
    
      Fig. 1 

      
        [image: thumbnail]
      

      
        Structures of NGC 3242. The left panel shows the [N II] λ6584 map from MUSE datacubes where the LISs and the nebular inner and outer shells are indicated. The middle panel illustrates the ratio 8.0/4.5 of IRAC bands, where three rings and the halo are visible. The final figure is an RGB image (R: [N II] λ6584, G: Hα, B: [O III] λ5007) from HST data, which shows the rim and the blobs.

      

    

  
    
      Fig. 2 

      
        [image: thumbnail]
      

      
        Emission line maps of [N II] λ5755. The left panel illustrates the map after masking the pixels with low S/N, while in the right one is the final map that we used. The color bar represents pixel values (in terms of flux units ×10−20 erg s−1 cm−2 spaxel−1).

      

    

  
    
      Table 1 

      Observing log of the MUSE observations.

      
        


	UT Start
	n
	Exp (s)
	Airm.
	(″)



	




	Target: NGC 3242
	Mode: WFM–NOAO-N





	2016-07-06 23:31:26.133
	1/9
	10.0
	1.50
	2.0



	2016-07-06 23:33:35.638
	2/9
	60.0
	1.50
	1.5



	2016-07-06 23:36:52.233
	3/9
	180.0
	1.53
	1.5



	2016-07-06 23:41:23.196
	4/9 (a)
	60.0
	1.55
	1.0



	2016-07-06 23:44:32.674
	5/9
	180.0
	1.58
	0.9



	2016-07-06 23:49:29.663
	6/9
	180.0
	1.62
	1.1



	2016-07-06 23:54:00.244
	7/9 (a)
	60.0
	1.65
	1.2



	2016-07-06 23:57:09.890
	8/9
	180.0
	1.69
	1.2



	2016-07-07 00:02:05.466
	9/9
	180.0
	1.73
	1.0





      

      
Notes. (a)Sky frames were taken 5 arcmin away from the object to ensure that there was no nebular contamination.




    

  
    
      Table 2 

      Atomic data for CELs and ORLs.

      
        


	CELs



	




	Ion
	Transition probabilities
	Collision strengths





	O0
	Wiese et al. (1996)
	Bhatia & Kastner (1995)



	O+
	Zeippen (1982)
	Kisielius et al. (2009)



	
	Wiese et al. (1996)
	



	O2+
	Storey & Zeippen (2000)
	Storey et al. (2014)



	
	Froese Fischer & Tachiev (2004)
	



	N0
	Kaufman & Sugar (1986)
	Pequignot & Aldrovandi (1976)



	
	Wiese et al. (1996)
	Dopita et al. (1976)



	N+
	Froese Fischer & Tachiev (2004)
	Tayal (2011)



	S+
	Rynkun et al. (2019)
	Tayal & Zatsarinny (2010)



	S2+
	Froese Fischer et al. (2006)
	Tayal & Gupta (1999)



	Cl2+
	Rynkun et al. (2019)
	Butler & Zeippen (1989)



	Ar2+
	Munoz Burgos et al. (2009)
	Munoz Burgos et al. (2009)



	




	ORLs



	




	Effective recombination coefficients



	H+
	Storey & Hummer (1995)



	He+
	Porter et al. (2012, 2013)



	He2+
	Storey & Hummer (1995)





      

    

  
    
      Fig. 3 

      
        [image: thumbnail]
      

      
        Emission line maps of [N II] λ6584 (top left and bottom left), [O III] λ5007 (top right), and [S III] λ9069 (bottom right) for NGC 3242. In the top panels, the four knots are marked. The bottom high-contrast images show the new structures at the nebular shell (blue rectangles), while in the bottom-left, the four knots are marked as well (white rectangles). The color bar represent flux values (in units of ×10−20 erg s−1 cm−2 spaxel−1).

      

    

  
    
      Fig. 4 

      
        [image: thumbnail]
      

      
        Top: Te and ne for the different structures listed in Table A.2. Bottom: some emission line ratios for the same structures. In several cases, the error-bars are smaller than the symbols (see Table A.2).

      

    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        Velocity map from [N II] λ6584 emission line. The color bar displays absolute velocities.

