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A study of 1095 objects located towards the Sagittarius tig@ineroidal (Sgr dSph)
has been undertaken. 19 of these stars were classified geeGtirs, 341 were clas-
sified as M-type stars and 733 were classified as K-type stassdf the objects was
found to be the galaxy 2MASX J18521545-2948214). Thess b&long to two radial
velocity populations; the Galactic stars with an averagiatarelocity peak of-13 km
s and a dispersion of 53 knts and the Sgr dSph stars with an average radial veloc-
ity peak of 141 km st and a dispersion of 15 knts The determined radial velocities
are accurate ta: 10 km st. Stars with § — K) values placing them on the observed
giant branch are likely to belong to the Sgr dSph.

Five observed stars are suggested to belong to the metapppalation of the Sgr
dSph, and from these observations it is determined that #talfpoor population of
the Sgr dSph iql—l the size of the bulk population.

The onset of thermal pulses is found to coincide with the hosity of the RGB
tip. Four carbon stars are located at this luminosity ansistiggested that, rather than
stars in the Sgr dSph becoming carbon-rich very early on RAGB, these stars in
fact are in the helium burning phase of the thermal pulseecycl

An average carbon-rich lifetime of between 1.07 and X 26° years is determined
and it is calculated that carbon stars in the Sgr dSph may wmiiergo one or two
thermal pulses before high mass-loss rates terminate Al lifetimes. Total mass-
loss rates of 16 M, yr~* are found for the most reddened carbon stars.

An approximate @M ratio for the Sgr dSph is determined to be 0.54, indicating

that carbon stars are produced by the bulk population.
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Introduction

1.1 Stellar Evolution of AGB Stars

1.1.1 From the Main Sequence to the Asymptotic Giant Branch

A star spends the majority of its life on the main sequence)(Nd8rning hydrogen
into helium in its core via the proton-proton chain (in stafsmasss 1M,) or the
CNO cycle (in stars of higher mass). Once the core has beeaustdd of hydrogen
it contracts under gravity and rises in temperature, anchiftgogen burning moves
outwards to a shell surrounding the helium core. If the ftanassive enough{ >
4-5 M,,; Pilachowski 1988), after the exhaustion of core hydrogenli be subjected
to the first dredge-up (FDU). The FDU mixes the products ofrbgdn burning with
the outer stellar layers and alters the chemical abundasfabe surface layer. Stars
having undergone the FDU will subsequently exhibit an iaseein**N, a decrease in
12C and lowert?C/13C and'?C/*N ratios (Gratton et al. 2004; Gilroy 1989).

The contraction of the core leads to an increase in temperatthich causes the
outer layers of the star to expand and its luminosity to gramg it begins to ascend
the red giant branch (RGB). Hydrogen-shell burning producether helium, which
collects on the helium core. The core continues to contrattiracrease in temperature,

and it eventually reaches temperatures high enough fanfddurning to occur410?

JENNIFER WHITE 19
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Figure 1.1: Hertzsprung—Russell diagram for a star of 2a¥lsolar metallicity, taken
from Herwig (2005). The complete evolutionary track is shedrom the main se-
guence to the white dwarf phase. The blue track shows theigeolof a ‘born-again’
star (se€§1.1.7) of the same mass. The main evolutionary phases aztiddbalong
with the log of the time spent in these phases by a,2skar.

K).

In low mass starsMl < 2 — 3 M), helium burning begins after a violent helium
flash which alleviates the degeneracy of the core. Highessnstars activate helium
burning in their cores without such an aggressive startl@afil 2000). While the star
is burning helium in its core, and undergoing hydrogen{shining, it lies on the
horizontal branch (HB) (Lattanzio and Wood 2004).

After the consumption of all the helium in the core, heliuntrbng too moves
outwards to a helium-burning shell around the degenerat®oaand oxygen core. In
stars of high enough maskIi(> 4 M.; Blocker 1999) the second dredge-up will occur
after the termination of core helium burning, mixing thessvty processed elements
to the surface. The star is now evolving up the asymptotiotdieanch (AGB).

AGB stars are characterised by an outer shell of hydrogenitgrand an inner

20 AGB STARS IN SGR DSPH



1.1: STELLAR EVOLUTION OF AGB STARS

|
= Conveclive—_———
—_—— 4 Envelope = —

Radiative f——————

Layer r,'--- ———

H=shell [—————~
- “He layer [ —
tHe=-shell ———

Figure 1.2: The internal structure of a 1, M\GB star, taken from Lattanzio and Wood
(2004). On the left, various regions are plotted againstsmasile on the right they
are plotted against radius.

shell burning helium, both of which surround a dense, deggeearbon and oxygen
core. The degeneracy of the core prevents any carbon buneimgaking place within

the core, due to neutrino emisssion (Lattanzio and Wood R@Eidure 1.1 shows the
evolution of a 2 M, star, at solar luminosity, from the main sequence to the AG® a

beyond on the Hertzsprung—Russell (H-R) diagram.

1.1.2 The Early-AGB to the TP-AGB

The star then ascends the AGB, burning helium and hydrogshets surrounding
a degenerate carbon and oxygen core. Figure 1.2 shows #reahstructure of a 1
M, AGB star. Core contraction and nuclear burning within thellshhave caused
the outer layers of the star to swell enormously, up to hutsld solar radii (Lamers
and Cassinelli 1999). The AGB is divided into two sectiofne éarly-AGB and the
thermally pulsating-AGB (TP-AGB).

Onthe early-AGB nearly all the luminosity and energy of tte & provided by the

helium-burning shell. The energy released by the heliummibg shell causes the lay-

JENNIFER WHITE 21



1: INTRODUCTION

ers above it to expand and therefore cool. This expansiomgsusie hydrogen-burning
shell out to lower temperatures, which almost forces thaiteation of hydrogen burn-
ing. While the star continues to evolve up the AGB, its helisimll becomes thinner
as it burns through the helium deposited by the earlier hyeineshell burning. The
helium-burning shell moves outwards, approaching the dxyein shell, and begins to
run out of fuel; as it does so its luminosity dropf % — 1—10 of its former value
(Becker and Iben 1980). The hydrogen shell is reignited adahers below it have
continued to contract and therefore heat up. The hydrogentig shell now becomes
the dominant luminosity source.

At the end of the early-AGB phase the star has two active hgrshells, their
close proximity and the high temperature dependence aitmdburning cause a strong

thermal instability which leads to thermal pulses.

1.1.3 A Thermal Pulse

Throughout the greater part of a thermal pulse the hydrdgening shell provides
most of a star’s energy. Periodically, ever§0* — 10° years, the helium burning shell
will ignite in a helium shell flash which lasts for a few hundrgears. The helium shell
burns very brightly, with the brightest even reaching luasities of up to 18L,, (Iben
1984; Lattanzio and Forestini 1999). The energy is produmethis reaction far too
quickly to be released on radiation timescales; therefon@ir-shell convective zone
(ISCZ) is created around the helium-burning region. Hellwms via the triple-alpha
process?He is burnt into!?C, which in turn can capture- particles to producé®O.
The ISCZ is made up 0#75% helium,~22% carbon and a few percent oxygen.
During the ‘power-down’ phase of a thermal pulse the helioumaing shell begins
to decline. This leads to the disappearance of the ISCZ. mbeyg released by helium
burning causes the outer layers of the star to expand andyth@den shell is thus
forced out to cooler temperatures and lower densities, @hés almost extinguished.

The next stage of a thermal pulse is the one that is the moseqoential for the

22 AGB STARS IN SGR DSPH



1.1: STELLAR EVOLUTION OF AGB STARS

evolution of an AGB star; the third dredge up.

1.1.4 The Third Dredge-Up

The third dredge-up occurs during the TP-AGB. Energy preduturing helium shell
burning is absorbed by the convective envelope. This iser@aluminosity escaping
from the core causes the convective envelope to extend dswalf the convective
envelope penetrates the layers in which nucleosyntheskstiace it causes the newly
created helium- and hydrogen-shell burning products torbdgkd up.

The main consequence of the third dredge-up is the enrichofdhe stellar en-
velope in*?C. With each consecutive thermal pulse, further carbon ésiged up to
the stellar surface. AGB stars undergoing the third dreagigevill also show an over-
abundance ofHe and somes-process elements in their stellar envelopes. Trese
process elements are produced by slow neutron capture evameunstable nucleus
decays vigs-decay before capturing a neutron (Ilben 1984). This occaepdvithin
the star whem ~ 10 K. The NO ratio will also be &ected in stars which have ex-
perienced the third dredge-up, ¥l is converted intd?Ne (Becker and lben 1980).
In AGB stars ofM > 3 M,, (Lattanzio 2003) thi$?Ne can then go on to capture an
a-particle, producing®Mg and a neutron. It is the neutrons created via this process,
via BC(a,n)!%0, which are responsible for the formation of the neutrait-g-process
elements (Blocker 1999).

Thermal pulses therefore, continually enrich the stelfareéope with carbon and
other elements. This cruciallyffects the @O ratio which plays an important role in

the rest of the star’s evolution.

The C/O Ratio

AGB stars are split into two main types; oxygen-rich (M-ty@ad carbon-rich (C-
type) stars, depending on thé@ratio of the starJ, H andK band colour-magnitude

diagrams show a distinct separation between the two typils,carbon stars being
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typically a lot redder than M-type stars at the same lumityo3ihis colour diference

is due to the molecular absorption lines of CN in carbon-stérs absorbing more
blue light than the equivalent in oxygen-rich stars. Re@ntveys in the near-and
mid-infra-red (e.g.2MASSWISE& AKARI), and spectral surveys undertaken using
the Spitzer Space Telescopave helped to illustrate the divide between oxygen- and
carbon-rich stars (Marigo 2008).

Carbon monoxide (CO) is one of the first molecules to be formigain the star; it
has a high binding energy (11.1 eV) and is therefore a veblestaolecule. This means
that all atoms of the least abundant element, carbon or ax\aye trapped within the
CO molecules. If there is an excess of carbon, tf@ @&tio will be greater than unity
and hence the star is a carbon star. The opposite is true aisardance of oxygen, the
C/O ratio is less than unity and the star is an M-type, oxygemstar. Whether a star is
oxygen-rich or carbon-rich greatlyfacts its evolution, and the chemical composition
of the dust produced by the star depends on it.

While all AGB stars begin as oxygen-rich stars, after a nunab¢hermal pulses
(and therefore dredge-ups) enough carbon can be mixed sutfece to trap all oxy-
gen atoms within CO molecules, creating an S-type star with-<C11. Further dredge
up of carbon tips the (© ratio to above unity and the star becomes a carbon-riclac-st

The QO ratio dfects the type of dust produced in the star. This dust is retkas
into the interstellar medium (ISM) during the heavy mass legperienced towards
the end of the AGB. In carbon stars the dust will mostly be fednof amorphous
carbon dust (“soot”) and other hydrogen rich elements, €#,, CN and HCN. The
spectra from M-type stars are dominated by oxygen-rich moés such as SiO, TiO
and HO, forming silicates and oxides (“sand”). However, shockihin the stellar
envelope may lead to the formation of a small fraction of rooles of the opposite
type (Decin et al. 2008).

1C/O ~ 1 is a very transitory phase (Iben 1984), therefore S-tyaesstre rare.

24 AGB STARS IN SGR DSPH



1.1: STELLAR EVOLUTION OF AGB STARS

1.1.5 Hot Bottom Burning

Hot bottom burning (HBB) occurs in the most massive AGB s(Msv4 M)? when
the base of the convective envelope reaches high enougtetetages, T > 40 x 10°
K; Ventura and Marigo 2010), for nuclear processing. In loweass stars there is
a radiative bfer between the H-burning shell and the convective enveliopaGB
stars of greater mass this isn’t the case. The convectivel@me and the H-burning
shell overlap causing some of the products of hydrogen hgra be injected directly
into the outer layers. This can have a significaffite on the chemical composition
of a star, as the stellar envelope will be enriched with nmaltehat has repeatedly
undergone proton-proton chain reactions.

The stars studied in this thesis are all very old and theegfime not massive enough
to ignite HBB. However, | will summarise the main consequenof HBB. HBB can
delay or even prevent the formation of carbon stars as itestti§ to be burnt intd®N
via the CN cycle. As well as this reduction IfC and increase it*N, stars that have
undergone HBB can be recognised by loy0Gnd*?C/ °C ratios, plus enhancements
of ’Li and %*Na, Mg, ?®Mg and?°Al from the Ne-Na and Mg-Al chains (Boothroyd
et al. 1995; Lattanzio et al. 2004; Ventura and D’Antona 201As a star evolves
up the AGB, its envelope mass is continually reduced duedatéllar wind and this
gradual loss of the envelope mass terminates HBB in AGB.skdrthis critical point
the temperature will have dropped too low for nucleosynth&soccur at the base of

the convective envelope.

1.1.6 Variability

Stars on the AGB begin to undergo long period and large-aog#ipulsations. They
are described as long period variables (LPVs) and semitaegariables (SRVs). LPVs

with large amplitudesAV > 2.5 mag; Whitelock et al. 2008) are known as Mira vari-

2This is for solar metallicity, but the minimum mass for thesehof HBB will decrease with lower

metallicities, as lower metallicity stars burn at highenfeeratures.
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Figure 1.3: The period—luminosity diagram for variablersta the Large Magellanic
Cloud, taken from Wood et al. (1999). Explanations of theuseges are given in the
text. Wood et al. (1999) chosg =< lp > -1.38x (< V > — < | >)q as the luminosity

index for the y-axis as it is almost reddening free.

ables. Mira variables have regular periods-80 — 1000 day3, while SRVs are lower
in amplitude and have less regular periods-80 — 150 days (Lebzelter et al. 2005;
Zijlstra 2006). AGB stars pulsate due to thenechanism, first suggested by Edding-
ton (1917); opacity«) variations in ionisation zones alternately block and $rait the
emerging radiative flux, leading to pulsations. In Cepheidables this occurs dur-
ing the second helium ionisation (Zhevakin 1963; Baker aippp&nhahn 1965) but in
these LPVs, pulsations are due to the ionisation of hydrogen

Period—luminosity relationships for Miras were obtainddotigh studies of the

Large Magellanic Cloud (LMC) (e.g. Feast et al. 1989), besthearly relations were

SN. N. Samus and O. V. Durlevich, 2009,GCVS Variabilty Types [online]
http;y/www.sai.msu.slgcvggcevgiii /vartype.txt (accessed g11/2011)
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1.1: STELLAR EVOLUTION OF AGB STARS

calculated using only a few infrared observations (Fea®d20Wood et al. (1999)
also studied optically visible Miras and SRVs in the LMC asthélished five parallel
period—luminosity sequences for these stars, as showmyuré-i.3.

Miras and SRVs occupy only three of these five sequences; SRY/fund on
A, B and the lower part of C, whereas Mira variables only ogctle C sequence.
As a star evolves up the AGB it grows in luminosity and therefats period also
increases (Lattanzio and Wood 2004). Sequence C reprabsenisndamental mode
of the variable star; Mira variables pulsate in this moderaévolving through the
overtone modes of the A and B sequences. Some AGB stars wigelgeriods,
P > 420 days (Feast et al. 1989), do not follow these period-Aosity relations;
these more massive stars are probably experiencing HBBhardfore are at higher
luminosities than predicted (Whitelock 2003).

A number of LPVs have been found to display a secondary periqululsation
(Payne-Gaposchkin 1954). These long secondary periodsL&xceed the stars’ pri-
mary pulsation periods, having lengths©250 — 1400 days (Nicholls et al. 2009).
LSPs occur on sequence D of Figure 1.3 (Wood et al. 1999) anle awhleast 30%
of variable red giants exhibit LSPs (Soszynski et al. 200#gre is no current under-
standing of their cause.

LPVs are the most luminous stars in old or intermediate agkastpopulations,
therefore it is crucial to understand them in order to usentlas tracers of the history
of star formation in galaxies (Whitelock 2003). The perihawinosity relation can be
used as a distance indicator for these galaxies.

Pulsations within AGB stars also significantlffect the mass-loss rates of these
stars, as discussed §1.2.2, with stars undergoing large-amplitude pulsatioss a

experiencing high mass-loss rates (Lebzelter and Wood)2011
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1.1.7 Termination of the AGB Phase

During the TP-AGB significant mass loss occurs (§2€). During a star's TP-AGB
evolution, its stellar luminosity increases, until a limg value is reached. During
this time, the star’'s thermal pulses become more frequeiit,tbe final thermal pulse
ejects the majority of the remaining atmosphere. AGB staentially lose approx-
imately ~35 — 85 % of their initial mass (Marshall et al. 2004), with this ssdoss
ending the AGB phase of a star’s life. Once the stellar empesltas been reduced 4o
103 M,, (Lattanzio and Wood 2004) the star begins its post-AGB diaiand starts
to shrink. Due to the small envelope mass of the star, a iadibtffer zone is present
between the base of the convective envelope and the hydimgemg shell. There-
fore, the mass loss of the envelope does not diredtgcathe core luminosity of the
star.

Mass-loss rates on the AGB reachr16 104 M., yr~ with wind speeds of 5 25
km s1, while post-AGB wind speeds reach much higher values but leitver mass-
loss rates. However, it has been found that stars at lowealheét exhibit slower
wind speeds than this (Marshall et al. 2004; Zijlstra 1998pd/et al. 1992), due to the
metallicity dependence on dust production which herftects the dust-gas coupling,
see§l.3. The slow AGB stellar wind is caught up by this faster winelating a dense
shell of compressed gas (Schonberner anét&1€2003; Kwok et al. 1978; Cerrigone
et al. 2006; Lamers and Cassinelli 1999). Meanwhile, the obthe star has continued

to contract and is therefore increasing in temperature. #-p@B star is defined as an

object in which the superwirichas ceased but the central star has not yet reached the

temperatures required to ionise the surrounding circultast@atter. Once this critical

temperature is reached ¢ 20000 K; Waelkens and Waters 2004; Suarez et al. 2006;

Mesler and Henson 2008), radiation from the hot core iortlse$no interacting winds
forming a planetary nebula (PN). However, not all post-AG&s become planetary

nebulae (PNe); stars with lower initial masses evolve taavil through the post-

4The superwind is the period of time in which the greatest rl@ss rates are reached, $ge2.2
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1.1: STELLAR EVOLUTION OF AGB STARS

AGB phase. Therefore, when the central star reaches thestratopes hot enough for
ionisation, the ejected circumstellar matter will have bést to the ISM and no PN
is visible (Karakas 2010).

The post-AGB phase is brief, only lasting around® 2010° years (Habing and
Olofsson 2003; van Winckel 2011), and it covers a range ofabj from stars which
have only just left the AGB, to those which are on the vergesaidming PNe. Observ-
ing post-AGB stars is diicult as their short lifetimes mean that they are rare objects
Furthermore, some individual post-AGB objects have beerstiject of multiple stud-
ies and are hence very well known, while the stage as a whgleagy understood
(Waelkens and Waters 2004). A post-AGB star can be simgdikyi described as a
visible central star surrounded by a shell of ejected cirstethar material. This ar-
rangement produces a ‘double peaked’ spectral energytdistm (SED) (Mesler and
Henson 2008; Garcia-Lario 2006), with a bump in the visthle to the bright central
star and a second in the mid- to far-infrared from the cold dhsl|.

Stars which have begun their post-AGB evolution may expegea final thermal
pulse. This causes the rapid inflation of their circumstediavelopes (CSEs) back
to red giant size. Stars which undergo this transformatienkaown as ‘born again’
AGB stars and evolve very rapidly (Waelkens and Waters 200djs thought that
approximately 10% of post-AGB stars will undergo these jatéses (van Winckel
2003).

One significant observation that still isn’t understoodhie transition, during the
post-AGB phase, from the generally spherically symmetiassioss of TP-AGB stars,
to the wide range of shapes and sizes found for PNe. Anotlserepancy between
AGB and post-AGB objects is found in their chemical signesjronly a few post-
AGB stars exhibit evidence for the rich nucleosynthesiswkmao occur during the
AGB (van Winckel 2011). It is therefore evident that furtmesearch must be done on
this brief, yet dramatic, stage of stellar evolution.

