
    
      Fig. 3 

      
        [image: thumbnail]
      

      
        Individual lines observed with IRAM-30m in comet C/2021 A1 during 8–13 December 2021 (weighted averages). The vertical axis is main beam brightness temperature in K and the horizontal axis is Doppler velocity in the rest frame of the comet with respect to the line. The position and relative intensity of the hyperfine components of the HCN(3–2) line have been drawn below the line.

      

    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        Coarse (3×3 points) map of the HCN(3–2) line integrated intensity on 4.67 February 2023 in comet C/2022 E3. Solar phase angle was 45.5°. The direction of the Sun (PA=287°) is indicated at the upper right.

      

    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        Selected averages of the OH lines observed at the NRT in comet C/2021 A1 (Leonard) in November-December 2021 (averages of the 1667 and 1665 MHz lines scaled to 1667 MHz).

      

    

  
    
      Fig. 10 

      
        [image: thumbnail]
      

      
        Average FTS spectrum of the HCN(3–2) line observed from 3.7 to 6.7 February in comet C/2022 E3 with simulated profiles. The model in blue assumes a production rate of 3.0 × 1025 molecules s−1 at 0.76 km s−1 on the sunward hemisphere and 1.5 × 1025 molecules s−1 at 0.52 km s−1 on the other hemisphere, as depicted in the upper right. The model in purple uses variable velocities in both hemispheres (see text), with production rates of 3.0 × 1025 molecules s−1 and 1.0 × 1025 molecules s−1, respectively. The mean phase angle is ~45°. The vertical axis is main beam brightness temperature in K, and the horizontal axis is Doppler velocity in the rest frame of the comet.

      

    

  
    
      Fig. 11 
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        Average spectrum of the CH3OH line at 266.838 GHz observed from 3.7 to 6.7 February 2023 in comet C/2022 E3 at the same time as HCN(3–2). The model in blue assumes a production rate of 5.6 × 1026 molecules s−1 at 0.76 km s−1 on the sunward hemisphere and 2.8 × 1026 molecules s−1 at 0.52 km s−1 on the other hemisphere, as depicted in the upper right, while the red profile comes from symmetric outgassing at 0.68 km s−1 and same total production rate (8.4 × 1026 molecules s−1). The model in purple uses the same variable velocities in both hemispheres as in Fig. 10, with production rates of 6.4 × 1025 molecules s−1and 2.0 × 1025 molecules s−1, in sunward and other hemispheres, respectively. The mean phase angle is ~45°. The vertical axis is main beam brightness temperature in K, and the horizontal axis is Doppler velocity in the rest frame of the comet.

      

    

  
    
      Fig. 12 
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        Water production rates (in molecules s−1) of comet C/2022 E3 (ZTF) between 19.3 and 20.3 January 2023 derived from observations with Odin (central pointings). A best fit sinusoidal variation is plotted in blue.

      

    

  
    
      Fig. 13 
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        Methanol production rates (in molecules s−1) of comet C/2022 E3 (ZTF) between 3.7 and 7.1 February 2023 derived from observations with IRAM 30m. An average 5% calibration uncertainty has been added to the formal uncertainty due to system temperature noise. A best fit sinusoidal variation is plotted in blue.

      

    

  
    
      Fig. 14 
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        Production rates of comet C/2021 A1 (Leonard) in November and December 2021. Water production rates are 1.1 × QOH from Sec. 2.4. Afρ were measured from images of the comet by N. Biver, not corrected for the phase angle.

      

    

  
    
      Fig. 15 

      
        [image: thumbnail]
      

      
        Production rates of comet C/2022 E3 (ZTF) in January and February 2023. Water production rates are from Odin observations (Sec. 2.2, Fig. 12). We note that Afρ(0°) were measured from images of the comet by N. Biver and have been corrected for the phase angle.

      

    

  
    
      Fig. 16 
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        Spatial distribution of formaldehyde in comet C/2022 E3 (ZTF). This plot shows for the average of all observations of the twin 211 GHz and 226 GHz lines observed together in comet C/2022 E3 (ZTF) from 3 to 7 February 2023: (i) in black squares (with error-bars) the observed line integrated intensity, (ii) in solid and dotted lines the expected intensity for parent scale length of 0 or 1000–8000 km. For better visibility a normalisation has been applied: at each offset the line intensity is multiplied by the column density at the first offset divided by the one expected at the considered offset point, for a parent distribution. Production rate of the models are adjusted to get the same integrated intensity at the first point. Deviation from a flat line for Lp = 0 (black continuous line) is due to excitation effects. Vertical axis is normalised integrated intensity in mK km/s and horizontal axis is pointing offset converted into km at the distance of the comet.

      

    

  
    
      Table 4 

      Isotopic ratios.

      
        


	Ratio
	Molecule
	C/2021 A1
	C/2022 E3 (a)
	Other comets (b)
	Earth(c)





	12C/13C
	HCN
	>47
	135 ± 75
	88–114
	89.4



	14N/15N
	HCN
	131 ± 81
	223 ± 138
	139–205
	272



	32S/34S
	CS
	17.8 ± 5.6
	11.2 ± 3.7
	16–23
	22.7



	
	H2S
	>3.4
	16.5 ± 7.3
	16–23
	22.7



	D/H
	H2O
	
	<6.4 × 10−4
	[1.4–6.4] × 10−4
	1.6 × 10−4 (d)



	
	HCN
	
	<1.8%
	0.23%
	



	
	H2CO
	
	<3.1%
	<0.7%
	



	
	CH2DOH
	
	<1.7%
	<0.35%
	



	
	CH3OD
	
	<2.5%
	<1.0%
	





      

      
Notes. (a)The lines observed in C/2022 E3 are only present at the 1.5–3σ level.(b)Bockelée-Morvan et al. (2015); Biver et al. (2016); Cordiner et al. (2019). (c)Šimečková et al. (2006). (d)VSMOW value.




