
    
      Table 1 

      Spectral setup and parameters of the observed molecular transitions.

      
        


	Species
	Transition
	Frequency (GHz)
	Eup (K)
	Aij (×10−5 s−1)





	CS
	5−1
	244.9356
	35
	30



	SO
	66−55
	258.2558
	56
	21



	SO
	76−65
	261.8437
	48
	23



	34SO
	56−45
	246.6636
	50
	18



	SO2
	140,14−131,13
	244.2542
	94
	16





      

      
Notes. Values from the CDMS database (Müller et al. 2001).




    

  
    
      Fig. 1 

      
        [image: thumbnail]
      

      
        Class 0 sources. Moment 0 maps of CS, SO, 34SO, and SO2. The contours start at 3σ, follow steps of 1σ, and the emission has been integrated over the velocity ranges listed in Table B.1. Maximum values (in units of Jy beam−1 km s−1) are indicated in the bottom-right corner of each panel. Red and blue arrows represent the outflow direction and the yellow star indicates the position of the continuum peak. Magenta stars represent binary components and the synthesized beam for each molecular transition is shown in the panels of the first row. Sources with no detections are not shown in this figure.

      

    

  
    
      Fig. 2 
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        Class I sources. Moment 0 maps of CS, SO, 34SO, and SO2. The contours start at 3σ, follow steps of 1σ, and the emission has been integrated over the velocity ranges listed in Table B.1. Maximum values (in units of Jy beam−1 km s−1) are indicated in the bottom-right corner of each panel. Red and blue arrows represent the outflow direction and the yellow star indicates the position of the continuum peak. Magenta stars represent binary components and the synthesized beam for each molecular transition is shown in the panels of the first row. Sources with no detections are not shown in this figure.

      

    

  
    
      Fig. 3 
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        Sources with unknown TЬо1. Moment 0 maps of CS, SO, 34SO, and SO2. The contours start at 3σ, follow steps of 1σ, and the emission has been integrated over the velocity ranges listed in Table B.1. Maximum values (in units of Jy beairr−1 km s−1) are indicated in the bottom-right corner of each panel. Red and blue arrows represent the outflow direction and the yellow star indicates the position of the continuum peak. The synthesized beam for each molecular transition is shown in the panels of the first row. Sources with no detections are not shown in this figure.

      

    

  
    
      Fig. 4 
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        Integrated spectra of CS (red), SO 66−55 (blue), and SO2 (green). The integration area for each source is shown in Table B.1. Black arrows in the panels that correspond to Per-emb 12 B, Per-emb 13, Per-emb 27, Per-emb 29, and Per-emb 44 indicate an offset emission, likely related with a transition from an unidentified COM.

      

    

  
    
      Fig. 5 
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        Detection rate of CS, SO, 34SO, and SO2 toward Class 0 and Class I sources. Detected refers to emission above 3σ that is observed in the vicinity of the source (not necessarily toward the continuum peak).

      

    

  
    
      Fig. 6 
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        Different components where the CS, SO, 34SO, and SO2 transitions are detected. Extended emission is divided into three groups, those sources where the emission is seen perpendicular or parallel to the outflow direction, and those where the structure is unclear (labeled as Extended).

      

    

  
    
      Fig. 7 
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        Continuum and molecular fluxes (above 3σ) as a function of Tbol (left) and Lbol (right). The gray dashed line represents Tbol = 70, the separation between Class 0 and Class I sources, while the black solid line in the last two panels of the right column indicates Lbol = 1 L⊙. Red circles represent multiple systems (binaries or triples) where the continuum ALMA emission is resolved but they do not have individual Tbol and Lbol measurements from far IR. Blue circles indicate unresolved binaries in continuum ALMA emission.

      

    

  
    
      Fig. 8 
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        Molecular column density ratio of SO over 34SO, showing that both SO transitions are optically thick. A range of Tex, between 50 and 150 K has been employed for the calculations. Dark blue and light blue bars indicate ratios calculated from SO 76−65 and SO 66−55, respectively. The red vertical line separates Class 0 (left) from Class I sources (right).

      

    

  
    
      Fig. 10 
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        S-bearing species vs. COMs detection. Sources with detection of SO2 are clustered by the amount of detected COMs in Yang et al. (2021). The numbers on the left of the source names indicate the amount of different COMs detected. The different colors indicate where the emission of CS or SO is seen. Those sources where the CS or SO emission is parallel to the outflow direction are usually rich in COMs, while sources where the CS or SO emission is perpendicular to the outflow direction do not show detection of COMs.

      

    

  
    
      Fig. 11 
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        CH3OH abundance as a function of the SO2 abundance for the sources in Fig. 10. The different colors represent those sources where more than five different COMs were detected (green), between one and three different COMs were detected (red), and no COMs (blue) were detected in Yang et al. (2021). Gray dashed lines show a 10:1 and 100:1 linear correlation.

      

    

  
    
      Fig. 12 

      
        [image: thumbnail]
      

      
        Column density ratio between SO2 and H2 for sources in different evolutionary stages. Red, green, and blue symbols represent sources from Perseus, Ophiuchus, and Taurus, respectively. Dots indicate Class 0 sources, squares represent Class I sources, and diamonds show Class I/II and Class II sources. Empty triangles indicate upper or lower limits. Values for IRAS 16295 were taken from Drozdovskaya et al. (2018) and Jørgensen et al. (2016). Perseus sources are from this work, Ophiuchus Class I sources correspond to IRS 67, GSS30-IRS1, IRS 44, IRS 43, and Elias 29, from left to right, studied by Artur de la Villarmois et al. (2019), and Taurus sources are taken from Garufi et al. (2022) and represent DG Tau (outer disk), HL Tau (inner disk), HL Tau (outer disk), IRAS 04302, and T Tau S, from left to right. The upper limit for IRAS 16293 is given by the optically thick continuum emission and lower limits for Perseus and Taurus sources are given by optically thick SO2 emission. The PEACHES sample and Class I Ophiuchus sources are ordered by Tbol.