After the PN phase and once all nuclear processes have cadigbdt is left of the

star is the carbon and oxygen core supported by electromeéegey pressure, which
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cools and fades as a white dwarf.

1.2 Mass Loss on the AGB

1.2.1 The Importance of Mass Loss

Mass loss on the AGB is a very important phenomenon; it dtivesiourishment of the
ISM and causes the termination of the AGB. In this sectioa cilrrent understanding
of AGB mass loss will be discussed and the formation of dushenCSEs of AGB
stars will also be touched upon.

AGB stars eventually lose up to 85% of their initial main seqce mass to the
ISM, via the stellar wind (Marshall et al. 2004). Furthermoapproximately 90%
of stars that have died in the Universe so far have been AGRB:sitais evident that
AGB mass loss is a very important phenomenon. Due to the thiedge-up (and
HBB in more massive AGB stars) the stellar wind releases lanefa molecules and
dust into the ISM, the nature of which will depend on th®©GQCatio of the star. Dust
will dwell in the ISM for ~10° years (Jones et al. 1996) before being involved in star
formation. Therefore, the mass injection from AGB starsatjseaffects the chemical

compositions of newly forming stars and galaxies.

1.2.2 Pulsation- and Dust-Driven Winds

The huge radii reached by AGB stars’ extended CSEs meandHahg as there is a
driving mechanism present, it is easy for the outer layeth@star to escape the star’s
gravity. This mass loss is known as the stellar wind.

The driving mechanism for AGB mass loss is a two stage procEsst, pulsa-
tions in the star create shocks which levitate the outerlepee causing it to expand
and cool. Once the extended atmosphere reaches a raditis-o2.5 stellar radii the
temperature will drop below the dust condensation tempezgl ~500 K- 1800 K,

dependent on molecular species; Millar 2004), allowingeunuoles to condense into
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dust grains (Lamers and Cassinelli 1999), see seétich 3. Secondly, radiation pres-
sure on these dust grains accelerates them to the escapgywelde gas is carried
along with the dust particles due to ‘momentum coupling’lif@in 1972); the colli-
sional coupling between the gas and the dust. Collisionsdet the grains and the
gas molecules produce a drag force on the dust grains; this gasen outwards due
to the flow of dust grains through it. A pulsation-driven wicah support a mass-loss
rate of 107 M,, yr-! but, for the highest observed mass-loss rates of 2010~* M,

yr1, dust-driven winds are required (Bowen and Willson 1991).

The Superwind

The Reimers’ mass—luminosity relation (Reimers 1975) aalyi used in modelling of

mass loss throughout the Hertzsprung—Russell diagram:

. LR
Mo . (1.1)

It is based on the assumption of continual mass loss thraughstars’ life, and
while it is frequently still used to determine approximadgas of mass loss, it fails for
the dusty winds of pulsating giant stars. The Reimers’ magsinosity relation does
not predict high enough mass-loss rates to explain the ebdenass loss on the AGB
(Bowen and Willson 1991). Based on this mass—luminosigti@h the mass left at
the termination of the AGB should be greater than 0.6 Mowever, observations of
white dwarfs have found that most of them have masses lespthdicted by Reimers’
law (Moehler et al. 2004). Gradual mass loss from AGB staisuthout their lives is
therefore not enough to explain the observed mass-loss rBlbe majority of mass loss
occurs towards the end of the AGB, in a mass ejection of dust/kras the superwind
(Bowen and Willson 1991).

Mass-loss rates increase with luminosity and at the veryofash AGB star’s life
it experiences the superwind. It is during the superwind tha greatest mass-loss
rates of~10* M, yr~! are reached. During this period dust formation is vefgetive

and the star, therefore, becomes surrounded by an optitadly dust shell. Stars
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with these high mass-loss rates, which have long periodexsmitit strong 1612 MHz
maser lines in their spectra, are classified agl@Htars (Garcia-Lario et al. 1999;
Engels et al. 1999).

The stellar mass-loss rate far surpasses the rate of nymeeessing within the
core. The star therefore, sheds its outer mantle and tetesints life on the AGB

before the core mass has had time to grow substantiallyrlarge

1.2.3 Dust Grains and the ISM

Understanding the dust input into the ISM from AGB stars isaglly important in
extending our knowledge of the subsequent stellar formatithe Spitzersurveys of
the Magellanic Clouds (MCs) and the subsequent projectv&umg the Agents of a
Galaxy'’s Evolution’ (SAGE) have produced photometric datathe LMC in varying
filters, therefore providing information tracing the evistun of galaxies driven by the
life cycle of dust. However, the number of observations gitecaiite limited (Boyer
et al. 2009).

Dust is created within AGB stars during the TP-AGB, once &me material has
been forced out to temperatures lower than the condenstioperature and thus
condenses into solid dust particles. Whether dust prodcsi reliant on seed nuclei
(around which the molecules condense) is still uncerthiis:would introduce an extra
metallicity dependence of the dust formation.

As discussed above, the nature of the dust produced in AGB stalependent
on the QO ratio of the star. Carbon-rich stars produce amorphousoradust and
carbohydrates such as acetylengH&) and silicon carbide (SiC), while oxygen rich

stars produce metal oxides and silicate dust (SiO).
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1.3 Low Metallicity Populations

Studies of stellar populations in low metallicity galaxieave become increasingly
popular in recent years. Understanding these metal-pgaulBton Il stars is a crucial

step towards understanding the processes involved iniegplkom an early Universe

of only H and He, to the metal-rich Universe seen today.

Low metallicity stars exhibit lower atmospheric opacitéexl therefore are warmer
for a given luminosity (Scalo and Miller 1981; Mouhcine ananicon 2002). This in
turn also necessitates that they evolve to higher lumiiessit order to initiate the
superwind (Mouhcine and Lang¢on 2002), compared to highetaliicity stars of the
same mass.

Low metallicity populations can be recognised by theirautolet (UV) excess.
The UV flux of a star is fiected by heavy metals in the star, however this is obviously
reduced at low metallicities, leading to extra UV light bggiproduced in comparison
(Roman 1954; Siegel et al. 2009).

Dust-formation rates fall at lower metallicities causingeduction in the dust-to-
gas ratio, which in turn fects the velocities of stellar winds. Since the expansion
velocity of the gas is dependent on the coupling between tisé ahd the gas, when
less dust is produced, each grain will have to drag along rgagewith it, causing
lower wind speeds in lower metallicity galaxies such as theshMnd the Sagittarius
dwarf spheroidal (Sgr dSph) (Wood et al. 1992; Zijlstra 199@rshall et al. 2004).

It is also found that LPVs at lower metallicity have shorteigation periods than
expected in Galactic stars (Wood et al. 1998; Feast and Wbke2000). Higher
metallicity stars have longer periods as their giant brascire redder and thus their
radii greater (Wood et al. 1998).

1.3.1 Mass Loss at Low Metallicities

The Spitzersurveys of the Large and Small Magellanic Clouds (LMC and SkC

spectively) have provided observations which generated af linterest in low metal-
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licity mass-loss rates; the MCs have metallicities of/Hje- —0.52 to —0.30 (West-
erlund 1997; Lagadec et al. 2008) and /= —0.90 to —0.60 (Russell and Dopita
1992; Venn 1999; Rolleston et al. 1999, 2003; Lee et al. 26f5he LMC and SMC,
respectively. SAGE-LMC (Meixner et al. 2006), SAGE-SMC (Gan et al. 2011) and
SAGE-Spec (Kemper et al. 2010) provided the first obsemataf AGB stars in the
MCs over extensive luminosity and mass ranges. Since thandiss to the MCs are
known, absolute mass-loss rates of AGB stars at low metadscan be obtained from
the Spitzerobservations.

Bowen and Willson (1991) predicted that at lower metallest([FgH] < —1)
dust-driven winds would fail and mass-loss rates would ddpan pulsation-driven
winds only. Zijlstra (2004) followed up their work and fouridat based on Bowen
& Willson’s calculations, the final mass of a star’'s core bees a lot greater in these
metal-poor regimes and can even exceed the Chandrasekiitgili4 M,). Therefore,
Bowen & Willson’s theories predict the occurrence of AGB supvae.

Lagadec et al. (2009a) investigated the mass loss from thelSgh, to further
study the mass-loss rates and dust production of its stangy €ommented on the
prevalence of carbon stars at low metallicity. This is du¢hi® longer carbon-rich
lifetimes of low metallicity stars (Mouhcine and Lancon02) 2003). Low-metallicity
stars will become carbon-rich much faster than their Galaxiunterparts as they are
formed with a lower oxygen abundance and, therefore, fewentge-ups are required
to reach a @O ratio above unity. Naturally, these dredge-ups do noteedier the
formation of a carbon star: the stellar envelope is contiguaeing enriched with
further carbon. Hence, lower-metallicity stars can be eigakto reach higher /O
ratios than comparable AGB stars within our Galaxy. This ¥easd to be the case
(Matsuura et al. 2005; Lagadec et al. 2009a).

It has also been discovered that these low-metallicityaadiars have mass-loss
rates similar to Galactic carbon stars. However, oxygeh-stars display lower mass-
loss rates at lower metallicity (Sloan et al. 2008). At lowtatkcity carbon stars have

higher mass-loss rates than oxygen-rich stars. This migletplained by the fact that
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the production of amorphous carbon (which makes up mosteoflttst formed in car-
bon stars) depends on self produced carbon, whereas oxighestars produce dust
from metallicity limited elements, such as Si and Al (Zijis2006; Lagadec and Zijl-
stra 2008). The production of dust in oxygen-rich stars athaetallicity is therefore
heavily reducetl The work by Boyer et al. (2011), with the SAGE-SMC data, sup-
ports this prediction. They compared their data with theifigd of SAGE-LMC and
discovered that the LMC displays greater silicate emisgham the SMC, suggesting
that oxygen-rich dust production is hampered at lower niietiz¢s. On the other hand,
carbon-rich dust formation rates were comparable betweemto MCs, indicating a
much weaker (if any) dependence on metallicity.

Work done by Mattsson et al. (2008) complements these oaisens. Mattsson
et al. (2008) modelled C-stars in low-metallicity envirosmts and they too found that
the mass-loss rates of these metal-poor stars were cont@anabr even higher, than
stars of solar composition.

These more recent studies of mass loss at low metallicityradict the predic-
tions of AGB supernovae suggested by Bowen and Willson (1981ow-metallicity
galaxies, dusty winds can be maintained and the rate of massvla these winds is
still well above the rate of core growth from nuclear burnifigpis indicates that AGB
stars will terminate their evolution via mass loss before ¢hre has had time to grow

significantly, therefore rejecting the expectation of tRiseence of AGB supernovae.

1.4 The Sagittarius Dwarf Spheroidal

The Sgr dSph was discovered by Ibata et al. (1994). It is tbersknearest dwarf
galaxy to the Milky Way (MW) at only-25 kpc away (Gittrida et al. 2010; Sbordone

SWhile the production of amorphous carbon doesn’t depenchergalactic metallicity, the abun-
dance of the seeds around which dust grains may be formed stilibe metallicity dependent. How-
ever, the metallicity dependence of carbon-rich dust Willllse less than the metallicity dependence of

dust in oxygen-rich stars (Lagadec et al. 2008).
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et al. 2007; Lagadec et al. 2008), after the exception of #veyndiscovered Canis
Major dwarf galaxy (Martin et al. 2004). It covers a largead# the sky, with dimen-
sions of approximately T5x 7° (Giuffrida et al. 2010). Despite its ample size, the
Sgr dSph wasn’t discovered until recently due to the fact ithia located behind the
Galactic Bulge, this continues to make the dwarf galaxiddilt to observe as there is
a lot of contamination from foreground stars. The Sgr dSphaahort orbital period
around the MW ok 1 Gyr (Sbordone et al. 2007; Bellazzini et al. 1999b).

The Sgr dSph is being tidally destroyed by our Galaxy. The MVedcreting the
dwarf galaxy by tidal stripping and will eventually integ¢eat completely. Studies of
the Sgr dSph therefore, are tremendously useful, providgwgith an insight into the
physics involved in the tidal destruction of satellite gades.

Four globular clusters are associated with the Sgr dSplzarer, Terzan 8, Arp 2
and M54. M54 is located at the centre of the Sgr dSph althouigHikely that it was
formed elsewhere before being pulled to the centre {{Gda et al. 2010).

1.4.1 Metallicity and Chemical Composition of the Sagittarus Dwarf

Spheroidal

The Sgr dSph containsftierent metallicity populations throughout the galaxy, éer
fore there is also a considerable range of stellar ages iBgnelSph. The main stellar
population has a metallicity 6f0.7 < [Fe/H] < —0.4 (Lagadec et al. 2008; Gluda
et al. 2010) and an age ef8 Gyr (Lagadec et al. 2009b). However, there is also a
younger, more metal-rich population of [fF§= —0.25 (Bonifacio et al. 2004), and a
small, very metal-poor population with a metallicity of [FB= —2.0, which is thought
to be much older (Bellazzini et al. 1999a).

Chou et al. (2007) also discovered a metallicity gradienhinithe stellar compo-
nent of the tidal stream being accreted by the MW, with moréatréch stars having
been stripped from the Sgr dSph more recently. This findingmlements the theory

that the Galactic Halo is made up of stars that have beentadci®m dwarf galax-
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ies being tidally disrupted by the MW. So far no stellar p@tigin has been found

within the MW with the same chemical abundances as the dwatireidals, however

Chou et al. (2007) provide evidence that there may be véstrdnces between current
chemical compositions of dwarf spheroidals and the staey tlave accreted in the
past.

The Sgr dSph has a chemical composition very unlike the Mghi8cant under-
abundancies af-elements and other light elements such as Na, Al, Sc, V, G& NN
Zn are recorded, in comparison to Galactic stars with theesaon content. Overabun-
dances of La, Ce and Nd are also detected, as well as wilfireint abundance ratios
(Sbordone et al. 2007). From this striking chemical sigreattiis possible to detect
globular clusters that originated in the Sgr dSph but hameesmoved away. This is
the case with Palomer 12, whose Sgr dSph origin has beenmeafithrough the work
of Sbordone et al. (200%)

1.5 The Project

The dredge up and extensive mass loss a star undergoes theiin@-AGB phase of
its life are crucial in the evolution of stars. The dredge tgadly alters the composition
of the dust ejected from the CSEs of AGB stars, while the mass teralds the end
of a star’s active life. It is also vitally important in thertsi of new stars and planets:
the matter expelled from AGB stars makes up the majority ef tBM. Hence, the
chemical composition of this matter will greatlyfect the compositions of new stars
born from the ISM. The study of AGB stars is crucial in undangting stellar and
galactic evolution.

The high mass-loss rates towards the end of a star's AGB #wenlalso cause the

termination of its nuclear fusion evolution along the AGB &yaporating the star’s

8It is worth noting that the presence of this ‘chemical sigimatis unknown at metallicities lower
than [F¢H]=-1, therefore the stars stripped from the Sgr dSph earliat,l@ence at lower metallicites,
may not be detectable through this method (Sbordone et @r.)20
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atmosphere, se§l.2.

The Sgr dSph is a low metallicity ([Ad] ~ —2.0 to—0.25; Bellazzini et al. 1999Db;
Bonifacio et al. 2004) dwarf galaxy being tidally destroymdthe Milky Way. Its low
metallicity makes the Sgr dSph a highly interesting objeditudy. If we can under-
stand the metal poor stars of the Sgr dSph we can hope to taderthe processes
involved in evolving from a completely H-He Universe to thetal-rich Universe we
see today.

This project is a study of the Sgr dSph, focusing on the uifeB and the AGB.
The aim is to further our understanding of how the AGB evolvElswer metallicities,
and we hope to better realise the carbon-rich stage of an A@B ife.

In Chapter 2, our observations and the data reduction uskbtto extract spectra
from them will be discussed. Chapter 3 will focus on deteingrthe spectral types
of our data; how many objects are oxygen- or carbon-rich,thed plotting a colour—
magnitude diagram (CMD) of our observations. The radiabeitles of the stars will
be calculated in Chapter 4, to determine which of them are lpeesnof the Sgr dSph,
rather than Galactic foreground stars. In Chapter 5, thézdprung—Russell (H-R)
diagram of our data will be plotted, after the bolometric lnosities of our observed
stars have been determined. This H-R diagram will also bepeosad with theoretical
isochrones and evolutionary tracks, to try and determimectirbon-rich lifetime of
stars within the Sgr dSph. Chapter 6 will present a compargour observations with
other published catalogues. Finally, a discussion of &lfthdings of this thesis will

be presented in Chapter 7, and Chapter 8 will draw togettegpithject’s conclusions.
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Observations and Data Reduction

The data for this project were taken using the 1.9 m Rééclelescope at the South
African Astronomical Observatory (SAAQO) along with datarin the Very Large Tele-

scope (VLT) at the European Southern Observatory (ESO)rBedny of the goals

of this project can be accomplished, the raw data must firseteced to the useful

spectra to work from.

The SAAO, situated in Sutherland was established in 1978 thié merging of
the Royal Observatory at the Cape of Good Hope with the RegarblObservatory
in Johannesbutg In 1974 the Raddlie Observatory in Pretoria closed and its 1.9 m
telescope was moved to the SAAO (Laney 1996).

The European Southern Observatory (ESO) is an inter-gavental organisation
incorporating 15 member countriesThe VLT is located at Cerro Paranal in the north
of Chile. It consists of four 8.2 m telescopes, observingnmaptical, near- and mid-
infrarec?.

In this Chapter, brief introductions to the telescopes astriments will be given,

the target observations will be summarised and the teckesigised in reducing the

1SAAQ, 2008 History: SAAQ[online] http//www.saao.ac.zabouthistory (accessed 207/2011)
2ESO, 2011, ESO’s Organisational Structure[online] http7/www.eso.orgpubligabout-

esgorganisation.html (accessed/Q%2011)
SESO, 2011The Very Large Telescogenline] http//www.eso.orgpubligteles-instivit.html (ac-

cessed 2@7/2011)
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data will be outlined.

2.1 Observations

The observations from the VLT were taken on June 23rd 2010Samd 21st- 26th
2010, using the second VLT Unit Telescope (UT2). The fiba-faulti-object spec-
trograph FLAMES (Pasquini et al. 2002) was used with the GFRE grating filters
H14B, H16, L5 and L6. The two high resolution grating filteks14B and H16) have
wavelength ranges of 638-3662.6 nm and 693.7 725.0 nm, at a resolving power of
R = 28800 and 23900 respectively, while the low resolutionrslig5 and L6) cover
574.1- 652.4 nm and 642.8 718.4 nm at a resolving power of R 7400 and 8600
respectively. Nine fields were observed using all four okthgrating settings, with
exposure times of 300 seconds for the two low resolutiorn$i){é80 seconds for H14B
and 900 seconds for H16. The coordinates for the observets feek listed in Table
2.1. The target list comprised a magnitude selected sani@MAS Sobjects within
1° of the core of the Sgr dSph and wikh< 11. Further objects with faintd€ magni-
tudes were visually selected from the comparison of a Sghdiefd with a Galactic
field, to choose objects which are most likely to belong togilaat branch of the dwarf
galaxy. This selection of observed stars can be seen iné-R&ydr A total of 1015 stars
were observed with the VLT.

Data taken at the VLT using UVES, a high-resolution optigacrograph located
on UT2, were also obtained. The same nine fields were observadne 24th 2010,
and Sept 20tk 27th 2010. The red echelle grating was used with the cragsedser
grating CD3. This provided a central wavelength of 580 nm,aaelength range of
420- 680 nm and a resolving power of R22500. However, due to time limitations
this data set is yet to be analysed.

To complement the data taken using the VLT, observationeraathe SAAO were
also obtained. Observations from the 1.9 m Rdtkclielescope were taken between
July 4th— July 8th 2009; 26 stars were observed. In addition to thisdte for 65
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Table 2.1: Postions of the observed Sag dSph Fields.

