
    
      Fig. 3 
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Radio contribution to the NOEMA continuum emission around W3 C. Left: VLA 22.5 GHz radio continuum observations from Tieftrunk et al. (1997) rescaled to 220 GHz (see text for details). W3 C is in the centre, with weak emission from W3 IRS4, highlighted with a white dashed circle, to the NE and W3 D further away to the NW. Middle: NOEMA 220 GHz continuum emission. Right: NOEMA continuum map after the free–free contribution has been estimated from the VLA observations and removed (see text for details). All data were convolved to the same 0.8 × 0.8′′ beam. The black contours indicate intensity iso-contours at 5−30σ (σ = 0.4, 0.8 and 1.4 mJy beam−1 from left to right), increasing in 5σ increments, with the addition of a lower contour at 3σ for the VLA observations to show that the weak emission at the location of W3 IRS4 is significant. The white-dashed contours indicate −5σrms.


    

  
    
      Fig. 5 
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Comparison of near-IR Ks images from Bik et al. (2012, greyscale image, 0.9′′ resolution) with VLA 22.5 GHz radio continuum observations from Tieftrunk et al. (1997, orange contours) and free–free-subtracted NOEMA continuum at 220 GHz (magenta contours). The contour levels are the same as in Fig. 3. The cyan cross indicates the approximate geometrical centre of the UCH II region used as the centre for the radial analysis in Fig. 4, while the white circle indicates the source attributed by Bik et al. (2012) as powering W3 C and the red circle indicates the nearest source to the centre of the free–free emission, which is much redder.


    

  
    
      Fig. 7 
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XCLASS fitting for H2CO in the filament. The panels show: integrated intensity (between −55.3 and −29.8 km s−1) in the H2CO 30,3 −20,2 (top-left) and 32,2−22,1 (bottom-left) transitions; example spectra (black) and  XCLASS model fits (red) for H2CO 30,3 −20,2 (top-middle-left) and 32,2−22,1 (bottom-middle-left); column density in p-H2CO (top-middle-right); excitation temperature (top-right); peak velocity (bottom-middle-right); FWHM (bottom-right). The data for the two lines were resampled to a common spherical beam with a FWHM of 0.8′′, as shown in the top-right panel, and converted to the TMB scale. The grey contours in the maps show the continuum smoothed to the same resolution as the line data, starting at 5σ (σ = 0.81 mJy beam−1) and increasing to 45σ in 10σ steps. The spectra are extracted at the continuum peak (coordinates in Table 2), which is indicated in the left-hand panels with a red marker. A scale-bar is shown in the lower-left panel. The model results are only displayed for pixels where the integrated intensity for H2CO 30,3 −20,2 is above 5σmom0, with grey used to indicate those regions that do not meet this requirement. The white dashed contours in the map of excitation temperature indicate 3σmom0 for H2CO 32,2 −22,1.


    

  
    Table 6 

Calculated source properties.



	Source
	M
	N[H2 ]
	n(a)
	tff
	MJ
	MJ,nonthermal



		(M⊙)
	(1023 cm−2)
	(106 cm−3)
	(104 yr)
	(M⊙)
	(M⊙)





	Cold core 1
	5.4
	7.8
	6.5
	1.1
	0.1
	3.2



	Cold core 2
	2.4
	5.4
	4.5
	1.3
	0.3
	2.2



	W3 IRS4
	1.1
	1.6
	1.3
	2.5
	1.7
	30.8






Notes. (a) Calculated from the median N[H2] within a circular region of radius 1′′ and assuming a depth along the line-of-sight of 1′′.