      

    

  
    
      Table A.1 

      Properties of the observed sources: results from a 2D Gaussian fit, bolometric temperatures, and bolometric luminosities.

      
        


	Source
	Common names
	R. A. (J2000) (hh:mm:ss)
	Dec (J2000) (dd:mm:ss)
	F1.2 mm (mJy beam−1)
	Tbol (K)(a)
	Lbol (L⊙)(a)





	Class 0 (Tbol ≤ 70 K)



	




	Per-emb 1
	HH 211 MMS
	03:43:56.81
	+32:00:50.2
	42.9 ± 2.7
	27 ± 1
	1.80 ± 0.10



	Per-emb 2
	IRAS 03292+3039
	03:32:17.92
	+30:49:47.8
	66.3 ± 2.8
	27 ± 1
	0.90 ± 0.07



	Per-emb 5
	IRAS 03282+3035
	03:31:20.94
	+30:45:30.2
	138.7 ± 1.7
	32 ± 2
	1.30 ± 0.10



	Per-emb 8
	
	03:44:43.98
	+32:01:35.2
	79.9 ± 1.7
	43 ± 6
	2.60 ± 0.50



	Per-emb 10
	B1-d
	03:33:16.43
	+31:06:52.0
	18.5 ± 0.2
	30 ± 2
	0.60 ± 0.05



	Per-emb 11 A(b)
	IC 348 MMS
	03:43:57.07
	+32:03:04.8
	97.3 ± 2.7
	34 ± 36
	1.12 ± 0.34



	Per-emb 11 B(b)
	IC 348 MMS
	03:43:56.88
	+32:03:03.0
	4.2 ± 0.4
	34 ± 36
	1.12 ± 0.34



	Per-emb 11 C
	IC 348 MMS
	03:43:57.70
	+32:03:09.9
	4.0 ± 0.4
	36 ± 65
	0.10 ± 0.03



	Per-emb 12 A(b)
	NGC 1333 IRAS4 A2
	03:29:10.54
	+31:13:30.9
	411 ± 39 (e)
	29 ± 2
	3.50 ± 0.70



	Per-emb 12 B(b)
	NGC 1333 IRAS4 A1
	03:29:10.44
	+31:13:32.1
	209 ± 17
	29 ± 2
	3.50 ± 0.70



	Per-emb 13
	NGC 1333 IRAS4 B1
	03:29:12.02
	+31:13:08.0
	303.8 ± 8.8
	28 ± 1
	4.00 ± 0.30



	Per-emb 14
	NGC 1333 IRAS4 C
	03:29:13.55
	+31:13:58.1
	66.4 ± 0.7
	31 ± 2
	0.70 ± 0.08



	Per-emb 15
	
	03:29:04.06
	+31:14:46.2
	3.2 ± 0.3
	36 ± 4
	0.40 ± 0.10



	Per-emb 16
	
	03:43:50.98
	+32:03:24.1
	3.3 ± 0.3
	39 ± 2
	0.40 ± 0.04



	Per-emb 17
	L1455 IRS1
	03:27:39.11
	+30:13:03.0
	32.9 ± 0.9
	59 ± 11
	4.20 ± 0.10



	Per-emb 18
	NGC 1333 IRAS7 SM1
	03:29:11.27
	+31:18:31.1
	70.2 ± 1.1
	46 ± 12
	4.70 ± 0.72



	Per-emb 20
	L1455 IRS4
	03:27:43.28
	+30:12:28.9
	2.6 ± 0.2
	65 ± 3
	1.40 ± 0.20



	Per-emb 21
	NGC 1333 IRAS7 SM2
	03:29:10.67
	+31:18:20.2
	44.2 ± 1.1
	52 ± 17
	3.42 ± 0.53



	Per-emb 22 A(b)
	L1448 IRS2
	03:25:22.41
	+30:45:13.3
	30.3 ± 1.3
	51 ± 12
	2.15 ± 0.66



	Per-emb 22 B(b)
	L1448 IRS2
	03:25:22.37
	+30:45:13.2
	17.1 ± 0.1
	51 ± 12
	2.15 ± 0.66



	Per-emb 25
	IRAS 03235+3004
	03:26:37.51
	+30:15:27.8
	89.9 ± 0.2
	61 ± 12
	1.20 ± 0.02



	Per-emb 26
	L1448-mm
	03:25:38.88
	+30:44:05.3
	137.5 ± 2.7
	47 ± 7
	8.40 ± 1.50



	Per-emb 27
	NGC 1333 IRAS 2A
	03:28:55.57
	+31:14:37.0
	118.1 ± 8.2
	49 ± 10
	47.06 ± 7.21



	Per-emb 28
	
	03:43:51.01
	+32:03:08.0
	13.8 ± 0.4
	45 ± 2
	0.70 ± 0.08



	Per-emb 29
	B1-c
	03:33:17.88
	+31:09:31.7
	73.4 ± 3.6
	48 ± 1
	3.70 ± 0.40



	Per-emb 33 A(b)
	L1448 IRS 3B
	03:25:36.38
	+30:45:14.8
	156.0 ± 8.8
	57 ± 3
	2.77 ± 0.80



	Per-emb 33 B/C(b)
	L1448 IRS 3B
	03:25:36.32
	+30:45:15.0
	84.3 ± 1.2
	57 ± 3
	5.53 ± 0.80



