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Table 4. Coefficients of fitting formulae for the estimates of systematic and random errors of the LSP3 parameters.1

a1 a2 a3

434.41 −1.27(−1) 1.11(−5)
b1 b2 b3 b4 b5 b6

−5.15(−1) 2.75(−2) 8.88(−3) 2.49(−4) −3.07(−5) −8.31(−9)
c1 c2 c3 c4 c5 c6

5.70(−1) −7.05(−3) −1.81(−4) −1.65(−4) −4.86(−6) 1.39(−8)
d1 d2 d3 d4 d5 d6

−103.27 6.03(−2) −3.34 −1.53(−6) 6.47(−2) −4.61(−4)
e1 e2 e3 e4 e5 e6 e7 e8 e9 e10

−6.27(−1) −8.91(−5) −1.89(−2) 6.25(−1) −2.45(−9) 9.02(−5) −9.61(−2) 1.65(−7) −2.15(−5) 2.52(−3)
f1 f2 f3 f4 f5 f6 f7 f8 f9 f10

1.43(−2) 2.54(−5) −2.82(−3) 7.26(−2) −1.64(−9) 2.24(−5) 3.40(−1) 6.19(−8) −1.47(−5) 1.37(−3)
g1 g2 g3 g4 g5 g6 g7 g8 g9 g10

7.24 −1.66(−3) −1.06(−1) −10.29 4.51(−7) 4.60(−3) 11.76 −5.09(−5) 1.16(−3) 1.85(−1)

Note. 1The numbers in parentheses are powers of 10, thus −1.27(−1) represents −1.27 × 10−1.

σran(Teff ) = d1 + d2 × Teff + d3 × SNR + d4 × T 2
eff

+ d5 × SNR2 + d6 × Teff × SNR (17)

σran(log g) = e1 + e2 × Teff + e3 × SNR + e4 × log g

+ e5 × T 2
eff + e6 × SNR2 + e7 × log g2

+ e8 × Teff × SNR + e9 × Teff × log g

+ e10 × SNR × log g (18)

σran([Fe/H]) = f1 + f2 × Teff + f3 × SNR + f4 × [Fe/H]

+ f5 × T 2
eff + f6 × SNR2 + f7 × [Fe/H]2

+ f8 × Teff × SNR + f9 × Teff × [Fe/H]

+ f10 × SNR × [Fe/H] (19)

σran(Vr) = g1 + g2 × Teff + g3 × SNR + g4 × [Fe/H]

+ g5 × T 2
eff + g6 × SNR2 + g7 × [Fe/H]2

+ g8 × Teff × SNR + g9 × Teff × [Fe/H]

+ g10 × SNR × [Fe/H] (20)

In assigning the total errors to the final parameters, a lower limit
of 30 K, 0.05 dex, 0.035 dex and 3.0 km s−1 has been set for Teff,
log g, [Fe/H] and Vr, respectively.

8 ER RO R S O U R C E S O F TH E LSP3
PA R A M E T E R S

8.1 Limitation of the templates

Possible values of LSP3 parameters are obviously limited by the
coverage of MILES spectral templates in the parameter space.
Although the MILES library has a relatively broad parameter cov-
erage compared with other available empirical libraries, it is nev-
ertheless restricted by our current knowledge of stars in the solar
neighbourhood and suffers from various observational biases. For
example, there are few metal-poor late-type (K/M) dwarfs, as well
as few metal-rich AFGKM stars of [Fe/H] > 0.3 dex. Such stars,

albeit rare, are expected to be present in the Milky Way, but are
absent in the MILES library due to either their rareness or faintness,
and thus are difficult to find and measure. The parameter space cov-
ered by MILES templates is thus unlikely to encompass the whole
parameter space occupied by stars targeted by the LSS-GAC which
surveys a much larger volume of the Milky Way and orders of the
more stars than the MILES library. It is therefore quite likely that
the LSP3 parameters will suffer from the limited parameter space
coverage of MILES templates in one way or other.

In addition, within the parameter space covered by the MILES
library, the distribution of MILES templates are inhomogeneous.
There are holes and peaks in the distribution of stars in the param-
eter space. The inhomogeneous distribution can lead to clustering
artefacts in the resultant LSP3 parameters. To minimize such ef-
fects, we have interpolated the MILES spectra to fill up some of the
most apparent holes in the Teff–[Fe/H] space, and introduced w2,
a weight reflecting the distribution (clustering) of templates in the
Teff–[Fe/H] parameter plane, when calculating the weighted mean of
parameters. Although the effects are much reduced, they cannot be
avoided entirely. The effectiveness of those measures also depends
strongly on the location of the target concerned in the parameter
space.