    

  
    
      Table 5 

      Revised abundances of HNCO and HCOOH in comets.

      
        


	Comet
	Dates (yyyy/mm/dd-dd)
	rh range (au)
	[image: equation]
	[image: equation]





	C/1996 B2 (Hyakutake)
	1996/03–04
	1.10–0.65
	0.11 ± 0.02%
	<1.4%



	C/1995 O1 (Hale-Bopp)
	1997/02–05
	0.92–1.28
	0.22 ± 0.01%
	0.44 ± 0.03%



	153P/Ikeya-Zhang
	2002/05/08–12
	1.25
	0.049 ± 0.008%
	<0.12%



	C/2004 Q2 (Machholz)
	2005/01/13–17
	1.21
	0.025 ± 0.003%
	0.09 ± 0.02%



	73P-C/Schwassmann-W.3
	2006/05/10–18
	1.00
	0.066 ± 0.014%
	<0.18%



	73P-B/Schwassmann-W.3
	2006/05/10–18
	1.00
	0.075 ± 0.011%
	<0.15%



	8P/Tuttle
	2007/12/29–31
	1.11
	<0.06%
	0.42 ± 0.11%



	C/2007 N3 (Lulin)
	2009/02/26–27
	1.41
	0.025 ± 0.009%
	<0.13%



	103P/Hartley 2
	2010/10/25–29
	1.06
	0.034 ± 0.012%
	<0.17%



	C/2009 P1 (Garradd)
	2012/02/15–19
	1.73
	0.031 ± 0.010%
	<0.14%



	C/2013 R1 (Lovejoy)
	2013/11/08–46
	0.83–1.13
	0.050 ± 0.007%
	0.17 ± 0.03%



	C/2012S1 (ISON)
	2013/11/14–15
	0.61–0.64
	0.21 ± 0.06%
	0.58 ± 0.09%



	C/2012 F6 (Lemmon)
	2013/03/14–39
	0.75–0.78
	0.10 ± 0.02%
	0.25 ± 0.06%



	C/2011 L4 (PanSTARRS)
	2013/03/14–39
	0.33–0.83
	0.62 ± 0.12%
	≤ 0.93%



	C/2014 Q2 (Lovejoy)
	2015/01/13–26
	1.30
	0.016 ± 0.001%
	0.055 ± 0.004%



	C/2013 US10 (Catalina)
	2015/12/30–34
	1.18
	0.051 ± 0.019%
	<0.22%



	46P/Wirtanen
	2018/12/11–18
	1.06
	<0.011%
	<0.043%



	67P/Churyumov-G.
	2021/11/12–16
	1.22
	0.085 ± 0.024%
	<0.33%



	C/2021 A1 (Leonard)
	2021/12/08–13
	0.76–0.81
	0.073 ± 0.008%
	0.19 ± 0.02%



	C/2022 E3 (ZTF)
	2023/02/03–07
	1.18
	0.042 ± 0.004%
	0.19 ± 0.02%





      

    

  
    
      Table A.1 

      Log of observations of comet C/2021 A1 (Leonard) in 2021.

      
        


	UT date (mm/dd.d-dd.d)
	<rh> (au)
	<Δ > (au)
	Phase(a)
	Tel.
	Integ. time (min) (c)
	pwv (b) (mm)
	Mode(d)
	Freq. range (GHz)





	11/12.18–12.20
	1.218
	1.192
	48.5°
	IRAM
	28
	4.8
	WSW
	248.7-256.5, 264.4-272.2



	11/13.19–13.22
	1.203
	1.157
	49.5°
	IRAM
	33
	6.6
	WSW
	146.9-154.7, 162.6-170.4



	11/14.16–14.20
	1.188
	1.123
	50.6°
	IRAM
	34
	4.4
	PSW
	248.7-256.5, 264.4-272.2



	14.22–14.24
	1.187
	1.121
	50.7°
	IRAM
	16
	5.0
	PSW
	209.7-217.5, 225.4-233.1



	11/15.18–15.22
	1.172
	1.087
	51.8°
	IRAM
	36
	3.1
	PSW
	146.9-154.7, 162.6-170.4



	11/16.15–16.20
	1.157
	1.053
	52.9°
	IRAM
	44
	1.3
	PSW
	248.7-256.5, 264.4-272.2



	




