
    
      Fig. 1. 

      
        [image: thumbnail]
      

      
        Properties of the extra-tidal star compared with likely members of NGC 6723. Panel a: metallicity – radial velocity plane for stars in the APOGEE-2 catalogue in the region of NGC 6723 (green triangles). The black open circles are potential members of NGC 6723; sizes reflect their Vo magnitudes, with decreasing size for fainter magnitudes. The pink line and shaded region indicate the ⟨[Fe/H]⟩ ± σ[Fe/H] of the extra-tidal star. The black dotted lines indicate the nominal [Fe/H] and radial velocity of NGC 6723 from Harris (1996, 2010). The red unfilled diamonds refer to probable members analysed in the literature (Crestani et al. 2019). The blue rectangle indicates the region adopted to choose potential cluster members, based on radial velocity and metallicity (see Sect. 2). Panel b: positions for stars in the APOGEE-2 and Gaia EDR3 (grey dots) catalogues in the region of NGC 6723. The magenta cross symbol indicates the Gaia astrometric uncertainty. The big red and shadow circumference show the cluster tidal radius (rt = 9.14 ± 0.49′) of NGC 6723 determined in this work from HST + Gaia EDR3 data set (see Sect. 8). The orbital paths of the cluster (black line) and the extra-tidal star (magenta line) are shown, along with the proper motion vectors (black arrow) of the cluster from Baumgardt et al. (2019), and the extra-tidal star (magenta arrow); their lengths (scaled up for visibility) and directions are essentially identical. Panel c: proper-motion plane for the selected candidates. Panels d and e: Vo versus (B − V)o and 2MASS Ho versus (J − Ks)o Colour-Magnitude Diagram (CMD) centred on NGC 6723, showing all the stars within the cluster tidal radius, and the probable cluster members (cyan symbols) within a 2σ deviation from the best isochrone fitting (Souza et al. 2020; Oliveira et al. 2020). The largest open circle in all panels indicate the extra-tidal star.

      

    

  
    
      Table 1. 

      Top table: Final abundances for the stars analyzed in this work, adopting stellar atmospheric parameters from photometry (Teff) and log g from 12.5 Gyr PARSEC isochrones, as determined using local thermodynamic equilibrium (LTE) model atmospheres. Middle table: The final abundances as determined by the ASPCAP pipeline. Bottom table: List of the main physical parameters of our stars.

      
        


	APOGEE_ID
	Teff
	log g
	[M/H]
	ξt
	[C/Fe]
	[N/Fe]
	[O/Fe]
	[Mg/Fe]
	[Al/Fe]
	[Si/Fe]
	[K/Fe]
	[Ca/Fe]
	[Ti/Fe]
	[Fe/H]
	[Ni/Fe]
	[Ce/Fe]
	[Nd/Fe]
	[Yb/Fe]



	This work
	(K)
	
	
	(km s−1)
	
	
	
	
	
	
	
	
	
	
	
	
	
	





	2M18590940−3640192
	4397
	1.28
	−1.11
	1.766
	−0.45
	+1.02
	+0.46
	+0.37
	+0.16
	+0.42
	−0.01
	+0.09
	+0.29
	−0.93
	−0.06
	+0.04
	...
	...



	2M18592786−3636509
	4425
	1.41
	−0.96
	1.931
	−0.58
	+1.53
	+0.55
	+0.32
	+0.40
	+0.29
	+0.19
	+0.30
	+0.47
	−0.91
	−0.07
	+0.29
	...
	...



	2M18593255−3641374
	4349
	1.27
	−1.02
	1.817
	−0.17
	+0.56
	+0.60
	+0.30
	+0.24
	+0.35
	+0.21
	+0.36
	+0.19
	−1.02
	+0.01
	+0.15
	+0.22
	...



	2M18593691−3641280
	4498
	1.62
	−0.87
	1.549
	−0.20
	+0.86
	+0.14
	+0.33
	+0.52
	+0.37
	+0.14
	+0.21
	+0.08
	−1.00
	+0.05
	+0.11
	...
	...



	2M18594472−3639043
	4364
	1.30
	−1.05
	1.761
	−0.53
	+1.06
	+0.16
	+0.31
	+0.19
	+0.41
	+0.02
	+0.14
	+0.19
	−0.99
	−0.09
	+0.05
	...
	...