	Per-emb 36
	NGC 1333 IRAS 2B
	03:28:57.38
	+31:14:15.8
	118.9 ± 0.6
	48 ± 1
	5.27 ± 0.81



	Per-emb 37
	
	03:29:18.97
	+31:23:14.3
	11.6 ± 0.6
	22 ± 1
	0.50 ± 0.10



	IRAS 4B2
	NGC 1333 IRAS4 B2
	03:29:12.84
	+31:13:06.9
	146.2 ± 3.9
	9±1
	1.76 ± 0.28



	B1-bN
	
	03:33:21.21
	+31:07:43.6
	69.3 ± 1.7
	22 ± 1
	0.16 ± 0.02



	B1-bS
	
	03:33:21.36
	+31:07:26.3
	134.1 ± 1.4
	24 ± 11
	0.32 ± 0.05



	L1448 IRS 2E(c)
	
	03:25:25.66
	+30:44:56.7
	–
	15
	0.05 ± 0.05



	L1448 NW
	L1448 IRS 3C
	03:25:35.67
	+30:45:34.2
	55.2 ± 1.8
	43 ± 1
	2.89 ± 0.44



	L1448 IRS 3A
	
	03:25:36.50
	+30:45:21.9
	52.5 ± 2.5
	57 ± 10
	8.08 ± 1.27



	SVS 13 B
	
	03:29:03.08
	+31:15:51.7
	135.5 ± 5.2
	36 ± 1
	10.26 ± 1.57



	




	Class I (Tbol ≥ 70 K)



	




	Per-emb 35 A(b)
	NGC 1333 IRAS1
	03:28:37.10
	+31:13:30.8
	20.6 ± 0.6
	103 ± 26
	4.55 ± 0.30



	Per-emb 35 B(b)
	NGC 1333 IRAS1
	03:28:37.22
	+31:13:31.7
	16.1 ± 0.7
	103 ± 26
	4.55 ± 0.30



	Per-emb 40
	B1-a
	03:33:16.67
	+31:07:54.9
	13.7 ± 0.2
	132 ± 25
	1.50 ± 1.00



	Per-emb 41(d)
	B1-bW
	03:33:20.34
	+31:07:21.3
	11.4 ± 0.5
	157 ± 72
	0.17 ± 0.36



	Per-emb 42
	L1448C-S
	03:25:39.14
	+30:43:57.9
	11.1 ± 0.3
	83 ± 12
	1.98 ± 0.31



	Per-emb 44
	NGC 1333 SVS 13A
	03:29:03.76
	+31:16:03.7
	132.0 ± 7.4
	75 ± 52
	119.28 ± 18.31



	Per-emb 50
	IRAS 03260+3111 A
	03:29:07.77
	+31:21:57.1
	87.4 ± 0.3
	128 ± 23
	23.20 ± 3.00



	Per-emb 53
	B5 IRS1
	03:47:41.59
	+32:51:43.6
	14.8 ± 0.2
	287 ± 8
	4.70 ± 0.90



	Per-emb 54
	NGC 1333 IRAS6
	03:29:01.55
	+31:20:20.5
	1.5 ± 0.1
	131 ± 63
	16.80 ± 2.60



	Per-emb 55
	IRAS 03415+3152
	03:44:43.30
	+32:01:31.2
	3.4 ± 0.1
	334 ± 340
	1.49 ± 0.25



	Per-emb 60
	
	03:29:20.05
	+31:24:07.4
	1.6 ± 0.1
	363 ± 240
	0.28 ± 1.05



	L1455 IRS 2
	
	03:27:47.69
	+30:12:04.4
	2.1 ± 0.1
	740
	2.50 ± 0.10



	EDJ2009-172
	
	03:28:56.65
	+31:18:35.4
	13.6 ± 0.1
	1100
	0.39 ± 0.10



	EDJ2009-235
	
	03:29:18.26
	+31:23:19.7
	5.5 ± 0.1
	291 ± 14
	0.02 ± 0.02



	




	Unknown Tbol



	




	SVS 13 A2
	VLA3
	03:29:03.39
	+31:16:01.6
	13.9 ± 0.8
	–
	–



	EDJ2009-237
	
	03:29:18.74
	+31:23:25.2
	2.5 ± 0.2
	–
	0.02



	RAC1999 VLA20
	
	03:29:04.25
	+31:16:09.1
	5.8 ± 0.2
	–
	–





      

      
Notes. (a)From Tobin et al. (2016) and Murillo et al. (2016). (b)Lbol values divided by the amount of components (unresolved binaries and triple systems). (c)No continuum detection. (d)Edge of the field of view. (e)Optically thick continuum emission.




    

  
    
      Table B.1 

      Multiplicity of the sources, outflow direction (for the blueshifted lobe), and integration area and ranges used for the calculation of fluxes.

      
        


	Source
	Multiplicity (a)
	vsys (b) (km s−1)
	Outflow PA (c) (°)
	Int. area(d) (″)
	Int. range (km s−1)





	Class 0 (Tbol ≤ 70 K)



	




	Per-emb 1
	
	9.5
	120
	0.49
	[3, 18]



	Per-emb 2
	Unresolved binary
	7.7
	128
	0.45
	[2, 12]



	Per-emb 5
	
	7.0
	125
	0.45
	[3, 10]



	Per-emb 8
	Unresolved binary
	11.0
	314
	0.50
	[6, 14]



	Per-emb 10
	
	7.0
	230
	0.46
	[4, 10]



	Per-emb 11 A
	
	9.0
	340
	0.50
	[5, 12]



	Per-emb 11 B
	
	9.0
	165
	0.50
	[5, 11]



	Per-emb 11 C
	
	9.0
	-
	0.50
	[6, 11]