	12/08.44–08.47
	0.826
	0.288
	115.5°
	IRAM
	42
	2.0
	WSW
	248.4-256.5, 264.4-272.5



	08.52–08.58
	0.824
	0.286
	116.4°
	IRAM
	64
	2.5
	WSW
	146.6-154.8, 162.6-170.7



	12/09.41–09.58
	0.813
	0.266
	124.0°
	IRAM
	150
	4-6
	WSW
	248.4-256.5, 264.4-272.5



	12/10.29–10.44
	0.800
	0.250
	131.8°
	IRAM
	136
	4-7
	WSW
	248.4-256.5, 264.4-272.5



	10.46–10.54
	0.798
	0.248
	133.0°
	IRAM
	124
	8-19
	WSW
	146.6-154.8, 162.6-170.7



	10.54–10.59
	0.798
	0.248
	133.5°
	IRAM
	124
	4-8
	WSW
	146.6-154.8, 162.6-170.7



	12/11.51–11.53
	0.785
	0.237
	142.7°
	IRAM
	28
	6.0
	WSW
	82.9-90.9,224.8-232.8



	11.57–11.59
	0.785
	0.237
	143.5°
	IRAM
	28
	5.7
	WSW
	248.4-256.5, 264.4-272.5



	11.59–11.66
	0.784
	0.237
	143.7°
	IRAM
	65
	3-5
	WSW
	248.4-256.5, 264.4-272.5



	12/12.38–12.41
	0.774
	0.233
	150.7°
	IRAM
	9
	2.8
	WSW
	248.4-256.5, 264.4-272.5



	12.42–12.54
	0.773
	0.233
	151.4°
	IRAM
	113
	1.8
	WSW
	240.0-248.1, 256.0-264.1



	12.56–12.65
	0.772
	0.233
	152.5°
	IRAM
	109
	2.0
	WSW
	209.4-217.5, 225.4-233.4



	12/13.38–13.41
	0.762
	0.236
	158.0°
	IRAM
	19
	0.7
	WSW
	248.4-256.5, 264.4-272.5



	13.43–13.50
	0.761
	0.236
	158.4°
	IRAM
	79
	0.4
	WSW
	217.5-225.5, 234.5-241.5



	13.52–13.57
	0.760
	0.237
	158.7°
	IRAM
	56
	1.0
	WSW
	240.0-248.1, 256.0-264.1



	13.60–13.66
	0.759
	0.237
	159.1°
	IRAM
	62
	2.1
	WSW
	146.6-154.8, 162.6-170.7





      

      
Notes. (a)Phase angle. (b)Mean precipitable water vapour in the atmosphere above the telescope.


(c)Total (offset positions included) integration time (ON+OFF) on the source. (d)Observing mode: WSW = Wobbler Switching (reference at ±3″); PSW = Position Switching (reference at 5″).




    

  
    
      Table A.2 

      Log of observations of comet C/2022 E3 (ZTF) in 2023.

      
        


	UT date (mm/dd.d-dd.d)
	<rh > (au)
	<Δ > (au)
	Phase(a)
	Tel.
	Integ. time (min)(c)
	pwv(b) (mm)
	Mode(d)
	Freq. range (GHz)





	01/19.33–19.42
	1.117
	0.523
	61.7°
	Odin
	81
	0
	DSW
	556.43–557.44



	01/19.45–19.75
	1.118
	0.516
	61.7°
	Odin
	233
	0
	DSW
	556.43-557.44, map 3x3, step 1′



	01/19.78–19.88
	1.118
	0.511
	61.6°
	Odin
	85
	0
	DSW
	556.43-557.44



	01/19.98–20.14
	1.119
	0.504
	61.6°
	Odin
	108
	0
	DSW
	556.43-557.44, map 3x3, step 2′



	01/20.19–20.28
	1.119
	0.501
	61.5°
	Odin
	72
	0
	DSW
	556.43-557.44



	




	02/03.67–03.78
	1.168
	0.291
	45.4°
	IRAM
	93
	0.8
	PSW
	248.3-256.4, 264.3-272.4



	02/04.65–04.69
	1.173
	0.300
	45.5°
	IRAM
	39
	0.5
	PSW
	248.3-256.4, 264.3-272.4



	04.71–04.78
	1.173
	0.301
	45.5°
	IRAM
	65
	0.2
	PSW
	240.1-248.2, 256.1-264.2



	04.81–04.86
	1.174
	0.302
	45.5°
	IRAM
	56
	0.3
	PSW
	240.1-248.2, 256.1-264.2



	04.88–04.95
	1.174
	0.303
	45.5°
	IRAM
	76
	0.2
	PSW
	146.8-154.9, 162.8-170.9



	04.97–05.02
	1.174
	0.304
	45.6°
	IRAM
	59
	0.2
	PSW
	209.4-217.5, 225.4-233.5



	05.03–05.04
	1.175
	0.304
	45.6°
	IRAM
	16
	1.1
	PSW
	161.0-169.1, 177.0-185.4



	02/05.65–05.69
	1.178
	0.312
	45.8°
	IRAM
	40
	1.8
	PSW
	248.3-256.4, 264.3-272.4



	05.71–05.81
	1.178
	0.314
	45.8°
	IRAM
	94
	0.9
	PSW
	217.5-225.5, 233.5-241.5



	05.84–05.89
	1.179
	0.315
	45.9°
	IRAM
	58
	0.5
	PSW
	146.8-154.9, 162.8-170.9



	05.91–06.00
	1.179
	0.317
	45.9°
	IRAM
	95
	0.4
	PSW
	209.4-217.5, 225.4-233.5



	06.03–06.04
	1.180
	0.318
	46.0°
	IRAM
	17
	0.8
	PSW
	248.3-256.4, 264.3-272.4



	02/06.66–06.69
	1.183
	0.328
	46.0°
	IRAM
	31
	1.7
	WSW
	248.3-256.4, 264.3-272.4



	06.69–06.70
	1.183
	0.328
	46.0°
	IRAM
	8
	1.6
	PSW
	248.3-256.4, 264.3-272.4



	06.71–06.73
	1.183
	0.329
	46.0°
	IRAM
	23
	2.0
	WSW
	248.3-256.4, 264.3-272.4



	06.75–06.80
	1.184
	0.329
	46.0°
	IRAM
	48
	3.5
	WSW
	240.1-248.2, 256.1-264.2



	06.88–06.90
	1.184
	0.331
	46.0°
	IRAM
	23
	1.7
	WSW
	209.4-217.5, 225.4-233.5



	06.92–07.00
	1.185
	0.333
	46.0°
	IRAM
	91
	2.5
	WSW
	209.4-217.5, 225.4-233.5



	07.02–07.04
	1.185
	0.334
	46.0°
	IRAM
	25
	1.9
	WSW
	146.8-154.9, 162.8-170.9





      

      
Notes. (a)Phase angle. (b)Mean precipitable water vapour in the atmosphere above the telescope. (c)Total (offset positions included) integration time (ON+OFF) on the source. (d)Observing mode: WSW = Wobbler Switching (reference at ±2′); PSW = Position Switching (reference at 4′), DSW = Dicke Switching (reference at ~42°).