The MILES spectral parameters themselves are also not entirely
free of systematics. Although significant efforts have been made
by Cenarro et al. (2007) to homogenize the parameters collected
from various sources and determined with a variety of methods,
some systematic patterns remain, especially at Teff < 4000 K and
Teff > 6300 K, where the parameters are out of the range of calibra-
tion benchmarks (Cenarro et al. 2007). Note that Cenarro et al. ho-
mogenize the MILES parameters by linear regression, which may
be insufficient. For example, the giants and dwarfs from a given
source may not share the same systematic errors. Any outliers, even
of a small number, in the MILES can lead to significant systematic
errors in the LSP3 parameters under certain circumstances. By com-
paring the LSP3 parameters with those predicted by the photometric
relation (Section 6.7), with the PASTEL archive (Section 6.3) as
well as with the ELODIE library (Section 6.2), it seems that the
MILES may have overestimated Teff by 100–200 K for stars be-
tween 6500 and 8500 K. For FGK stars, the systematic errors of
MILES effective temperatures, if any, are likely to be small, on
the level of a few tens of Kelvin. The systematic errors in log g
and [Fe/H] of MILES templates are also expected to be small and
have negligible impacts on the LSP3 parameters compared with other
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potential error sources as discussed below, except for those near the
boundary of the parameters space.

8.2 Limitation of the algorithms

In the current version of LSP3, stellar parameters are determined
using spectra of the same wavelength range, 4320–5500 Å, for all
types of star. The choice works well for the majority of FGK stars,
but less so for early-type or extremely metal-poor stars. For the
latter, a blue part of the spectra (e.g. 3900–4320 Å) that include the
Ca II λλ3933,3967 K and H lines are more appropriate. Because for
such extremely metal-poor stars, most metallic lines other than the
prominent Ca II doublet become too weak to be usable as metallicity
tracers. The Balmer decrement and jump in the blue are also impor-
tant diagnostics of Teff and log g for hot stars. Below 4320 Å, there
are also other sensitive tracers of Teff, log g and [Fe/H] for stars of
various types (e.g. the Ca II λ4226 line; cf. Gray & Corbally 2009).
Making use of spectra below 4320 Å in a proper way will no doubt
improve the reliability and accuracy of the parameters deduced. As
mentioned in Section 3.2, the current version of LSP3 is being op-
timized in order to make a better use of spectra between 3900 and
4320 Å in the blue, as well as red-arm spectra. The improvements
will be included in the next release of LSP3.

As discussed in Section 4, some LSP3 parameters may have
suffered from various boundary effects in the weighted mean al-
gorithm. For examples, values of log g may have been overesti-
mated by ∼0.4 dex for some subgiants, whereas for very metal-rich
([Fe/H] > 0.3 dex) stars, the LSP3 may have provided values of
[Fe/H] that are too low. Although such stars are relatively rare, they
are of interest for some studies. Given that a project to expand the
MILES library, both in parameter space coverage and in spectral
wavelength range, is well under way, we expect that those effects
will be much reduced in the next release of LSP3. In the meanwhile,
Flags 4–6 (cf. Section 3.8) are assigned to help identify stars that
may have suffered from those obvious boundary effects.

8.3 Quality of the spectra

Another, probably the most important factor that affects the ac-
curacy of parameter determinations is the quality of spectra used,
including the quality of the raw spectra (the SNR, spectral resolu-
tion) as well as the quality of data reduction (sky subtraction, flux
calibration, estimates of flux density uncertainties). Some targets
are seriously affected by interstellar extinction, and this also has an
impacts on the reliability and accuracy of parameters derived.

8.3.1 Spectral SNRs

Limited spectral SNRs are always a major contributor to the pa-
rameter uncertainties. As discussed in Section 5, the SNR is the
dominant factor affecting the accuracy of the four parameters (Vr,
Teff, log g and [Fe/H]) in all cases. The uncertainties increase rapidly
as the SNR decreases (Figs 10–13).

A large number of spectra acquired during the LAMOST
Pilot Surveys (2011 September 2011– 2012 May) have low spec-
tral SNRs. Although we have provided LSP3 parameters determined
from spectra of SNRs lower than 5, we strongly advice that in-
terested users apply a minimum SNR cut based the scientific goals
when using the LSP3 parameters. One can refer to the extensive com-
parisons, presented in Sections 5 and 6 to choose a suitable SNR
threshold. Alternatively, one can exclude stars with poor parameter

determination based on the values of flags assigned, which include
effects of the limited SNRs (cf. Section 7).