Field Central Coordinates
(J2000.0)

SagdSphField.1 | 18562450 -30°3147/7
SagdSphField.2 | 18'53"24%0 -30°20'58’5
SagdSphField.3 | 18'54™00°.1 -30°4459’1
SagdSphField 4 | 18'58"26%.5 -31°22486'7
SagdSphField5 | 1859386 -31°01'09’8
SagdSphField 6 | 18"'58™215.1 -30°4200’1
SagdSphField.7 | 18'55"115.9 -30°11'59/9
SagdSphField 8 | 18'48™28°7 -30°1201/9
SagdSphField9 | 18521250 -29°5958/2

stars observed during the week of July 28tAug 3rd 2010 were obtained. The grating
spectrograph with the SITe CCD was used, with grating #5s & 1200 lines mmi
grating with a central wavelength at 6800 A, a total wavetbrgverage of the range
6400— 7200 A and a resolution of 1 A (Kilkenny 2010).

The SAAO observations were chosen to focus on objects inejiem of the Sgr
dSph. A targetted survey of the AGB and upper-RGB stars irgtiaxy was carried
out. These images were observed for exposure time length®0ff seconds, with the
exception of four objects observed for 600 seconds and tyertsobserved for 1200
seconds.

As well as observations of these stars, bias, flat and arc tzafipration frames

were also recorded.
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2.2 Reducing the SAAO Data

Using IRAF, the overscan area, bias and flat field are cometteand bad columns
and cosmic rays are removed. Wavelength calibration isaipglied to the images and
the background is subtracted. The image is then collapsadl® spectrum and the
spectra are smoothed, in order to help identify stellarsyp®r a detailed account, see

Appendix B.

2.2.1 Overscan Region

Many CCD arrays produce an overscan region as a measure bfabdevel on an
exposed image. The overscan region is comprised of a fewrswand rows around
the image edge which are not exposed to light.

Within IRAF, the taskimhead was used to extract the overscan regionatdbroc

was used to remove it from the images.

2.2.2 Bias Subtraction

Once the overscan area has been corrected for the remaiisgriust be removed
from the images. Bias is a small electric voltage that is n@salt of excitation, but
is added to the signal by the computer to prevent any valdlsgdelow zero. To
correct for the bias, bias frames must be taken in the datk zdato exposure time (or
as close to zero as is possible) to ensure that any countsineddsy the CCD are due
to this signal and its associated nois¢n).

The taskzerocombine is used to create an average bias image from all the bias
frames. ccdproc is then used to remove this average bias frame from all thecbbj
images.

Unfortunately the bias frames obtained at the SAAO werertakih the CuNe
arc lamp left on. Therefore, there are several bright linesent within the master

bias. Dark lines of negative counts are a residdigda, within all the object images,
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Figure 2.1: A section of an example flat field image taken aSAAO0.

of subtracting the master bias.

2.2.3 Dark Current

CCD images are alsdfacted by dark current. Dark current is the signal created by
electron excitation due to thermal emission rather thantdlight. To correct for dark
current, dark frames are taken at the same temperature aodure time as the object
images, but in the dark so as to measure this thermal exwitati

The SITel CCD used with the grating spectrograph on the 1.8les¢ope at the
SAAO is cooled, using liquid nitrogen, 0180 K (Kilkenny 2010). At such a low

temperature thefBects due to dark current are negligable.

2.2.4 Flat Field

Flat fields are used to correct for any sensitivity variasiétnom pixel to pixel and also
any optical transmission irregularities, due to dust, diéfe pixels and vignetting,
present in the image. Flat field images are exposures of aramtbackground, allow-
ing any features due to the irregularities mentioned to beoked. The object images
are divided by the flat field to reduce thffexts of these imperfections.
Unfortunately, the flat fields taken at SAAO appeared to shayaauated light
leak, as shown in Figure 2.1, and therefore, they were nat.uséempts to acquire
better images were unsuccessful however, visual inspecdtidhe flat field images
suggests that flatfielding would have only a sméket (< few %) on the final spectra.

The procedure to apply the flat field correction is outlinedppendix A.
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2.2.5 Bad Pixels

As mentioned above, CCD images can have a variety of defddtdective pixels
include: hot pixels, which have a high dark current and tfegessaturate very quickly;
dead pixels, which do not register any counts and irreguleelg, which do not show
a linear response to light. The bad pixels, or columns, arerded in a list and then
removed using the IRAF tasicdproc.

The lines of negative count, due to the bias subtraction¢camected for by inter-

polating between their neighbouring pixels during the bixelpemoval.

2.2.6 Trimming the Images

The images are trimmed to remove the overscan regions, asls above, and any
irregular pixel counts on the edges of the frame. Agaidproc is used to complete

the task.

2.2.7 Cosmic Ray Removal

Cosmic ray detections cause very high pixel counts and finereeed to be removed
so that they do not contaminate the data. The 1aslos_spec* is used.lacos_spec
detects cosmic rays by the sharpness of their edges usingdiapedge detection, and
the values of these pixels are then compared to the expeciselvalue. Detected cos-
mic rays are replaced by the median value of their neighbgypixels (van Dokkum

2001). The result of this can be seen in Figure 2.2.

2.2.8 Wavelength Calibration

Arc lamp images are used to calibrate the wavelength scaleuoimages. At the

SAAOQ, a CuNe arc lamp was used to get the comparison spedteartlamp images

4The tasklacos_spec is available from httg/www.astro.yale.edidokkumlacosmiglacosspec.cl
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(a) An example section of an image before cosmic ray removal.

(b) An example section of an image after cosmic ray removal.

Figure 2.2: Displaying theffects of cosmic ray removal: the top image shows an
example spectrum prior to cosmic ray removal, while the dmatimage shows the
same spectrum after cosmic rays have been removed.

have been reduced in the same way as the object images uphisiploint, with the
exception of the cosmic ray removal.

Multiple steps are involved in wavelength calibration. sEirthe known spectral
lines of the arc lamp images are identified using the IRAF fakdntify followed by
reidentify. Next, the wavelengths of the lines are used to create thelemgth
coordinates for the whole image; using the ta&kcoords. This is followed by
transform, which uses a bicubic polynomial interpolation to converep number
to wavelength for all imagestransform is run twice; first to apply the calibration
to the arc lamp image, and second to apply it to the object @naihese steps are

repeated for each arc lamp image and related object image.

2.2.9 Background Subtraction

The final IRAF programme used in reducing the SAAO data is dlskhackground.
This takes an average sky background flux and subtractsnt the object images.
background must be run individually on each object image, with the cohwaites of
the spectrum and any bright pixels, which may have escapaqus calibration steps,

specified.
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(a) An example section of a raw image.

(b) An example section of an image after all calibration eotions have been completed.

2500 T T T T T T T

2000

1500 —

1000

500 —

Flux / Arbitrary Units

-500 - -

-1000 1 1 1 1 1 1 1
6400 6500 6600 6700 6800 6900 7000 7100 7200

Wavelength / Angstroems .
(c) The spectrum extracted from this example image.

Figure 2.3: Displaying thefBects of the data reduction: the top figure shows the raw
image, the middle figure shows the image after all calibratiorrections and the bot-
tom figure shows the spectrum extracted from this image.
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2.2.10 Collapsing to 1D Line Spectra

Once the images have been calibrated using the IRAF paclkeageésscribed above,
they are collapsed to 1D spectra. This was done using a seriften by lain McDon-
ald. The script collapses the wavelength axis to find thealeteow with the most
flux, and sets the spectrum to be the sum of five rows eitherddities peak pixel. The
spectrum is then extracted and saved as a data file. For imagemultiple stellar
detections the spectrum selection has to be done manually.
Figure 2.3 presents thedfects of the data reduction steps. The vertical lines in

Figure 2.3(b) are due to the bad pixel removal of the darksliceused by the bias
subtraction. Figure 2.3(b) appears to have been flippeth, iegpect to Figure 2.3(a),

as Figure 2.3(b) is in wavelength coordinates instead alpimmber.

2.3 Reducing the ESO Data

The ESO data contain multiple stellar observations per anap reduce these data
it was found that the automatic advanced GIRAFFE data remluproducts provided
with the raw frame3produced accurate enough results. Bias frames, arc lanotrape
and fibre flat fields are taken daily by the GIRAFFE calibrasgstem. The arc lamp
used is a Th-Ar lamp.

The bias frame is subtracted from the raw images, while tbad@and width of
each fibre is determined from the continuum calibration lanfprmation. The arc
lamp frames are also used to do the wavelength calibratioedoh fibre. All the
counts in the aperture are summed to extract the spectrdiaaltly, the images are flat
field corrected to account for theftBrences in transmission between the fibres. The
GIRAFFE automatic data reduction does not remove cosmifrayn the VLT data.

Neither the SAAO data nor the VLT data were flux calibratednaspectral flux

standards were observed. However, this does fietiathe presented results as there

5The GIRAFFE reduction pipeline is available at httwww.eso.orgprojectgdfs/dfs-

sharedwebvlit/vit-instrument-pipelines.html
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are very few telluric features present within the wavelénginge of interest. Those

that are present have very well known wavelengths and theyefan be identified

visually.
The images were not corrected to the solar system barycentre
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3

Broad Spectral Typing

In this Chapter the spectral types of the observed starsseerdined; whether they are
M-stars, C-stars or S-stars. The stellar spectra are fikshtyy the molecular features
they exhibit. Thel andK 2MAS Smagnitudes for each object are then used to plot
a colour-magnitude diagram (CMD) of our data, in order teedetne the number of

carbon stars we have observed and also, where these cachatars lie on the CMD.

3.1 Carbon- or Oxygen- Rich?

Once the spectra have been reduced via the processes dutlif2.2 and§2.3, the

next stage is to identify whether the stars are oxygen- dvararrich.

3.1.1 Determining the SAAQO Stellar Types

The SAAO spectra were visually compared to template carand-oxygen-rich stellar
spectra, as shown in Figure 3, 1o determine their spectral types.

Oxygen-rich stars are identified by the TiO absorption feztat 6650 A and 7054
A, whereas carbon-rich stars are identified due to absaerféatures around 6900 A
and 7060 A, due to CN (Cote et al. 1997). S-type stars areiftghby the presence

1The template spectra used can be found at/ttpaw.sdss.orgiry/algorithmgspectemplatgmdex.html
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(b) The spectrum of an example C star.

Figure 3.1: The spectra against which the SAAO data wereallisaompared.
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Figure 3.2: Example SAAO carbon-rich (blue dots) and oxygeh (green dots) stel-
lar spectra, with the molecular features used to identigéydpectral types indicated.

of ZrO molecular bands at 6473.7 A, 6508.0 A and 6542.8 A (AG&9). However,
in our observations no S-type stars were detected. As thg&4eriod is a brief
evolutionary phase between M-type and C-type stars, S4jgrs are less abundant
than M- or C-type stars (Iben 1984; Ramstedt et al. 2011).

Figure 3.2 shows the spectra of a carbon-rich star and anemxyigh star. The
oxygen-rich spectrum shows thé&ext of smoothing the spectra, making it easier to

determine this star’'s oxygen-richness by highlightingTi@ features.

3.1.2 Determining the VLT Stellar Types

For each object, smoothed and unsmoothed versions of bathelsolution spectra

were plotted against carbon- and oxygen-rich model spetdraid with the spectral
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Figure 3.3: An example oxygen-rich stellar spectrum (red hlack), from the VLT
data, plotted against carbon- (blue) and oxygen- rich (@resmplates with molecular
features labelled. Cosmic rays have not been removed.

type identification. The oxygen-rich template used was thediaint 47tcx08 from
McDonald and van Loon (2007), while the carbon-rich tenglags a C5 giant star.
The molecular features already mentioned were used toifgdené spectral types of
the stars, as well as a further TiO complex around 6150 A inothggen-rich stars.

Figure 3.3 shows the spectrum of an oxygen-rich star pla@ttganst the template stars.

3.1.3 Results

In the SAAO data 15 carbon-rich stars, 54 oxygen-rich stacsXb stars of unknown
type were determined, while in the VLT data 7 carbon-richissta89 oxygen-rich stars

and 719 unknown stars were determined. Some of the starsobssrved with both
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telescopes and therefore, after accounting for these chtjns, 1095 objects have
been observed in total; 19 C-type stars, 342 M-type star¥8ddinknown stars.

The unknown spectra are flat and feature-less. It is assuhedhese spectra
belong to K-type stars. Our observations are contaminatédfereground stars from
the Galactic bulge. The Galactic bulge displays a very ofalitation of stars, therefore
any more massive, hotter stars will have already died, tepbiehind the cooler K-
stars. The unknown spectra within the giant branch are é¢ggddo be from K-giants.
K-type stars are the coolest stars which do not display nutdedands and O, B, A, F
and G stars do not appear on the RGB. Therefore, any giastwtach do not show
molecular absorption features will be K-type giant starewidver, it is worth noting
that some of the classified K-type stars from the SAAO data mdgct be C- or M-
type stars, but with poor signal-to-noise ratios makingittemtification of absorption
lines not possible. Also, as can be seen in Figure 3.1, therpiien features in the
wavelength ranges of interest are visually stronger in thggen-rich template than
the template for the carbon-rich star. This could lead to gygen-rich bias within
my identification results. However, as shown in Figure 38, hnumber of classified
K-type stars present at the RGB tip (where carbon-rich $tegsn to appear) is small.
Therefore, any selection bias within the identificationqass will have a minimal
effect.

More accurate spectral typing of M1, M2, etc. was hoped todezed. However

due to time constraints this was not possible.

3.2 Colour-Magnitude Diagrams

Once the stellar type of each observed star has been detstntieir MAS S Jand
K band magnitudes are obtained and CMDs for each data setatedylsee Figures
3.4 and 3.5.

The CMDs clearly show the giant branch of the Sgr dSph, extgnftom K ~ 14

up to the RGB tip arouné&k ~ 10. The majority of M-type stars are located towards

JENNIFER WHITE 53



3: BROAD SPECTRAL TYPING

10 -

13

14

-0.5
(3-K)

Figure 3.4: The colour-magnitude diagram of our data hggtting the C-type (blue),
M-type (green) and K-type stars (red). SAAO data are ineiddty asterisks and VLT
data by open circles. The black dots denote all the starsmiitie fields of the Sgr
dSph that were not observed.

the tip of the giant branch, while the K-type stars are masqdent towards the base
of the giant branch and at lowed ¢ K) values. The majority of K-type stars found to
the left of the giant branch are expected to belong to thexgakat this will need to
be determined from their radial velocities, see Chapter@eRception to the spectral-
type locations mentioned is a group of M-type stars posdibat the base of the giant
branch. These will have to be investigated further.

Figure 3.5 shows a close up of the RGB tip and the AGB of the Sghd Above
K ~ 10.6 there is a reduction in the number of stars, by a factaradnd 4, thus the
tip of the RGB is determined to be Kt~ 10.6. The AGB extends above the RGB tip
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Figure 3.5: Colour—-magnitude diagram, focused on the R@Rurtid highlighting the
carbon-ric C-type (blue), M-type (green) and K-type staesl. SAAO data are indi-
cated by asterisks and VLT data by open circles.

and rightwards as stars become redder.

As can been seen in Figures 3.4 and 3.5, the majority of obderarbon-rich stars
are located at the tip of the RGB and beyond, extending toereddlours as they
become progressively dust-enshrouded. Carbon stars ragoleier than their oxygen-
rich counterparts as the carbon-rich dust in their CSEsralssmore blue light, see
§1.1.4.

As discussed i§1.3, a higher C-typ@®I-type ratio is expected at the lower metal-
licities of the Sgr dSph, and therefore a greater number dfarastars was expected
within our observations. However, as can be seen in Figuresudd 3.5, the CMDs

show that a lot of the more reddened stars, which are expéztee carbon-rich, have
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Figure 3.6: Colour—-magnitude diagram displaying carbich-stars in the Sgr dSph
(blue squares) and in the SMC (pink stars).

not been observed in this project. Also, some of the oxygemstars may belong to
the MW, not the Sgr dSph.

One exception to the clustering of C-stars towards the tithefgiant branch is
observed. One carbon-rich star is located towards the bade giant branch, with
(J - K) ~0.8, andK ~13.5. It is speculated that, rather than an ‘intrinsic’ carb
star formed through numerous dredge-up events, this isadsan ‘extrinsic’ carbon
star. ‘Extrinsic’ carbon stars are formed in binary systemigere their companions
are late-stage carbon-rich AGB stars. Mass transfer framcdrbon-rich companion
causes the star to also become carbon rich. It is expectedhth@ompanion star is
now a dull white dwarf. There is evidence for the creationhefge ‘extrinsic’ carbon

stars at low metallicity, from studies of carbon-enhancedatpoor objects (CEMPS)
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in the Galaxy (Lucatello et al. 2005; Pols and Izzard 2008aild et al. 2009) and of
CH and barium (Ba) stars (McClure and Woodsworth 1990; Nettal. 2000; Izzard
et al. 2009). Research by Sneden et al. (2003) has also deéettinat blue, metal-
poor stars only show carbon abundances if they are part afaypsystem. Mowlavi
(1998); Izzard and Tout (2004) have shown that the low lumityocarbon star talil
observed in the MCs is due to ‘extrinsic’ C-type stars in bies
The CMD displays an ‘odd’ star observed dt{ K) ~ 1.5 andK ~ 13.8. After

re-checking the spectrum of this star, it is determined thigtisn’'t a K-type star, but
is in fact a galaxy. Using SIMBAD it was identified as 2MASX 5P3545-2948214.
Therefore, the number of total observed stars is 1094; 19p€-stars, 342 M-type
stars and 733 K-type stars.

3.2.1 Carbon Stars in the Small Magellanic Cloud

Figure 3.6 displays the known carbon stars in the SMC on th®@fithe Sgr dSph.
These carbon stars are from the Rebeirot et al. (1993) cataland have been cross-
correlated with MAS Sto find theirJ andK magnitudes (Lagadec et al. 2007). As is
evident in Figure 3.6, the carbon stars in the Sgr dSph forsinailar (J — K) values

to those in the SMC but at brighté magnitudes. The ffierence inK magnitudes
between carbon stars in the Sgr dSph and the SMC is due todhth& the SMC is
further away than the Sgr dSph. The SMC has a distance modtill&91 (Hilditch

et al. 2005), whereas the Sgr dSph has a distance moduluslgiM@naco et al. 2004).
Therefore, the SMC carbon stars are shifted\dy81 magnitudes on the CMD of the
Sgr dSph data.
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4

Radial Velocities

Due to the location of the Sgr dSph, behind the Galactic Bubge observations are
contaminated by foreground Galactic stars. In order to deduhich stars belong to
the Sgr dSph, the radial velocities of the observed stardetermined. This Chapter
will outline how these velocities are found and comment an Sgr dSph stars that
have been identified.

The radial velocities have only been determined for the Viafad The spectra
from the SAAO observations do not haveffstiently high signal-to-noise ratios to

accurately find these radial velocity values.

4.1 Determining the Radial Velocities

In order to determine the radial velocities of our observedss object spectra are
cross-correlated with template spectra. The object spects compared with a tem-
plate spectrum to find the radial velocity at which the sgectincide. The calculated
velocity shifts are then corrected for the velocities of theplate stars and the helio-
centric radial velocity variations.

The Starlink applicationgstat, clip, setmagic andhcross are used. As dis-
cussed ir§2.3, the automatic GIRAFFE data reduction does not remosengorays

from the data images. Thereforiestat, clip andsetmagic are used to account for
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this, as follows. The mean flux and standard deviation in geeigum are identified
usingistat and any pixels with a value higher than &ire selected usinglip, as
these will probably be cosmic rays. The clipped pixels aeatbet as bad pixels, which
are ignored by any subsequent programme, usétgiagic.

Once this has been completed the data are cross-correkiteghiross. Bright,
red template stars of each type are selectechardss cross-correlates a data file with
the template spectrum of the correct type (K-, M- or C-), neilng the shift between
the two spectra. The template stars used are (in J2000.0dicates): SGRP2893,
at 18'54m29%.73 —-30°11'21/86, for M-type spectra; SGR3550, at 1857m215.77
—30°4758'4, for C-type spectra and SGB0397, at 1854™415.68 —-30°4311/10, for
K-type spectra. The relevent template is used for each igégpe, as each spectral
type has dierent molecular features in its stellar spectraf@ent wavelength regions
are selected for each of the spectral types, focusing ongspectral features. Tables
4.1, 4.2 and 4.3 present theffetirent wavelength ranges chosen. The final output from
runninghcross is ~30 radial velocity shifts for each star, one for each wawglen
range.