	Per-emb 12
	Binary
	7.5
	175
	0.66
	[1, 13]



	Per-emb 13
	
	8.0
	180
	0.66
	[2, 12]



	Per-emb 14
	
	8.0
	95
	0.66
	[3, 11]



	Per-emb 15
	
	5.5
	145
	0.66
	[2, 7]



	Per-emb 16
	
	9.0
	5
	0.50
	[5, 11]



	Per-emb 17
	Unresolved binary
	6.0
	240
	0.64
	[-4, 15]



	Per-emb 18
	Unresolved binary
	8.5
	150
	0.66
	[0, 15]



	Per-emb 20
	
	5.0
	305
	0.64
	[0, 10]



	Per-emb 21
	
	9.0
	48
	0.66
	[5, 12]



	Per-emb 22
	Binary
	4.5
	306
	0.64
	[0, 10]



	Per-emb 25
	
	5.5
	280
	0.64
	[2, 9]



	Per-emb 26
	
	5.5
	340
	0.64
	[-8, 20]



	Per-emb 27
	Unresolved binary
	7.5
	204, 285
	0.66
	[1, 12]



	Per-emb 28
	
	9.0
	120
	0.50
	[5, 11]



	Per-emb 29
	
	6.5
	130
	0.46
	[-5, 11]



	Per-emb 33 A
	Triple (with Per-emb 33 B/C)
	 5.0
	284
	0.64
	[0, 12]



	Per-emb 33 B/C
	Unresolved binary
	5.0
	284
	0.64
	[-5, 8]



	Per-emb 36
	Unresolved binary
	8.0
	24
	0.66
	[0, 12]



	Per-emb 37
	
	8.0
	220
	0.66
	[4, 11]



	IRAS 4B2
	
	7.5
	-
	0.66
	[5, 10]



	B1-bN
	
	?
	-
	0.46
	[6, 10]



	B1-bS
	
	7.5
	120
	0.46
	[4, 9]



	L1448 IRS 2E
	
	5.0
	310
	0.64
	[3, 7]



	L1448 NW
	Unresolved binary
	4.5
	305
	0.64
	[0, 8]



	L1448 IRS 3A
	
	4.5
	38
	0.64
	[-2, 12]



	SVS 13 B
	
	8.0
	160
	0.66
	[6, 11]



	




	Class I (Tbol ≥ 70 K)



	




	Per-emb 35
	Binary
	7.5
	292
	0.66
	[1, 12]



	Per-emb 40
	Unresolved binary
	7.0
	-
	0.46
	[2, 12]



	Per-emb 41
	
	?
	210
	0.46
	[4.5, 8.5]



	Per-emb 42
	
	5.5
	-
	0.64
	[2, 13]



	Per-emb 44
	Unresolved binary
	9.0
	147
	0.66
	[1, 14]



	Per-emb 50
	
	9.0 (e)
	285
	0.66
	[-6, 19]



	Per-emb 53
	
	11.0
	70
	0.51
	[5, 14]



	Per-emb 54
	
	8.5
	-
	0.66
	[5, 13]



	Per-emb 55
	Unresolved binary
	11.0
	-
	0.50
	[5, 13]



	Per-emb 60
	
	?
	-
	0.66
	[5, 9]



	L1455 IRS 2
	
	?
	-
	0.64
	[3, 7]



	EDJ2009-172
	
	?
	-
	0.66
	[5.5, 9.5]



	EDJ2009-235
	
	8.0
	-
	0.66
	[5, 9]



	




	Unknown Tbol



	




	SVS 13 A2
	
	8.0
	205
	0.66
	[5, 11]



	EDJ2009-237
	
	?
	-
	0.66
	[5, 9]





      

      
Notes. (a)Unresolved binaries in these data, with individual coordinates, can be found in Tobin et al. (2018). (b)Estimated from CS spectra.(c) Values taken from Tobin et al. (2018) and estimated from Stephens et al. (2019). (d)Diameter of a circular region, which coincides with the angular resolution of the observations (see Yang et al. 2021).(e)Estimated from SO emission.




    

  
    
      Table B.2 

      Integrated fluxes over the region and velocity ranges from Table B.1 for CS, SO, 34SO, and SO2.

      
        


	Source
	CS (Jy km s−1)
	SO a (Jy km s−1)
	34SO (Jy km s−1)
	SO2 (Jy km s−1)





	Class 0 (Tbol ≤ 70 K)



	