    

  
    
      Fig. A.3 

      
        [image: thumbnail]
      

      
        Spectra of molecules obtained by averaging several lines observed with IRAM-30m in comet C/2021 A1 between 8 and 13 December 2021. The vertical axis is main beam brightness temperature in K. The horizontal axis is the Doppler velocity in the rest frame of the comet. The number of lines averaged is provided for each molecule, either in the 2 mm band (147–153 and 163–171 GHz) or 1 mm band (209–272 GHz).

      

    

  
    
      Fig. A.6 

      
        [image: thumbnail]
      

      
        Spectra of molecules obtained by averaging several lines observed with IRAM-30m in comet C/2022 E3 between 3 and 6 February 2023. The vertical axis is main beam brightness temperature in K. The horizontal axis is the Doppler velocity in the rest frame of the comet. The number of lines averaged is provided for each molecule, either in the 2 mm band (147–155, 163–171, and 176–184 GHz) or 1 mm band (209–272 GHz).

      

    

  
    
      Table B.2 

      Daily production rates in C/2022 E3 in February 2023.

      
        


	UT date (mm/dd.dd)
	Molecule
	rh (au)
	Production rate (×1025 molecules s−1)
	Lines (a)





	02/03.73
	HCN
	1.168
	4.1 ± 0.1
	1+



	02/04.67
	HCN
	1.173
	6.3 ± 0.1
	1+



	02/05.03
	HCN
	1.175
	4.9 ± 0.3
	1+



	02/05.67
	HCN
	1.178
	5.3 ± 0.1
	1+



	02/06.03
	HCN
	1.180
	4.5 ± 0.1
	1+



	02/06.67
	HCN
	1.183
	4.7 ± 0.1
	1+



	02/03.73
	HNCd(b)
	1.168
	0.12 ± 0.05
	1



	02/04.67
	HNCd
	1.173
	0.34 ± 0.11
	1



	02/05.67
	HNCd
	1.178
	0.25 ± 0.15
	1



	02/06.03
	HNCd
	1.180
	0.17 ± 0.12
	1



	02/04.91
	CH3CN
	1.174
	0.87 ± 0.05
	12



	02/05.76
	CH3CN
	1.178
	0.84 ± 0.06
	17



	02/06.90
	CH3CN
	1.184
	0.62 ± 0.17
	8+(4)



	02/04.91
	H2S
	1.174
	9.4 ± 0.4
	1+



	02/05.02
	H2S
	1.175
	11.6 ± 1.1
	2+



	02/05.90
	H2S
	1.179
	7.5 ± 0.6
	2+



	02/07.00
	H2S
	1.185
	8.9 ± 1.7
	2+



	02/04.84
	CSd(c)
	1.174
	3.8 ± 0.1
	2+



	02/05.86
	CSd
	1.179
	3.7 ± 0.3
	1+



	02/06.90
	CSd
	1.184
	3.9 ± 0.3
	2+



	02/04.91
	H2COd(d)
	1.174
	12.0 ± 0.9
	1+



	02/05.00
	H2COd
	1.174
	13.3 ± 0.5
	2+



	02/05.76
	H2COd
	1.178
	13.5 ± 1.1
	2+



	02/05.91
	H2COd
	1.179
	10.2 ± 0.4
	3+



	02/06.97
	H2COd
	1.185
	8.3 ± 0.6
	3+



	02/03.73
	CH3OH
	1.168
	76 ± 2
	27



	02/04.67
	CH3OH
	1.173
	115±4
	27



	02/04.91
	CH3OH
	1.174
	87 ± 1
	43



	02/05.76
	CH3OH
	1.178
	87 ± 3
	32



	02/06.03
	CH3OH
	1.180
	75 ± 6
	15



	02/06.76
	CH3OH
	1.184
	80±2
	41



	02/03.73
	NH2CHO
	1.168
	1.5 ± 0.4
	1



	02/04.85
	NH2CHO
	1.174
	1.0 ± 0.1
	14



	02/05.85
	NH2CHO
	1.179
	0.9 ± 0.1
	12



	02/06.91
	NH2CHO
	1.184
	1.2 ± 0.3
	12



	02/04.81
	HNCO
	1.174
	2.0 ± 0.3
	3



	02/05.81
	HNCO
	1.178
	1.4 ± 0.6
	2



	02/06.82
	HNCO
	1.184
	1.8 ± 0.9
	3





      

      
Notes. Subscript “d” has been added to the molecules for which a daughter Haser density profile is assumed with the parent scale length provided below.


(a)Number of lines used for the determination of Q, in parentheses the number of lines that are not individually detected. A “+” indicates that offset data have been taken into account.


(b)Where we assume that HNC is produced in the coma with a Haser parent scale length 2000 km. (c)Where we assume that CS is produced in the coma with a Haser parent scale length 2000 km. (d)Where we assume that H2CO is produced in the coma with a Haser parent scale length 1700 km.




    

  
    
      Table B.3 

      Production rates in C/2021 A1 in November-December 2021 (weekly average).