      

    

  
    
      Fig. 6 

      
        [image: thumbnail]
      

      
        Detection of [C I] λ8727 at k1 and k4 LISs. The zoomed in figures show also the contours for the [O I] λ6300 (white) and [N I] λλ5198,5200 (magenta) emission lines. The images are smoothed with σ = 1.5. The color bar represents the values of the pixels (in flux units ×10−20 erg s−1 cm−2 spaxel−1).

      

    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        Extracted spectrum from MUSE datacube in the region of k1. The [C I] λ8727 emission line is marked with red color. The [Fe II] λ8617 emission line is also identified in the spectrum.

      

    

  
    
      Fig. 8 

      
        [image: thumbnail]
      

      
        [Fe III] λ5270 emission line map. The map is scaled down 3 times and smoothed with a σ=1. The color bar represents the values of the pixels (in flux units ×10−20 erg s−1 cm−2 spaxel−1).

      

    

  
    
      Fig. 10 

      
        [image: thumbnail]
      

      
        Electron temperature and electron density 2D maps from CELs. Te is calculated from [N II] and [S III] emission maps (top-left and right panels, respectively). ne is calculated from [S II] and [Cl III] emission maps, assuming Te ([N II]) and Te ([S III]), respectively (bottom panel left and right, respectively).

      

    

  
    
      Table 3 

      Median values, the 75% percentile (Q3), the 95% percentile, the mean and the standard deviation (σ) are presented for c(Hβ), Te in K, and ne in cm−3 of the entire PN.

      
        


	
	Median
	Q3
	95%
	Mean
	σ





	c(Hβ)
	0.14
	0.18
	0.24
	0.14
	0.06



	Te ([N II])
	11 300
	11 400
	15 700
	11 700
	1500



	Te ([S III])
	11 900
	12 900
	16 400
	12 500
	1700



	Te (He I)
	5400
	4000
	7200
	5700
	2200



	
	7800 (†)
	8300 (†)
	9100 (†)
	7800 (†)
	1000 (†)



	Te (PJ)
	8000
	11400
	20700
	9300
	5300



	
	9000 (†)
	10 200 (†)
	15 800 (†)
	8900 (†)
	3700 (†)



	ne ([S II])
	1700
	2600
	4900
	2200
	1500



	ne ([Cl III])
	1400
	2200
	3400
	1600
	1000





      

      
Notes. (†)Te (PJ), Te (He I), and σ, estimated in the elliptical annulus of Fig. 12.




    

  
    
      Fig. 11 

      
        [image: thumbnail]
      

      
        Top to bottom: c(Hβ), Te[S III] and ne[S II] versus the PA of the pseudo-slit from 0° to 360°. The error-bars are estimated from 100 Monte Carlo iterations.

      

    

  
    
      Fig. 12 

      
        [image: thumbnail]
      

      
        Electron temperature maps from the ratio of the Paschen discontinuity to H I P9 line (Te (PJ), left panel), and from the He I λ7281/λ6678 recombination line ratio (right panel). The blue ellipse marks the boundaries of the inner shell.

      

    

  
    
      Fig. 13 

      
        [image: thumbnail]
      

      
        N II λ5679 (top panel) and C II λ6462 (bottom panel) emission line maps. The color bar represents the values of the pixels (in flux units ×10−20 erg s−1 cm−2 spaxel−1).

      

    

  
    
      Table 4 

      Integrated Te, ne, ionic and elemental abundances from this study in comparison with previous ones.

      
        


	
	Our study
	MH16 (†††)
	MG13
	PB08
	KC06
	TS03



	




	Te (K)/ne (cm−3)





	Te ([S III])
	12 700 ± 800
	
	−
	−
	−
	−



	Te ([O III])
	−
	11 700 ± 300
	12 900 ± 720
	10 800
	12 140 ± 31
	11 700



	Te ([N II])
	11 500 ± 600
	−
	11 670 ± 1000
	11 000
	−
	13 400



	ne ([Cl III])
	1600 ± 900
	−
	2380 ± 1300
	3000
	2531 ± 1227
	1200



	ne ([S II])
	2300 ± 700
	−
	3120 ± 1400
	1900
	1016 ± 436
	1970



	ne (C II])
	−
	4500 ± 300
	−
	−
	−
	−



	




	Ionic and elemental abundances



	