8.3.2 Spectral resolution

Spectral resolution is another important factor that affects the deter-
minations of stellar parameters, especially [Fe/H]. As described in
Section 2.1, we degrade the resolving power of the template spec-
tra to match the average value of spectra from the 4000 fibres of
LAMOST. Fibre to fibre variations of the spectral resolving power
are thus ignored, although such variations have been observed
among the LAMOST fibres. Fig. 28 plots the distributions of
FWHMs of an arc line at 5460 Å for 250 fibres from each of the 16
spectrographs of LAMOST, as measured on a specific arc plate. It
shows that fibres of the individual spectrographs have quite differ-
ent distributions of spectral resolution, with mean values ranging
from 2.4 (Spectrograph #7) to 3.5 Å (Spectrograph #4), although
the majority of spectrographs have a mean FWHM between 2.8 and
3.0 Å. For a given spectrograph, the resolution of the individual
fibres varies by as much as 0.2 Å.

To examine how the LSP3 results are affected by the spectral res-
olution, we degrade the ELODIE spectra to different resolutions
and compare the resultant LSP3 parameters. The results of [Fe/H]
are shown in Fig. 29. It shows that as the FWHM varies from 2.4
to 3.0 Å, the resultant [Fe/H] can vary by as much as 0.1–0.2 dex
on average. The variations can reach 0.2–0.3 dex as FWHM varies
from 2.4 to 3.5 Å. Therefore, the simple treatment of spectral res-
olution in the current implementation of LSP3, assuming a uniform
wavelength-dependent spectral resolving power for all the 4000 fi-
bres of LAMOST, will introduce an uncertainty of ∼0.1 dex in the
resultant values of [Fe/H] because of the fibre to fibre variations of
the spectral resolution. For about 10–20 per cent stars targeted by
some specific spectrographs, the errors can even reach 0.2 dex as a
consequence. In the next release of LSP3, we plan to incorporate day
to day, fibre to fibre variations of the spectral resolution to further
improve the accuracy of our parameter determinations.

8.3.3 Estimates of the spectral flux density uncertainties

Robust estimates of the spectral flux density errors for LAMOST
spectra are difficult given the complexity of the data collection
system and the process of data reduction. The LAMOST has an
unprecedented large FoV of 20 deg2, and employs 4000 fibres to
relay the light to 16 spectrographs. Accurate flat-fielding and back-
ground (sky, scatter light) subtraction are therefore quite difficult as
the process can be easily affected by the potential inhomogeneity
in either the background or the instrument sensitivity. As a conse-
quence, proper and robust propagation of errors are not easy tasks
in the implementation of data reduction pipeline. Fig. 30 shows the
distribution of minimum values of reduced χ2 for spectra collected
in a specific plate as a function of the spectral SNR and Teff. One
expects that the minimum values peak at unity in the ideal case
where the flux density errors have been properly propagated and
accurately modelled, and that the best-matching model (template)
is a good approximation of the observation. In addition, the min-
imum values of reduced χ2 should be independent of the SNR,
a natural consequence of the definition of reduced χ2. However,
Fig. 30 clearly shows that the minimum values of reduced χ2 peak
at about 0.7 instead of unity at low SNRs. This is likely caused by
the overestimated flux density errors by the current pipeline. This
is one of the reasons why weights are assigned to the matching
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Figure 28. Distributions of FWHMs of the Hg λ5460 arc line of the 250 fibres of each of the 16 spectrographs of LAMOST. The spectrograph ID, the mean
and standard deviation of FWHMs are marked in each panel.

Figure 29. Changes in [Fe/H] values derived with the LSP3 from the
ELODIE spectra degraded to a spectral resolution of FWHM of 2.4 Å
(black), 3.0 Å (green) and 3.5 Å (blue), compared to those derived from the
ELODIE spectra degraded to match the average resolution of the LAMOST
spectra, plotted as a function of the latter.

templates based on the relative values of χ2 (Section 3.4), rather
than the absolute ones, i.e. based on the probability of occurrence
of that particular value of χ2 given the correct model (template). By
such a choice, the potential effects caused by the underestimation of
χ2 has been much reduced. Efforts to obtain more robust estimates

of the flux density errors are in progress. Fig. 30 shows that the
minimum values of reduced χ2 increases with increasing SNR. It
is likely that at high SNRs, the differences between the observed
spectrum and the template dominate the value of χ2, whereas at low
SNRs, the observational uncertainties dominate. The χ2 show little
trend with Teff.