      
        


	UT date (mm/dd.d)
	Molecule
	rh (au)
	Production rate (×1025 molecules s−1)
	Lines (a)





	13-16 November average



	




	11/15.8
	HCN
	1.17
	3.0 ± 0.1
	1



	11/15.8
	HNCd(b)
	1.17
	<0.44
	1



	11/14.8
	CH3CN
	1.18
	0.9 ± 0.3
	(8)



	11/14.8
	H2S
	1.18
	<11.5
	(1)



	11/14.8
	CS
	1.18
	2.2 ± 0.5
	1



	11/14.8
	H2COd
	1.18
	7.0 ± 3.7
	(1)



	11/15.3
	CH3OH
	1.17
	39 ± 9
	2+(23)



	




	08-13 December average



	




	12/10.8
	HCN
	0.79
	3.4 ± 0.1
	2



	12/12.8
	H13CN
	0.77
	<0.072
	1



	12/12.8
	HC15N
	0.77
	<0.047
	1



	12/10.8
	HNCd(b)
	0.79
	0.24 ± 0.02
	1



	12/12.5
	CH3CN
	0.77
	0.62 ± 0.03
	19+(6)



	12/12.4
	HC3N
	0.78
	0.14 ± 0.05
	(8)



	12/12.4
	NH2CHO
	0.78
	0.91 ± 0.08
	8+(27)



	12/12.5
	HNCO
	0.78
	2.95 ± 0.30
	6+(6)



	12/11.2
	H2S
	0.79
	5.9 ± 0.7
	1+(1)



	12/12.0
	CS
	0.78
	2.9 ± 0.1
	2



	
	CSd(c)
	0.78
	4.1 ± 0.1
	2



	12/13.1
	C34S
	0.77
	0.15 ± 0.05
	1



	12/12.4
	SO
	0.78
	<0.6
	(5)



	
	SOd(d)
	0.78
	<1.5
	(5)



	12/12.4
	SO2
	0.78
	<1.6
	(20)



	12/12.4
	OCS
	0.78
	4.3 ± 1.1
	(6)



	12/12.4
	H2CS
	0.78
	<0.8
	(5)



	12/12.0
	H2CO
	0.78
	5.0 ± 0.2
	4+(2)



	
	H2COd(e)
	0.78
	10.2 ± 0.5
	4+(2)



	12/12.5
	CO
	0.77
	<78
	(1)



	12/12.4
	HCOOH
	0.78
	7.6 ± 0.9
	(28)



	12/11.6
	CH3OH
	0.78
	35 ± 1
	42+(14)



	12/12.4
	CH3CHO
	0.78
	1.5 ± 0.3
	(53)



	12/12.4
	(CH2OH)2
	0.78
	5.3 ± 1.3
	(39)



	12/12.0
	HCOOCH3
	0.78
	<5.8
	(6)



	12/12.4
	CH2OHCHO
	0.78
	2.0 ± 0.5
	1+(10)



	12/12.4
	C2H5OH
	0.78
	7.3 ± 1.5
	(84)



	12/12.4
	CH2CO
	0.78
	1.3 ± 0.6
	(10)



	12/11.6
	CH3SH
	0.79
	<3.2
	(32)



	12/10.6
	PH3
	0.80
	<6.4
	(1)



	12/11.6
	c-C3H2
	0.80
	<0.9
	(11)



	12/11.6
	l-C3H2
	0.80
	<0.2
	(13)





      

      
Notes. Subscript “d” has been added to the molecules for which a daughter Haser density profile is assumed with the parent scale length provided below.


(a)Number of lines used for the determination of Q, in parentheses the number of lines that are not individually detected.


(b) Where we assume that HNC is produced in the coma with a Haser parent scale length of 1000 km and 500 km in December (Cordiner et al. 2017).


(c) Assuming a parent scale length of 1000 km (about 4× longer than the photo-dissociation scale length of CS2, assumed parent otherwise).


(d) Assuming a parent scale length of 1700 km (SO2).


(e)Where we assume that H2CO is produced in the coma with a Haser parent scale length of 2800 km in November and 1500 km in December.




    

  
    
      Table B.4 

      Production rates in C/2022 E3 (ZTF) in February 2023.

      
        


	UT date (mm/dd.d)
	Molecule
	rh (au)
	Production rate (×1025 molecules s−1)
	Lines (a)





	3-7 February 2023 average



	02/04.6
	HCN
	1.17
	4.6 ± 0.1
	2



	02/05.1
	H13CN
	1.18
	<0.065
	(1)



	02/05.1
	HC15N
	1.18
	<0.044
	(1)



	02/05.9
	DCN
	1.18
	<0.084
	(1)



	02/04.6
	HNCd(b)
	1.17
	0.16 ± 0.03
	1



	02/05.1
	CH3CN
	1.18
	0.84 ± 0.03
	20+(4)



	02/05.2
	HC3N
	1.18
	<0.11
	(8)



	02/05.3
	NH2CHO
	1.18
	0.94 ± 0.05
	14+(25)



	02/05.3
	HNCO
	1.18
	2.08 ± 0.21
	3+(9)



	02/05.5
	H2S
	1.18
	9.0 ± 0.2
	2



	02/05.2
	[image: equation]
	1.18
	<0.7
	(1)



	02/05.2
	CS
	1.18
	2.4 ± 0.1
	2



	
	CSd(c)
	1.18
	3.7 ± 0.1
	2



	02/05.3
	C34Sd
	1.18
	0.03 ± 0.01
	1



	02/05.3
	SO
	1.18
	<0.5
	(5)



	
	SOd(d)
	1.18
	<1.5
	(5)



	02/05.3
	SO2
	1.18
	<1.5
	(16)



	02/05.3
	OCS
	1.18
	3.4 ± 0.8
	(6)



	02/05.1
	H2CS
	1.18
	<0.9
	(7)



	02/05.2
	H2CO
	1.18
	6.1 ± 0.1
	5+(1)



	
	H2COd(e)
	1.18
	10.9 ± 0.2
	5+(1)



	02/04.9
	HDCOd
	1.17
	<0.69
	(5)



	02/05.9
	CO
	1.18
	35 ± 16
	1



	02/05.3
	HCOOH
	1.18
	9.0 ± 0.7
	13+(17)