  
    
      Fig. 10 
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XCLASS fitting for CH3CN in the hot core. The panels show: integrated intensity in the CH3CN 124 −114 transition (top-left); column density of CH3CN (top-middle); excitation temperature (top-right); peak velocity (bottom-middle); FWHM (bottom-right); example spectra (black) and  XCLASS model fits (bottom-left) for CH3 CN (red), CH[image: equation]CN (cyan), and HNCO (blue). As k = 0−3 of CH3 CN were notincluded in the fit, the resulting fit solution for those transitions is shown with a dashed line. The data were imaged with an intermediate weighting between uniform and natural in order to provide a good balance between sensitivity and resolution, resulting in a beam size of 0.67′′ × 0.56′′ (PA = −83.2°), as shown in the top-left panel with a scale-bar, and converted to the Tmb scale. The black contours in the maps show the continuum at the same resolution as the line data, starting at 5σ and increasing to 45σ in 10σ steps (σ = 0.48 mJy beam−1). The spectra are extracted at the continuum peak, which is indicated in the top-left panel with a red square. All maps are clipped to show only results where the integrated intensity of the CH3 CN 124 −114 is above 5σ (σ = 1.27 K kms). The purple arrow indicates the suggested direction of the outflow as in Fig. 9, while the green dashed line is perpendicular to this axis.


    

  
    
      Fig. 11 
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Intensity-weighted velocity (moment 1, top, third, and fifth rows) and intensity-weighted FWHM (moment 2, second, fourth, and sixth rows) maps of key species in the high velocity-resolution data, along with their spectra at the continuum peak, as indicated with a red box on the moment 1 maps and a cyan box on the moment 2 maps. The lines are shown from left to right and top to bottom in order of increasing transition upper energy level (Eup). The NOEMA continuum emission with similar beam-size to the data are shown as grey contours from 5 to 45σ in 10σ intervals (σ = 0.43 mJy beam−1) in the maps, which are clipped at 5σ of the corresponding integrated intensity map. The purple arrows indicate the suggested direction of the outflow as in Fig. 9.


    

  
    
      Fig. 12 
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Moment 1 (left) and position-velocity (PV) maps for molecular gas around W3 IRS4. From top to bottom, each row shows the moment 1 map and PV cuts along three different axes (middle-left, middle-right and right), for H2CO 32,2 −22,1, OCS 18-17, HNCO 101,9−91,8, CH3 CN 123 −113, and CH3CN 126 −116. The three PV cuts, taken along the outflow axis (1), rotated by 45° (2), and perpendicular to it (3), are shown on the moment 1 maps with grey lines numbered in red, where each cut is averaged over a width similar to the beam perpendicular to the cut. The 5σ contour of the data in each PV diagram is indicated with a white solid contour, while white dashed horizontal and vertical lines indicate the vLSR and zero offset from the continuum peak. The spatial and spectral resolution of the PV diagrams is indicated with a white cross in the lower-left corner of PV diagram 1 in each row. The black dashed lines indicate the results of the same cut through the moment 1 map, while the red dashed lines indicate what would be expected for Keplerian motion with a central mass of 10 and 20 M⊙. The black contours in the moment 1 maps show the continuum, as in Fig. 11.


    

  
    
      Fig. 13 
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Temperature profile of H2CO as a function of offset from the MYSO and hot core W3 IRS4 along a slice which passes through the filament. Left: the position of the slice is indicated as a grey line on the temperature map from the  XCLASS fitting of H2CO (see Sect. 3.2.1 and Fig. 7). The temperature at each position is calculated as an average over the beam FWHM of the map (shown in the lower-left corner, 0.8′′), indicated with the grey dashed lines. This profile for H2CO (black), and that for CH3CN (red), are shown in the middle-left panel. The middle-right panel shows a zoom-in focusing on IRS4, with the profile shown in logarithmic units in the right-hand panel. The green dashed lines in both panels indicate three boundaries, between which we perform power-law fits to the temperature profile. The solid magenta line shows the fit over the whole region, while the cyan and blue lines show the fits to only the inner and outer regions. These latter two fits are shown as solid lines in the regions where they are fit and dashed lines where they are extrapolated to the same region as the magenta line. The results of these fits are given in Table 7. The vertical dashed black lines in the middle-left and right-hand panels indicate the beam size. The black contours in the maps show the continuum at the same resolution as the H2CO data, starting at 5σ and increasing to 45σ in 10σ steps (σ = 0.81 mJy beam−1), while the purple arrow in the middle-right panel indicates the suggested direction of the outflow as in Fig. 9.


