom row) line emission. The pink contours show C157α emission above 3σ in steps of 3σ, with σ being the standard deviation of the spectra (σ ≈ 10 mK). The velocity is indicated at the bottom of each panel. All cubes have been convolved to a spatial resolution of 8′.1. The velocity axes were averaged to match the velocity resolution of the C157α cube. The spatial axes are given in offset with respect to M 42. The red circle shows the extent of M 42 in the 21 cm continuum map of van der Werf et al. (2013). In the top panel with a velocity of 9.5 km s−1 the background image in blue is the 857 GHz emission as observed with Planck at 4.′6 resolution (Planck Collaboration I 2016). In the top row panels with a velocity ≥ 9.5 km s−1, the dashed line shows a declination of − 5.0583° (J2000), used to separate S279 from Orion A. The color scales at the right are in units of K.


    

  
    
      Fig. 8 
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158μm-[CII] line intensityas a function of the C157α line intensity. The line emission is separated into different groups based on known features in the maps. Top panel: line emission with velocity in the range [4, 7.5) km s−1 and declination below − 5.0583°, associated with the Veil. Middle panel: line emission with velocity in the range [7.5, 12) km s−1 and declination below − 5.0583°, associated with the ISF. Bottom panel: line emission at declination above − 5.0583°, associated with S279.


    

  
    
      Fig. 10 

      
        [image: thumbnail]
      

      
Channel maps of C30α (top row), 158μm-[CII] (middle row), and 12CO(2–1) (bottom row) line emission. The red contours show C30α emission above 10 mK, in steps of 10 mK. The velocity with respect to the local standard of rest is indicated at the top of each row. All cubes have been convolved to a spatial resolution of 28′′. The velocity axes were averaged and then linearly interpolated to match the velocity axis of the C30α cube. The spatial axes are given in offset with respect to M 42. In the C30α panel with a velocity of 9.6 km s−1 a solid purple line shows the slice used to extract the brightness profile presented in Fig. 11.


    

  
    
      Fig. 11 
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Comparison of the intensities of the C30α, 158μm-[CII] (Pabst et al. 2019), and 12CO(2–1) (Berné et al. 2014) lines. The thin dashed blue line shows the C30α line profile, the blue dash-dotted line for the C65α line, the red solid line for the 158μm-[CII] line, and the green dotted line for the 12CO(2–1) line. The slice from where the velocity integrated brightness profiles was extracted is shown in Fig. 10. The position of Θ1 Ori C marks the origin of the distance scale.


    

  
    
      Fig. 12 
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Example of temperature and abundance profiles obtained with the Meudon PDR code. Top panel: gas temperature and abundances, while bottom panel: line brightness temperature of Cnα lines with principal quantum numbers n = 30, 65, 91 and 157, and of the 158μm-[CII] line. The input conditions for the model are a radiation field of G0 = 1 × 104, in Mathis units, and a total gas density of nH = 1 × 104 cm−3. The difference between the abundance of free electrons and the abundance of ionized carbon is produced by the ionization of species such as sulfur or hydrogen.


    

  
    
      Fig. 13 
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Constraints on the temperature and electron density for gas associated with Orion’s Veil. The dashed lines show the constraints on the gas properties derived from different observables: the transition of the CRRLs from emission to absorption between n = 200 and 279 (purple); theratio of the integrated optical depths of the C280α and C351α lines (light blue); the ratio of the C351α velocity integrated optical depth to the 158μm-[CII] line intensity(green). All the constraints shown are 3σ ranges. The region where the constraints overlap is shown as a yellow shaded region, close to 0.9 cm−3 and 40 K.


    

  
    
      Fig. 14 
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Moment 0 map of the 158μm-[CII] line associated with the Veil (color scale). The moment 0 map considers emission for velocities between 0 and 7 km s−1. The contours show the radio continuum as observed with LOFAR at 149 MHz. The contours start at 0.2 mJy beam−1 and increase in steps of 1 Jy beam−1. The spatial axes are given in offset with respect to M 42, and a blue star indicates the position of Θ1 Ori C. The radio continuum partially fills the wind blown bubble.


    

  
    
      Fig. 15 
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Photoelectric heating efficiency as a function of the ionization parameter γ. The data for the dense PDRs NGC 2023 and the Orion Bar is taken from Hollenbach & Tielens (1999), the data for the Horsehead and L1630 is from Pabst et al. (2017), the data for diffuse PDRs is from Gry et al. (1992) and van Dishoeck & Black (1986), and the data for IC59 and IC63 is from Andrews et al. (2018). The red line shows the model of Bakes & Tielens (1994). The error bars for o Per, IC59 and IC63 have been omitted for clarity.


    

  
    
      Fig. 16 
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Constraints on the gas temperature and electron density imposed by the ratios between the C30α, C65α, C91α and 158μm-[CII] lines. The yellow shaded region shows where the constraints overlap.


    

  
    Table B.1 

Best fit Gaussian parameters for RRLs observed towards M 42.



	Region
	vlsr
	Tmb
	Δv



		(km s−1)
	(K)
	(km s−1)





	H137α
	− 6.92 ± 0.05
	3.95 ± 0.01
	32.9 ± 0.1



	H145α
	− 7.57 ± 0.08
	2.98 ± 0.01
	34.7 ± 0.2



	H151α
	− 8.5 ± 0.1
	4.40 ± 0.03
	34.8 ± 0.3



	H155α
	− 8.2 ± 0.1
	2.21 ± 0.01
	36.0 ± 0.2



	H156α
	− 7.8 ± 0.1
	2.85 ± 0.02
	36.1 ± 0.3



	H164α
	− 7.9 ± 0.1
	2.26 ± 0.02
	36.0 ± 0.4



	H174α
	− 8.3 ± 0.2
	1.56 ± 0.02
	37.0 ± 0.5



	H280α
	0 ± 2
	0.010 ± 0.002
	25 ± 5



	He137α
	− 5 ± 1
	0.42 ± 0.02
	31 ± 2



	He145α
	− 11 ± 2
	0.25 ± 0.04
	23 ± 3



	He151α
	− 6 ± 1
	0.40 ± 0.05
	15 ± 4



	He155α
	− 10 ± 3
	0.17 ± 0.02
	24 ± 5



	He156α
	− 7 ± 5
	0.15 ± 0.04
	16 ± 10



	He164α
	− 7 ± 3
	0.20 ± 0.03
	17 ± 6



	He174α
	− 14 ± 2
	0.19 ± 0.03
	32 ± 4



	C137α
	7.3 ± 0.6
	0.26 ± 0.05
	12 ± 2



	C145α
	6.3 ± 0.7
	0.24 ± 0.06
	9 ± 2



	C151α
	5.2 ± 0.8
	0.67 ± 0.07
	10 ± 1



	C155α
	4.4 ± 0.4
	0.31 ± 0.06
	9 ± 1



	C156α
	6 ± 1
	0.5 ± 0.1
	10 ± 1



	C164α
	4.9 ± 0.7
	0.54 ± 0.07
	10 ± 1



	C174α
	5.1 ± 0.3
	0.47 ± 0.05
	6 ± 1



	C280α
	0.7 ± 1.0
	− 0.023 ± 0.003
	11 ± 1
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