	02/05.1
	CH3OH
	1.18
	87.8 ± 0.8
	62+(12)



	02/05.3
	CH3CHO
	1.18
	3.4 ± 0.2
	13+(66)



	02/05.3
	(CH2OH)2
	1.18
	5.5 ± 0.7
	6+(108)



	02/05.3
	HCOOCH3
	1.18
	<4.8
	(6)



	02/05.3
	CH2OHCHO
	1.18
	<1.2
	(13)



	02/05.3
	C2H5OH
	1.18
	8.7 ± 1.3
	4+(103)



	02/05.3
	CH2CO
	1.18
	<1.5
	(7)



	02/05.3
	CH3SH
	1.18
	<3.1
	(20)



	02/05.3
	CH3NH2
	1.18
	<4.8
	(21)



	02/05.3
	CH3COCH3
	1.18
	<1.6
	(29)



	02/04.6
	PH3
	1.17
	<4.4
	(1)



	02/05.3
	c-C3H2
	1.18
	<0.6
	(23)



	02/05.3
	l-C3H2
	1.18
	<0.1
	(13)





      

      
Notes. Subscript “d” has been added to the molecules for which a daughter Haser density profile is assumed with the parent scale length provided below.


(a)Number of lines used for the determination of Q, in parentheses the number of lines that are not individually detected.


(b)Where we assume that HNC is produced in the coma with a Haser parent scale length of 2000 km (Cordiner et al. 2017).


(c)Assuming a parent scale length of 2000 km (about 4× longer than the photo-dissociation scale length of CS2, assumed parent otherwise).


(d)Assuming a parent scale length of 3800 km (SO2).


(e)Where we assume that H2CO is produced in the coma with a Haser parent scale length of 1700 km.




    

  
    
      Table B.5 

      Production from a distributed source based on offset pointings on comet C/2021 A1 (Leonard).

      
        


	UT (mm/dd.d)
	Molecule
	Freq. range (GHz)
	lines (a)
	off. (b) (″)
	Line intensity (K km s−1)
	Lp(c) (km)
	Qp(d) (×1025 molecules s−1)
	χ2





	12/12.40
	HCN
	265.886
	1
	1.1
	1.714 ± 0.050
	0
	2.9 ± 0.1
	15.2



	
	
	
	
	4.8
	1.274 ± 0.091
	[image: equation]
	3.9 ± 0.1
	7.5



	
	
	
	
	8.4
	0.977 ± 0.092
	
	
	



	
	
	
	
	11.0
	1.113 ± 0.125
	
	
	



	12/13.40
	HCN
	265.886
	1
	0.4
	2.022 ± 0.045
	0
	3.4 ± 0.1
	4.5



	
	
	
	
	10.0
	0.939 ± 0.072
	240 ± 100
	3.9 ± 0.1
	0.1



	
	
	
	
	14.1
	0.686 ± 0.067
	
	
	



	




	12/10.6
	HNC
	271.981
	1
	1.7
	0.121 ± 0.012
	0 ± 700
	0.19 ± 0.02
	2.7



	12/11.0
	
	
	
	4.7
	0.011 ± 0.049
	1000
	0.30 ± 0.03
	4.1



	12/11.0
	
	
	
	10.3
	0.050 ± 0.027
	
	
	



	




	12/12.5
	CS
	244.936
	1
	1.8
	0.344 ± 0.013
	0
	2.2 ± 0.1
	3.7



	
	
	
	
	3.8
	0.274 ± 0.079
	260
	2.6 ± 0.1
	2.2



	
	
	
	
	8.2
	0.242 ± 0.038
	[image: equation]
	3.0 ± 0.1
	1.9



	
	
	
	
	11.8
	0.105 ± 0.043
	1000
	3.8 ± 0.1
	2.7



	12/13.6
	CS
	244.936
	1
	1.1
	0.357 ± 0.020
	0
	2.5 ± 0.1
	27.6



	
	
	
	
	8.7
	0.170 ± 0.079
	260
	2.9 ± 0.1
	20.0



	
	
	
	
	10.4
	0.271 ± 0.039
	1000
	4.2 ± 0.2
	8.3



	
	
	146.969
	1
	1.7
	0.143 ± 0.011
	[image: equation]
	12.6 ± 0.5
	2.4



	
	
	
	
	10.3
	0.109 ± 0.031
	
	
	



	




	12/12.6
	H2CO
	211,226
	2
	0.9
	0.185 ± 0.012
	0
	2.2 ± 0.1
	4.8



	
	
	
	
	10.2
	0.078 ± 0.022
	[image: equation]
	10.2 ± 0.6
	1.4



	
	
	
	
	14.7
	0.098 ± 0.043
	4000
	18.8 ± 1.2
	2.0



	




	12/11.1
	HNCO
	153.865
	1
	1.9
	0.040 ± 0.006
	0
	3.2 ± 0.3
	13.5



	12/11.8
	
	
	
	10.3
	0.036 ± 0.021
	2000
	7.1 ± 0.6
	4.1



	12/12.8
	
	219–264
	3
	1.4
	0.050 ± 0.005
	10000
	23.0 ± 1.9
	1.8



	12/12.9
	
	242,264
	2
	9.9
	0.030 ± 0.014
	
	
	



	




	12/12.7
	HCOOH
	215–268
	13(e)
	1.5
	0.0166 ± 0.0024
	0
	7.3 ± 0.9
	4.9



	
	
	
	10
	10.1
	0.0168 ± 0.0074
	2000
	19.4 ± 2.5
	2.7



	




	12/12.2
	NH2CHO
	211–267
	11
	1.4
	0.0321 ± 0.0031
	0 ± 400
	10.8 ± 1.1
	



	12/12.7
	
	Ka < 3
	11
	10.2
	0.0081 ± 0.0079
	
	
	





      

      
Notes. (a)Number of lines used or averaged. (b)Mean pointing offset. (c)Parent scale length in km. The value with uncertainty (or lower limit) is the one obtained from the χ2 minimisation. (d)Production rates from nuclear or distributed source with given parent scale length.