	He+/H+ (×10−2)
	7.35 ± 0.42
	6.25 ± 0.45
	8.0
	7.07
	7.12 ± 0.13
	7.89



	He2+/H+(×10−2)
	2.24 ± 0.11
	4.40 ± 0.07
	0.945
	2.12
	3.47 ± 0.01
	2.08



	He/H(×10−2)
	9.60 ± 0.47
	10 ± 5
	9
	9.2
	10.0 ± 1.3
	10



	O°/H+(×10−7)
	1.22 ± 0.30
	−
	0.211
	−
	−
	−



	O+/H+(×10−6)
	(6.7 ± 1.6)(†)
	(2.23 ± 0.90)(††)
	-−
	(5.1) (††)
	(1.4 ± 0.1)(††)
	3.33



	O2+/H+(×10−4)
	2.11 ± 0.41
	2.59 ± 0.21
	2.34
	3.78
	2.36 ± 0.06
	2.8



	O3+/H+(×10−5)
	−
	−
	−
	4.3
	−
	35.1



	O/H(×10−4)
	(2.53 ± 0.48)(†)
	4.44 ± 0.36
	2.55
	3.80
	3.09 ± 0.09
	3.3



	




	ICF(O)
	1.2 ± 0.3
	1.70 ± 0.05
	1.07
	1
	1.30 ± 0.01
	1.17



	




	S+/H+(×10−8)
	1.55 ± 0.25
	−
	0.602
	1.80
	0.93 ± 0.02
	0.337



	S2+/H+(×10−7)
	6.00 ± 0.95
	−
	7.43
	8.3
	6.1 ± 0.2
	6.62



	S3+/H+(×10−6)
	−
	−
	−
	1.94
	−
	−



	S/H(×10−6)
	(1.40 ± 0.25)(†)
	−
	2.24
	2.80
	2.60 ± 0.11
	2.4



	




	ICF(S)
	(2.3 ± 0.2)(†)
	−
	3.00
	1
	4.20 ± 0.11
	3.52



	




	N°/H+(×10−8)
	2.32 ± 0.95
	−
	−
	−
	−
	−



	N+/H+(×10−7)
	(3.00 ± 0.60)(†)
	−
	2.63
	4.1
	1.9 ± 0.1
	3.2



	N2+/H+(×10−5)
	−
	−
	−
	5.7
	−
	2.2



	N3+/H+(×10−6)
	−
	−
	−
	43.9
	−
	6.77



	N4+/H+(×10−5)
	−
	−
	−
	3.6
	−
	2.35



	N/H(×10−5)
	(1.50 ± 0.41)(†)
	−
	2.05
	13.5
	4.19 ± 0.39
	3.4



	




	ICF(N)
	49 ± 14
	−
	80
	1
	220 ± 17.0
	1.53





      

      
Notes. The pseudo-slit employed for our estimations is centered at the center of the PN with dimensions 36.8″ × 42.6″. For the ionic abundances from previous studies, in the case where many emission lines were employed, and the adopted value was not available, the mean value of the individual ionic abundances was accounted in the table. (†)The resulted values after the correction for recombination contribution. (††)Only [O II] λλ3726,3729 (blended) were available for the estimation of O+/H+. (†††)In the case of MH16, the values in the table are those that came from the pseudo-slit that covers the full region. Miller et al. (2016):MH16, Monteiro et al. (2013):MG13, Pottasch & Bernard-Salas (2008):PB08, Krabbe & Copetti (2006):KC06, Tsamis et al. (2003):TS03.




    

  
    
      Fig. 14 

      
        [image: thumbnail]
      

      
        Upper panel: log(Hα/[N II] (6548+6584)) versus log(Hα/[S II] (6716+6731)). Lower panel: log([O III] (4959+5007)/Hβ) versus log([N II] (6548+6584)/Hα). The brown, blue+purple and green regions define the positions of PNe, SNRs, and H II regions, respectively (Leonidaki et al. 2013; Riesgo & López 2006). The cyan dots are data points from the spaxel-by-spaxel analysis, the diamonds correspond to results from the specific slit analysis, and the pink dots indicate the findings from the rotational analysis. In the upper panel, the red dotted ellipse extends the PNe region to include the higher ionization PNe such as NGC 3242.

      

    

  
    
      Table A.1 

      Observed and de-reddened line fluxes relative to Hβ=100.