	2M18594565−3637016
	4056
	0.74
	−1.01
	2.046
	−0.21
	+0.45
	+0.47
	+0.31
	+0.24
	+0.35
	+0.21
	+0.32
	+0.19
	−1.02
	+0.03
	+0.13
	+0.07
	+0.59



	2M18594898−3635401
	4054
	0.74
	−0.97
	2.812
	−0.29
	+1.18
	+0.39
	+0.10
	+0.21
	+0.31
	+0.31
	+0.35
	+0.45
	−1.12
	+0.03
	+0.22
	...
	+0.76



	




	2M18594405−3651518
	4130
	0.80
	−1.09
	2.733
	+0.55
	+0.94
	+0.54
	+0.18
	+0.17
	+0.38
	+0.33
	+0.24
	+0.37
	−1.17
	+0.11
	+1.19
	+1.54
	+1.29



	




	APOGEE_ID
	Teff
	log g
	[M/H]
	ξt
	[C/Fe]
	[N/Fe]
	[O/Fe]
	[Mg/Fe]
	[Al/Fe]
	[Si/Fe]
	[K/Fe]
	[Ca/Fe]
	[Ti/Fe]
	[Fe/H]
	[Ni/Fe]
	[Ce/Fe]
	[Nd/Fe]
	[Yb/Fe]



	ASPCAP
	(K)
	
	
	(km s−1)
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	




	2M18590940−3640192
	4377
	1.32
	−1.11
	2.503
	−0.22
	+0.71
	+0.28
	+0.28
	−0.03
	+0.26
	+0.10
	+0.16
	+0.06
	−1.11
	−0.03
	−0.07
	...
	...



	2M18592786−3636509
	4391
	1.65
	−0.96
	2.126
	−0.24
	+0.99
	+0.22
	+0.24
	+0.19
	+0.23
	+0.24
	+0.23
	+0.31
	−0.98
	+0.01
	+0.24
	...
	...



	2M18593255−3641374
	4327
	1.53
	−1.03
	1.849
	−0.06
	+0.09
	+0.28
	+0.24
	+0.02
	+0.31
	+0.25
	+0.22
	...
	−1.02
	+0.04
	+0.00
	...
	...



	2M18593691−3641280
	4847
	2.29
	−0.88
	2.017
	−0.20
	+1.01
	+0.14
	+0.18
	+0.48
	+0.22
	+0.27
	+0.26
	+0.42
	−0.90
	+0.04
	+0.49
	...
	...



	2M18594472−3639043
	4597
	1.58
	−1.05
	2.545
	−0.26
	+0.88
	+0.22
	+0.22
	+0.05
	+0.22
	+0.14
	+0.13
	+0.23
	−1.06
	+0.01
	+0.30
	...
	...



	2M18594565−3637016
	4121
	1.14
	−1.01
	2.025
	−0.13
	+0.17
	+0.28
	+0.33
	+0.05
	+0.28
	+0.24
	+0.24
	...
	−1.00
	+0.02
	...
	...
	...



	2M18594898−3635401
	4204
	1.31
	−0.98
	2.123
	−0.24
	+0.94
	+0.22
	+0.25
	+0.21
	+0.21
	+0.29
	+0.28
	...
	−0.99
	+0.01
	+0.13
	...
	...



	




	2M18594405−3651518
	4058
	−0.19
	−1.09
	1.995
	+0.04
	+0.82
	+0.04
	+0.33
	+0.11
	+0.19
	+0.30
	+0.18
	...
	−1.15
	−0.13
	...
	...
	...



	




	APOGEE_ID
	S/N
	RV
	σRV
	E(B − V)
	Vo
	(B − V)o
	Ho
	(J − Ks)o
	μαcos(δ)
	μδ
	RUWE
	# Visits
	
	
	
	
	
	



	
	
	(km s−1)
	(km s−1)
	
	
	
	
	
	
	(mas yr−1)
	(mas yr−1)
	
	
	
	
	
	
	



	
	
	
	
	CTIO
	CTIO
	2MASS
	2MASS
	
	
	
	
	
	
	
	
	
	
	



	




	2M18590940−3640192
	128
	−96.5
	0.01
	0.063
	13.34
	1.19
	10.51
	0.76
	0.92 ± 0.02
	−2.47 ± 0.01
	1.18
	2
	
	
	
	
	
	



	2M18592786−3636509
	187
	−91.3
	0.00
	0.063
	13.45
	1.25
	10.45
	0.75
	0.84 ± 0.02
	−2.51 ± 0.02
	1.16
	2
	
	
	
	
	
	



	2M18593255−3641374
	123
	−89.5
	0.04
	0.063
	13.69
	1.19
	10.83
	0.78
	0.89 ± 0.02
	−2.28 ± 0.02
	1.18
	2
	
	
	