The average radial velocity shift for each star is derivedgian iteratively-clipped

Table 4.1: The wavelength ranges (in A) used to cross-aigehe K-type spectra.

L614.2

L682.2

H651.5B

H710.5

5766 — 5790
5843 — 5864
5884 — 5905
5971 - 5991
6049 — 6070
6355 - 6375
6443 — 6460
6488 — 6507

6445 — 6461
6487 — 6508
6554 — 6571
6622 — 6639
6734 -6760
6833 — 6850
6973 — 6989
7076 — 7093

6389 — 6405
6415 - 6431
6443 — 6459
6490 — 6507
6554 — 6570
6587 — 6604
6606 — 6622

6938 — 6954
6971 — 6987
7006 — 7022
7030 — 7046
7059 -7075
7078 — 7095
7118 -7135
7142 — 7158
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L682.2

H651.5B

Table 4.2: The wavelength ranges (in A) used to cross-aig¢he M-type spectra.

H710.5

5750 — 5840
5800 — 5850
5860 — 5960
5938 — 6027
6070 — 6147
6355 - 6412
6380 — 6450
6410 - 6474

L614.2

6472 — 6546
6545 — 6593
6590 — 6650
6650 — 6750
6746 — 6849
6931 — 6988
7004 — 7084
7086 — 7160

L682.2

6384 — 6402
6411 — 6429
6447 — 6465
6472 — 6488
6543 — 6560
6577 — 6593
6591 — 6607

H651.5B

6984 — 7006
7030 - 7053
7055 —-7090
7075—-7090
7086 — 7125
7112 -7126
7125-7159

Table 4.3: The wavelength ranges (in A) used to cross-aig¢he C-type spectra.

H710.5

5735 -5761
5773 -5801
5832 — 5863
5884 — 5914
5928 — 5949
5975 - 5997
6132 - 6148

6492 — 6513
6540 — 6560
6670 — 6688
6737 —-6755
6786 — 6807
6943 — 6968
7013 -7035
7084 — 7103

6387 — 6403
6424 — 6440
6448 — 6464
6492 — 6508
6540 — 6556
6562 — 6584
6590 — 6606

6951 — 6967
6976 — 6992
7039 — 7055
7082 — 7098
7114 -7130
7129 — 7145

median. First, the median radial velocity is calculated.nm¢dian values are found to
be between-200< V,,q < 300 km s?, and most are well within these values. There-
fore, any velocities outside of this range are discardede Median values and the
standard deviationof) are calculated again. Any value that varies from the median

by greater than 22 is rejected and the new median value is found. This process is
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repeated until the median stabilises. Any sources whiddgtplay higho values are
analysed further. If greater than 20% of the velocity valigsvithin 10 km s of the
median then the outlying velocities are ignored and thaiien is run again. The final
uncertainty on the radial velocity value is determined torbe

The majority of objects have < 10 km s, however 147 objects still have high
o values. Therefore, accurate radial velocities could nadétermined for these 147
stars. Seg4.2.

The measured radial velocities must be corrected for thealraedlocities of the
template stars. The template spectra were visually crosglated with theoretical
model spectra. Thearcs (Gustafsson et al. 1975, 2008) model atmosphere for a K-
type star, withT= 4000 K, log(g¥ 1.5, [Z/H]= -1.5 and {/Fe}= 0.3, was used to
determine template radial velocity corrections-df7, +92 and+105 km s?, for K, M
and C stars respectively. These values are estimated tachese to+2 km st.

Once the radial velocities of the template spectra have detrmined, the next
step is to correct for the heliocentric variation, due to thation of the Earth around
the Sun. To do this the Starlink routime (Wallace and Clayton 1996) was used. This
returns the heliocentric corrections for a given location dime. The observations
taken in September have a heliocentric correction of 29r80sk, while the helio-
centric corrections for the observations in June have aevafu-5.00 km st. These
values do vary within each observation, but only<by 0.25 km s, which is less than
the estimated error from the cross-correlation of the tergpspectra with theoretical
models.

To get the final radial velocity values for our observatiahg, heliocentric correc-
tions are added to the average measured velocity and theéatennadial velocity cor-
rections are subtracted. The result is multiplied-Hyto account for sign convention
variations within the dterent cross-correlation methods. No radial velocity ssadd
stars were observed. Therefore, it is assumed that an a&/8grgdSph star has a radial
velocity of viog = 141 km s? (Ibata et al. 1997). Our radial velocity measurements

are corrected by-84 km s to account for this and to correct for the atmospheric
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Figure 4.1: CMD displaying the radial velocity range of stavith accurate radial
velocities.

refractive index.

Figure 4.1 shows the CMD, fro3.2, plotted again with a colour palette corre-
sponding to the radial velocities. It is found that, as expe&cour observations belong
to two clear populations. The objects selected in the gisaridh mostly belong to the
Sgr dSph, with radial velocities ranging fror®5 to~180 km s?, while the majority
of K-giants belong to the Galaxy with radial velocities iettange~ —100 to~80 km
st

As shown in Figure 4.2, a small number of K-type stars obskwith lower (J—K)
values are shown to have radial velocities which group thetmtve Sgr dSph stars. It
might be the case that some Galactic stars coincidentaly tie radial velocities that
are associated with the Sgr dSph, although from the obseavept in radial velocities
this is unlikely. These stars could be: post-AGB stars in$lge dSph, if they have
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Figure 4.2: CMD displaying Galactic stars (crosses), SgsghdStars (open circles)
and stars of undetermined velocity (asterisks), with tka@ilar types; C-type (blue),
M-type (green) and K-type (red).

similar luminosities to the AGB tip; contact binaries, iethdisplay twice the expected
luminosity (orKy, + 0.7); giant or main sequence binaries in the Galaxy, withsual

radial velocities; Galactic Halo stars, which have simitadial velocities to the Sgr
dSph but are closer to us, or stars belonging to the Sgr d$phhét do not belong to

the bulk population. These stars have to be studied furtheéetermine their origin.

4.2 Radial Velocity Errors

The radial velocity error values are plotted agaiisinagnitude and the determined
radial velocities, in Figures 4.3 and 4.4, respectivelye3éFigures clearly show two

populations: 85.5% of stars have radial velocities aceutat< +10 km s?, while
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Figure 4.3: Radial velocity error values plotted agaikshagnitude.

the remaining 147 stars have very large error values. Thasg Isave relatively poor
signal-to-noise ratios in their spectra, which is likelyedio poor fibre placement on
the spectrograph. This causes the cross-correlationlto fai

Figure 4.3 shows how the error values increase slightly tde/&inter magnitudes,
although there is not a huge increase. The accuracy of oial raglocities is therefore
limited by the spectral features used for cross-corretatamd the signal-to-noise ratio
of the spectrum, more than it is by the stellar magnitude.

The quantisation of the large radial velocity errors around 150 km s?, that
can be seen in Figure 4.4, can be attributed to the poor stgrabdise ratios of the
spectra of these stars. The cross-correlation of the tamptars with these spectra
will produce random cross-correlation function resultgrefore thes values from
these results will cluster together. After discarding alocity results outside of the

range—200 < V;ag < 300 km s? the length of our spectra is 500 km'sleading to a
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Figure 4.4: Radial velocity error values plotted againstréddial velocities determined

from each filter value.

value ofo- ~ 170 km s1.

A systematic ffset of approximately 6 km$ (~0.5 pixels) has been discovered

between the radial velocities of the M- and K-type stars.sMairiation is due to the

wavelength regions chosen for the cross-correlation. Btecton of the wavelength

ranges #ects this systematic error so it is not removed.

4.3 Radial Velocity Ranges

Figure 4.5 clearly displays the two radial velocity popidas of the data. Any star

with a radial velocity greater than 95 km'ss classified as belonging to the Sgr dSph,

while any star with a radial velocity less than 95 km s determined to be Galactic.

The Galactic stars have an average radial velocityd8 km s, with a dispersion of
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Figure 4.5: A histogram displaying the range in radial véles of our data.

53 km s?. The Sgr dSph stars exhibit a peak in their distribution dt R s, with a
dispersion of 15 km3. As described i4.1 our measured velocities were corrected
to the average value for Sgr dSph radial velocities founchanliterature, to account
for the lack of radial velocity standard stars observed.fi@uda et al. (2010) determine
that the heliocentric radial velocities of stars in the S§pH fall in the range 12&
Viad < 180 km s?, with a peak at~140 km s, while Ibata et al. (1997) determine
an average Sgr dSph radial velocity of 141 km, svith a dispersion of 13 kms.
Furthermore, Zijlstra and Walsh (1996) determined thealaaelocities of two PNe
within the Sgr dSph, as 132.9 km'sand 133.9 km &, consistent with the velocity of
the Sgr dSph being 146 10 km s, Our dispersion of Sgr dSph radial velocities is
slightly greater than the average published value in tlegditire. This could be due to
a greater uncertainty in determining the radial velocjtast could be indicative of the

region of the Sgr dSph observed in this study having a lamgensic radial velocity
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Figure 4.6: Displaying the regions of the CMD plotted in Figd.7.

variation.

The radial velocity distributions for the stars belonginghe colour-selected giant
branch of the CMD and for the rest of the population, as oetlim Figure 4.6, are
displayed in Figure 4.7. Figure 4.7(a) shows the radial ciglaange for the stars as-
sumed to belong to the Galactic foreground. The sectioneo@CiD was deliberately
chosen to include the stars recorded at Sgr dSph velocities.Galactic foreground
stars display a radial velocity peak-6 km s, with a dispersion of 65 knr$. Figure
4.7(a) shows that the stars at the velocities of the Sgr dSghtrbelong to the tail of
the Galactic radial velocity distribution. The radial veilty errors on these values are
small, therefore it is unlikely that these stars belong ® tiain Galactic population
unless they are binary stars or Galactic Halo stars, as skeclin§4.1. If they are
members of the Sgr dSph, they are not part of the bulk pofuati

The histogram of the radial velocities determined for starghe colour-selected
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Figure 4.7: The radial velocity ranges for stars wih-(K) andK values placing them
within the Galactic foreground region, Figure (a), and tb& giant branch, Figure (b).
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giant branch displays two populations, see Figure 4.7(b)s évident that the vast
majority of stars on the giant branch belong to the Sgr dSpth & radial velocity
peak at 140 km 3, and a dispersion of 10 knt’s A smaller population of stars is
present within the Galactic radial velocity range detemdim Figures 4.5 and 4.7(a).
As discussed i83.2, and as is evident in Figures 4.2 and 4.6, there is a clakte
63 M-type stars located at the base of the giant branch. Ateuadial velocities have
been determined for 19 of these stars: 8 belong to the Sgr,d@ple 11 have radial
velocities placing them within the Galaxy. These Galactarssmay be foreground

M-type dwarfs.
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The Hertzsprung—Russell Diagram

In order to determine where on the AGB stars can become C-aioth how long this
C-rich phase lasts, a Hertzsprung—Russell (H-R) diagrgmnoduced for our obser-
vations, and then compared to theoretical isochrones.rBéifics can be achieved, the
bolometric luminosities of our stars must be calculatednfriteir observed and K
magnitudes. This Chapter will describe how the H-R diagmproduced and present

the results of comparing this diagram with model isochrones

5.1 Plotting the Hertzsprung—Russell Diagram

The bolometric corrections to tiemagnitude are calculated from Table 5 of Houdashelt
et al. (2000) for the M- and K-type stars, and are determinethb stars’ § — K)
colours. It is assumed that the majority of our stars belantpé main population of

the Sgr dSph, therefore having a metallicity of [Hg= —0.55. It is also assumed that

at the tip of the RGB log(g¥ 0, therefore the stars are sorted using:

e K <10, log(g)=0.0,
e 10<K < 11,log(g)=0.5,

e 11<K <12, log(g)= 1.0,
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e 12<K <13, log(g)=1.5,
e 13<K < 14, log(g)= 2.0.

Houdashelt et al. (2000) have not derived bolometric ctizas for the MAS S Jand

K filters. Therefore, the Carpenter (2001) colour corredion
(J = K)amass = (0.972+ 0.006)J — K)gg + (—-0.011+ 0.005) (5.1)

Komass = Kgg + (O + OOOS)(J - K)BB + (—0044i 0003) (52)

must first be applied, to relate the Houdashelt et al. (2008hgon-Glass) — K)
colour to the MAS S(J — K) colour.

The bolometric corrections to the C-type stars are caledlasing the bolometric
correction equation for carbon stars derived by Kerschbatai. (2010). This paper
does not provide values fdre¢¢, therefore a bolometric table derived from Aringer
et al. (2009} is used to find thd,; values. However, thefiective temperature for
the carbon-rich stars will be inaccurate as these reddetsed’ photospheric radii
change with wavelength, thus the definition of dfeetive temperature is redundant.
A stellar mass of 2 Mis assumed for the determinationTf ; from the Aringer et al.
(2009) bolometric correction table, as there are not enoeaghlts at 1 M, along with
values of log(g)= 0.0 and Z= 0.33, although the assumed metallicity and gravity
have much smallerfiects onTes andKy, than the § — K) colour. The Aringer et al.
(2009) bolometric correction tables do not provitig ¢ values for the highJ — K)
values reached by four of our carbon stars. However, the madach a maximum
(Jeorr — Keorr) for Tegs = 3000 K andKor = 3.08, so this value is assumed for the
carbon stars with]—K) > 1.45.K,, is the bolometric correction to the magnitude.

The observed andK magnitudes must also be corrected for the distance of the
Sgr dSph and for any reddenin@ects. A distance modulus of(— M)y = 17.10+

0.15 mag, corresponding to a heliocentric distance of 26.308 kpc, from Monaco

The bolometric correction table for determinirifss for the C-type stars is available at

httpy/stev.oapd.inaf.jsynphotCstargcphot08.htmi
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et al. (2004) is used and a reddening oBE(V) = 0.14+ 0.03 mag from Layden and
Sarajedini (2000). Using the Rieke and Lebofsky (1985 ti@ta of:

A; = 0.871E(B - V) (5.3)

and
Ax = 0.346E(B- V), (5.4)

extinction values of A= 0.122 mag and A= 0.048 mag are determined.

The bolometridK magnitudes are worked out using the following equation:
Kool = Kops + Keorr — Ak — (m - M)O (5-5)

Once the bolometri& magnitudes have been found, the stars’ luminosities are

calculated, using:
L Mo—Kpol
— =107 .
Lo

Figure 5.1 shows the H-R diagram for all our observationse $AAO data, for

(5.6)

which radial velocities could not be determined, are assuinebelong to the Sgr
dSph. As shown in Figures 4.7, stars with« K) colours andK magnitudes which
place them on the giant branch are very likely to belong toSgedSph, due to the
small range in radial velocities recorded there.

As can be seen in Figure 5.1, when plotted on the H-R diagtaencdrbon-rich
stars shift to temperaturegtO0 K less than the M- and K-type stars. In general carbon
stars are cooler than oxygen-rich stars, plus they are lysdasty which also makes
them appear cooler, as they are obscured at optical wavenrghich shifts their
temperatures lower. However, this shift on the H-R diagraay tme due to the fact
that a diterent set of bolometric corrections are used for the carlars sand these
could be a poor match for the bolometric corrections usedHerrest of the stellar
population. Also, as mentioned previously, the definitibrao gfective temperature

becomes redundant for the reddened carbon stars.
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Figure 5.1: Hertzsprung—Russell diagram displaying Gedatars (crosses), Sgr dSph
stars (open circles), SAAO stars of undetermined velodpef squares) and the VLT
stars with inaccurate velocities (asterisks), with theatlar types: C-type (blue), M-
type (green) and K-type (red).

5.2 Isochrone Fitting

Once the H-R diagram has been produced for our observatibrsscompared to
theoretical isochrones in order to investigate the evotutf giant stars in the Sgr
dSph.

The Dartmouth stellar evolution models are used (Dotted.e2@7, 2008) and
isochrones are plotted for each of the metallicity popoladi of the Sgr dSph. The
parameters used for each isochrone are outlined in Table Btém the literature,
values of y/Fe]~ 0.0 (Smecker-Hane and McWilliam 2002; McWilliam and Smeeke
Hane 2005) andqd/Fe] = —0.17 (Monaco et al. 2005) were found. Smecker-Hane
and McWilliam (2002) and McWilliam and Smecker-Hane (2006)ed that a higher
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Table 5.1: Parameters used for the Dartmouth isochrone Isiode

Name [Fe/H] | [a/Fe] | Age (Gyr)
isochronel| —0.55| -0.2 8
isochrone2| —0.55| 0.0 8
isochrone3| —0.70 | -0.2 8
isochrone4| —0.70 | 0.0 8
isochrone5| —0.40 | -0.2 8
isochrone6| —0.40 | 0.0 8
isochrone7| —0.25| 0.0 1
isochrone8| —0.25| -0.2 1
isochrone9| —-0.25| 0.0 2.5
isochroneld —-0.25| -0.2 2.5
isochronell -2.00| 0.2 10
isochronel2 -2.00| 0.4 10
isochronel3 —-2.00| 0.2 11
isochronel4 —-2.00| 0.4 11
isochronely —-2.00| 0.2 12
isochronelg —2.00| 0.4 12
isochronel?7 —-2.00 | 0.2 13
isochronel8 —-2.00| 0.4 13

value of p/Fe] ~ 0.3 is apparent in more metal-poor populations fffe< —1.0).
Synthetic horizontal branch (SHB) modelsre also produced using the Dartmouth
system and the parameters for each model are listed in TableThe data are also
plotted against Pisa evolutionary track modd[Sastellani et al. 2003; Cariulo et al.

2004); the parameters for each track are listed in Table 5.3.

2The Dartmouth isochrones and SHB models are available frigpry/stellar.dartmouth.edunod-

elgwebtools.html
3The Pisa evolutionary track models are available from Htgtro.df.unipi.itSAA/PEL/Z0.html
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Table 5.2: Parameters used for the Dartmouth synthetiebiot@l branch models.

Name | [Fe/H] | [a/Fe] | Horizontal Branch Mass (M
SHB1 | -0.55| -0.2 0.6
SHB2 | -0.55| 0.0 0.6
SHB3 | -0.55| -0.2 0.7
SHB4 | -0.55| 0.0 0.7
SHBS5 | -0.55| -0.2 0.8
SHB6 | -0.55| 0.0 0.8
SHB7 | -0.55| -0.2 0.9
SHB8 | -0.55| 0.0 0.9
SHB9 | -0.55| -0.2 1.0
SHB10| -0.55| 0.0 1.0
SHB11| -0.55| 0.0 1.1
SHB12| -0.55| 0.0 1.2
SHB13| -0.55| 0.0 1.3

Table 5.3: Parameters used for the Piso evolutionary tradkse standard helium

abundances are used, and the tracks are modelled with nehowating.

Name| Z Mass (M,)
trackl| 0.004 1.2
track2 | 0.004 1.0
track3 | 0.008 1.2
track4 | 0.008 1.0

Figure 5.2 displays the model isochrones for the bulk pdpmreof the Sgr dSph

plotted on the H-R diagram for the Sgr dSph giant branch. Il tnodels fit the

luminosity of the RGB tip well, with the lower metallicityrhit models at higher tem-
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Figure 5.2: Hertzsprung—Russell diagram, in solar lumires of radial velocity
members of the Sgr dSph, with the model isochrones for thie population of the
Sgr dSph plotted. Isochrones are plotted, from left to righfFegH] = —0.70 (pink
lines), [F¢H] = —0.55 (blue lines) and [Feél] = —0.40 (black lines). §/Fe] values of
—0.2 are represented by the thinner lines, whilgHe] = 0.0 are the thicker lines. The
best fitting isochrone, isochronesb, is the thick black liflbe symbols are determined
as in Figure 5.1.

peratures than the higher metallicity limit models. A higlkialue of [/Fe] shifts the
isochrones to lower temperatures. The thick black line guFe 5.2 is the best fit-
ting model, isochrone6, at [Ad] = —0.40 and §/Fe] = 0.0. This indicates that the
stars that have been observed exhibit metallicities tosvétnd metal-rich end of the
published bulk population metallicity range.