    

  
    
      Fig. 14 
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WideX spectrum centred on the position of the hot core for both the combined NOEMA and 30 m data imaged with the SDI algorithm (cyan) and the NOEMA only data imaged with the Clark algorithm (black).


    

  
    
      Fig. 15 

      
        [image: thumbnail]
      

      
Integrated intensity maps of the strongest unblended line of the principle detected molecular species, as well as the continuum (bottom-right), imaged with natural weighting and resampled to a circular 1.2′′ beam. The combined NOEMA and 30 m data, imaged using this SDI algorithm, were used for those species indicated with a • before the species label, while the NOEMA only data, imaged with the Clark algorithm, were used for all others. The white contour indicates 5σ on the continuum (σ = 1.56 mJy beam−1). In the continuum panel (bottom-right), the black dashed circle indicates the ring of continuum emission associated with W3 C, the black circle indicates the position of W3 IRS4 and the black crosses indicate the two continuum peaks associated with cold cores, as shown in Fig. 2. WideX spectra are fitted in (see Sect. 4.2) at the locations of the cold cores, IRS4 and a position in the outflow with a knot of continuum emission, indicated by the green circle.


    

  
    
      Fig. 16 
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XCLASS fitting results for the Clark-imaged WideX data at the hot core position. Results for the outflow and two cold core positions, as well as SDI-imaging for the hot core, are shown in Figs. C.2–C.8. The data are shown in black and the combined fit in red, while the fits for individual species are shown in different colours below, in some cases scaled for greater visibility, with common colours used for different chemical families (blue for organics, yellow and orange for sulphur-bearing, red for nitrogen-bearing, purple for species bearing both nitrogen and oxygen). The data is cut off below the peak intensities for 13CO and SO in order to improve the visibility of the fainter lines. Vertical dashed lines are shown at the position of the brightest transition of each species to guide the eye. The grey band on the data spectrum, which extends beyond the range of the data on the right and left, indicates 3σ (σ = 0.044 K).


    

  
    Table 10 

General properties of the structures present in W3 IRS4.



	Physical component
	Molecules
	ℓ
	n(a)
	T(a)
	Δv(a)



			(pc)
	(cm−3)
	(K)
	(km s−1)





	Clump/environment
	13CO, C18O, SO, H2CO, HC3N
	0.05−≥0.2
	<106(b)
	30−100
	1.7−10.0



	




	Filament and cold cores
	DCN, H2CO, HC3N, E-CH3OH
	≥0.09 × 0.01−0.04
	106−107
	20−70
	1.7−4.0



	




	Outflow/shocks
	13CO, SO, DCN(c), c-C3H2, HC3N(c)
	0.01−≥0.1
	<106(b)
	~30−150
	3.5−7.0



	




	PDR/UV-illuminated gas
	13CO, C18O, SO, H2CO, c-C3H2
	0.055−0.15
	<106(b)
	−(d)
	4.0−10.0



	




	Hot core
	33SO, OCS, SO2, 33SO2, 34SO2, SO2 v2 = 1, H2CO, H[image: equation]CO, HNCO, H2 CCO (e), t−HCOOH (e), HC3 N, HC3 N v7 = 1 (f), E−CH3 OH, A−CH3 OH vt = 1 (f), CH3 CN, NH2 CHO (e), CH3 OCHO (f), CH3 COCH3 (f)
	≲ 0.01
	106 −107
	~100−250
	3.0–6.0






Notes. (a) Approximate based on maps of N[H2] from the continuum and XCLASS fitting results. (b)An upper limit outside the filament due to lack of continuum detection and uncertainty about the depth along the line of sight. (c) Detected near the continuum detection in the outflow but could be associated with colder material behind the cavity wall instead. (d) No information due to lack of detection in multiple transitions of any species in this region. (e) Tentative identification due to only one detected in one transition, though probably ok as other alternatives ruled out. (f) Detected in multiple transitions.