8.3.4 Extinction and flux calibration

As described in Section 3.3, given that both the interstellar extinction
and uncertainties in the spectral flux calibration could affect the
actual shape of the observed SEDs, the LSP3 has used a third-order
polynomial to scale the SEDs of template spectra to match that
of the target spectrum when calculating χ2. The practice assumes
that the effects of interstellar extinction and the distortions of SED
caused by uncertainties in the flux calibration can be modelled with
a third-order polynomial. Since the current implementation of LSP3
makes use of spectra in a limited wavelength range of 4320–5500 Å
only, a third-order polynomial is indeed found to be sufficient for
the purpose. As a check, we use a third-order polynomial to fit
the extinction curve of Fitzpatrick (1999), which is thought to be
a good description of the Galactic interstellar extinction by the
diffuse medium (Yuan, Liu & Xiang 2013), assuming RV = 3.1
and E(B − V) = 0.5 mag. For the wavelength range of interest, the
residuals of the fit amount to only 0.1 per cent. Even for an expanded
wavelength range of 3900–5500 Å, a third-order polynomial seems
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Figure 30. Distribution of the minimum values of reduced χ2 as a function
of the spectral SNR (upper panel) and Teff (lower panel).

to be adequate. However, if one uses 3900–5500 Å, there are always
some spectra for which a third-order polynomial may be insufficient
to model the deviations of their SEDs from those of template spectra.

9 SU M M A RY

In this work, we describe the algorithms and implementation of LSP3
– the LAMOST Stellar Parameter Pipeline at Peking University,
a pipeline developed to determine the stellar parameters (radial
velocity Vr, effective temperature Teff, surface gravity log g and
metallicity [Fe/H]) from LAMOST spectra based on a template-
matching technique.

The LSP3 determines radial velocities by cross-correlating the
target spectrum with templates provided by the ELODIE library.
For the determinations of stellar atmospheric parameters, Teff, log g
and [Fe/H], templates from the MILES library, obtained with a
spectral resolving power similar to that of LAMOST spectra and
accurately flux calibrated, are used instead. The atmospheric pa-
rameters are estimated via two approaches, the weighted mean and
χ2 minimization. In the current released version, only results de-
duced with the former approach are adopted, those from the latter
method are provided for comparison only. The LSP3 provides robust
estimates of parameters of stars in a large parameter space (−1000
to 1000 km s−1 for Vr, 3500–9000 K for Teff, 0.5–5 dex for log g
and −2.5 to 0.5 dex for [Fe/H]). In this work, we have focused on
the performance of LSP3 for FGK stars.

Extensive studies have been carried out to check the perfor-
mance of LSP3. The pipeline has been applied to spectral templates
from the ELODIE and MILES libraries themselves, to multi-epoch
LAMOST spectra of duplicate targets, to LAMOST and SDSS
spectra of candidate member stars of open and globular clusters.
Stellar parameters derived with the LSP3 are compared with inde-

pendent measurements available from a number of external data
bases, including the PASTEL archive, the APOGEE, SDSS and
RAVE surveys as well as the LAMOST DR1. The studies are used
to characterize and quantify uncertainties of the LSP3 parameters as
a function of the spectral SNR, and of the stellar parameters.

The accuracy of radial velocity is found to mainly depend on the
SNR and spectral type, and varies from ∼5, 5–10 and 10–20 km s−1

for G/K-, F- and A-type stars, respectively, for an SNR per pixel
(∼1.07 Å) at 4650 Å better than 10. Typical accuracies of stellar
atmospheric parameters for FGK dwarfs and most G/K giants are
better than 150 K, 0.25 dex, 0.15 dex for Teff, log g and [Fe/H], re-
spectively. For stars of effective temperatures cooler than 4000 K or
hotter than 7000 K, the LSP3 provides reasonable Teff estimates, with
an accuracy of about 100–200 K for the cool (3500 < Teff < 4000 K)
stars, and 200–400 K for the hot (7000 < Teff < 8500 K) ones. The
LSP3 also provides robust log g for stars of Teff < 4000 K. For some
subgiants, the LSP3 values of log g may have been overestimated by
0.4 dex due to boundary effects of the weighted mean algorithm.
Similarly, [Fe/H] values of some stars of supersolar metallicity are
probably underestimated by 0.05–0.1 dex. Stars suffering from ob-
vious boundary effects can be identified using the LSP3 flags.

More calibration sources with accurate parameters are needed to
improve the parameter space coverage as well as the accuracy of
parameters deduced with the LSP3. A project to expand the MILES
spectral library, both in the parameter space coverage as well as
in the spectral wavelength range, is well under way. Inclusion of
the new templates, together with better calibrated parameters of the
templates are expected to significantly improve the accuracy of LSP3
results. We also plan to provide estimates of [α/Fe] and [C/Fe] in
the next release of LSP3.