The isochrones are also plotted on the CMD to see whetheptineations used to
determineKyo andTe¢¢, and thud. /L, are correct. The isochrones fit the main body

of the giant branch better on the CMD than the H-R digram, @afbg towards the
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Figure 5.3: CMD with the model isochrones, showing the ramig@etallicity of the
bulk population of the Sgr dSph; [F¢] = —0.70 (black line) to [FgH] = —0.40 (blue
line). The fy/Fe] values are distinguished as in Figure 5.2, the symbois &gyure
5.1.

base of the observed giant branch; this suggests that thrections used may not be as
accurate at lower luminosities and higher temperaturegirgi5.3 displays isochrones
for the published metallicity range of the main populatidh® Sgr dSph. The width
of the isochrone distribution matches the width of the obsgégiant branch, indicating
that this metallicity range is appropriate.

Figures 5.2 and 5.3 display aflidirence in gradient between the observed giant
branch and the modelled giant branch. As this slope is evidemoth diagrams it is
concluded that it is inherent in the data, not a result ofexions, and therefore, that
the Dartmouth isochrone model RGB gradient is in error. Tinélient may also have

been artificially enhanced by the colour cut imposed whegcsielg our targets.
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Figure 5.4: Hertzsprung—Russell diagram with the modethsones for the metal-
poor (dashed lines) and metal-rich (filled lines) populasiof the Sgr dSph. Models
are displayed, from left to right, for 10 Gyr (green), 13 Gllue), 1 Gyr (red) and 2.5
Gyr (black) populations. Again the lowetfFe] values are thinner. The symbols are
determined as in Figure 5.1.

Figure 5.4 shows the metal-poor models plotted with our niag®ns. The RGB
tip for these low metallicity models falls near the regiortloé K-type stars mentioned
in Chapter 4.1, which have radial velocities classifyingrthas Sgr dSph stars, but
which are of undetermined origin. It is therefore suggested these stars belong to
the metal-poor population of the Sgr dSph. In the metal-poodels, an increase in
stellar age moves the RGB to lower temperatures and to Bliglgher luminosities,
and an increase inyfFe] causes the RGB to jump to lower temperatures. However,
due to the spread in our observations at these valuegTaf s, which age andd/Fe]
assumptions are correct cannot be commented on.

The size of the metal-poor population can be estimated flr@rCtMD. As shown
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Figure 5.5: CMD of all the B1AS Sobjects within the Sgr dSph fields, showing the
regions used to determine to size of the metal-poor popuiati

in Figure 5.5, two regions are selected; one on the giantdhrahthe bulk population

and the other to include the stars belonging to the metat-population. The fraction

of Sgr dSph to Galactic stars within each box is calculatetithen multiplied by the

total number of objects within the regions, to determinedatefusion rates. It is found
that the bulk population is approximately 11 times more popsithan the metal-poor
population.

The metal-rich population of the Sgr dSph is also displayeBigure 5.4. Boni-
facio et al. (2004) determine an age for this metal-rich patpon of 1 Gyr. How-
ever, as shown in Figure 5.4, the isochrone of this age mase$ the observations
in this thesis. The modelled RGB tip barely reaches the baseiroobserved giant
branch. Therefore, as no stars have been observed dt/thig, it cannot be deter-

mined whether this age estimation is accurate. Layden argjesiani (2000); Zijlstra
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Figure 5.6: Hertzsprung—Russell diagram with the synth®drizontal branch models
for a range of horizontal branch masses, from bottom to topM), (black), 0.8 M,
(blue), 0.9 M, (yellow), 1.0 M, (cyan) and 1.1 M (pink). The best fitting isochrone
(blue dashed line) is also displayed to indicate the looaticthe RGB tip. The sym-
bols are determined as in Figure 5.1.

et al. (2006a) suggest an estimate for the age of the metabopulation to be 2.5
Gyr. These isochrones compare better with the observed al#taugh do fall to the
left of the observed giant branch. This indicates that sofribeoobserved stars may
belong to the metal-rich population of [fF§ = —0.25.

Synthetic horizontal branch (SHB) models from Dotter et(2D07, 2008), for
increasing HB masses, are plotted on Figure 5.6. These sod&l plot up to the
onset of thermal pulses on the AGB, hence they do not reachethle luminosities of
our data. Increasing the HB mass increases the luminosttyeahodelled start of the
TP-AGB. An 8 Gyr star on the AGB will have a main sequence tutrage of~7.27
Gyr, after taking into account an HB lifetime efL0% of the MS lifetime and an RGB
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Figure 5.7: Hertzsprung—Russell diagram with the beshgjtévolutionary track mod-

els, from left to right; track3 (red) and track4 (black). Timedelled RGB tip and the

beginning of the TP-AGB are labelled. The best fitting isocte (blue dashed line) is
also displayed to indicate the location of the RGB tip. Thelsgls are determined as
in Figure 5.1.

lifetime of a few million years. Therefore, the maximum pibés HB mass of this star
on the AGB, if it experiences no RGB mass loss;-ils11 M,. Figure 5.6 displays
the SHB models up to 1.1 M although the 0.9 M track does not model to the low
temperatures reached by the others.

The SHB models SHB2, SHB6 and SHB8 all predict the onset afitakpulses
to occur below the RGB tip, and therefore below the carborsdteated around the
RGB tip. This implies that these stars are ‘intrinsic’ cartstars rather than ‘extrinsic’
carbon stars, se§3.2.

The Pisa evolutionary track models (Castellani et al. 2Q@@Biulo et al. 2004) have

also been used to plot our observations. However, theirrgadns that the choice of
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parameters is more limited. The best fits are found with Baaukd track4, as plotted in
Figure 5.7, with Z= 0.008 ([F¢H] = -0.38) and M= 1.2 M, or M = 1.0 M,, respec-
tively. These evolutionary tracks model the RGB tip at dligkoo high luminosities.
However, they do predict that the TP-AGB will begin below R@B tip, as suggested
by the SHB models in Figure 5.6, therefore providing furteeidence for the carbon
stars to be ‘intrinsic’.

There is one exception to the assumption of the carbon stamsd luminosities of
the RGB tip being ‘instrinsic’. The carbon star located at; = 3700 K and. ~ 1700
L, may still be ‘extrinsic’.

The Pisa model RGB falls to the left of our observed giant thaespecially at
the lower luminosities and higher temperatures towardgése of the RGB. As this is
consistent with all the models, but less prominent in the Clidplayed in Figure 5.3,
it is suggested that the determination Qf by J andK magnitudes is less successful
at these higher temperatures. At higher temperatures hethandK magnitudes lie
on the Rayleigh-Jeans tail of the spectral energy disiobu{SED). Therefore, for all
Tets = 4500 K, @ — K) tends to zero.

The RGB tip is reproduced at correct luminosities by eachhesé models, apart
from the Pisa evolutionary tracks for which limited varieblare available. Therefore,
the distance modulus and reddening estimates assumeat @athis section appear to
be correct.

The best fitting isochrone model and Pisa evolutionary sdkh have metallicity
values at the upper end of the bulk population metallicityge This implies that the
observed stars are at a slightly higher metallicity thaneexgd (Lagadec et al. 2008;
Giuffrida et al. 2010). However, the width of the giant branch ie @MD closely
matches the metallicity range of the isochrone modelsgethex suggesting that the
assumed metallicity range is correct, and that the shifighdr metallicities is due to

the corrections used.
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Figure 5.8: CMD highlighting the colour cuts made to courd ttumber of stars on
the RGB and on the AGB. The symbols are as in Figure 3.4.

5.3 Carbon Stars in the Sagittarius Dwarf Spheroidal

From the Pisa evolutionary tracks (Castellani et al. 200&;iulo et al. 2004), the
average lifetime of carbon stars in the Sgr dSph can be esttnd he diference in
the age of a star at the RGB tip (13:8.05 mag) and the age ét= 11.6+ 0.05 mag,
further down the RGB is determined, from the Pisa isochrptwelse 382595 years. A
colour cut is introduced to identify stars on the giant biares presented in Figures
5.8 and 5.9, and the number of stars redwards of theKine —(9.41) x (J - K) +
20.8 and between the above tKomagnitudes is counted. 238 stars are found within
this 1 magnitude range. The number of stars between the Rzt the AGB tip (at

K =9.28), and within the imposed colour cuts, is found to be IP7ese values are

corrected to account for the ratio of the radial-velocigtemined Galactic and Sgr
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Figure 5.9: A close up of the tip of the giant branch highligbtthe colour cuts made
to count the number of stars on the RGB and on the AGB. The sigab®as in Figure
3.4.

dSph stars, to Rsgs ~ 229 stars, and Nsgs ~ 102 stars, where Ngs is the number
of stars on the RGB and in the Sgr dSph ang s is the number of stars on the AGB
and in the Sgr dSph. The ratio of the calculated number of RGBAGB stars in
the Sgr dSph is used to determine a maximum lifetime of AGBssthove the RGB
tip of Tage ~ 382595x E%Zg x 1.32 magr 226013 years. Thealculatedmaximum
C-rich lifetime of an AGB star i$¢c ~ 382595x% E’;LG‘;? x 1.57~ 268819 years. All stars
redwards of the lineK = —(9.41)x (J-K) + 22.9, and withK < 12, are assumed to be
carbon rich. Thq%M) ratio above the RGB tip is therefo%, leading to araverage
lifetime of a carbon star in the Sgr dSphofrc > ~ 7¢ X ﬁ ~ 1.07x 10° years.

The carbon star at)(— K) = 1.92 andK = 6.3 is assumed to belong to the fore-

ground Galactic population.
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Thermal pulses occur on the TP-AGB every 1010° years (Zijlstra 2006) and as
our observations are towards the lower mass limit of AGBsstiars assumed that their
interpulse periods will be-10° years. This is confirmed by Karakas and Lattanzio
(2007), who determine an interpulse time of 143.0° years for a 1 M star of Z
= 0.004 ([F¢H] = -0.68, at the lower end of the expected metallicity distiidnut
of the main Sgr dSph population). This model includes anrassumass-loss law.
The 1 M, model at Z= 0.008 ([F¢H] = —0.38, at the upper metallicity limit of the
bulk population) calculates an interpulse period of 7480* years, but no mass-loss
parameter is included. If the average carbon-rich lifetmh@n AGB star in the Sgr
dSph is between 1.07 and 2.261C° years, during the carbon-rich phase a star will
undergo 0.7 3.6 thermal pulses. In the Sgr dSph C-stars may only expsgiene or
two thermal pulses before the associated mass loss teenitieg AGB phase of their
lives. This implies that the rate of mass loss greatly ineesaonce a star becomes
carbon rich. Lagadec and Zijlstra (2008) find that dust pobidm in AGB stars is
greatly enhanced once thé@ratio exceeds unity, triggering the superwind.

The SHB models and the Pisa evolutionary tracks both préldeconset of ther-
mal pulses to occur around the luminosities at which the ¢asbon stars appear on
the H-R diagram. This implies that stars in the Sgr dSph becoanbon rich very
early on on the TP-AGB. Lagadec and Zijlstra (2008) also okeskthis phenomenon
for AGB stars within the SMC. The location of these carbonsstround the tip of
the RGB could also be due to the luminosity variations exgexed during a thermal
pulse. If these stars are currently burning helium they @xhibit luminosities roughly
three times fainter than the stars undergoing hydrogenitgristars burn helium for

approximately 10% of the thermal pulse cycle.
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The AKARI9-um magnitude and theRAS 12-um magnitude can be used to determine
whether stars are dusty or not, as tKke-([9]) and (K- [12]) colours are indicators of
the infrared (IR) excess displayed by dusty stars. Totalsahass ratesl, of these
stars can also be estimated using tke (12]) colour. In this Chapter, thAKARIand
IRAS catalogues are used to determine these values, beforesthlésrare compared
with the conclusions of Lagadec et al. (2008, 2009b), whdistlicarbon-rich stars in
the Sgr dSph in the IR.

6.1 Comparison With Infrared Observations

Several stars within our data set are included inAK&ARI andIRAS catalogues. Any
stars, in the Sgr dSph fields observed, withinod the AKARIandIRAS co-ordinates
are identified as matches to our targets. 12 stars have bsenveld byAKARI, while

6 stars have been observedIlRAS: 2 stars have been observed by both.

6.1.1 K-[9]) and (K- [12]) Colours

The K magnitude AKARI 9-um flux and thelRAS 12-um flux lie on the Rayleigh-

Jeans tail of the stellar spectral energy distribution (REIerefore, ifA is plotted
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againstF A2, whereF is the flux from the system, a non-dusty star will produce a
flat linet. However, dusty circumstellar envelopes of evolved stheoeb radiation at
optical wavelengths before re-emitting it in the mid-IRuseng an increase in flux at
mid-IR wavelengths such ag® and 12m. Positive values of{— [9]) and K- [12])
indicate the presence of dust.

To work out the K- [9]) and (K- [12]) colours, the flux in the&K band must be
calculated. The wavelength of thtMAS S Kband is 2.2um and its zero point is at

666.7 Jy. To determine the flux in tikeband, the following equation is used:

F = 102 x 6667Jy, (6.1)

whereKnmag is the observe® magnitude.
Subsequently, the following equations are used to caleulst K- [9]) and K-

[12]) colours, respectively:

/12

(K -1[9]) =25x Iog(:::—i ﬁ) (6.2)
2

(K = [12]) = 25 % |og(i—f%2), (6.3)

whereFg is the observedKARI 9-um flux, Ax = 2.2um, 1g = 8.61um, F1, is the
observedRAS 12-um flux andA;, = 12 um.

Table 6.1 summarises all the stars, studied in this thesighhave been observed
by AKARIandIRAS. The stars in bold are those which are assumed to be carlrsn sta
belonging to the Sgr dSph, while the rest are assumed to keetBaforeground stars.

This assumption is based on the radial velocity range catledlfor stars from theiK

1A flat line will be produced assuming that a naked photosphasea power law oft =2 between
theK band and the 12m region. In actual fact a number of molecular features calightly non-zero

colours.
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and J — K) values, see Chapter 4.3. Figure 6.1 displays the starstddtbyAKARI
andIRAS on the CMD from Chapter 3. Th&( [9]) and (K- [12]) colours in Table
6.1, for the six assumed carbon-rich Sgr dSph stars, shaaw BReexcesses, with the
highest K- [9]) and (K- [12]) colours found for the most reddened stars.

The Galactic stars also have positive-([12]) colourg, albeit at much lower val-
ues than for the carbon stars. These stars could be dustyréomed stars or their
positiveK values may be due to the CO feature at/218 or the fact that they are cool
stars. The CO feature at 2u81 may lower theK flux dramatically, hence an enhanced
positive K- [12]) colour will be recorded. Furthermore, if the stars eo®l stars then
their SED peaks will be shifted to longer wavelengths. Tfueees theK band may lie
at the peak of the SED, or in the Wien’s law section; thus pcotya positive K—
[12]) colour.

The mass-loss rates in Table 6.1 are calculated using thgarlbetween mass
loss and K- [12]) colour as determined by Whitelock et al. (2006). Utdoately,
only two of the assumed carbon stars have been observedRAS, therefore, total
mass-loss rates can only be determined for these starsofheniass-loss rates for the

two dusty carbon stars are found to b&0° M., yr1.

6.2 Comparison With Previous Studies of the
Sagittarius Dwarf Spheroidal

Studies of the Sgr dSph have been completed in the IR by Laga@éd (2008, 2009b).
29 stars within the Sgr dSph were observed by Lagadec etGf18(2009b), for ten of
which we havel andK band magnitudes. The spectra for four of these stars have bee
obtained and they have been classified as carbon ricl§3ske

The target selection for Lagadec et al. (2008) consistedmiesspectroscopically

confirmed C-stars, as determined by Whitelock et al. (198%,a colour selection of

°No Galactic stars were detected AiK ARI.
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Table 6.1: Determining theK(- [9]) and (K- [12]) colours. The stars in bold are

Sgr dSph carbon stars. Values labelled with an asterisk deneed from magnitudes

taken from theRAS reject catalogue and therefore should be treated with@autihe

value of logMi;) Was calculated using the relation between mass losskadi2])

colour determined by Whitelock et al. (2006).

Star| Kiux /Jy | AKARI9-um/ Jy | IRAS 12.um/ Jy | (K- [9]) | (K- [12]) | log(M)
1 0.025 0.313 - 5.70 - -
2 0.088 0.193 0.219 3.82 4.67 -5.30
0.088 0.193 0.418~* 3.82 5.38* -5.09 *
3 0.160 0.145 - 2.86 - -
4 0.035 0.214 0.171 4.92 5.40 -5.09
5 1.99 - 0.681 - 2.52 -6.15
1.99 - 0.550* - 2.29% -6.26 *
6 0.347 0.157 - 2.10 - -
7 1.18 - 0.108 * - 1.09* -6.93 *
8 4.83 - 0.722 - 1.62 -6.62
9 0.839 - 0.151* - 1.82* -6.51*
10 5.93 - 0.350 - 0.61 -7.24
11 0.083 0.171 - 3.75 - -
12 0.816 - 0.132* - 1.71* -6.57 *
13 1.56 - 0.278 - 1.81 -6.52
14 2.40 - 0.143* - 0.62* -7.24*
15 4.36 - 0.359 - 0.97 -7.01
16 2.26 - 0.163 - 0.83 -7.10

the 2MAS Scatalogue, aimed to isolate redder carbon stars than thase#/hitelock

et al. (1999). Lagadec et al. (2009b) confirmed the carbcm-abundances of eight

of the stars observed by Lagadec et al. (2008), includingthabare covered by our
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Figure 6.1: CMD indicating the stars that have been obsemtdIRAS (triangles),
AKARI (diamonds) or both (squares). The rest of the symbols ame Rigure 3.4.

sample. Figure 6.2 identifies which stars have been studiddchbadec et al. (2008,
2009b) and highlights those that are confirmed as carbon rich

Lagadec et al. (2008) determined dust mass-loss rates 8f 2A.08 M, yr* for
the stars they observed in the Sgr dSph, and subsequentlyestithations of the total
mass-loss rates. Using the assumption of van Loon (2007 }Hbkadust-to-gas mass

ratio scales linearly with metallicity as:

¥ =y 10 M (6.4)

where,¥ is the dust-to-gas ratio ant, = 0.005, Lagadec et al. (2008) determitie-
1.4x 1072 in the Sgr dSph. This leads to estimates of the total massrétes 0f-~6 x
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Figure 6.2: CMD, as in Figure 3.4, with the stars observed agddec et al. (2008,
2009b) (filled squares) identified. Confirmed carbon staysither this thesis, White-
lock et al. (1999) or Lagadec et al. (2009b), are in blue. Hpeeted, but unconfirmed,
carbon stars are in pink.

1077 to 2x 10°° M, yr~! for the stars also studied in this thesis, with mass-lossrat
increasing with redder colours and lower luminosities. Séhgalues are comparable
with the total mass-loss rates ©10° M, yr-! determined ir§6.1.

Lagadec et al. (2009b) conclude that the carbon stars in ghe&lSph belong to
high-metallicity population of the galaxy. The isochronedslling in §5.2 does not
provide enough information to distinguish between the Inaditallicity population and
the metal-rich population at 2.5 Gyr. Therefore, the congeer of our data with theo-

retical isochrones does not support nor oppose Lagadec(2089hb).

92 AGB STARS IN SGR DSPH

4.5



Discussion

7.1 The M Ratio

1094 objects have been observed in this thesis, of which ¥8 haen determined
as C-type stars, 342 as M-type stars and 733 as K-type, oromnknstars. After
radial velocity determinations and colour cuts, as desdriim Chapter 5, the number
of carbon stars in our observations is assumed to be 46. Shig@tion is supported
by the findings of Chapter 6, from Lagadec et al. (2008, 20@9&i) a further two of
the reddened stars can be classified as carbon-rich. Fortiner every observed star
with (J — K) > 1.35 is found to be carbon rich.