  
    
      Fig. B.3 
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Comparison of the integrated intensity of SO 65−54 between −81.8 and −0.8 km s−1 with different imaging choices. The left and middle-left columns show results with only the NOEMA visibilities while the middle-right and right columns show the results with the 30 m short-spacing information included. The maps in the left and middle-right columns were imaged with the Clark algorithm while those in the middle-left and right columns were imaged with the SDI algorithm. The top row was imaged with uniform weighting, the middle row using a GILDAS-robust parameter of 3 to give an intermediate beam-size, while the bottom row using natural weighting. The intensity scale is chosen to show the extended emission, with the peak intensity for the hot core being between ~240 and ~790 K km s−1, depending on the method.


    

  
    Table C.2 

Transitions detected in the NOEMA observations of W3 IRS4.



	Species
	Transition
	Rest freq.(a)
	Eup ∕kb (a)
	Aul (a)
	Species
	Transition
	Rest freq.(a)
	Eup∕kb(a)
	Aul(a)



			(GHz)
	(K)
	(s−1)
			(GHz)
	(K)
	(s−1)





	DCN
	3−2
	217.238538
	20.9
	4.6 × 10−4
	C18O
	2−1
	219.560354
	15.8
	6.0 × 10−7



	A-CH3OH νt = 1
	61,5−72,6
	217.299202
	373.9
	4.3 × 10−5
	HNCO
	10−9(b)
	219.656770
	433.0
	1.2 × 10−4



	A-CH3OH νt = 1
	156,10−165,11
	217.642859
	745.6
	1.9 × 10−5
	HNCO
	102,9−92,8
	219.733850
	228.3
	1.4 × 10−4



	c−C3H2
	6−5(b)
	217.822148
	38.6
	5.4 × 10−4
	HNCO
	102,8−92,7
	219.737193
	228.3
	1.4 × 10−4