	Per-emb 1
	≥ 0.23
	0.33 ± 0.04
	< 0.05
	0.12 ± 0.03



	Per-emb 2
	≥ 0.14
	0.11 ± 0.02
	< 0.04
	< 0.05



	Per-emb 5
	≥ 0.14
	0.08 ± 0.01
	< 0.02
	< 0.02



	Per-emb 8
	≥ 0.31
	0.12 ± 0.02
	< 0.04
	< 0.05



	Per-emb 10
	≥ 0.17
	0.20 ± 0.01
	< 0.03
	< 0.04



	Per-emb 11 A
	≥ 0.17
	≥ 0.29 c
	0.04 ± 0.01
	0.05 ± 0.02



	Per-emb 11 B
	≥ 0.14
	0.09 ± 0.02
	< 0.03
	< 0.04



	Per-emb 11 C
	≥ 0.14
	0.15 ± 0.02
	< 0.03
	< 0.05



	Per-emb 12 A b
	≥ 0.29
	0.15 ± 0.04
	< 0.08
	< 0.06



	Per-emb 12 B
	≥ 1.09
	≥ 1.33 c
	0.33 ± 0.02
	0.65 ± 0.03



	Per-emb 13
	≥ 0.31
	≥ 0.15 c
	0.13 ± 0.01
	0.10 ± 0.02



	Per-emb 14
	≥ 0.27
	0.41 ± 0.02
	< 0.03
	< 0.04



	Per-emb 15
	≥ 0.16
	< 0.04
	< 0.04
	< 0.05



	Per-emb 16
	≥ 0.15
	0.05 ± 0.01
	< 0.03
	< 0.04



	Per-emb 17
	≥ 2.33
	≥ 1.80 c
	0.14 ± 0.02
	0.56 ± 0.04



	Per-emb 18
	≥ 0.67
	≥ 0.80 c
	0.08 ± 0.02
	0.16 ± 0.02



	Per-emb 20
	≥ 0.57
	0.40 ± 0.02
	< 0.07
	0.07 ± 0.02



	Per-emb 21
	≥ 0.14
	0.18 ± 0.02
	< 0.03
	< 0.03



	Per-emb 22 A
	≥ 0.52
	0.19 ± 0.02
	< 0.04
	0.06 ± 0.01



	Per-emb 22 B
	≥ 0.40
	0.40 ± 0.02
	< 0.04
	0.06 ± 0.02



	Per-emb 25
	≥ 0.18
	0.38 ± 0.02
	< 0.04
	0.05 ± 0.02



	Per-emb 26
	≥ 1.94
	≥ 0.68 c
	0.08 ± 0.03
	0.28 ± 0.04



	Per-emb 27
	≥ 1.84
	≥ 2.31 c
	0.50 ± 0.01
	1.14 ± 0.03



	Per-emb 28
	≥ 0.18
	< 0.04
	< 0.03
	< 0.04



	Per-emb 29
	≥ 1.02
	≥ 0.34 c
	0.16 ± 0.02
	0.06 ± 0.02



	Per-emb 33 A
	≥ 0.35
	0.13 ± 0.03
	< 0.05
	< 0.03



	Per-emb 33 B/C
	≥ 0.85
	<0.09
	< 0.05
	< 0.03



	Per-emb 36
	≥ 0.52
	≥ 0.65 c
	0.04 ± 0.01
	0.06 ± 0.02



	Per-emb 37
	≥ 0.16
	0.09 ± 0.02
	< 0.03
	< 0.04



	IRAS 4B2
	-0.05 ± 0.03
	< 0.07
	< 0.03
	< 0.04



	B1-b N
	< 0.06 d
	< 0.03
	< 0.02
	< 0.03



	B1-bS
	-0.06 ± 0.02
	< 0.03
	< 0.03
	< 0.03



	L1448 IRS 2E
	< 0.05 d
	< 0.17
	< 0.04
	< 0.03



	L1448 NW
	≥ 0.16
	≥ 0.39 c
	0.03 ± 0.01
	0.07 ± 0.02



	L1448 IRS 3A
	≥ 0.37
	≥ 0.41 c
	0.06 ± 0.02
	0.08 ± 0.03



	SVS 13 B
	≥ 0.09
	0.06 ± 0.01
	< 0.03
	< 0.04



	




	Class I (Tbol ≥ 70 K)



	




	Per-emb 35 A
	≥ 0.43
	≥ 0.79 c
	0.09 ± 0.01
	0.22 ± 0.02



	Per-emb 35 B
	≥ 0.48
	≥ 0.64 c
	0.04 ± 0.01
	0.07 ± 0.02



	Per-emb 40
	≥ 0.21
	0.23 ± 0.02
	< 0.04
	< 0.05



	Per-emb 41
	< 0.05
	< 0.05
	< 0.05
	< 0.05



	Per-emb 42
	≥ 0.64
	0.39 ± 0.02
	< 0.05
	0.13 ± 0.03



	Per-emb 44
	≥ 2.32
	≥ 2.59 c
	0.73 ± 0.02
	1.17 ± 0.02



	Per-emb 50
	< 0.08
	≥ 1.57 c
	0.09 ± 0.02
	0.25 ± 0.03



	Per-emb 53
	≥ 0.19
	0.30 ± 0.02
	< 0.04 d
	< 0.05 d



	Per-emb 54
	≥ 0.10
	0.11 ± 0.02
	< 0.06
	< 0.05



	Per-emb 55
	≥ 0.05
	< 0.05
	< 0.04
	< 0.05



	Per-emb 60
	< 0.03
	< 0.03
	< 0.04
	< 0.03



	L1455 IRS 2
	< 0.05 d
	< 0.03
	< 0.04
	< 0.03



	EDJ2009-172
	< 0.03
	< 0.03
	< 0.04
	< 0.08



	EDJ2009-235
	< 0.03
	< 0.03
	< 0.03
	< 0.03



	




	Unknown Tbol



	




	SVS 13 A2
	≥ 0.11
	0.12 ± 0.02
	< 0.03
	< 0.05



	EDJ2009-237
	< 0.03
	< 0.03
	< 0.03
	< 0.04





      

      
Notes. (a)SO 66−55. (b)Optically thick continuum emission. (c)Optically thick line emission. (d)Only extended emission. Non detections present upper limits of 3σ.