To calculate an approximate/@ ratio for our observations the number of C- and
M-type stars above the RGB tip, and which belong to the Sghd&pfound. The
ratio of the number of stars above the RGB tip observed by ik ¥ the number of
M-type stars which have been observed by the VLT and haveaiectadial velocities
classifying them as Sgr dSph members/i T he total number of stars above the RGB
tip is multiplied by this fraction to give an estimate for thember of M-type stars of
63.5. The number of C-stars above the RGB tip is 34. Therefor@pproximate 1
ratio for the Sgr dSph is 0.54.

C/M ratios have been determined for the LMC and the SMC, witlueslof 0.30
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and 0.27, respectively (Cioni and Habing 2003). HoweveonCand Habing (2003)
observe that the M ratio for M3, M5 and M7 stars, is much greater in the SMC than
the LMC. This agrees with the theory that in low metalliciglgxies, carbon stars are
more readily produced, s¢d..3.1. Boyer et al. (2011) determine @\Cratio for the
SMC of 0.56. This @M ratio includes extreme AGB stars, classified as carbon rich
and anomolous oxygen-rich AGB stars, as well as oxygen- aritba-rich AGB stars.

The approximate O/ ratio determined for the Sgr dSph is, therefore, comparabl
with the values for the B/ ratio of the SMC found in the literature. As the Sgr dSph
and the SMC have similar metallicities.7 < [Fe/H] < —-0.4 (Lagadec et al. 2008;
Giuftrida et al. 2010) and [FFel]= —0.90 to —0.60 (Russell and Dopita 1992; Venn
1999; Rolleston et al. 1999, 2003; Lee et al. 2005), respaygtithe observation of a
comparable @M ratio implies that the main population of the Sgr dSph mustipce
carbon stars, not just the small population at high metgtlas suggested by Lagadec
et al. (2009b).

7.2 Carbon-Rich Lifetimes in the Sagittarius Dwarf

Spheroidal

In §5.3 an average carbon-rich lifetime in the Sgr dSph of betwke87 and 2.26<
10° years was determined. This suggests that a carbon star nhagxgerience 0.7
— 3.6 thermal pulses before mass loss terminates its AGBTifés lifetime estimate
is only an average value however, and has been calculatathegsthat the carbon
stars belong to the bulk population. If the carbon stars atg produced in the high
metallicity population, as suggested by Lagadec et al. §BRGhe lifetime of each
carbon star will increase proportionally. However, as dgsed in§7.1, the calculated
C/M ratio for this data suggests that this is not the case.

A luminosity spread in the carbon-rich AGB track is obsernrethe H-R diagram

and the CMD, possibly due to the metallicity range of the pdkulation and also the
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fact that stars within the Sgr dSph will display some rangagas. The stars in the Sgr
dSph will also have undergonefiiirent mass-loss experiences throughout their lives,
which also &ects their evolution. The luminosity range of carbon staf®und to be
-3.52 Ky = —5.5, with a range inJ— K) due to the previously mentioned variations.

Lagadec et al. (2008) suggest that stars in lower metallg@taxies will be carbon
rich for a time before the onset of the superwind. The deteation of an average C-
rich lifetime of between 1.07 and 2.3610° years does not support this prediction. The
short C-star lifetime implies that once a star becomes cariat in the Sgr dSph, its
mass-loss rate greatly increases, to shed its remainingsaineric envelope quickly.
This therefore suggests that at low metallicity, mass |lssaare &ective for carbon-
rich stars than oxygen-rich stars. The mass loss of carlebnstars may be more
effective due to the fact that the production of oxygen-richtdsidvampered at low
metallicites, as it relies on metallicity dependent specseich as Si. Whereas, the ma-
jority of carbon-rich dust is only dependent on carbon, white star produces itself.
A study of the LMC and SMC, by Sloan et al. (2008), finds thatdhset production
rate of oxygen-rich dust is reduced at low metallicities endas the dust production
rate in carbon stars is similar regardless of metallicitge Wetermination, in this the-
sis, of such a short average carbon-rich lifetime in the Spldsupports the idea that
carbon-rich dust production is not greatlffected in low metallicity environments.

As can be seen in Figure 3.4, a few carbon stars have beerveddsgiuminosities
around the tip of the RGB. This might be explained by the lwmsity variations a
star experiences during the thermal pulse cycle. Starsdsppproximately 10% of
the thermal pulse undergoing quiescent helium burning amdhg this phase their
luminosities are roughly three times fainter than starhistiydrogen burning phase.
On the other hand, these carbon stars could indicate thtkte ahetallicity of the Sgr
dSph, it does not take long for AGB stars to dredge up enougdboodor their GO
ratios to exceed unity. Lagadec and Zijlstra (2008) alseenles] this for AGB stars
in the SMC; the RGB tip was found to coincide with the shiftifraxygen-rich to

carbon-rich, and the onset of thermal pulses. The SHB mastel®volutionary tracks
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in §5.2 do not provide conclusive evidence for either of theseties.

However, the number of carbon stars observed to coincidethwit onset of thermal
pulses is four, roughly 10% of the total assumed number dfarastars (46). If these
stars were at three times their luminosity they would liehat tip of the AGB, where
other observed carbon stars are found. Also, the deternuadzbn-rich lifetime im-
plies that stars in the Sgr dSph quickly lose their CSEs oneg become carbon rich.
If this occurs soon after the onset of thermal pulses, theAGB- will be a very brief
phase, therefore limiting the number of observations obeatrich stars in the Sgr
dSph. Itis suggested that the most likely explanation ferdgarbon stars at the tip of
the RGB, is that they are currently burning helium and arectioee at lower luminosi-

ties than stars which are experiencing the rest of the thesoise.

7.3 Modelling the Sagittarius Dwarf Spheroidal

7.3.1 The Carbon-Rich Population of the Sagittarius Dwarf $heroidal

The models of Karakas and Lattanzio (2007), for the yieldPNg, indicate that at
the metallicity and stellar mass of the Sgr dSph, carbors staould not appear. Stars
belonging to the bulk population metallicity (Z 0.004— 0.008) are not modelled to
become carbon rich until 1.5 1.75 M,. The young, 2.5 Gyr, stars of the metal-rich
population will have initial masses efl.5 M,, but their metallicity is closer to the
1.75 M, limit from Karakas and Lattanzio (2007).

In this thesis, 19 carbon stars are detected in the Sgr dSpBteong evidence is
presented for a further 27 stars to be carbon rich. Henceplogervations do not agree

with these models.

7.3.2 Evolutionary Tracks of the Sagittarius Dwarf Spherotdal

From the comparison of our data with the isochrone modegbif, it is concluded

that the distance modulusn(- M), = 17.10 mag (Monaco et al. 2004), reddening
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estimate, BB — V) = 0.14 (Layden and Sarajedini 2000) and extinction relatog,
= 0.346E B8 - V) (Rieke and Lebofsky 1985), assumed are accurate. Both aine D
mouth isochrone models (Dotter et al. 2007, 2008) and tha &slutionary tracks
(Castellani et al. 2003; Cariulo et al. 2004), model the R@Bat the correct lumi-
nosity. The metallicity spread of the bulk population isamtes compares favourably
to the width of the observed giant branch on the CMD, indigathat the published
ranges in metallicity andhj/Fe] are accurate (e.g. Lagadec et al. 2008; Smecker-Hane
and McWilliam 2002). However, when compared to the H-R diagrthe isochrones
and evolutionary tracks towards the metal-rich limit of thek metallicity range fit the
data most successfully. The metallicities of the data withis thesis should be iden-
tified to conclusively state whether the more metal-rich elsdare correct, or if the
difference observed between the CMD and the H-R diagram is diue tmotometric

corrections used.

7.4 The Metal-Poor Population of the
Sagittarius Dwarf Spheroidal

As discussed i§4.1, several stars are observed in the region of the CMD dat@dh
by K-type Galactic stars and yet display radial velocitiessifying them as members
of the Sgr dSph. 1r§5.2 it is suggested that five of these stars may belong to the
metal-poor population. Metal-poor stars are at warmer &napires and have much
weaker molecular features, hence they were not distingdisis M- or C-type AGB
stars during the spectral classification.

Another two stars are present®f;s ~ 4500 K andKyo ~ —4.6, whose origins are
still unknown. If these stars are post-AGB stars they areetqul to be present at the
luminosities of the RGB tipKyo ~ 4.00. On the CMD these unknown stars h#ygs
magnitudes comparable to the RGB tip, although when plaitethe H-R diagram
they are located at luminosities higher than the RGB. It ggested that these stars are
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7: DISCUSSION

most likely post-AGB stars, and the distance from the RGBhép been exaggerated
by the bolometric corrections used to plot the H-R diagram.

In §5.2 an estimation of the relative size of the metal-poor petjan is calculated.
The metal-poor population is found to be approxima%lpf the size of the bulk pop-
ulation. The size of the metal-rich population cannot besdeined as the isochrone
modelling was inconclusive. Metallicity determinatiorf¢trese stars should be made
from our spectra in order to determine the size of the metakpopulation, with more

accuracy, and the size of the metal-rich population.
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Conclusion

An extensive search for AGB stars in the Sgr dSph has not beempleted before.
Observations of the galaxy have been made to determine ttadlicity and age popu-
lations of the Sgr dSph (e.g. Bellazzini et al. 1999a;ftida et al. 2010), and smaller
studies focusing on a few stars have been undertaken (eigaddeet al. 2005; Lagadec
et al. 2008, 2009b). This thesis adds to the findings of themequs papers.

In this thesis, 1095 objects have been observed: 1 galaxygarb@n-rich stars, 342
oxygen-rich stars and 733 K-type or unknown stars. Due te timitations the spectra
were only classified as carbon- or oxygen-rich. Therefdarés suggested that the
exact spectral typing should be completed. Template spémtiM1, M3, M5 and M8
stars are available from htfpyww.sdss.orgdr5/algorithmgspectemplatémdex.html.
A more rigorous search for molecular features within thectf@eshould also be carried
out, in order to determine whether dredge-up elements, assiprocess elements and
Li, are present. This would enhance our understanding of thevdredge-up behaves
at the lower metallicity of the Sgr dSph.

The radial velocities have been determined for the obsemnsimade at the VLT.
Stars with approximate radial velocities greater than 95skhrand with a radial ve-
locity error of < + 10 km s? are classified as belonging to the Sgr dSph. It is found
that the Galactic foreground stars have a peak averagd radoity of —23 km s?,

with a dispersion of 53 km$, while stars within the Sgr dSph have a peak average
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radial velocity of 141 km &, with a dispersion of 15 km$. From the radial velocity
determinations, and the theoretical isochrone modelbrgmall population of K-type
stars was observed at luminosities corresponding to thalspebr population of the
Sgr dSph. It was calculated that the bulk population is axprately eleven times
greater than the metal-poor population.

The CMD of these observations was plotted and the RGB tiptisroiéned to be
located aK = 10.6. The onset of thermal pulses also occurs around thigmbsity. A
few carbon stars are located at the tip of the RGB and it is sstggl that these stars
are undergoing helium burning and therefore exhibit lovuenihosities than stars in
the hydrogen burning phase of a thermal pulse.

An average carbon-rich lifetime in the Sgr dSph of 1-02.26x 1(° years is been
estimated from the evolutionary track models. This shdetiine implies that at the
metallicities of the Sgr dSph, mass loss is much mdfective for carbon-rich stars
than oxygen-rich stars. This supports predictions thabaarich dust production is
not restricted at lower metallicities (e.g. Zijlstra et 2006b; Sloan et al. 2008). The
(K- 19]) and (K- [12]) colours have been determined for 19 stars, includirdgsgr
dSph carbon stars. The stars for which tKe-([12]) colour could be calculated, also
have total mass-loss rates estimated for them. The mosemedd dusty carbon stars
in the Sgr dSph have mass-loss rates-#0> M, yr, which is comparable to the
mass-loss rates determined by Lagadec et al. (2008).

A C/M ratio for the Sgr dSph is calculated to be 0.54, although @&dknowledged
that, due to the fact that not all stars wKhand J — K) values placing them on the Sgr
dSph giant branch have been observed, thiM @lue will have a significant error on
it.
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Appendix A

Tables of Results

A.1 VLT Data

Table A.1: A Complete Table of all the VLT Data

ID RA Dec Spectral 2MASS Vrad O
Type K | (J=-K)|(kms?) | (kms?)
SGRO00076| 18 55 12.44| —30 23 39.03 K 09.92| 00.35 -2.65 91.36
SGRO00138| 18 5518.97| -302101.66 K 09.26| 00.75 | -11.68 0.63
SGR00254 | 18 54 12.34| —30 24 09.96 K 12.28| 00.78 -5.81 0.75
SGRO00262| 18 54 08.78| —30 25 41.05 K 11.87| 00.60 -0.63 1.21
SGRO00270| 18 55 24.90] —30 17 22.26 K 10.24| 00.67 7.42 0.48
SGRO00286| 18 54 16.02/ -302121.63 M 10.54| 00.94 | 31.34 1.79
SGRO00376| 18 54 36.15] —304212.12 K 12.09| 00.72 | -25.07 1.09
SGRO00390| 18 53 54.27| —30 30 50.36 K 12.02| 00.78 0.15 0.90
SGRO00397| 1854 41.68 —-304311.10 K 09.52| 01.00 | 37.80 0.00
SGR00406| 18 55 56.09] —30 39 02.01 K 12.14| 00.79 34.88 1.93
SGRO00423| 18 53 50.14| —30 28 12.82 M 09.32| 01.06 | 156.54 2.22

Continued on next page
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Table A.1 — continued from previous page

ID RA Dec Spectral 2MASS Viad O
Type K | (J=-K)|(kms?)| (kms?)
SGRO00426| 18 54 41.21) —30 43 50.34 K 12.25| 00.77 35.77 1.33
SGRO00453| 18 54 25.27| —30 14 36.47 K 12.14| 00.70 | 41.15 0.61
SGRO00462| 18 53 46.24| —30 28 30.72 K 12.29| 00.66 | -53.27 1.16
SGRO00478| 18 53 44.73| —30 28 50.43 K 12.24| 00.79 31.01 0.97
SGRO00481| 18 54 34.18| —30 44 31.71 K 10.72| 00.43 | -36.03 1.26
SGRO00484 | 18 5344.67| -302639.98 K 11.31| 00.65 | 43.07 1.01
SGRO00493| 18 56 08.90] —30 38 42.67 K 12.07| 00.44 | 50.90 0.88
SGRO00513| 18 56 23.61) -303244.87 K 10.08| 00.38 | -6.26 2.99
SGRO00514| 18 56 25.11] —-30 26 30.26 M 11.02| 00.84 | -99.97 0.62
SGRO00522| 18 53 40.40, —30 28 00.92 K 10.46| 00.68 24.70 0.87
SGRO00537| 18 53 50.39| —30 37 53.15 K 12.02| 00.48 | 48.82 0.75
SGRO00562| 18 5551.26| -301313.03 K 11.97| 00.76 | -35.51 0.98
SGRO00571| 18 5336.30| -303003.17 K 09.28| 00.51 0.08 1.24
SGRO00575| 18 54 43.66| —30 10 21.20 K 11.02| 00.36 -1.84 0.72
SGRO00578| 18 56 30.61) -303103.62 K 11.03| 00.78 | -98.20 1.31
SGRO00595| 18 56 26.49 —30 35 49.47 K 11.87| 00.82 -8.17 1.37
SGRO00611| 18 56 33.80] —30 28 48.35 K 11.30| 00.81 | -19.98 1.62
SGRO00612| 18 54 28.02| —30 46 43.17 K 11.08| 00.63 15.59 0.65
SGRO00620| 18 55 59.24| —30 13 14.57 K 11.88| 00.61 21.20 1.10
SGRO00629| 18 56 33.84| -302533.25 K 06.76| 00.99 | 39.38 0.80
SGRO00639| 18 55 39.59| —30 10 26.89 K 10.63| 00.99 -2.66 0.78
SGRO00642| 18 5350.87| -304107.36 K 11.33| 00.86 | -7.80 0.69
SGRO00645| 18 55 28.44| -300930.24 K 11.15| 00.93 | -63.83 0.84
SGRO00647| 18 53 35.15| —30 34 59.74 K 11.61| 00.31 21.36 1.00

Continued on next page
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A.l:

Table A.1 — continued from previous page

VLT DATA

ID RA Dec Spectral 2MASS Vrad O
Type K | (J=-K)|(kms?)| (kms?)
SGRO00679| 18 54 23.32| —30 47 27.31 K 12.03| 00.85 | -40.92 0.47
SGRO00686| 18 54 47.41) —30 08 14.98 K 11.40| 00.39 -8.47 1.15
SGRO00688| 18 54 55.85| —30 07 59.50 K 10.94| 00.33 59.58 1.93
SGRO00698| 18 53 35.72| —30 37 45.59 K 11.16| 00.91 87.03 0.68
SGRO00707| 18 56 35.00] —30 21 25.29 K 11.86| 00.87 | -52.72 1.60
SGRO00710| 18 54 20.84| —3047 43.74 K 12.07| 00.76 | 42.84 1.56
SGRO00736| 18 53 23.17] —30 27 52.18 K 12.00| 00.76 28.64 0.59
SGRO00748| 18 54 50.43 -3050 16.04 K 11.57| 00.46 | -39.10 0.69
SGRO00768| 18 54 26.97| —30 08 05.10 K 11.27| 00.42 21.21 0.59
SGRO00785| 18 56 42.39| -302215.8§ M 09.20| 01.01 | -24.07 1.62
SGRO00792| 18 53 58.23| —30 46 20.08 K 09.30| 00.91 55.23 0.56
SGRO00802| 18 5520.79| -3006 22.44 M 07.19| 01.26 | 78.43 | 151.10
SGRO00803| 18 5326.44| -301953.09 K 11.88| 00.69 | 53.82 1.22
SGRO00810| 18 56 48.78| —30 28 02.98 K 10.80| 00.71 | -50.39 0.82
SGR00828| 18 54 43.96/ —-30 06 05.37, K 11.79| 00.71 | -22.41 1.24
SGR00829| 18 55 06.05] —30 05 42.71 K 11.30| 00.24 | -24.74 3.22
SGRO00858| 18 56 50.67| —30 25 24.91 K 11.12| 00.84 | 107.19 0.99
SGRO00877| 18 53 50.52| —30 46 21.69 K 12.29| 00.94 | -91.09 0.75
SGRO00882| 18 5535.27| -3006 06.46 K 11.05| 00.95 | 48.37 0.78
SGRO00888| 18 56 33.58/ —-304220.48 K 12.24| 00.68 1.47 1.21
SGRO00894| 18 56 53.62| —30 26 59.28 M 10.03| 00.93 -0.03 1.45
SGRO00904 | 18 53 12.61] —30 26 22.70 K 11.76| 00.65 | -60.86 1.29
SGRO00912| 1856 54.17] -302559.50 M 09.75| 01.07 5.11 2.73
SGRO00913| 18 54 22.83| —30 51 08.94 K 12.29| 00.93 9.68 1.74

Continued on next page
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Table A.1 — continued from previous page