	33SO
	65−43(c)
	217.832642
	34.7
	1.3 × 10−4
	HNCO
	100,10−90,9
	219.798274
	58.0
	1.5 × 10−4



	E-CH3OH
	201,19−200,20
	217.886390
	508.4
	3.4 × 10−5
	SO
	65−54
	219.949442
	35.0
	1.3 × 10−4



	c-C3H2
	51,4−42,3
	217.940046
	35.4
	4.0 × 10−4
	H213CO
	31,2−21,1
	219.908525
	32.9
	2.6 × 10−4



	CH3COCH3
	20−19(b)
	218.091412
	119.2
	4.3 × 10−4
	t-HCOOH
	100,10−90,9
	220.037967
	58.6
	1.2 × 10−4



	CH3COCH3
	20−19(b)
	218.127207
	119.1
	2.2 × 10−4
	E-CH3OH
	80,8−71,6
	220.078490
	96.6
	2.5 × 10−5



	H2CO
	30,3−20,2
	218.222192
	21.0
	2.8 × 10−4
	SO2 ν2 = 1
	163,13−162,14
	220.165253
	910.5
	1.1 × 10−4



	CH3OCHO
	173,14−163,13
	218.280900
	99.7
	1.5 × 10−4
	CH3OCHO
	174,13−164,12
	220.166888
	103.2
	1.5 × 10−4



	CH3OCHO
	173,14−163,13
	218.297890
	99.7
	1.5 × 10−4
	H2CCO
	111,11−101,10
	220.177569
	76.5
	1.2 × 10−4



	HC3N
	24−23
	218.324723
	131.0
	8.3 × 10−4
	CH3OCHO
	173,14−163,13
	220.190285
	103.1
	1.5 × 10−4



	E-CH3OH
	42,2−31,2
	218.440050
	45.5
	4.7 × 10−5
	CH3COCH3
	22−21(b)
	220.355335
	124.0
	5.1 × 10−4



	NH2CHO
	101,9−91,8
	218.459213
	60.8
	7.5 × 10−4
	CH3COCH3
	21−20(b)
	220.361881
	123.9
	3.9 × 10−4



	H2CO
	32,2−22,1
	218.475632
	68.1
	1.6 × 10−4
	CH3COCH3
	21−20(b)
	220.368323
	123.8
	5.1 × 10−4



	H2CO
	32,1−22,0
	218.760066
	68.1
	1.6 × 10−4
	13CO
	2−1
	220.398684
	15.9
	3.0 × 10−7



	HC3N ν7 = 1
	24−23
	218.860800
	452.1
	8.3 × 10−4
	CH3CN
	128−118
	220.475807
	525.6
	3.5 × 10−4



	33SO2
	222,20−221,21(c)
	218.882280
	251.8
	9.3 × 10−5
	CH3CN
	127−117
	220.539324
	418.6
	4.2 × 10−4



	OCS
	18−17
	218.903356
	99.8
	3.1 × 10−5
	HNCO
	101,9−91,8
	220.584751
	101.5
	1.5 × 10−4



	HNCO
	101,10−91,9
	218.981009
	101.1
	1.4 × 10−4
	CH3CN
	126−116
	220.594423
	325.9
	4.8 × 10−4



	SO2 ν2 = 1
	202,18−193,17
	218.995832
	971.3
	3.8 × 10−5
	33SO2
	111,11−100,10(c)
	220.617779
	61.1
	1.1 × 10−4



	HC3N ν7 = 1
	24−23
	219.173757
	452.3
	8.3 × 10−4
	CH3CN
	125−115
	220.641084
	247.4
	5.3 × 10−4



	CH3COCH3
	21−20(b)
	219.219931
	122.0
	4.7 × 10−4
	SO2 ν2 = 1
	125,7−134,10
	220.657894
	896.4
	1.9 × 10−5



	CH3COCH3
	21−20(b)
	219.242141
	121.9
	4.3 × 10−4
	CH3CN
	124−114
	220.679287
	183.1
	5.7 × 10−4



	CH3COCH3
	21−20(b)
	219.264275
	121.8
	4.7 × 10−4
	CH3CN
	123−113
	220.709017
	133.2
	6.0 × 10−4



	SO2
	227,15−236,18
	219.275978
	352.8
	2.1 × 10−5
	CH3CN
	122−112
	220.730261
	97.4
	6.2 × 10−4



	34SO2
	111,11 −100,10
	219.355009
	60.2
	1.1 × 10−4
	CH3CN
	121−111
	220.743011
	76.0
	6.3 × 10−4



	SO2 ν2 = 1
	222,20 −221,21
	219.465545
	1012.7
	1.0 × 10−4
	CH3CN
	120−110
	220.747261
	68.9
	6.4 × 10−4






Notes. (a) Taken from CDMS (Müller et al. 2001, 2005), except for CH3CN and CH3OCHO which are taken from the Jet Propulsion Laboratory (JPL) database (Pickett et al. 1998). (b) Blend of two or more lines with different quantum numbers but the same Eup at the same frequency. The highest Aul is given. (c)Blend of a number of transitions with small differences in frequency due to different spin states but the same Eup. The frequency of the highest Aul transition is given.





  
    
      Fig. C.4 
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XCLASS fitting results for the SDI-imaged WideX data at the outflow position. The data are shown in black and the combined fit in red, with the fits for individual species are shown in different colours below, in some cases scaled for greater visibility, with common colours used for different chemical families (blue for organics, yellow and orange for sulphur-bearing, red for nitrogen-bearing, purple for species bearing both nitrogen and oxygen, dark green for hydro-carbons). Vertical dashed lines are shown at the position of the brightest transition of each species to guide the eye. The grey bands on the data spectrum indicate 3σ
(σ=0.084 K).


    

  
    
      Fig. C.7 

      
        [image: thumbnail]
      

      
XCLASS fitting results for the Clark-imaged WideX data at the cold core 2 position. The data are shown in black and the combined fit in red, with the fits for individual species are shown in different colours below, in some cases scaled for greater visibility, with common colours used for different chemical families (blue for organics, yellow and orange for sulphur-bearing, red for nitrogen-bearing, purple for species bearing both nitrogen and oxygen, dark green for hydro-carbons). Vertical dashed lines are shown at the position of the brightest transition of each species to guide the eye. The grey bands on the data spectrum indicate 3σ
(σ=0.051 K).
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