	
	
	



	2M18593691−3641280
	98
	−91.4
	0.11
	0.063
	14.52
	1.02
	11.86
	0.72
	1.04 ± 0.03
	−2.37 ± 0.02
	1.10
	2
	
	
	
	
	
	



	2M18594472−3639043
	165
	−100.1
	0.01
	0.063
	13.54
	1.13
	10.81
	0.77
	1.25 ± 0.02
	−2.45 ± 0.02
	1.20
	2
	
	
	
	
	
	



	2M18594565−3637016
	258
	−91.9
	0.29
	0.063
	13.22
	1.37
	10.01
	0.89
	0.84 ± 0.02
	−2.53 ± 0.02
	1.13
	2
	
	
	
	
	
	



	2M18594898−3635401
	281
	−93.7
	...
	0.063
	13.08
	1.43
	9.77
	0.91
	0.93 ± 0.02
	−2.55 ± 0.02
	1.21
	2
	
	
	
	
	
	



	




	2M18594405−3651518
	270
	−94.5
	0.06
	0.520
	12.72
	1.38
	9.78
	0.86
	1.06 ± 0.02
	−2.32 ± 0.02
	1.19
	2
	
	
	
	
	
	





      

      
Note.

The synthetic spectra were based on 1D Local Thermodynamic Equilibrium (LTE) model atmospheres calculated using MARCS models (Gustafsson et al. 2008) and the Solar abundances from Asplund et al. (2005), except for Ce II, Nd II, and Yb II, for which we have adopted the Solar abundances from Grevesse et al. (2015).



    

  
    
      Fig. 2. 

      
        [image: thumbnail]
      

      
        High-resolution near-IR H-band spectrum of the extra-tidal star. The spectral regions are shown with orange squares. Superimposed is the best-fit of a MARCS/BACCHUS spectral synthesis (black line). The light blue shaded regions show the strength of the molecules (12C16O, 12C14N, 16OH), and the atomic lines, namely the α-elements (Mg I, Si I, Ca I, Ti I), the odd-Z elements (Al I, K I), the iron-peak elements (Fe I, Ni I), and the s-process elements (Ce II, ND II, Yb II), expressed in air wavelengths. The legends in each panel show the absolute abundance, A(X), of the species under consideration, and the signal-to-noise (S/N) in the regions of the features, respectively.

      

    

  
    
      Table 2. 

      Abundance-ratio uncertainties for the model parameters with ΔTeff = 100 K, Δlog g = 0.3 dex, Δξt = 0.05 km s−1, the uncertainties on the mean due to line-to-line scatter (σ[X/H],mean), and corresponding total error.

      
        


	2M18594405
	σ[X/H], log g
	σ[X/H], Teff
	σ[X/H], ξt
	σ[X/H],mean
	σ[X/H],total



	–3651518
	
	
	
	
	



	
	[dex]
	[dex]
	[dex]
	[dex]
	[dex]





	12C16O → 12C
	0.065
	0.018
	0.004
	0.110
	0.129



	12C14N → 14N
	0.075
	0.094
	0.023
	0.071
	0.142



	16OH → 16O
	0.018
	0.097
	0.014
	0.068
	0.121



	Mg I
	0.005
	0.089
	0.022
	0.052
	0.106



	Al I
	0.011
	0.080
	0.006
	0.117
	0.142



	Si I
	0.045
	0.023
	0.006
	0.094
	0.107



	K I
	0.025
	0.044
	0.009
	0.137
	0.146



	Ca I
	0.023
	0.023
	0.007
	0.085
	0.091



	Ti I
	0.007
	0.070
	0.033
	0.246
	0.258



	Fe I
	0.016
	0.042
	0.005
	0.154
	0.161



	Ni I
	0.027
	0.047
	0.010
	0.155
	0.165



	Ce II
	0.123
	0.067
	0.025
	0.125
	0.189



	Nd II
	0.075
	0.071
	0.023
	0.130
	0.168



	Yb II
	0.092
	0.024
	0.004
	0.020
	0.097



	




	2M18594898
	σ[X/H], log g
	σ[X/H], Teff
	σ[X/H], ξt
	σ[X/H, mean
	σ[X/H],total



	–3635401
	
	
	
	
	



	
	[dex]
	[dex]
	[dex]
	[dex]
	[dex]



	