    

  
    
      Table B.3 

      Molecular column densities for SO, 34SO, SO2, and H2, together with SO2 and CH3OH abundances

      
        


	Source
	N(SO) a·b (×1014 cm−2)
	N(34SO) b (×1014 cm−2)
	N(SO2) c (×1014 cm−2)
	N(H2) d (×1024 cm−2)
	[SO2/H2] (×10−10)
	[CH3OH/H2] (×10−9)





	Class 0 (Tbol ≤ 70 K)



	




	Per-emb 1
	[4.83 – 7.16]
	<1.5
	[5 – 20]
	29.0 ± 0.18
	4.3 ± 1.7
	3.1 ± 1.9



	Per-emb 2
	[1.94 – 2.88]
	<1.4
	< 4.9
	5.32 ± 0.22
	< 0.9
	0.6 ± 0.3



	Per-emb 5
	[1.37 – 2.02]
	< 0.7
	< 2.0
	11.13 ± 0.14
	< 0.2
	0.9 ± 0.5



	Per-emb 8
	[1.76 – 2.61]
	< 1.1
	< 4.0
	5.19 ± 0.11
	< 0.8
	< 0.7



	Per-emb 10
	[3.35 – 4.97]
	<1.0
	< 3.8
	1.42 ± 0.02
	< 2.7
	1.9 ± 1.1



	Per-emb 11 A
	≥ 4.09
	[1.69 – 2.46]
	[2 – 6]
	6.32 ± 0.18
	0.6 ± 0.3
	1.4 ± 0.9



	Per-emb 11 B
	[1.30 – 1.93]
	< 0.8
	< 3.2
	0.27 ± 0.02
	< 11.9
	< 9.5



	Per-emb 11 C
	[2.11 – 3.13]
	< 0.8
	< 4.0
	0.26 ± 0.02
	< 15.4
	24.6 ± 15.5



	Per-emb 12 Ae
	[1.20 – 1.80]
	<1.3
	< 2.8
	15.33 ± 1.45
	< 0.2
	0.5 ± 0.3



	Per-emb 12 B
	≥ 10.79
	[8.77 – 12.74]
	≥ 20
	7.79 ± 0.63
	> 2.6
	25.7 ± 15.5



	Per-emb 13
	> 1.19
	[3.13 – 4.54]
	[2 – 7]
	11.33 ± 0.33
	0.4 ± 0.2
	4.4 ± 2.8



	Per-emb 14
	[3.32 – 4.92]
	< 0.5
	<1.8
	2.47 ± 0.03
	< 0.7
	<1.3



	Per-emb 15
	< 0.5
	< 0.6
	< 2.3
	0.12 ± 0.01
	< 19.2
	< 23.3



	Per-emb 16
	[0.75 – 1.11]
	< 0.8
	< 3.2
	0.22 ± 0.02
	< 14.5
	< 9.3



	Per-emb 17
	≥ 15.61
	[3.77 – 5.48]
	> 10
	1.30 ± 0.04
	> 7.7
	–



	Per-emb 18
	≥ 6.52
	[2.02 – 2.94]
	[3 – 10]
	2.62 ± 0.04
	2.5 ± 1.1
	8.8 ± 5.0



	Per-emb 20
	[3.45 – 5.12]
	<1.2
	[1 – 5]
	0.10 ± 0.01
	28.9 ± 9.9
	125.1 ± 77.6



	Per-emb 21
	[1.45 – 2.15]
	< 0.5
	<1.4
	1.65 ± 0.04
	< 0.8
	10.3 ± 6.1



	Per-emb 22 A
	[1.68 – 2.49]
	< 0.7
	[1 – 4]
	1.20 ± 0.05
	2.1 ± 0.8
	16.7 ± 10.0



	Per-emb 22 B
	[3.50 – 5.18]
	< 0.7
	[1 – 4]
	0.68 ± 0.05
	3.7 ± 1.5
	23.5 ± 14.7



	Per-emb 25
	[3.32 – 4.91]
	< 0.7
	[1 – 4]
	3.56 ± 0.09
	0.7 ± 0.3
	<1.3



	Per-emb 26
	≥ 5.90
	[2.29 – 3.33]
	[6 – 40]
	5.45 ± 0.11
	4.2 ± 1.1
	16.3 ± 8.1



	Per-emb 27
	≥ 18.81
	[13.08 – 19.00]
	≥ 30
	4.40 ± 0.31
	> 6.8
	249.8 ± 114.9



	Per-emb 28
	< 0.8
	< 0.8
	< 3.2
	0.89 ± 0.03
	< 3.6
	< 19.0



	Per-emb 29
	≥ 5.63
	[8.82 – 12.80]
	[3 – 10]
	5.63 ± 0.28
	1.2 ± 0.5
	16.0 ± 10.5



	Per-emb 33 A
	[1.08 – 1.60]
	< 0.9
	< 1.5
	6.19 ± 0.35
	< 0.2
	0.9 ± 0.5



	Per-emb 33 B/C
	< 1.2
	< 0.9
	< 1.5
	3.34 ± 0.05
	< 0.4
	<1.2



	Per-emb 36
	≥ 5.27
	[1.05 – 1.53]
	[1 – 4]
	4.43 ± 0.02
	0.6 ± 0.2
	< 0.8



	Per-emb 37
	[0.70 – 1.04]
	< 0.5
	< 1.8
	0.43 ± 0.02
	< 4.2
	< 3.0



	IRAS 4B2
	< 0.8
	< 0.5
	< 1.8
	5.45 ± 0.15
	< 0.3
	< 0.06



	B1-bN
	< 0.7
	< 0.7
	< 2.8
	5.32 ± 0.13
	< 0.5
	< 0.7



	B1-bS
	< 0.7
	<1.0
	< 2.8
	10.29 ± 0.11
	< 0.3
	1.5 ± 0.9



	L1448 IRS 2E
	< 2.2
	< 0.7
	<1.5
	–
	–
	–



	L1448 NW
	≥ 3.34
	[0.95 – 1.38]
	[1 – 5]
	2.19 ± 0.07
	1.4 ± 0.5
	1.0 ± 0.5



	L1448 IRS 3A
	≥ 3.55
	[1.76 – 2.56]
	[2 – 6]
	2.08 ± 0.10
	1.9 ± 1.0
	4.0 ± 2.6



	SVS 13 B
	[0.50 – 0.74]
	< 0.5
	<1.8
	5.05 ± 0.19
	< 0.4
	< 0.5



	




