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The determination of an adequate continuum in medium-resolution 
spectra of cool (Teff < 5000 K) carbon-enhanced stars presents difficulties 
due to the depression of the flux level by strong carbon molecular bands. 
This “veiling”  affects the entire wavelength range of interest for stellar 
atmospheric parameter determination, including the Ca II H&K lines 
which are crucial for estimates of metallicity. Carbon stars are also 
challenging for automated normalization techniques which are typically 
sensitive to large absorption features.

We present the Gaussian Inflection Spline Interpolation Continuum 
(GISIC). GISIC is specifically designed for continuum normalization of 
spectra with heavy absorption regions, based on the determination of 
continuum points from the 2nd-order gradient of the spectrum after 
Gaussian smoothing. This routine enables the automated normalization 
of synthetic models of carbon stars.
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We present a novel method for the classification of cool (Teff < 5000 K) 
Carbon-enhanced Metal-Poor (CEMP; [C/Fe]≥+0.7) stars, for which 
parameter determinations were previously elusive. We explore the extent 
of carbon-veiling in medium-resolution (R~2,000) spectra and present a 
continuum normalization routine, GISIC, specifically designed for heavy 
molecular-band absorption. This routine was applied to a library of 
synthetic spectra, with which a classification procedure based on the 
Yoon-Beers diagram was developed. This procedure was applied to 
SDSS J1327+3335, which we identified as the first Group III CEMP star 
in the Canes Venatici I dwarf galaxy.

https://pypi.org/project/GISIC/

We assessed the likelihood of the CEMP Group classifications based on 
synthetic archetypes, for which assumed parameters are listed in Table 1. By 
ruling out otherwise degenerate groups, we determined Teff, [Fe/H], and A(C) 
based on χ2-minimization techniques within the region of the Ca II H&K lines 
and the CH G-band, assuming the [Fe/H] - A(C) region determined by the 
classification.
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SDSSJ1327+3335), found in close proximity to the cen-
ter of satellite dwarf galaxy Canes Venatici I (CVn I),
which was revealed as a stellar overdensity in the North
Galactic Cap using Sloan Digital Sky Survey Data Re-
lease 5 (Yanny et al. 2009) in the original discovery pa-
per (Zucker et al. 2006). The CVn I membership of
SDSSJ1327+3335 was identified based on its spatial lo-
cation, its heliocentric radial velocity (36 ± 20 km/s,
consistent with the galaxy), and zero-proper motion,
along with its identification as a carbon giant based on
its SDSS spectra. However, since this star is very faint
(g ⇠ 20) and strongly carbon enhanced, the metallic-
ity determination was not available. Even though there
have been spectroscopic follow-up observations (Ibata
et al. 2006; Martin et al. 2007; Simon & Geha 2007;
Kirby et al. 2010; Vargas et al. 2013; François et al.
2016) for metallicity and [↵/Fe] abundances for many
stars in CVn I, the follow-up of this star has never been
achieved before.

In Section 2, we describe the medium-resolution
(R ⇠1800) follow-up observations and data reduction,
of SDSS J1327+3335 and a canonical dwarf carbon ultra
metal-poor star, G 77-61 (Plez & Cohen 2005), as a com-
parison star. We introduce a novel method employing
three archetypal fittings of the CEMP groups, to assign
very cool (Te↵ < 4500K) CEMP stars into an optimal
CEMP group and to derive the best stellar parameters in
Section 3. Applying the archetypal method for G77-61,
whose high-resolution parameters are available, we con-
firm the validity of this novel method. We successfully
employ this method to assign SDSSJ1327+3335 into a
Group III CEMP star, as described in Section 4 and we
conclude our inferences and discussion in Section 5.

2. OBSERVATION AND DATA REDUCTION

We obtained medium-resolution spectroscopy of SDSS
J1327+3335 with Multi-object Double Spectrographs
(MODS; Pogge et al. 2010) at the Large Binocular Tele-
scopes (LBT), which have two identical 8.4-meter tele-
scopes. We also observed a canonical ultra metal-poor
dwarf carbon star, G 77-61, as a comparison star, whose
high resolution stellar parameters are available. Below
we provide a description of the observations and data
reduction.

The optical spectra of SDSS J1327+3335 were ob-
tained on May 21 and June 5 2018. We used the blue
grating covering the wavelength range 3200-5800 Å, with
a dispersion of 0.5 Å pixel�1, which provides a resolu-
tion of R ⇠ 1800. The 0.6 arcsec segmented long-slit was
used to obtain eighteen exposures for SDSSJ1327+3335,
each with an exposure time of 1200 s. The spectra were
flat-fielded, debiased, and bad columns fixed using the

Table 1. CEMP Group Archetype Parameters for the Halo
and UFDs

[Fe/H] A(C)

Halo Archetypes

Group I �2.5 7.9

Group II �3.5 5.9

Group III �4.3 7.0

Ultra-faint Dwarf Archetypes

Group I �1.5 8.0

Group II �3.0 6.3

Group III �3.5 7.3

modsCCDRed python package3. Cosmic rays were iden-
tified and removed by using the L.A. Cosmic IRAF4 task
(van Dokkum 2001). The wavelength calibrations were
carried out based on observations of Ar lamps on the
same run with the standard LBT line lists. Both the
wavelength calibration and the one dimensional extrac-
tion tasks were carried out using IRAF. Both the MODS
1 and MODS 2 spectra were co-added in the final step.
However, three 20-minute exposure MODS2 spectra for
the June run was not co-added for the final analysis due
to a problem with flat spectra. From the co-addition
of fifteen spectra (total exposure time 18,000 s), a final
signal-to-noise ratio (S/N) of ⇠22 per resolution element
at 4000 Å was achieved.

The spectra of G 77-61 were observed on February
9 2018. For G 77-61, we reduced its spectra with the
same procedure as that of SDSSJ1327+3335 except that
we used HgAr lamp spectra for the MODS2 data for
wavelength calibration. The total exposure time was
3200 s. Its S/N is ⇠160 per resolution element at 4000 Å.

3. A NOVEL METHOD: THREE ARCHETYPAL
FITTINGS TO THE CEMP GROUPS

3.1. Method Description

Due to the presence of strong CH-band features across
the spectral energy distribution, including the region
of Ca II H & K, with which we constrain estimates of
metallicity, the determination of an adequate continuum
of both SDSS J1327+3335 and G77-61 is challenging.
To address this, we employ a novel approach to param-
eter determination of cool (. 4500K), strongly carbon-
enhanced stars using a morphological assessment based
on the three CEMP groups of Yoon et al. (2016). While
dispersion in A(C) and [Fe/H] is present for all three
morphological CEMP groups, the statistical locations
of each group in A(C)-[Fe/H] space is nonetheless dis-

3 modsCCDRed by R. W. Pogge, available at http://www.
astronomy.ohio-state.edu/MODS/Software/modsCCDRed/

4 IRAF is distributed by the National Optical Astronomy Ob-
servatory, which is operated by the Association of Universities
for Research in Astronomy (AURA) under cooperative agreement
with the National Science Foundation.
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4 IRAF is distributed by the National Optical Astronomy Ob-
servatory, which is operated by the Association of Universities
for Research in Astronomy (AURA) under cooperative agreement
with the National Science Foundation.

This procedure was first validated with G77-61, a canonical dwarf carbon 
star, before parameter estimation of SDSS J1327+3335. Final parameter 
estimates of Teff=4200K, log(g)=0.2, [Fe/H]=-3.25, and A(C)=+6.7 reveal this 
star to be the first Group III CEMP star discovered in the Canes Venatici I 
dwarf galaxy.


