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Table 1. Information of our programme stars.

Object 2MASS ID B V Proper motions (a) Parallaxes (a) Probability (b) Type of
mag mag mas yr�1 mas % star (c)

Y1194 J08510080+1148527 15.28 14.61 �10.878 �2.757 [0.067 0.061] 1.1164 [0.0369] 99 ST
Y519 J08510951+1141449 13.50 12.75 �10.333 �3.106 [0.075 0.059] 1.0848 [0.0431] 98 SG
Y923 J08514401+1146245 13.50 12.75 �11.100 �2.889 [0.072 0.046] 1.1190 [0.0415] 100 SG
Y1844 J08513540+1157564 13.50 12.76 �11.097 �3.008 [0.067 0.044] 1.1499 [0.0422] 91 SG
Y535 J08510131+1141587 14.00 13.45 �11.041 �2.813 [0.045 0.031] 1.1077 [0.0261] 100 TO
Y1388 J08505474+1151093 14.08 13.52 �10.821 �2.941 [0.046 0.036] 1.0874 [0.0273] 99 TO
Y2235 J08510470+1204193 14.06 13.50 �10.944 �2.967 [0.041 0.029] 1.1506 [0.0262] 100 TO

Notes.

(a)Proper motions (in RA and Dec), and parallaxes with uncertainties were taken from Gaia Collaboration (2018). (b)Probability of being a
member of M 67, taken from Yadav et al. (2008). (c)Stellar type: subgiant star (SG), turn-off star (TO), solar twin (ST).

Fig. 1. Our programme stars in the colour magnitude diagram, selected
from Yadav et al. (2008), all with a high probability of membership. The
red symbols correspond to our targets: solar twin Y1194 (red circle),
turn-off stars (red rectangles), subgiant stars (red triangles). The blue,
magenta, and red solid lines correspond to the isochrones for an age of
4 Gyr, (m � M)0 = 9.70, and initial metallicities of [Fe/H] = 0.0, 0.05,
and 0.1 from MIST (Dotter 2016; Choi et al. 2016), respectively.

study. These two spectra2 share the same instrumental configu-
ration as the spectra of our programme stars, and were reduced
using the same method.

The spectral line list of 22 elements (C, O, Na, Mg, Al, Si, S,
Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Sr, Y, Ba, and Ce) used
in our analysis was adopted mainly from Scott et al. (2015a,b)
and Grevesse et al. (2015), and complemented with additional
unblended lines from Bensby et al. (2005) and Meléndez et al.
(2014). Equivalent widths were measured manually using the
splot task in IRAF. We note that each spectral line was measured
consecutively for all the programme stars by setting a consistent
continuum, resulting in precise measurements in a differential
sense. Strong lines with EW� 120 mÅ were excluded from the

2 These two spectra were used in our previous study (Liu et al. 2016c),
but re-analysed in this study for comparison and consistency purposes.

Fig. 2. Top panel: portion of the reduced spectra for the subgiant stars
in our sample; Y519, Y923, and Y1844 are plotted in black, blue, and
red, respectively. A few atomic lines (Si I, Ti I, Fe I) used in our analysis
in this region are marked by the dashed lines. Bottom panel: similar to
the top panel, but for the turn-off stars in our sample; Y535, Y1388, and
Y2235 are plotted in black, blue, and red, respectively.

analysis to limit the effects of saturation with the exception of
a few Mg I, Mn I, and Ba I lines. The atomic line data and the
measured equivalent widths that we adopted for our analysis are
listed in Table A1.

3. Analysis and results

In this section we present the process of data analysis and our
results, including stellar atmospheric parameters and elemental
abundances.
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