The current version of LSP3 has been applied to over a million
LAMOST spectra collected hitherto, mostly for sources targeted by
the LSS-GAC. Stellar parameters deduced with the LSP3, together
with estimates of E(B − V) and distances to individual stars, de-
duced by making use of the LSP3 parameters (Paper III), as well as
those deduced from multiband photometry (Chen et al. 2014), are
presented in the form of value-added products of LAMOST data
release. Following the data policy of LAMOST surveys, the data
as well as the LSP3 pipeline will be public released as value-added
products of the first data release of LAMOST (LAMOST DR1;
Bai et al. 2015), currently scheduled in 2014 December and can be
accessed via http://lamost973.pku.edu.cn/site/node/4, along with a
description file.
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Table A1. Candidate members of star clusters observed with the LAMOST.

Cluster RA (2000.0) Dec (2000.0) Teff log g [Fe/H] Vr SNR
(deg) (deg) (K) (cm s−2) (dex) km s−1

Berkeley17 80.080 030 30.523 356 4467.3 2.22 − 0.16 − 71.2 15.8
Berkeley17 80.158 312 30.578 175 4316.3 2.13 0.07 − 70.3 11.3
Berkeley17 80.172 651 30.601 170 4994.7 2.43 − 0.60 − 72.5 20.6
Berkeley17 80.187 027 30.633 909 4786.9 2.51 − 0.10 − 75.3 12.2
Berkeley17 80.193 692 30.519 862 4416.5 2.01 − 0.05 − 77.8 17.9
NGC 1912 81.637 042 35.908 412 7116.1 4.26 − 0.14 2.6 13.5
NGC 1912 81.922 060 35.862 551 7014.9 4.22 − 0.05 1.3 17.7
NGC 1912 81.970 785 35.587 292 6788.1 4.30 − 0.12 − 3.2 26.1
NGC 1912 82.020 551 35.880 601 6899.6 4.31 − 0.14 2.9 29.2
NGC 1912 82.048 509 35.761 982 6925.4 4.29 − 0.11 1.2 20.2
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Table A1 – continued

Cluster RA (2000.0) Dec (2000.0) Teff log g [Fe/H] Vr SNR
(deg) (deg) (K) (cm s−2) (dex) km s−1