	Class I (Tbol ≥ 70 K)



	




	Per-emb 35 A
	≥ 6.41
	[2.42 – 3.51]
	[5 – 20]
	0.77 ± 0.02
	16.3 ± 6.5
	69.0 ± 37.8



	Per-emb 35 B
	≥ 5.19
	[0.97 – 1.41]
	[1 – 5]
	0.60 ± 0.03
	5.0 ± 1.7
	10.5 ± 5.8



	Per-emb 40
	[3.90 – 5.79]
	<1.3
	< 4.7
	1.05 ± 0.01
	< 4.5
	< 4.6



	Per-emb 41
	< 1.2
	<1.7
	< 4.7
	0.88 ± 0.04
	< 5.3
	–



	Per-emb 42
	[3.34 – 4.95]
	< 0.9
	[3 – 10]
	0.44 ± 0.01
	14.7 ± 6.8
	20.4 ± 12.2



	Per-emb 44
	≥ 21.05
	[19.28 – 28.00]
	≥ 30
	4.92 ± 0.28
	> 6.1
	164.6 ± 63.7



	Per-emb 50
	≥ 12.76
	[2.29 – 3.32]
	[5 – 30]
	3.26 ± 0.01
	5.4 ± 1.5
	< 0.7



	Per-emb 53
	[4.13 – 6.12]
	< 1.1
	< 3.8
	0.92 ± 0.01
	< 4.1
	5.5 ± 3.5



	Per-emb 54
	[0.90 – 1.34]
	<1.0
	< 2.3
	0.05 ± 0.01
	< 46.0
	< 41.5



	Per-emb 55
	< 1.0
	< 1.1
	< 4.0
	0.22 ± 0.06
	< 18.2
	< 17.6



	Per-emb 60
	< 0.4
	< 0.6
	<1.4
	0.06 ± 0.01
	< 23.3
	–



	L1455 IRS 2
	< 0.4
	< 0.7
	<1.5
	0.08 ± 0.01
	< 18.8
	< 54.0



	EDJ2009-172
	< 0.4
	< 0.6
	< 3.7
	0.51 ± 0.01
	< 7.3
	–



	EDJ2009-235
	< 0.4
	< 0.5
	<1.4
	0.21 ± 0.01
	< 6.7
	< 19.4



	




	Unknown Tbol



	




	SVS 13 A2
	[0.98 – 1.45]
	< 0.5
	< 2.3
	0.52 ± 0.03
	< 4.4
	13.4 ± 8.9



	EDJ2009-237
	< 0.4
	< 0.5
	< 1.8
	0.09 ± 0.01
	< 20.0
	-





      

      
Notes. (a)SO 66−55. (b)Calculated from a LTE analysis. (c)Estimated from RADEX (non-LTE) for nH between 107 and 109 cm−3. (d)Assuming Tdust = 30 K. (e)Optically thick continuum emission.




    

  
    
      Table B.4 

      Number of COMs detected, from Yang et al. (2021), and detection of sulfur-bearing species toward each source.

      
        


	Source
	COMs
	CS
	SO
	34SO
	SO2
	Class





	Per-emb 13
	16
	✓
	✓
	✓
	✓
	0



	Per-emb 12 B
	15
	✓
	✓
	✓
	✓
	0



	Per-emb 29
	14
	✓
	✓
	✓
	✓
	0



	Per-emb 44
	14
	✓
	✓
	✓
	✓
	I



	Per-emb 27
	14
	✓
	✓
	✓
	✓
	0



	B1-bS
	9
	–
	–
	–
	–
	0



	Per-emb 26
	9
	✓
	✓
	✓
	✓
	0



	Per-emb 17
	9
	✓
	✓
	✓
	✓
	0



	Per-emb 11 A
	7
	✓
	✓
	✓
	✓
	0



	Per-emb 35 A
	5
	✓
	✓
	✓
	✓
	I



	Per-emb 33 A
	3
	✓
	✓
	–
	–
	0



	Per-emb 18
	3
	✓
	✓
	✓
	✓
	0



	L1448 IRS 3A
	3
	✓
	✓
	✓
	✓
	0



	SVS 13B
	3
	✓
	✓
	–
	–
	0



	Per-emb 22 B
	2
	✓
	✓
	–
	✓
	0



	Per-emb 22 A
	2
	✓
	✓
	–
	✓
	0



	Per-emb 20
	2
	✓
	✓
	–
	✓
	0



	Per-emb 35 B
	2
	✓
	✓
	✓
	✓
	I



	Per-emb 12 A
	2
	✓
	✓
	–
	–
	0



	Per-emb 5
	2
	✓
	–
	–
	–
	0



	Per-emb 1
	2
	✓
	✓
	–
	✓
	0



	Per-emb 42
	1
	✓
	✓
	–
	✓
	I



	Per-emb 21
	1
	✓
	✓
	–
	–
	0



	Per-emb 2
	1
	✓
	✓
	–
	–
	0



	Per-emb 10
	1
	✓
	✓
	–
	–
	0



	Per-emb 11 C
	1
	✓
	✓
	–
	–
	0



	Per-emb 53
	1
	✓
	✓
	✓
	✓
	I



	SVS 13 A2 a
	1
	✓
	✓
	–
	–
	0/I?