(e)The χ2 fitting was computed using all individual lines intensities separately, not their average. (f)This χ2 for HCN(3–2) includes an additional 10% calibration uncertainty. Without, χ2 is about two orders of magnitude but leads to the same Lp.




    

  
    
      Table B.6 

      Production from a distributed source based on offset pointings on comet C/2022 E3 (ZTF).

      
        


	UT (mm/dd.d)
	Molecule
	Freq. range (GHz)
	lines (a)
	off. (b) (″)
	Line intensity (K km s−1)
	Lp (c) (km)
	Qp (d) (×1025 molecules s−1)
	χ2





	02/04.55
	HCN
	265.886
	1
	1.6
	2.292 ± 0.011
	0
	4.6 ± 0.3
	2.2(e)



	02/05.13
	
	
	
	5.4
	1.716 ± 0.029
	600 ± 500
	5.4 ± 0.3
	0.9



	02/04.47
	
	
	
	9.8
	1.106 ± 0.017
	
	
	



	02/04.38
	
	
	
	14.0
	0.953 ± 0.122
	
	
	



	02/05.03
	HCN
	177.261
	1
	0.9
	1.122 ± 0.061
	0 ± 800
	4.9 ± 0.2
	0.01



	
	
	
	
	10.1
	0.731 ± 0.079
	
	
	



	




	02/04.55
	HNC
	271.981
	1
	1.6
	0.038 ± 0.009
	0
	0.74 ± 0.14
	9.2



	02/05.13
	
	
	
	5.4
	0.077 ± 0.026
	2000
	1.59 ± 0.29
	6.3



	02/04.47
	
	
	
	9.8
	0.034 ± 0.017
	>2800
	>1.92 ± 0.34
	6.0



	02/04.38
	
	
	
	14.0
	0.084 ± 0.033
	
	
	



	




	02/05.23
	CS
	146.969
	1
	2.1
	0.096 ± 0.004
	
	
	



	02/05.26
	
	
	
	8.8
	0.087 ± 0.010
	0
	1.95 ± 0.05
	30.1



	02/05.41
	
	
	
	13.0
	0.059 ± 0.009
	550
	2.44 ± 0.06
	11.8



	02/05.08
	CS
	244.936
	1
	1.8
	0.247 ± 0.008
	1400
	3.23 ± 0.08
	3.3



	02/04.78
	
	
	
	5.1
	0.196 ± 0.018
	[image: equation]
	3.65 ± 0.08
	2.6



	02/05.18
	
	
	
	8.4
	0.166 ± 0.034
	2000
	3.74 ± 0.09
	2.7



	




	02/05.00
	H2CO
	211,226
	2
	1.2
	0.282 ± 0.012
	
	
	



	
	
	
	
	10.1
	0.138 ± 0.016
	0
	7.29 ± 0.28
	12.4



	
	
	
	
	14.2
	0.078 ± 0.019
	[image: equation]
	10.89 ± 0.41
	1.7



	
	
	
	
	20.0
	0.080 ± 0.027
	1700
	13.25 ± 0.51
	3.4



	02/05.95
	H2CO
	211,226
	2
	1.3
	0.209 ± 0.008
	
	
	



	
	
	
	
	10.1
	0.107 ± 0.018
	0
	5.59 ± 0.21
	8.5



	
	
	
	
	20.1
	0.053 ± 0.020
	[image: equation]
	10.37 ± 0.39
	0.5



	
	
	
	
	28.3
	0.032 ± 0.019
	
	
	



	02/06.94
	H2CO
	211,226
	2
	1.0
	0.168 ± 0.013
	
	
	



	
	
	
	
	4.9
	0.117 ± 0.026
	0
	4.65 ± 0.33
	5.0



	
	
	
	
	10.0
	0.100 ± 0.018
	[image: equation]
	8.21 ± 0.57
	1.5



	02/05.2
	H2CO
	150.498
	1
	2.1
	0.075 ± 0.004
	
	
	



	
	
	
	
	8.8
	0.045 ± 0.011
	0 ± 2200
	6.97 ± 0.36
	0.5



	
	
	
	
	13.0
	0.037 ± 0.012
	1700
	11.02 ± 0.57
	1.1



	




	02/05.25
	HNCO
	220–264
	3
	2.1
	0.036 ± 0.005
	0
	2.06 ± 0.25
	6.2



	02/04.92
	
	Ka = 0
	
	5.1
	0.048 ± 0.011
	>2000
	>3.97 ± 0.46
	3.4



	02/05.42
	
	
	
	9.1
	0.043 ± 0.018
	6000
	7.95 ± 0.92
	2.7



	02/05.25
	HNCO
	219–265
	6
	2.0
	0.013 ± 0.003
	0
	2.99 ± 0.57
	8.4



	02/04.92
	
	Ka = 1
	
	5.2
	0.021 ± 0.007
	>1000
	>6.44 ± 1.20
	7.3



	02/05.42
	
	
	
	9.3
	0.023 ± 0.009
	6000
	24.9 ± 4.6
	6.5



	




	02/05.34
	HCOOH
	215–268
	15
	1.7
	0.0276 ± 0.0017
	0
	10.39 ± 0.71
	0.9



	02/05.25
	
	Ka = 0 − 2
	15
	5.1
	0.0189 ± 0.0057
	[image: equation]
	17.11 ± 1.03
	0.1



	02/05.31
	
	
	15
	9.9
	0.0102 ± 0.0046
	
	
	