      
        


	Line (Å)
	F(λ)
	I(λ)





	Hβ
	100
	100



	[O III] 4959
	435.0±8.7
	432.0±8.7



	[O III] 5007
	1314±26.4
	1299.0±26.5



	[N I] 5200
	0.016±0.002
	0.016±0.002



	He II 5412
	2.14±0.11
	2.05±0.1



	[Cl III] 5517
	0.032±0.03
	0.31±0.03



	[Cl III] 5538
	0.30±0.03
	0.28±0.03



	[N II] 5755†
	0.052±0.007
	0.064±0.007



	
	0.032±0.03
	0.049±0.005



	He I 5876
	11.97±0.63
	12.0±0.6



	[O I] 6300
	0.105±0.011
	0.096±0.010



	[S III] 6312
	0.76±0.08
	0.70±0.08



	[O I] 6363
	0.041±0.001
	0.04±0.01



	[N II] 6548
	0.76±0.04
	0.70±0.04



	Hα
	319.0±6.4
	287.0±6.4



	[N II] 6584
	2.33±0.12
	2.10±0.12



	He I 6678
	3.30±0.17
	3.0±0.21



	[S II] 6716
	0.31±0.02
	0.27±0.02



	[S II] 6731
	0.42±0.02
	0.37±0.02



	[Ar III] 7136
	8.77±0.46
	7.7±0.5



	[O II] 7320†
	0.63±0.07
	0.55±0.06



	
	0.54±0.06
	0.46±0.07



	[O II] 7330†
	0.56±0.06
	0.50±0.06



	
	0.45±0.05
	0.38±0.07



	[C I] 8727
	0.008±0.0001
	0.0070±0.0001



	[S III] 9069
	7.6±0.4
	6.3±0.5



	F(Hβ)×10−14
	140.0±1.4
	−



	c(Hβ)
	0.14





      

      
Notes. The fluxes are integrated for a pseudo-slit that covers the whole PN (36.8″ × 42.6″ and centered at the center of the PN). (a)For [N II] λ5755, the flux was estimated from the raw map (b)F(Hβ) is the reddened Hβ flux in unit erg cm−2 s−1. (†) The second row represents the values after correction for recombination contribution.




    

  
    
      Table A.2 

      Physical parameters and emission line ratios, resulting from the specific slit analysis for the new structures (2nd column), the four knots (columns 3 to 6), and the surrounding environment of the new structures (final column).

      
        


	
	new structures
	k1
	k2
	k3
	k4
	surrounding gas



	




	Te(K)/ne (cm−3)





	Te ([S III])
	11 600±660
	11 700±660
	12 100±760
	14 900±1100
	11 700±700
	11 900±790



	Te ([N II])
	12 000±770
	11 300±500
	10 700±600
	11 400±700
	11 400±600
	11 700±840



	ne ([Cl III])
	900±500
	1 200±870
	3 100±1300
	2 300±1100
	1 400±800
	900±300



	ne ([S II])
	1 500±300
	1 800±500
	4 500±1000
	3 400±1000
	2 200±500
	1 500±300



	




	Emission line ratios



	




	log ([S III]/[S II])
	1.06±0.04
	0.37±0.04
	1.01±0.03
	1.25±0.04
	0.58±0.04
	1.16±0.04



	log ([O III]/[O I])
	4.18±0.04
	2.60±0.04
	4.80±0.03
	4.74±0.04
	2.97±0.04
	4.22±0.04



	log ([N II]/Hα)
	−2.04±0.03
	−1.00±0.02
	−1.90±0.02
	−2.30±0.02
	−1.20±0.02
	−2.30±0.03



	log ([S II]/Hα)
	−2.54±0.03
	−1.86±0.02
	−2.54±0.02
	−3.70±0.03
	−2.10±0.02
	−2.80±0.03



	log ([N II]/[O III])
	−2.85±0.02
	−1.88±0.02
	−2.69±0.02
	−3.05±0.02
	−1.85±0.02
	−3.10±0.02





      

      
Notes. Where [S III], [S II], [O III], [O I] and [N II] stand for [S III] λ(6312+9069), [S II] λ(6716+6731), [O III] λ(4959+5007), [O I] λ(6300+6363) and [N II] λ(6548+6583), respectively.




    

  
    
      Fig. B.1 
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        Ionic and elemental abundance maps. From left to right and from top to bottom: He/H, He+/H+, He2+/H+, and N+/H+.

      

    

  
    
      Fig. B.2 
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        Ionic and elemental abundance maps. From left to right and from top to bottom: O+/H+, O2+/H+, S+/H+, and S2+/H+.
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