NGC 1912 82.060 197 35.528 253 7403.7 4.09 0.02 4.2 33.5
NGC 1912 82.100 735 35.863 465 7061.8 4.30 − 0.04 4.4 13.5
NGC 1912 82.118 035 35.684 713 6572.6 4.34 − 0.11 3.0 15.9
NGC 1912 82.150 155 35.819 408 7178.1 4.29 − 0.14 6.4 35.9
NGC 1912 82.198 105 35.888 803 7493.5 4.00 0.08 − 2.6 34.3
NGC 1912 82.219 693 35.639 864 7369.5 4.01 0.03 3.2 53.1
NGC 1912 82.278 458 36.271 576 6814.5 4.32 − 0.14 1.6 39.7
NGC 1912 82.326 016 36.097 890 6805.3 4.31 − 0.12 0.8 23.1
NGC 1912 82.517 774 35.812 384 6974.2 4.23 − 0.20 1.8 36.7
NGC 2099 87.593 707 32.352 967 5865.0 4.36 − 0.09 2.3 19.3
NGC 2099 87.727 658 32.584 512 7085.5 4.15 0.04 13.2 58.4
NGC 2099 87.741 285 32.368 901 6060.1 4.30 0.04 13.4 36.4
NGC 2099 87.805 791 32.824 768 7488.5 3.94 0.12 6.7 34.3
NGC 2099 87.806 249 32.465 110 7078.9 4.14 0.00 13.4 61.0
NGC 2099 87.939 731 32.498 580 6759.4 4.27 0.02 8.1 75.0
NGC 2099 87.945 725 32.536 423 7131.8 4.17 − 0.06 14.2 73.1
NGC 2099 87.959 815 32.429 468 5993.5 4.25 0.02 9.3 24.8
NGC 2099 87.963 059 32.639 557 5399.1 4.55 − 0.11 9.4 11.6
NGC 2099 87.979 722 32.693 774 7385.9 4.18 − 0.04 11.6 32.8
NGC 2099 87.999 774 32.329 985 6529.4 4.41 0.01 8.3 31.2
NGC 2099 88.019 759 32.621 234 5344.0 4.57 − 0.01 13.6 16.1
NGC 2099 88.032 838 32.444 156 5865.9 4.11 − 0.27 14.5 34.4
NGC 2099 88.058 791 32.549 114 4014.8 4.70 0.03 8.7 11.2
NGC 2099 88.060 874 32.630 768 6699.3 4.28 0.07 3.1 62.1
NGC 2099 88.077 153 32.666 130 7133.0 4.12 − 0.07 13.0 69.9
NGC 2099 88.096 656 32.586 605 6083.6 4.31 − 0.02 8.2 30.8
NGC 2099 88.164 077 32.340 684 6475.0 4.42 − 0.15 4.0 26.9
NGC 2099 88.166 683 32.707 965 6156.6 4.22 − 0.08 6.3 27.1
NGC 2099 88.187 577 32.798 827 7340.6 3.91 0.20 9.6 84.9
NGC 2099 88.190 944 32.591 233 6354.3 4.21 − 0.04 8.9 23.9
NGC 2099 88.198 069 32.406 829 7422.6 3.96 0.22 5.4 48.8
NGC 2099 88.238 835 32.623 684 7073.9 4.26 − 0.08 6.4 70.8
NGC 2099 88.331 256 32.462 140 7233.4 4.09 − 0.01 14.2 30.9
NGC 2099 88.402 562 32.446 199 7107.5 4.19 − 0.11 18.0 66.9
M35 90.812 715 24.047 386 5652.9 4.47 − 0.11 0.3 13.3
M35 91.056 838 24.446 490 6870.5 4.28 0.01 1.9 42.9
M35 91.057 711 23.531 181 7481.9 4.11 − 0.01 − 6.8 49.7
M35 91.079 898 24.035 402 5718.7 4.34 − 0.51 − 3.3 13.8
M35 91.156 781 24.785 329 6039.3 4.24 0.17 − 3.0 26.5
M35 91.170 843 23.500 702 5516.3 4.46 − 0.13 − 5.0 11.5
M35 91.226 171 25.216 736 7373.5 4.10 0.00 1.9 42.9
M35 91.242 804 24.765 560 5791.3 4.38 − 0.08 2.6 28.2
M35 91.370 669 23.923 172 6456.6 4.31 0.06 2.3 32.8
M35 91.429 181 24.870 560 7070.4 4.15 − 0.03 − 6.9 108.2
M35 91.502 833 23.891 186 6295.0 4.15 0.06 − 4.7 30.8
M35 91.570 607 24.002 285 6295.6 4.24 − 0.05 − 10.9 27.3
M35 91.576 787 24.316 003 6620.2 4.36 0.00 − 1.2 16.6
M35 91.631 412 24.938 741 6383.1 4.30 0.03 0.9 24.1
M35 91.637 225 23.993 000 6569.5 4.35 − 0.15 − 8.2 55.4
M35 91.655 450 24.214 521 6540.1 4.36 0.07 − 4.7 66.8
M35 91.672 723 24.807 495 5579.1 4.47 − 0.06 − 2.2 13.0
M35 91.684 405 24.280 308 5992.4 4.29 − 0.08 − 3.3 28.9
M35 91.744 527 25.133 462 6428.3 4.33 − 0.15 − 4.8 21.0
M35 91.792 861 23.956 444 6622.3 3.57 0.19 3.3 32.5
M35 91.951 777 24.766 640 5599.6 4.43 − 0.01 2.7 16.1
M35 92.109 718 24.459 892 6076.0 4.29 − 0.02 − 7.5 45.3
M35 92.122 290 24.483 560 6129.6 4.28 − 0.05 − 0.5 42.9
M35 92.123 130 24.235 860 6610.8 4.32 − 0.09 − 4.1 37.0
M35 92.158 984 24.370 499 6412.6 4.36 0.03 − 8.7 61.5
M35 92.175 891 24.539 354 6314.0 4.29 − 0.03 − 2.0 47.1
M35 92.182 670 24.286 720 6175.1 4.32 − 0.04 − 8.0 55.1
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Table A1 – continued

Cluster RA (2000.0) Dec (2000.0) Teff log g [Fe/H] Vr SNR
(deg.) (deg.) (K) (cm s−2) (dex) km s−1