	L1448 NW
	0
	✓
	✓
	✓
	✓
	0



	Per-emb 33 B/C
	0
	✓
	✓
	–
	–
	0



	Per-emb 25
	0
	✓
	✓
	–
	✓
	0



	L1455 IRS2
	0
	✓
	–
	–
	–
	I



	Per-emb 36
	0
	✓
	✓
	✓
	✓
	0



	Per-emb 54
	0
	✓
	✓
	–
	–
	I



	Per-emb 15
	0
	✓
	–
	–
	–
	0



	Per-emb 50
	0
	–
	✓
	✓
	✓
	I



	IRAS 4B2
	0
	✓
	✓
	–
	–
	0



	Per-emb 14
	0
	✓
	✓
	–
	–
	0



	Per-emb 37
	0
	✓
	✓
	–
	–
	0



	Per-emb 40
	0
	✓
	✓
	–
	–
	I



	B1-bN
	0
	✓
	–
	–
	–
	0



	Per-emb 16
	0
	✓
	–
	–
	–
	0



	Per-emb 28
	0
	✓
	–
	–
	–
	0



	Per-emb 11 B
	0
	✓
	✓
	–
	–
	0



	Per-emb 55
	0
	✓
	–
	–
	–
	I



	Per-emb 8
	0
	✓
	✓
	–
	–
	0



	Per-emb 60
	0
	–
	–
	–
	–
	I



	EDJ2009-172
	0
	–
	–
	–
	–
	I



	EDJ2009-235
	0
	–
	–
	–
	–
	I



	Per-emb 41 b
	?
	?
	?
	?
	?
	I





      

      
Notes. (a)Source with unknown Tbol but, given the clustered nature, we could speculate that it is a protostar. (b)Source at the edge of the field of view.




    

  
    
      Fig. C.1 

      
        [image: thumbnail]
      

      
        Same as Fig. 1 but for large-scale emission of CS toward L1448 IRS 2E and B1-b N.

      

    

  
    
      Fig. C.2 

      
        [image: thumbnail]
      

      
        Same as Fig. C.1 for Per-emb 12, Per-emb 13 and IRAS 4B2, Per-emb 26 and Per-emb 42, Per-emb 27, and Per-emb 33 and L1448 IRS3A.

      

    

  
    
      Fig. D.1 

      
        [image: thumbnail]
      

      
        Integrated spectra of SO 76−65 (red), SO 66−55 (blue), and 34SO 56−45 (green). The integration area for each source is listed in Table B.1 and the 34SO 56−45 spectra have been multiplied by three, for a better comparison. Black arrows in the panels that correspond to Per-emb 12 B, Per-emb 13, Per-emb 27, Per-emb 29, and Per-emb 44 indicate an offset emission, likely related with a transition from an unidentified COM.

      

    

  
    
      Fig. E.1 

      
        [image: thumbnail]
      

      
        RADEX models for Per-emb 29. Fluxes of the SO2 140,14−131,13 transition for two different kinetic temperatures: 50 K (left) and 150 K (right). The white contour represents the flux observed for this source and the dashed cyan contour shows an H2 number density of 107 cm−3 (lower limit for nH used in the calculations). In this example, the [image: equation] present a minimum value of 3 × 1014 cm−2 (for Tex = 150) and a maximum value of 1 × 1015 cm−2 (for Tex = 50), in a range between 107 and 109 cm−3.

      

    

  
    
      Fig. E.2 

      
        [image: thumbnail]
      

      
        RADEX models. Optical depth of the SO2 140,14−131,13 transition for three different excitation temperatures: 50, 100, and 150 K. The cyan contour represents τ = 1, the two dashed white vertical lines indicate the range of values obtained for [image: equation] for most of the sources, and the dashed white horizontal line shows an H2 number density of 107 cm−3 (lower limit for nH used in the calculations).

      

    

  
    
      Table F.1 

      Calculations for [SO2/H2] from literature values.

      
        


	Source
	Distance (pc)
	N(H2) a (×1024 cm−2)
	Tgas (K)
	N(SO2) (×1014 cm−2)
	[SO2/H2] (×10−10)
	Ref.





	IRAS 16293
	120
	> 12.0
	125
	15.0
	< 1.25
	1, 2



	




	Ophiuchus Class I



	




	GSS 30
	139
	0.20 ± 0.02
	50 – 150
	[67 – 431]
	[335 – 2160]
	3



	Elias 29
	139
	0.24 ± 0.02
	50 – 150
	[150 – 990]
	[625 – 4130]
	3



	IRS 43
	139
	0.26 ± 0.05
	50 – 150
	[49 – 312]
	[187 – 1200]
	3



	IRS 44
	139
	0.23 ± 0.03
	50 – 150
	[239 – 1540]
	[1040 – 6700]
	3



	IRS 67
	139
	0.92 ± 0.10
	50 – 150
	[26 – 166]
	[28 – 180]
	3



	




	Taurus Class I/II



	




	DG Tau (outer disk)
	121
	8.1
	40 – 300
	[0.15 – 2.3]
	[0.02 – 0.28]
	4, 5



	HL Tau (inner disk)
	147
	20.7
	> 350
	> 1.6
	> 0.08
	4, 5



	HL Tau (outer disk)
	147
	20.7
	58
	[0.3 – 10]
	[0.02 – 0.48]
	4, 5



	IRAS 04302
	161
	3.8
	> 75
	> 0.1
	> 0.04
	4, 5



	T Tau S
	144
	2.8
	40 – 300
	[0.2 – 37]
	[0.08 – 13.4]
	4, 5



	




	IRS 48
	134
	1.1
	50 – 150
	[12.7 – 32.3]
	[12 – 29]
	6, 7





      

      
Notes. (a) Assuming Tdust = 30 K. References: [1] Jørgensen et al. (2016), [2] Drozdovskaya et al. (2018), [3] Artur de la Villarmois et al. (2019), [4] Garufi et al. (2021), [5] Garufi et al. (2022), [6] Booth et al. (2021), [7] van der Marel et al. (2021).
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