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NIR spectra of M stars/carbon stars

* Many Miras tend to be faint in the optical but
bright in the NIR.

¢ Types of red Miras can be easily classified.
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We have investigated the radial velocities of classical Cepheids near
the Galactic Center, three of which were reported in 2011, the other
reported for the first time. Near-infrared high-resolution spectra for
these objects were collected using Subaru IRCS between 2010 and
2012. Their velocities suggest that the stars orbit within the Nuclear
Stellar Disk, a group of stars and interstellar matter occupying a
region of 200 pc around the Center, although the three-dimensional
velocities cannot be determined until the proper motions are known.
According to our simulation, these four Cepheids formed within the
Nuclear Stellar Disk like younger stars and stellar clusters therein.

e

1. Background and targets |

Cepheids are pulsating giants or supergiants and have periods
roughly between 2 and 50 days. Their perlod luminosity and perlod-
age relatlonallows estimating thelr dlstances and ages (Sandage and
Tammann, 2006; Bono et al. 2005) which makes them a very useful
tracer of stellar populations (also with the space motion, the radial
velocity and proper motion and chemical abundances, if measured).

Using the IRSF/SIRIUS, a near-IR imager attached to a 1.4-m
telescope in South Africa, Matsunaga et al. (2011, 2013) discovered
three Cepheids in the Nuclear Stellar Disk (occupying the same region
as the Central Molecular Zone, within ~200 pc of the Galactic center).
In addition, our recent survey using the same facility revealed another
very similar Cepheid in the nearby region (Table 1).

L 3. Analysis: velocity measurements W

. 2. Observations |

With Subaru/IRCS, we have collected 8 spectra (A/AA = 20,000 with
the echelle mode) in H or K for the 4 target Cepheids in 2010 (S10A-
123) and 2012 (S12A-053, S12A- 563) Only. the spectra taken in the
2012 July run were obtained with the reasonable gain of the AO188
system (FWHM=0.2—0.3 arcsec at airmass between 1.5 and 1.8). The
AO-guided observations in-the other runs (June 2010 and May 2012)
were interrupted by instrumental problems and poor seeing condition,
but, all data were usable in the radial velocity measurements. Figure 2
plots a small fraction of the spectra taken in the 2012 July run. Clear
differences are observed in the redshifts of the four objects.

Table 1 | Targets and log of spectroscopic observations
(2 Typical signal-to-noise ratio at the continuum level; ® Vs, at each epoch; “mean V)

€ b P Date Integration 2l Vis® | Vis®
[deg] [deg] | [days] (um) time [seq 22nd /N

Object km/s] | [kmy/s]

GCC-a | +0.186 -0.009| 23.528 |2010/06/21 300X8
2012/05/26 300 %X 12
2012/07/26 300 % 12 100 |+105.1

45 | +128.9 | +127
25 | +132.7

GCC-b | -0.105 -0.043| 19.942 |2012/05/26 300X 12 25 -75.6 -58

GCC-c | -0.112 -0.041| 22.755 |2012/05/26 300X 12 25 -67.2 -81
2012/07/27 300 % 12 100 | -71.8

K
H
H
H
2012/07/26 300 12 H 100 | -95.8
H
H
H

GCC-d | -0.324 -0.026| 18.886 |2012/07/27 300X8 85 -38.1 -9

To estimate the radial velocities, we compared the observed spectra
with synthetic ones constructed by the tools ATLAS9 and SYNTHE by
Kurucz (1993): A telluric absorption spectrum constructed from an A-
type star observation was convolved with-a model spectrum shifted by
_a_'triél redshift to construct a synthesized spectrum (syn). The synthetic
spectrum.was then compared with the observed spectrum (obs). Each
target spectrum-was assigned the redshift that minimized the X2 value
of the difference between (syn) and (obs)..

Cepheid pulsations can alter the radial ve|o<:|t|es measured at each
‘epoch by up to 50 km/s. In order to estimate the mean velocity, we
constructed velocity curve templates based on the H-band light and
velocity data for 11 nearby Cepheids with similar periods, P~20 days
(Fig. 2). The phases at our spectroscopic observations -are well known
(Fig. 3) and the correction of the pulsation effect were made.
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Fig. 1 | A part of the Subaru/IRCS
spectra in the H band for four
Cepheids (data in the July 2012 run).
Vertical dotted lines indicate telluric
lines used for wavelength calibra-  05( | ]
tion. Intrinsic absorption lines show L - :
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. 4. Results and Discussion

Mean velocities of the 4 Cepheids were obtained using the templates
mentioned above. Fig. 4 shows the templates which are vertically shifted
to fit the measured values. The predicted veloaty curves adequately
accommodate the measured velocities. The velocity amplitudes are
p.redlcted_ by the H-band light amplitudes and the assumed ratio of
Ap/Ay = 135 km/s/mag, which is the largest.error source, =13 km/s.

Fig. 5 plots the VLSR of the Cepheids against the Galactic longitude.
Their positions and velocities are consistent with the prediction that
these Cepheids orbit around Sgr A= similar to other objects in the NSD.
Furthermore, an N- body/SPH simulation of the Galaxy (Baba et al. in
prep.) suggests that they were actua!ly born in this region.

Fig. 4 | lllustration of the estimated mean
velocities (indicated by horizontal lines).

Velocities at individual epochs indicated by
filled circles are compared with the fitted
velocity curve templates for each Cepheid
in each panel. Thick curves have the
amplitudes obtained based on the
amplitude ratio Ay /A, = 135 km/s/mag,
while thin curves have those with the ratio

C-:‘u tic de [ .«3

Fig. 5 | Vs of our Cepheids plotted against
the Galactic longitude (open circles). Open and
filled star symbols indicate the Arches and
Quintuplet. The x1 and x2 orbits from Bissantz
et al. (2003) are indicated by solid curves. The
background displays the /-v diagram of the CO J

Fig. 2 | Templates of the light and velocity
variations. Normalized variations of H-
band light curves and radial velocity curves
for 11 nearby Cepheids with P~20 days
(Groenewegen 2013). Fitted template
curves and the =10 ranges are indicated
by solid and dashed curves, respectively.

Fig. 3 | H-band light curves and phases of
spectroscopic observations. GCC-a, -b, and -
c in June 2010 and July 2012 are indicated
by open triangles and open circles,
respectively. Vertical dotted lines indicate
the dates (YY-MM-DD) and phases of the
IRCS spectroscopic observations.

larger by 30 % (Nardetto et al. 2011).
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