	




	02/05.23
	NH2CHO
	147–169
	7
	2.1
	0.0120 ± 0.0014
	
	
	



	02/05.23
	
	Ka = 0 − 2
	7
	8.9
	0.0040 ± 0.0039
	0 ± 2500
	0.84 ± 0.10
	1.1



	02/05.41
	
	J = 7 − 8
	7
	13.0
	0.0068 ± 0.0036
	1300
	1.18 ± 0.14
	1.7



	02/05.44
	NH2CHO
	211–267
	15
	1.7
	0.0235 ± 0.0016
	
	
	



	02/05.26
	
	Ka = 0 − 2
	15
	5.1
	0.0329 ± 0.0052
	0
	0.93 ± 0.06
	8.6



	02/05.49
	
	J = 10 − 13
	15
	9.9
	0.0106 ± 0.0038
	[image: equation]
	1.50 ± 0.10
	6.6



	02/04.83
	
	
	6
	14.1
	0.0062 ± 0.0078
	
	
	



	02/05.43
	NH2CHO
	212–256
	15
	1.6
	0.0131 ± 0.0018
	0
	1.07 ± 0.13
	13.5



	02/05.26
	
	Ka = 3 − 5
	15
	5.2
	0.0158 ± 0.0066
	1300
	1.98 ± 0.23
	8.5



	02/05.49
	
	J = 10 − 12
	15
	10.0
	0.0155 ± 0.0031
	>3000
	>3.24 ± 0.37
	6.6



	




	02/05.94
	CH3CHO
	211–232
	18
	1.2
	0.0115 ± 0.0013
	
	
	



	02/06.94
	
	Ka = 0 − 3
	18
	4.9
	0.0061 ± 0.0069
	0
	3.3 ± 0.4
	8.0



	02/05.85
	
	J=11,12
	18
	10.1
	0.0043 ± 0.0017
	[image: equation]
	5.9 ± 0.6
	6.5



	02/05.00
	
	
	18
	14.2
	0.0139 ± 0.0042
	
	
	



	02/05.62
	
	
	18
	20.1
	0.0022 ± 0.0034
	
	
	



	02/04.55
	CH3CHO
	251–271
	16
	1.6
	0.0133 ± 0.0017
	
	
	



	02/05.13
	
	Ka = 1 − 3
	16
	5.4
	0.0125 ± 0.0044
	0
	3.5 ± 0.4
	1.8



	02/04.47
	
	J=13,14
	16
	9.8
	0.0067 ± 0.0029
	[image: equation]
	7.7 ± 0.9
	0.2



	02/04.38
	
	
	16
	14.0
	0.0040 ± 0.0049
	
	
	





      

      
Notes. (b)Mean pointing offset. (a)Number of lines used or averaged. (c)Parent scale length in km. The value with uncertainty (or lower limit) is the one obtained from the χ2 minimisation. (d)Production rates from nuclear or distributed source with given parent scale length. (e)This χ2 for HCN(3–2) includes an additional 10% calibration uncertainty. Without, χ2 is about two orders of magnitude larger but minimisation leads to the same Lp.




    

  
    
      Fig. C.1 

      
        [image: thumbnail]
      

      
        Rotational diagram of the CH3OH lines around 166 GHz observed between 8.6 and 13.7 December 2021 in comet C/2021 A1 (Leonard).

      

    

  
    
      Fig. C.2 

      
        [image: thumbnail]
      

      
        Rotational diagram of all the NH2CHO lines observed between 8.6 and 13.7 December 2021 in comet C/2021 A1 (Leonard). Lines with same J number and Ka = 0 to 2 or 3 to 4 are averaged together. Scales as in Fig. C.1). The values in green are those expected from modelling with T = 60 K.

      

    

  
    
      Fig. C.3 

      
        [image: thumbnail]
      

      
        Rotational diagram of the CH3CN lines at 147, 165, 220, 239, and 257 GHz observed between 8.4 and 13.7 December 2021 in comet C/2021 A1 (Leonard). Scales as in Fig. C.1). The values in green are those expected from modelling with T = 60 K.

      

    

  
    
      Fig. C.4 

      
        [image: thumbnail]
      

      
        Rotational diagram of the HNCO lines at 1 mm and 2 mm observed between 8.4 and 13.7 December 2021 in comet C/2021 A1 (Leonard). Scales as in Fig. C.1.

      

    

  
    
      Fig. C.6 

      
        [image: thumbnail]
      

      
        Rotational diagram of the CH3OH lines at 242 GHz observed between 4.7 and 6.8 February 2023 in comet C/2022 E3 (ZTF). Scales as in Fig. C.5.

      

    

  
    
      Fig. C.7 

      
        [image: thumbnail]
      

      
        Rotational diagram of the CH3OH lines around 252 GHz observed between 3.7 and 6.7 February 2023 in comet C/2022 E3 (ZTF). Scales as in Fig. C.5.

      

    

  
    
      Fig. C.10 

      
        [image: thumbnail]
      

      
        Rotational diagram of all the NH2CHO lines observed between 3.6 and 7.1 February 2023 in comet C/2022 E3 (ZTF) at 1 mm and 2 mm. Some lines with the same J and Ka levels (and/or similar energy levels and Einstein A coefficients) have been grouped together (Kc given as 0 in the third quantum number of the line). Scales as in Fig. C.5.

      

    

  
    
      Fig. C.13 

      
        [image: thumbnail]
      

      
        Rotational diagram of all the CH3CHO lines observed between 3.6 and 7.1 February 2023 in comet C/2022 E3 (ZTF). Scales and grouping of lines as in Fig. C.10.
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