M35 92.199 540 24.336 500 6542.5 4.32 0.00 − 4.0 87.5
M35 92.234 890 24.451 880 5348.3 4.56 − 0.10 0.6 21.1
M35 92.315 396 24.513 493 5702.4 4.39 − 0.06 − 1.0 25.7
M35 92.330 580 24.319 080 6058.7 4.24 − 0.06 − 7.3 34.2
M35 92.349 589 24.388 638 6030.1 4.26 0.08 − 6.7 33.3
M35 92.380 897 24.463 773 5730.3 4.32 − 0.08 − 0.5 13.1
M35 92.438 109 23.577 000 5867.9 4.20 − 0.05 − 6.7 58.5
M35 92.440 868 24.756 354 5996.1 4.25 0.06 − 3.7 33.4
M35 92.482 379 24.504 451 5502.2 4.50 − 0.03 − 5.2 16.9
M35 92.529 745 25.631 488 6319.2 4.26 0.07 2.8 24.4
M35 92.569 606 24.340 346 4959.9 4.53 − 0.09 − 2.6 16.6
M35 92.576 234 25.305 559 5962.3 4.25 − 0.02 − 7.7 12.2
M35 92.698 655 24.300 170 5757.8 4.32 − 0.02 − 1.0 30.5
M35 92.748 451 25.319 479 6168.3 4.02 − 0.01 1.8 18.2
M35 92.913 694 24.970 778 5860.5 4.25 − 0.04 1.5 19.7
M35 92.984 542 25.291 350 5464.7 4.52 − 0.03 − 10.8 27.7
M35 93.036 766 25.323 962 6180.7 4.09 − 0.02 2.4 33.1
M35 93.070 419 25.104 811 6238.2 4.28 0.05 − 2.2 47.6
M35 93.113 441 23.558 530 6403.2 4.28 0.09 − 2.5 17.9
M35 93.406 855 24.992 339 6468.2 4.25 − 0.23 2.3 16.2
M67 132.255 818 11.982 972 6080.5 4.32 0.03 31.8 56.0
M67 132.270 552 11.696 430 5144.9 4.55 − 0.00 35.2 14.4
M67 132.284 122 12.334 856 6029.3 4.29 0.03 31.2 22.9
M67 132.313 167 11.737 440 5885.3 4.32 − 0.03 32.8 35.8
M67 132.366 239 11.706 203 5586.3 4.47 − 0.05 41.5 23.9
M67 132.400 701 11.363 308 5417.1 4.53 − 0.25 34.7 10.3
M67 132.433 580 12.367 976 5209.6 4.55 0.00 31.0 12.2
M67 132.438 195 12.040 859 5969.0 4.11 − 0.13 35.5 72.4
M67 132.440 581 11.979 247 5446.3 4.49 − 0.01 36.6 19.7
M67 132.467 429 11.546 726 5944.2 4.14 − 0.03 34.5 58.4
M67 132.485 962 11.948 136 5973.7 4.18 − 0.07 35.9 51.1
M67 132.503 509 11.702 729 5861.6 4.24 0.02 38.0 18.1
M67 132.541 439 11.998 321 5870.8 4.23 0.11 35.4 46.3
M67 132.550 622 11.714 708 5316.1 4.56 0.03 37.4 20.5
M67 132.561 035 11.741 567 5321.2 4.55 0.02 35.8 10.9
M67 132.567 596 12.326 211 5781.0 4.36 − 0.17 32.9 14.9
M67 132.570 682 12.450 383 6044.5 4.26 0.06 35.2 55.6
M67 132.576 618 11.906 679 5548.5 4.44 − 0.01 34.2 25.7
M67 132.577 855 12.266 950 5860.3 4.20 0.02 33.0 13.6
M67 132.583 854 11.819 741 6034.7 4.26 0.04 36.3 68.4
M67 132.583 890 11.819 694 6039.1 4.25 0.02 31.1 43.8
M67 132.589 041 11.985 801 5494.4 4.48 − 0.16 34.9 13.3
M67 132.589 891 11.839 766 5680.0 4.43 0.01 31.2 20.2
M67 132.590 068 11.682 061 5940.9 4.23 0.01 36.5 53.2
M67 132.620 890 11.635 912 5999.3 4.22 − 0.04 35.8 42.8
M67 132.658 436 11.911 304 5557.7 4.45 0.05 33.1 28.4
M67 132.658 636 11.331 912 5707.6 4.43 0.04 41.1 37.0
M67 132.661 141 11.203 579 5875.5 4.22 0.08 39.9 41.3
M67 132.675 421 11.439 848 6021.5 4.14 − 0.07 34.1 67.4
M67 132.677 078 11.663 713 6063.8 4.21 0.12 36.4 42.1
M67 132.685 551 11.990 308 5749.3 4.22 − 0.53 38.5 21.9
M67 132.696 363 11.715 231 5842.2 4.33 0.05 40.4 31.8
M67 132.702 588 12.061 477 6025.5 4.16 − 0.03 32.3 41.3
M67 132.717 930 11.750 991 5579.2 4.47 − 0.11 40.0 15.0
M67 132.721 149 11.667 290 5926.7 4.19 − 0.00 36.4 59.4
M67 132.721 518 11.792 825 5973.6 4.18 − 0.02 38.6 51.8
M67 132.726 414 12.259 466 6005.5 4.24 − 0.05 39.2 39.2
M67 132.733 352 11.897 774 5947.4 4.10 − 0.10 32.9 70.2
M67 132.735 524 11.635 607 5795.0 4.33 − 0.06 31.9 12.3
M67 132.738 335 12.093 445 5869.2 4.25 0.04 30.6 16.3
M67 132.741 071 11.587 439 5862.0 4.31 0.03 33.5 42.5
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Table A1 – continued