ID RA Dec Spectral 2MASS Viad O
Type K | (J=-K)|(kms?)| (kms?)
SGRO00918| 18 54 13.09| —30 50 18.79 K 11.64| 00.72 | -40.39 0.90
SGRO00920| 18 54 08.12| -304945.50 K 12.05| 00.28 | -53.83 1.87
SGRO00930| 18 53 23.40 —30 17 29.67 K 10.97| 00.78 | -43.06 1.20
SGRO00933| 18 54 07.53| —30 49 54.14 K 12.05| 00.81 34.70 1.27
SGRO00943| 18 5550.49| -3006 24.25 K 11.97| 00.67 | -14.84 1.13
SGRO00956| 18 5338.52| -301208.87 K 07.34| 00.64 0.02 1.55
SGRO00985| 18 53 07.28| —30 25 50.56 K 12.26| 00.59 | -18.03 1.50
SGRO01004| 18 53 59.27| —30 50 06.50 K 12.18| 00.72 | 140.41 1.11
SGRO01022| 18 57 02.62| -302809.11] K 10.75| 00.59 | -2.33 1.60
SGRO01056| 18 55 12.22| —30 02 39.11 K 10.22| 00.15 | -19.77 5.36
SGRO01075| 18 53 38.25| —30 47 45.74 K 11.63| 00.32 28.38 1.65
SGRO01078| 18 53 26.16| —30 12 35.01 K 12.14| 00.40 | -14.36 2.92
SGRO01086| 18 53 51.55| —30 50 14.16 K 11.29| 00.67 | -96.25 0.84
SGRO01090| 18 53 09.52| —30 38 54.21 K 11.98| 00.84 | -130.16| 0.74
SGRO01102| 18 5542.75 -300320.75 K 12.06| 00.68 | -38.16 0.89
SGRO01103| 18 53 45.34| —30 49 35.77 K 11.73| 00.68 | -49.26 0.77
SGRO01124| 18 53 31.75] —30 47 18.33 K 11.79| 00.73 | -11.66 2.84
SGRO01139| 18 55 18.86| —30 01 42.51 K 12.20| 00.68 19.32 1.54
SGRO01149| 18 54 22.96| -305440.53 K 10.79| 00.87 | -38.02 0.90
SGRO01158| 18 53 54.90| —30 51 54.28 K 11.06| 00.75 | -20.52 0.42
SGRO01162| 18 53 34.82| —30 48 33.15 K 12.00| 00.72 | -128.09| 0.52
SGRO01187| 18 52 54.19| —30 27 28.64 K 11.85| 00.60 | -103.49| 2.88
SGRO01190| 18 53 06.96| -304058.25 K 11.85| 00.64 | -103.30| 1.46
SGRO01208| 18 52 53.69| —30 26 16.48 K 12.14| 00.34 | 31.93 0.76

Continued on next page
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Table A.1 — continued from previous page

ID RA Dec Spectral 2MASS Vrad O
Type K | (J=-K)|(kms?)| (kms?)
SGRO01246| 18 53 00.76] —30 17 53.85 K 11.23| 00.74 | 59.25 1.28
SGRO01259| 18 5324.40 -300928.96 K 10.17| 00.67 | 36.10 1.03
SGRO01273| 18 53 32.71] —30 50 01.68 K 12.00| 00.28 18.17 2.56
SGRO01289| 18 53 34.33| —30 50 39.20 K 10.89| 00.67 11.84 0.88
SGRO01295| 18 53 30.45 -304957.07 K 10.05| 00.70 0.98 1.10
SGRO01305| 18 53 09.25| —30 12 54.04 K 11.79| 00.72 27.53 1.27
SGRO01342| 18 57 18.60] —30 34 06.27 K 11.95| 00.66 | -28.91 0.92
SGRO01360| 18 5324.20 -304937.18 K 08.82| 00.67 | -7.91 0.39
SGRO01368| 18 5247.71] —30 22 12.53 K 10.78| 00.64 | 35.25 1.08
SGRO01382| 18 53 35.16] —30 52 03.82 K 12.05| 00.49 9.08 1.62
SGRO01385| 1854 12.81 -305646.39 M 11.46| 00.88 55.40 | 135.78
SGRO01387| 185336.49 -305221.85 K 11.89| 00.68 8.83 0.69
SGRO01405| 18 53 07.28| —30 46 00.33 K 11.91| 00.17 16.18 2.39
SGRO01410| 18 52 54.48 —30 16 19.62 K 12.04| 00.66 | -46.63 1.80
SGRO01418| 18 5341.72| —30 53 40.16 K 11.19| 00.68 | 43.70 1.17
SGRO01425| 18 5302.61] -304451.08 M 11.93| 00.81 1.27 2.53
SGRO01491| 18 52 55.59| —30 14 10.59 K 08.92| 00.87 16.99 1.36
SGRO01533| 18 52 57.30] —30 12 26.49 K 12.29| 00.49 | -18.03 0.94
SGRO01554| 18 52 35.40 -3026 40.12 K 11.98| 00.64 | 37.67 0.85
SGRO01578| 18 52 42.25| —30 18 20.98 K 12.13| 00.28 | -46.34 242
SGRO01640| 18 52 33.11] —30 24 28.63 K 12.12| 00.83 | 40.31 0.65
SGRO01709| 18 5247.75| —30 12 55.68 K 12.24| 00.74 50.49 1.85
SGRO01831| 18 52 27.63] -302219.93 M 10.97| 01.02 | 128.09 3.62
SGRO01890| 1857 31.09] -304241.41 M 07.86| 01.14 | 22.71 3.23

Continued on next page
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Table A.1 — continued from previous page

ID RA Dec Spectral 2MASS Viad O
Type K | (J=-K)|(kms?)| (kms?)
SGRO01998| 18 57 38.75| —30 40 50.07 K 09.11| 00.80 | -53.42 0.77
SGRO02105| 18 57 37.07| —30 44 10.81 K 12.11| 00.36 | -64.04 2.29
SGRO02136| 18 52 37.62] —30 09 33.12 K 12.12| 00.69 11.04 3.70
SGRO02140| 18 57 40.90] —30 43 03.41 K 09.51| 00.74 | -49.28 0.92
SGRO02195| 18 52 47.57| -300539.67 K 11.67| 00.52 | -83.78 8.36
SGRO02216| 18 52 53.29| —30 03 54.74 K 11.67| 00.73 | 110.74 | 160.10
SGRO02256| 18 52 34.14| —30 08 50.72 K 12.03| 00.26 19.00 7.04
SGR02392| 18 57 35.25| —30 50 04.09 K 10.72| 00.67 26.69 0.77
SGRO02397| 18 57 54.54| —30 41 44.98 K 12.04| 00.93 | 117.75 0.50
SGRO02414| 18 52 51.42| —30 01 44.03 K 11.85| 00.24 | -26.89 3.00
SGRO02443| 18 57 52.34| —30 44 07.22 K 08.58| 01.05 | 48.68 0.60
SGRO02446| 18 57 47.64| —30 46 20.65 K 10.39| 00.72 | -21.83 1.57
SGR02537| 1852 45.11 -300137.58 K 09.76| 00.69 | -4.10 0.99
SGRO02555| 18 52 54.41| —29 59 25.25 K 11.56| 00.46 28.17 0.75
SGRO02630| 18 58 12.52| —30 33 11.14 K 12.04| 00.79 87.73 1.11
SGRO02631| 1852 09.16| -301216.30 K 10.36| 00.74 | 104.99 | 4.16
SGRO02638| 18 52 28.05| —30 05 00.18 K 11.96| 00.67 30.81 1.49
SGRO02737| 18 58 12.79] —30 38 07.76 K 11.80| 00.71 | -10.68 0.78
SGRO02752| 1852 09.58 —-300952.91] M 09.41| 00.98 | -57.37 2.56
SGRO02795| 18 52 07.53| -301002.53 K 10.05| 00.23 | -42.97 6.85
SGRO02799| 18 52 14.88 —30 07 06.37 M 10.12| 01.08 -0.88 2.70
SGR02810| 1858 17.29 -303554.79 M 08.00| 01.08 | 44.40 2.08
SGR02857| 18 58 03.47| —30 46 38.51 K 11.87| 00.72 57.32 1.92
SGRO02869| 18 57 47.42| —30 52 51.53 K 12.21| 00.35 | -10.37 3.34
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Table A.1 — continued from previous page

ID RA Dec Spectral 2MASS Vrad O
Type K | (J=-K)|(kms?)| (kms?)
SGRO02872| 18 58 11.27| —3042 37.34 K 10.55| 00.43 -7.73 1.68
SGRO02907| 18 58 03.70| -3047 26.23 K 11.24| 00.51 | -65.16 0.92
SGRO02912| 18 52 35.68| —29 59 40.74 K 10.65| 00.85 | -45.32 0.41
SGRO02971| 18 58 10.60] —30 45 05.14 K 10.83| 00.32 7.16 1.75
SGR02983| 1852 05.14] -300812.69 K 08.85| 00.59 | -4.35 0.84
SGRO03013| 1852 18.89) -300303.55 K 11.72| 00.62 | 25.40 0.53
SGRO03034| 18 52 20.43| —30 02 25.14 K 10.64| 00.69 | -51.69 0.97
SGRO03069| 1858 26.73| -303428.39 K 09.77| 00.95 | -131.50| 1.01
SGRO03080| 18 57 59.67| -305130.32 M 08.82| 00.92 | -98.69 1.45
SGRO03123| 18 52 11.13] —30 04 09.91 K 12.21| 00.72 16.51 2.85
SGRO03165| 18 52 55.90] —29 53 14.53 K 11.88| 00.70 | 27.34 4.25
SGR03209| 18 57 57.46| -305402.86 K 10.74| 00.84 | -3.64 0.58
SGR03219| 18 52 45.98| —29 54 30.09 K 11.27| 00.84 | 29.05 1.35
SGRO03260| 18 58 34.14| —30 32 09.09 K 07.48| 01.27 80.33 2.78
SGR03284| 1852 00.32 -300542.95 K 11.96| 00.83 | -37.50 2.79
SGRO03343| 1858 35.79] -303427.98 M 08.62| 00.99 | -44.29 1.32
SGRO03363| 18 58 18.29 -3048 19.28 M 07.49| 01.22 | -74.44 7.82
SGRO03367| 18 51 49.88 —30 08 38.67 K 11.84| 00.82 -7.81 5.09
SGRO03381| 18 58 37.37| —30 34 23.84 K 11.56| 01.00 | 123.30 0.28
SGR03458| 18 58 36.25 -303855.79 K 11.46| 00.67 8.45 1.09
SGRO03467| 18 58 17.19| —30 50 29.49 K 10.89| 00.34 64.58 3.35
SGRO03479| 18 52 37.60] —29 53 38.45 K 12.18| 00.44 | -88.29 2.19
SGR03528| 18 58 15.47| —30 52 06.13 K 11.22| 00.68 -6.81 1.15
SGRO03543| 18 52 04.25| —30 00 54.96 K 12.27| 00.37 | -39.23 6.30
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Table A.1 — continued from previous page

ID RA Dec Spectral 2MASS Viad O
Type K | (J=-K)|(kms?)| (kms?)
SGRO03558| 18 58 33.17| —30 44 12.82 K 11.79| 00.92 | 135.84 0.73
SGR03620| 18 51 46.22| -3006 12.61] K 12.05| 00.86 | 55.38 3.09
SGRO03630| 18 52 41.59| —29 51 30.31 K 11.41| 00.60 | -25.38 1.11
SGRO03661| 18 58 15.19] —30 53 51.88 K 10.96| 00.90 | 25.98 0.92
SGRO03670| 18 58 45.53| -303557.21] K 11.54| 00.63 | -16.36 0.53
SGRO03687| 18 52 23.12| —29 54 40.18 K 11.70| 00.79 | -37.31 1.00
SGRO03695| 18 58 29.12| —30 48 39.44 K 11.81| 00.71 13.92 0.97
SGRO03734| 1858 48.91) -303250.93 K 09.19| 00.67 | 31.33 0.79
SGRO03761| 18 58 27.23) -305022.52 K 12.29| 00.39 | 69.89 2.53
SGRO03858| 18 51 42.44| —30 04 35.16 K 12.19| 00.62 | -45.74 3.45
SGRO03883| 18 51 35.25| —30 07 11.93 K 11.69| 00.75 37.88 | 118.35
SGRO03901| 18 52 27.69| —29 51 49.73 K 11.88| 00.24 -5.40 4.78
SGRO03939| 18 58 47.61] —30 42 19.67 K 11.95| 00.67 11.90 1.25
SGRO03951| 18 58 45.12| —30 44 18.67 K 11.54| 00.39 | -11.33 1.32
SGRO03998| 18 5145.36| —-300153.05 M 10.54| 00.95 | -22.67 3.11
SGRO04055| 18 58 47.80] —30 44 34.75 K 11.90| 00.67 | 182.74 1.36
SGRO04132| 18 58 54.19 —30 41 28.82 K 09.48| 00.87 | -176.19| 0.74
SGRO04154| 18 52 06.48 —29 54 16.42 K 09.96| 00.76 | -198.38| 0.74
SGRO04243| 18 52 17.35| —29 51 08.39 K 10.86| 00.88 | -247.82| 1.94
SGRO04262| 18 52 00.24| —29 54 51.97 K 12.28| 00.85 | 41.17 2.88
SGRO04347| 18 52 23.16| —29 48 57.71 K 11.82| 00.37 -4.27 126.12
SGRO04381| 1852 12.83] -295040.03 K 12.20| 00.84 | 80.91 4.60
SGR04433| 1851 59.86) —295308.00 M 10.82| 00.96 | -31.30 2.44
SGRO04461| 18 51 40.77] —29 57 58.21 K 10.04| 00.73 | -10.32 0.92