	12C16O → 12C
	0.035
	0.064
	0.009
	0.052
	0.090



	12C14N → 14N
	0.042
	0.108
	0.004
	0.069
	0.135



	16OH → 16O
	0.049
	0.139
	0.003
	0.035
	0.152



	Mg I
	0.025
	0.073
	0.016
	0.017
	0.081



	Al I
	0.014
	0.111
	0.009
	0.116
	0.161



	Si I
	0.033
	0.007
	0.003
	0.079
	0.086



	K I
	0.038
	0.009
	0.004
	0.014
	0.042



	Ca I
	0.037
	0.033
	0.003
	0.026
	0.056



	Ti I
	0.067
	0.070
	0.043
	0.199
	0.225



	Fe I
	0.036
	0.072
	0.008
	0.116
	0.141



	Ni I
	0.011
	0.021
	0.003
	0.070
	0.074



	Ce II
	0.059
	0.013
	0.004
	0.069
	0.092



	Nd II
	0.049
	0.043
	0.005
	0.043
	0.078



	Yb II
	0.150
	0.027
	0.002
	0.047
	0.159





      

      
Notes. The total error is defined as: [image: equation].



    

  
    
      Fig. 3. 

      
        [image: thumbnail]
      

      
        Comparison of elemental-abundance ratios of likely member stars for NGC 6723 with other GCs of similar metallicity, and the extra-tidal star with RGB and early-AGB (eAGB) cluster stars, and IRAS07134 star. Panel a: elemental-abundance patterns for our sample (black boxes and red dot) compared to the spectroscopic study of NGC 6723 Crestani et al. (2019; light blue boxplots). Panel b: comparison with M107 (Mészáros et al. 2020). Panel c: comparison with NGC 362 (Mészáros et al. 2020). Panel d: elemental-abundance patterns for the extra-tidal star compared to those of RGB GC stars. Panel e: compared with early-AGB GC stars (Mészáros et al. 2020). Panel f: comparison with a field post-AGB star, IRAS 07134 (De Smedt et al. 2016), with comparable atmospheric parameters. Boxes represent the inter-quartile ranges (IQR), whiskers the 1.5×IQR limits, and blue lines the medians.

      

    

  
    
      Fig. 5. 

      
        [image: thumbnail]
      

      
        Predicted abundance ratios, as a function of the initial stellar mass, for low-and-intermediate-mass stars. [Xi/Fe] values were obtained from stellar yields by Karakas et al. (2014, 2018). For comparison, the red line and shaded red bands represent the observed abundance ratios and sensitivities for our extra-tidal star.

      

    

  
    
      Fig. 6. 

      
        [image: thumbnail]
      

      
        Thousand-orbit realisations of NGC 6723 and the extra-tidal star time-integrated for 2 Gyr. The dark colours correspond to the most probable regions of the space, which are crossed more frequently by the simulated orbits, assuming three different values of the angular velocity of the bar (Ωbar = 33, 43, and 53 km s−1 kpc). Panels a–c: orbits of NGC 6723, using as initial conditions the observed values from Baumgardt et al. (2019); the middle and bottom rows show the orbits of the extra-tidal star, adopting the observed values from the Table 1, and an assumed heliocentric distance at 8.3 kpc (panels d–f), and 6.24 kpc (panels g–i).

      

    

  
    
      Fig. 7. 

      
        [image: thumbnail]
      

      
        Modified Fig. 10 from Chun et al. (2015). The red ‘star’ symbol shows the position of the newly identified extra-tidal star. The orange circle indicates the cluster tidal radius (rt = 9.14 ± 0.49′, see Sect. 8), and the red arrow defines the proper motion of NGC 6723 from Baumgardt et al. (2019). The orange solid and dashed line shows the direction of the Galactic Centre and Galactic plane, respectively. Top-left panel: star-count map around the cluster; the top-right panel is the surface-density map, smoothed by a Gaussian kernel 0.07°; the lower-left panel is the same data, but smoothed with a 0.11° kernel; the bottom-right panel shows the distribution map of E(B − V). The iso-density contour levels shown are 2.0σ, 2.5σ, 3.0σ, 4.0σ, 5.0σ, and 7.0σ. The orbital path of the cluster (black line) and the extra-tidal star (purple line) is over-plotted.

      

    

  
    
      Fig. 8. 

      
        [image: thumbnail]
      

      
        Stellar-density profile of NGC 6723 determined from the HST+Gaia EDR3 data set. Small orange symbols show densities before background subtraction. The-best fit King (1966) profile is shown in lime and cyan, respectively. The red dashed line show the determined tidal radius (rt = 9.14 ± 0.49′) in this work, while the black line in 1.1′separate the HST from Gaia EDR3 data set.
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