Cluster RA (2000.0) Dec (2000.0) Teff log g [Fe/H] Vr SNR
(deg.) (deg.) (K) (cm s−2) (dex) km s−1

M67 132.749 192 11.853 498 5509.5 4.49 − 0.11 34.3 24.2
M67 132.783 816 12.018 475 5819.7 4.19 − 0.15 38.3 55.5
M67 132.787 759 12.050 611 5980.3 4.20 − 0.10 37.5 36.2
M67 132.791 306 11.771 373 5674.4 4.43 − 0.08 35.4 40.7
M67 132.796 550 11.443 022 5787.0 4.28 − 0.19 32.5 46.6
M67 132.801 343 11.310 762 5859.4 4.26 − 0.01 36.8 32.4
M67 132.823 736 12.461 495 5697.6 4.37 0.10 34.2 13.1
M67 132.836 630 11.661 145 5858.8 4.21 0.04 37.6 40.6
M67 132.840 996 11.721 588 5687.0 4.43 0.00 30.9 15.6
M67 132.846 624 11.654 122 5533.5 4.44 0.04 37.6 17.3
M67 132.860 338 11.643 576 5881.6 4.13 − 0.15 37.3 62.2
M67 132.875 371 11.458 759 5564.7 4.47 − 0.07 32.7 13.9
M67 132.911 410 11.710 382 5883.0 4.34 − 0.03 37.6 36.8
M67 132.915 392 12.203 025 5124.3 4.55 0.05 38.4 12.2
M67 132.921 686 12.409 107 5959.7 4.24 − 0.00 34.5 19.0
M67 132.937 204 11.649 700 6025.4 4.22 0.02 35.0 51.5
M67 132.940 772 11.645 889 5665.1 4.28 − 0.79 36.6 26.5
M67 132.969 325 11.513 024 5921.7 4.17 − 0.13 37.6 38.7
M67 132.995 892 11.696 994 5523.0 4.45 0.05 35.9 19.0
M67 133.005 656 12.186 139 6014.3 4.18 − 0.05 32.3 44.7
M67 133.006 516 12.065 050 5846.5 4.30 0.03 33.4 25.9
M67 133.034 143 12.262 911 5798.6 4.31 − 0.03 30.8 13.1
M67 133.041 442 12.175 305 5932.8 4.14 0.16 40.4 11.1
M67 133.058 637 12.212 279 5999.1 4.24 0.00 35.1 47.0
M67 133.072 200 12.334 044 5548.7 4.46 − 0.03 35.3 22.0
M67 133.091 003 11.779 630 5974.0 4.15 − 0.06 35.3 22.3
M67 133.104 021 11.174 182 5808.7 4.24 0.05 34.8 32.5
M67 133.104 041 11.174 156 5863.8 4.19 0.03 39.1 17.7
M67 133.107 283 12.384 580 5890.0 4.20 − 0.01 30.7 16.1
M67 133.126 162 11.714 005 5845.2 4.26 0.04 33.4 25.0
M67 133.137 844 11.756 676 6027.4 4.25 0.01 40.0 46.4
M67 133.149 849 11.623 530 5470.8 4.52 − 0.03 38.0 14.7
M67 133.186 029 11.430 369 5935.1 4.23 − 0.02 36.0 44.6
M67 133.244 947 11.757 958 5122.3 4.55 − 0.06 34.8 13.7
M67 133.282 203 11.803 569 6007.5 4.08 − 0.08 33.9 48.9
M67 133.291 121 12.004 910 5760.5 4.26 − 0.01 35.2 11.3
M67 133.301 250 11.674 549 5602.2 4.40 − 0.00 32.2 26.9
M67 133.327 231 12.366 576 5587.6 4.23 − 0.55 39.0 11.9
M67 133.340 579 11.287 396 5967.9 4.25 − 0.02 35.6 39.2
M67 133.354 071 12.417 892 5654.2 4.44 − 0.03 35.0 22.1
M67 133.384 039 12.186 201 6023.8 4.04 − 0.18 33.8 51.3
M67 133.464 535 11.292 121 5856.3 4.00 0.24 35.5 63.2
M67 133.490 143 12.262 763 6028.8 4.28 0.01 36.2 51.2
M67 133.510 279 11.875 851 5405.7 4.57 − 0.06 35.9 16.3
M67 133.511 237 12.134 510 6085.8 4.22 0.08 36.1 10.9
M67 133.525 382 11.753 270 5579.1 4.49 − 0.16 38.3 19.9
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