Continued on next page

108

AGB STARS IN SGR DSPH



A.1: VLT DATA

Table A.1 — continued from previous page

ID RA Dec Spectral 2MASS Vrad O
Type K | (J=-K)|(kms?)| (kms?)
SGRO04472| 18 52 19.98| —29 48 29.66 K 12.17| 00.76 | -45.06 | 106.02
SGR04488| 18 51 23.42| -300350.69 K 12.28| 00.86 | -19.25 | 109.46
SGRO04535| 18 51 48.60] —29 55 07.14 K 11.43| 00.88 | -148.46| 2.58
SGRO04544| 18 51 57.22| —29 52 51.29 K 12.15| 00.43 | -72.84 1.99
SGRO04669| 1859 09.16| -304222.92 K 11.46| 00.67 | 25.94 1.07
SGRO05026| 18 51 57.69| —29 48 42.78 K 11.18| 00.15 24.73 3.59
SGRO05130| 18 51 51.16] —29 49 16.31 K 11.49| 00.95 | -14.72 5.52
SGRO05167| 18 57 52.56| —31 13 12.47 K 12.04| 00.36 17.70 2.98
SGRO05199| 18 57 44.37| —31 14 47.39 K 12.23| 00.73 36.50 2.18
SGRO05426| 18 58 02.50] —31 13 12.43 K 11.85| 00.37 7.09 2.44
SGRO05531| 18 58 15.88) —31 11 25.32 K 11.71| 00.71 | -39.95 1.68
SGR05586| 18 59 00.38| —30 59 59.11 K 10.42| 00.68 | 134.11 1.63
SGRO05613| 1859 09.01 -305702.30 K 11.75| 00.75 | -22.16 1.43
SGRO05682| 18 57 44.98| —31 18 02.06 K 12.15| 00.36 13.05 0.98
SGRO05733| 18 5742.41) —-31 18 41.08 K 11.74| 00.68 | -15.34 1.25
SGRO05767| 18 57 37.97| —31 19 28.19 K 12.27| 00.70 8.89 1.81
SGRO05789| 1858 12.94| -311351.28 M 08.07| 01.02 | -15.00 1.27
SGRO05857| 18 59 21.30] —30 54 13.72 K 11.66| 00.61 50.96 0.55
SGRO05866| 18 58 04.40] —31 15 53.50 K 11.64| 00.68 | -71.70 1.66
SGRO05874| 18 57 51.45| —31 18 05.90 K 11.61| 00.38 | -23.15 2.01
SGRO05880| 18 57 32.43| —31 20 51.94 K 11.34| 00.67 | 43.13 1.64
SGRO05935| 18 59 24.67| -305346.84 K 10.34| 00.30 | -20.96 1.58
SGRO06060| 1859 14.49 -305938.15§ K 11.17| 00.64 | -57.93 1.11
SGRO06068| 18 58 23.84| —31 13 45.11 K 10.07| 00.76 -5.84 0.67
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ID RA Dec Spectral 2MASS Viad O
Type K | (J=-K)|(kms?)| (kms?)
SGRO06097| 18 57 56.68| —31 18 52.96 K 11.54| 00.72 9.33 1.89
SGR06265| 18 58 02.78) -311851.93 K 11.82| 00.70 | -69.85 0.90
SGRO06348| 18 59 36.77] =30 53 20.35 K 12.11| 00.59 | -134.01| 0.51
SGRO06373| 18 58 32.74| —31 14 07.82 K 11.71| 00.82 3.73 1.07
SGRO06383| 1858 04.98 -311924.86 K 12.21| 00.61 | -49.59 0.87
SGRO06501| 18 58 39.54| -311337.79 K 11.93| 00.36 | 78.16 0.95
SGRO06570| 18 57 47.20] —31 23 20.44 K 12.10| 00.39 | -81.27 0.94
SGRO06612| 18 57 52.50| —-312252.63 K 11.52| 00.89 | 80.57 0.26
SGRO06724| 18 59 49.21) —30 52 02.01 K 11.93| 00.28 14.53 3.01
SGRO06753| 18 58 35.57| —31 16 23.13 K 11.44| 00.61 | -26.23 1.14
SGRO06850| 18 58 39.67| —31 16 07.66 K 11.88| 00.52 24.71 1.32
SGRO06888| 18 58 44.81) —31 15 16.91 K 12.20| 00.61 24.58 1.86
SGRO06917| 18 59 54.44| —30 51 39.31 K 12.19| 00.61 9.74 0.87
SGRO06920| 18 5947.63] —30 55 22.18 K 10.37| 00.60 | 46.62 0.88
SGRO07004| 1859 11.37| =31 0930.18 K 11.27| 00.68 | -23.60 0.86
SGRO07052| 18 58 42.31] —31 16 52.49 K 11.78| 00.37 | -69.66 1.58
SGRO07086| 18 57 51.75| —31 25 43.55 K 09.47| 00.63 22.73 1.04
SGRO07104| 18 58 01.90] —31 24 24.38 K 12.29| 00.31 3.14 1.41
SGRO07178| 18 58 23.68| —31 21 23.12 K 12.24| 00.73 | -62.91 0.58
SGRO07250| 18 58 20.89| —31 22 21.25 K 11.60| 00.66 | -64.75 0.92
SGRO07254| 18 58 49.23| —31 16 58.25 K 11.60| 00.89 | 40.07 0.82
SGRO07278| 18 59 02.25| —31 14 11.38 K 12.27| 00.70 | -29.22 2.01
SGRO07380| 18 58 52.45| —31 17 10.39 K 11.88| 00.92 97.52 1.25
SGRO07545| 18 58 04.14| —31 26 51.97 K 12.15| 00.29 10.16 5.08
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ID RA Dec Spectral 2MASS Vrad O
Type K | (J=-K)|(kms?)| (kms?)
SGRO07602| 19 0004.37| -305547.30 K 10.28| 00.45 | -20.31 0.95
SGRO07719| 1859 34.86) -310844.32 K 11.85| 00.86 | 61.83 1.30
SGRO07720| 18 59 57.02] —31 00 38.55 K 12.24| 00.37 | -10.17 4.04
SGRO7747| 1900 04.35] —30 57 37.00 K 12.26| 00.42 | -26.70 1.60
SGRO7750| 19 00 14.93] —30 51 46.90 K 09.42| 00.77 17.18 0.91
SGRO07830| 18 58 16.16| —31 26 44.44 K 12.02| 00.86 | 177.38 1.42
SGRO07843| 18 58 09.67| —31 27 46.09 M 08.86| 00.86 | -55.62 4.05
SGRO07860| 18 58 58.12| —31 19 17.57 K 10.79| 00.70 | -17.52 1.08
SGRO07890| 18 59 10.28| —31 16 42.89 K 11.54| 00.61 | -25.54 1.84
SGRO07914| 18 58 12.90| —31 27 39.85 K 12.05| 00.77 67.41 0.89
SGRO07926| 18 57 57.21] —31 29 53.10 K 11.87| 00.70 | -184.98| 1.93
SGRO07928| 185959.82 -310128.48 K 07.59| 00.71 | -37.49 0.68
SGRO07966| 18 59 31.50, —31 11 39.17 K 11.31| 00.70 | -25.34 0.84
SGRO08050| 18 59 49.53| —31 06 36.88 K 11.90| 00.60 | -200.00| 1.18
SGR08188| 18 58 59.37| -312058.59 K 11.81| 00.35 | -86.35 4.19
SGRO08197| 18 5750.01] -313208.74 M 05.46| 01.25 63.48 9.72
SGRO08215| 18 57 55.69| —31 31 29.42 K 12.17| 00.75 | 177.10 1.71
SGRO08248| 19 00 12.08] —30 59 03.55 K 12.23| 00.64 -5.21 1.12
SGRO08340| 190023.47 -305413.29 K 12.00| 00.80 | -50.85 1.62
SGR08407| 18 58 00.86| —31 31 48.55 K 12.17| 00.35 | -33.49 1.27
SGRO08438| 18 58 19.94| —31 29 18.45 K 12.12| 00.36 | -20.86 1.99
SGRO08517| 18 58 24.67| —31 28 57.62 K 11.78| 00.38 | -36.46 3.19
SGR08555| 18 59 56.40] —31 08 08.81 K 11.35| 00.86 8.87 2.77
SGRO08590| 18 59 40.48| —31 13 26.08 K 12.09| 00.58 | -81.67 1.78
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ID RA Dec Spectral 2MASS Viad O
Type K | (J=-K)|(kms?)| (kms?)
SGRO08592| 18 58 47.15| —31 25 36.81 K 11.17| 00.71 | -63.34 0.48
SGRO08594| 18 5958.61 —31 07 42.04 M 11.41| 00.86 75.16 | 130.89
SGRO08713| 18 58 50.11] —31 2543.10 K 09.89| 00.65 23.06 0.46
SGRO08780| 18 49 20.31| —30 14 46.39 K 12.23| 00.68 | -46.61 3.45
SGRO09014| 184917.92/ -30 12 31.71 K 12.25| 00.78 | -104.17 6.15
SGRO09099| 18 58 51.12| —31 27 49.45 K 12.04| 00.34 | -12.88 1.35
SGR09251| 18 59 59.18| —31 12 43.36 K 12.00| 00.71 | -69.17 1.85
SGR09261| 1900 31.72] -31 00 17.70 K 12.16| 00.64 | 30.30 0.61
SGRO09301| 18 58 32.95| —31 31 47.32 K 12.21| 00.61 | -39.31 0.71
SGR09352| 18 58 54.98| —31 28 30.80 C 11.01] 01.01 | 139.81 1.79
SGRO09374| 19 00 35.20 —30 59 53.77 K 12.26| 00.40 | 47.76 1.66
SGR09380| 19 0030.32 -310217.37 K 11.58| 00.21 | -22.14 5.07
SGR09444| 1858 37.83] -313153.50 K 11.59| 00.59 | -26.74 5.30
SGRO09670| 184904.71] —30 12 31.87 K 11.47| 00.72 | -100.15| 152.05
SGRO09775| 18 49 02.64| —30 12 50.73 K 11.25| 00.72 | -61.73 1.15
SGRO09786| 18 59 19.09| -312614.98 K 10.74| 00.35 | -43.83 1.17
SGRO09957| 18 59 15.67| —31 27 57.12 M 08.51| 01.18 | 184.25 | 126.55
SGR10058| 18 49 04.54| —30 06 05.41 K 10.49| 00.96 | -82.50 1.58
SGR10177| 18 48 59.82| —30 07 54.91 K 11.89| 00.72 -4.95 1.17
SGR10280| 18 48 50.28| —30 15 27.43 K 11.55| 00.66 | -55.12 0.81
SGR10352| 18 48 45.65| —30 20 23.87 K 12.29| 00.76 17.89 2.76
SGR10377| 184844.77) =30 2140.26 M 09.74| 01.10 3.00 2.21
SGR10759| 18 48 38.63| —30 20 18.40 K 12.09| 00.75 | -56.22 1.76
SGR10783| 18 48 39.96| —30 17 15.26 K 12.21| 00.81 | -44.32 1.50
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ID RA Dec Spectral 2MASS Vrad O
Type K | (J=-K)|(kms?)| (kms?)
SGR10786| 18 48 50.56| —30 06 25.48 K 10.75| 00.81 | -107.92| 1.24
SGR10821| 18 48 38.56| —30 18 19.25 K 11.00| 00.42 | -14.12 1.17
SGR11010| 18 48 44.60] —30 07 46.21 K 11.88| 00.36 13.51 1.19
SGR11155| 18 48 31.20] —30 21 06.51 K 10.82| 00.53 | 42.02 1.48
SGR11159| 1848 38.46) -301103.34 K 11.62| 00.69 | 68.16 0.99
SGR11285| 18 48 27.57| —30 23 50.32 K 11.88| 00.42 39.18 | 101.17
SGR11507| 18 48 24.60] —30 22 25.00 K 11.98| 00.85 81.67 3.52
SGR11530| 18 48 36.55| —30 07 03.61 K 11.76| 00.67 | -193.93| 1.49
SGR11931| 1848 18.34| -301914.05 M 08.72| 01.15 22.99 2.23
SGR12272| 18 48 24.84| —30 05 45.37 K 11.64| 00.89 70.47 1.04
SGR12329| 18 48 12.48| —30 17 51.29 K 11.87| 00.70 | -11.47 1.96
SGR12574| 18 48 09.33] —30 16 22.87 K 12.05| 00.23 | -21.75 1.81
SGR12592| 18 48 16.99| —30 07 40.80 K 11.62| 00.99 | 156.72 2.68
SGR12893| 18 48 12.82 —30 06 31.82 K 11.55| 00.90 71.22 1.67
SGR12923| 18 48 11.07| —30 07 30.08 K 11.80| 00.40 | -57.65 1.11
SGR13211| 18 47 57.14| —30 18 12.97 K 12.18| 00.67 | -72.15 4.39
SGR13251| 18 48 05.59| —30 07 29.51 K 11.64| 00.86 | -32.20 2.81
SGR13348| 1848 04.12 —30 07 12.48 K 11.99| 00.76 -6.52 4.61
SGR13403| 18 47 58.90| —30 11 26.74 K 12.07| 00.84 | -16.16 3.45
SGR13472| 18 47 51.74| —-30 20 10.14 M 09.67| 01.04 | -15.21 7.13
SGR13627| 18 48 06.27| —30 01 57.23 K 12.06| 00.67 | -31.31 | 129.71
SGR13717| 18 47 56.18| —30 09 00.66 K 12.24| 00.83 19.60 | 124.45
SGR13718| 18 47 48.64| —30 18 42.29 K 11.98| 00.66 0.46 101.86
SGR13953| 18 47 53.76| —30 07 09.58 K 12.03| 00.65 | -19.07 98.81
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ID RA Dec Spectral 2MASS Viad O
Type K | (J=-K)|(kms?)| (kms?)
SGR14395| 18 47 48.05| —30 05 18.86 K 12.20| 00.54 | 41.92 | 113.68
SGR14410| 18 47 44.78| —30 08 02.48 K 11.54| 00.76 50.31 4.12
SGR14557| 18 47 39.90] —30 10 49.44 K 12.23| 00.73 80.33 | 114.20
SGRP2583| 18 55 15.66, —30 23 58.55 K 13.20| 00.97 | 147.85 2.06
SGRP2584| 1855 01.53) -302307.29 M 11.50| 01.13 | 129.15 2.80
SGRP2599| 18 5502.14| -302156.35 K 13.31| 00.93 | 149.33 | 2.98
SGRP2601| 1855 27.06 -3024 03.20 M 11.55| 01.09 | 135.86 241
SGRP2604| 18 55 30.38) —30 32 45.47 K 13.79| 00.87 | 133.51 2.86
SGRP2610| 18 5532.70] —303258.96 M 11.44| 01.08 | 13295 | 0.89
SGRP2614| 18 55 12.86] —30 20 59.54 K 13.38| 00.90 | 133.58 1.37
SGRP2618| 18 55 31.65| —30 23 22.87 M 12.02| 01.12 | 147.35 1.49
SGRP2619| 18 54 52.61) —30 20 55.55 C 09.44| 01.88 | 147.94 2.16
SGRP2622| 1855 09.69 —-302035.93 K 13.27| 00.96 | 127.18 | 1.17
SGRP2623| 185541.69 -302830.99 M 11.12| 01.15 | 131.79 2.85
SGRP2624| 18 55 29.42) —-303450.76¢ M 10.62| 01.21 | 122.20 7.11
SGRP2632| 18 5536.30] —303338.96 M 10.82| 01.11 | 52.93 2.94
SGRP2635| 18 5542.15 —30 31 19.68 K 13.38| 00.91 | 142.24 0.89
SGRP2637| 18 55 31.67| —30 35 03.12 M 11.69| 01.09 | 137.29 1.31
SGRP2641| 18 55 10.93] —30 19 49.33 K 12.19| 01.01 | 140.72 1.00
SGRP2645| 1854 57.59 -301938.83 M 11.19| 01.12 | 134.15 2.18
SGRP2648| 1854 40.75 -303632.89 M 11.08| 01.15 | 137.51 1.07
SGRP2650| 18 55 44.48 —30 26 09.58 K 13.72| 00.83 | 127.01 0.52
SGRP2651| 1854 38.12 -3036 11.68 M 12.06| 01.09 | 134.62 1.77
SGRP2652| 18 54 54.70, —30 19 39.46 K 13.55| 00.91 | 149.32 3.09
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Type K | (J=-K)|(kms?)| (kms?)
SGRP2654| 18 5543.80 —303200.55 M 13.17| 00.90 | 197.65| 4.09
SGRP2657| 18 55 30.36) —-302125.00 M 12.54| 00.94 | -18.19 5.26
SGRP2658| 1854 41.64 -302036.09 M 10.14| 01.19 | 143.25| 138.19
SGRP2661| 18 55 24.82) —30 20 22.26 K 13.32| 00.86 | 119.61 2.94
SGRP2662| 1854 27.77) -303433.81] M 10.76| 01.19 | 117.90 2.71
SGRP2665| 18 55 48.02| —30 27 17.64 K 13.66| 00.89 | 151.53 1.64
SGRP2667| 18 54 45.41) —30 19 43.96 K 12.61| 00.94 | 138.05 1.23
SGRP2669| 18 5544.42/ -303258.77 M 13.68| 00.91 | 79.29 | 153.53
SGRP2670| 18 54 31.93) —30 36 03.17 K 13.05| 00.96 | 144.44 2.31
SGRP2672| 185522.99 -301936.63 M 13.57| 00.96 | -34.10 4.79
SGRP2673| 18542292 -303345.34 M 10.72| 01.20 | 130.46 2.88
SGRP2674| 18 55 41.20, —30 22 46.15 K 12.77| 00.96 | 131.12 1.10
SGRP2676| 18 54 47.25| —30 18 52.92 K 13.11| 00.96 | 144.78 1.15
SGRP2677| 185531.67| -302015.68 M 1091 01.21 | 135.90 2.22
SGRP2678| 18 54 56.82] —30 18 19.07| K 12.38| 00.97 | 161.71 1.64
SGRP2684| 18 54 32.05 -30 37 07.70 K 13.00| 01.08 | 144.64 1.29
SGRP2687| 18 55 53.61) —30 28 58.03 K 10.96| 01.13 | 115.48 1.56
SGRP2690| 18 54 38.57| —30 19 02.47| M 1191 01.05 | 132.98 2.36
SGRP2691| 18 54 46.66| —30 18 11.42 M 12.01| 01.02 | 135.59 1.98
SGRP2693| 18 54 15.62| —30 24 12.76 K 12.67| 01.01 | 139.12 0.68
SGRP2694| 18 54 38.93] —30 18 43.83 K 13.72| 00.87 | 156.02 3.49
SGRP2699| 18 55 53.87| —30 25 23.15 K 12.22| 00.97 | 163.99 2.44
SGRP2700| 18 5555.45 -303041.01) K 13.43| 00.96 | 140.81 | 3.66
SGRP2702| 18 55 46.72) —30 35 24.84 K 11.77| 01.08 | 149.30 0.58
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SGRP2703| 1854 17.29) -303434.39 M 11.05| 01.19 | 153.38 2.77
SGRP2706| 1854 12.35 -302509.10 M 11.17| 01.19 | 133.73 1.88
SGRP2708| 18 5557.15 -3028 50.01 M 10.75| 01.22 | 126.04 2.95
SGRP2709| 18 55 07.13) —30 17 04.56 K 13.61| 00.94 | 141.51 2.10
SGRP2710| 18 54 13.66| —30 33 27.19 K 12.52| 00.97 | 134.82 0.81
SGRP2712| 18 55 37.76| —30 19 27.17 M 11.65| 01.11 | 125.69 1.81
SGRP2713| 18 55 52.65| —30 23 25.82 K 13.57| 00.83 11.28 2.65
SGRP2720| 18 54 41.50, —30 40 09.01 K 13.79| 00.87 | 157.40 1.01
SGRP2722| 18 54 33.55| —30 18 00.67 K 12.96| 01.02 | 129.75 3.72
SGRP2724| 185552.98 -303519.68 M 11.84| 01.13 | 122.10 2.16
SGRP2725| 1856 01.50 —-302724.80 M 11.70| 01.10 | 126.39 1.93
SGRP2726| 18 54 59.22| —30 16 05.62 K 13.22| 00.89 | 138.84 2.08
SGRP2727| 18 54 17.39 —30 20 43.12 K 13.49| 00.94 | 138.91 6.06
SGRP2728| 1854 13.46) -303533.59 M 10.71| 01.18 | 116.59 2.62
SGRP2732| 18 54 09.02 —302320.20 M 09.28| 01.29 | 100.63 | 126.63
SGRP2733| 1854 20.39 -301944.50 K 12.97| 00.95 | 139.26 | 2.33
SGRP2734| 1855 06.67| -301548.79 M 12.18| 01.09 | 145.17 1.92
SGRP2735| 18 56 03.34) —30 28 42.40 K 12.98| 01.01 | 133.56 3.10
SGRP2739| 18 5541.93 —30 18 41.72 M 10.92| 01.18 | 125.61 2.49
SGRP2741| 18 56 02.72] —30 31 14.27 M 11.33| 01.20 | 130.78 2.63
SGRP2742| 18 54 02.61) —30 27 47.97 M 10.77| 01.12 | 155.25 3.51
SGRP2743| 18 54 10.32) —30 3511.72 M 13.28| 00.90 | 149.84 4.09
SGRP2744| 18 56 03.84] —30 30 06.07| M 11.67| 01.12 | 119.36 1.94
SGRP2746| 18 54 46.75 —30 16 01.00 K 13.58| 00.84 | 154.14 2.26
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Type K | (J=-K)|(kms?)| (kms?)
SGRP2747| 18 54 02.66) —-302649.03 M 10.91| 01.18 | 116.99 2.19
SGRP2750| 18 56 05.15 —-30 28 41.70 K 12.86| 00.97 | 139.73 1.49
SGRP2751| 1855 29.60 -3016 33.63 M 12.35| 01.07 | 134.08 1.92
SGRP2752| 18 54 17.54) —30 19 31.31] K 12.81| 00.95 | 136.75 0.91
SGRP2753| 18 54 07.47| —30 22 36.87 K 12.86| 00.93 | 146.06 1.73
SGRP2754| 18 56 05.94 —30 27 46.90 K 12.49| 01.05 | 157.08 1.39
SGRP2757| 18 54 25.51) —30 39 45.60 K 12.57| 00.96 | 137.64 0.87
SGRP2758| 18 55 41.60, —30 17 45.10 K 12.78| 00.97 | 112.69 241
SGRP2760| 18 56 05.00 —30 25 05.260 K 13.76| 00.90 | 72.38 | 91.93
SGRP2761| 18 56 06.19 —30 31 18.51] K 12.71| 00.97 | 120.59 1.37
SGRP2762| 18 55 40.90, —30 39 57.70 K 13.49| 00.93 | 140.19 2.96
SGRP2764| 18 54 55.13) —30 14 56.22 M 11.96| 01.12 | 139.02 1.74
SGRP2765| 18 54 12.72) —30 20 04.09 K 13.02| 00.95 | 124.18 1.37
SGRP2766| 18 54 22.30, —30 17 55.21 K 12.30| 00.99 | 128.47 1.71
SGRP2768| 18 54 57.01) —30 14 48.29 K 13.64| 00.91 | 141.76 4.24
SGRP2769| 18 55 59.87| —30 21 49.28 K 13.44| 00.88 | 134.12 1.99
SGRP2770| 18 54 22.47) —30 17 38.93 K 13.49| 00.86 | 125.21 1.80
SGRP2773| 18 53 59.60, —30 24 23.94 K 13.49| 00.89 | 130.73 3.98
SGRP2774| 18 56 09.77| —30 27 07.04 K 13.80| 01.00 | 156.89 4.49
SGRP2775| 18 56 10.29 —30 28 34.63 K 13.61| 00.93 | 156.27 1.29
SGRP2776| 18 5356.51) —-302720.58 M 11.28| 01.08 | 150.81 1.74
SGRP2778| 1854 04.97 -3036 0293 M 11.37| 01.11 | 139.74 2.36
SGRP2779| 18 55 48.84| —30 39 28.67 K 13.63| 00.94 | 141.92 2.57
SGRP2780| 185357.47| -302509.46 M 11.43| 01.10 | 141.94 3.98
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ID RA Dec Spectral 2MASS Viad O
Type K | (J=-K)|(kms?)| (kms?)
SGRP2781| 18 54 56.18 —301408.00 M 10.54| 01.22 | 122.36 3.56
SGRP2782| 18 54 23.02| —30 40 34.30 K 12.94| 00.91 | 139.99 1.39
SGRP2783| 18 56 06.28) —30 34 22.02 K 13.41| 00.88 | 146.20 2.97
SGRP2784| 18 55 33.32| —30 15 30.29 K 12.96| 00.99 | 150.32 211
SGRP2788| 18 54 25.96) —-304114.08 M 12.05| 01.09 | 135.95 1.60
SGRP2789| 18 56 10.12| —30 24 54.28 K 13.78| 00.98 | 134.38 3.01
SGRP2792| 18 54 19.18 —30 40 12.71] K 12.91| 00.95 | 143.70 1.58
SGRP2793| 18 54 33.68 —-304214.10 M 12.49| 00.97 | 140.24 2.24
SGRP2794| 18 55 15.28 —-30 1355.68 M 12.11| 01.07 | 118.09 1.39
SGRP2795| 18 56 13.78) —30 28 24.77 M 13.18| 00.88 | 187.84 | 142.78
SGRP2796| 18 54 02.14) —30 36 21.85 K 12.06| 01.00 | 143.88 0.77
SGRP2797| 18 55 55.54| —30 18 23.92 M 11.81| 01.08 | 116.75 1.73
SGRP2801| 18 55 16.82| —30 13 33.49 K 12.69| 01.02 | 129.75 1.16
SGRP2803| 18 54 30.49 —30 42 26.97| K 13.68| 00.96 | 139.72 1.62
SGRP2804| 18 53 57.12) —30 34 54.38 K 12.89| 01.01 | 141.47 0.45
SGRP2807| 18 53 52.07| —30 25 19.47 K 12.61| 00.95 | 134.51 1.06
SGRP2808| 18 54 03.33] —30 19 43.39 K 13.73| 00.87 | 143.90 431
SGRP2809| 18 54 13.31) —30 17 13.6] K 13.38| 00.88 | 147.26 1.05
SGRP2810| 18 5356.18 —302226.84 M 11.40| 01.13 | 144.47 4.27
SGRP2812| 18 56 14.05 —30 33 00.10 K 13.51| 00.95 | 138.09 | 1.32
SGRP2813| 18 56 15.41) —30 25 40.48 K 13.09| 00.90 | 144.16 3.06
SGRP2814| 1854 25.37| —-304221.36 M 12.27| 01.03 | 143.28 1.70
SGRP2816| 18 54 21.66| —30 41 54.31 K 13.51| 00.95 | 160.04 1.60
SGRP2817| 18 56 14.47| —30 24 15.35 K 13.00| 00.98 | 129.91 1.18
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ID RA Dec Spectral 2MASS Vrad O
Type K | (J=-K)|(kms?)| (kms?)
SGRP2818| 18 56 13.02| —30 23 11.89 K 13.20| 00.97 | 146.62 1.67
SGRP2820| 18 55 52.28 —30 16 34.97 K 13.40| 00.89 | 150.49 2.40
SGRP2821| 18 54 36.20, —30 13 40.84 K 13.17| 00.94 | 157.65 2.08
SGRP2822| 18 54 46.56| —30 44 26.52 K 13.28| 00.98 | 144.86 2.94
SGRP2824| 18 55 55.43] —30 40 26.05 K 12.71| 01.01 | 143.71 1.47
SGRP2825| 18 54 30.30 —-304320.74 M 11.34| 01.13 | 131.30 1.33
SGRP2826| 18 55 35.45 —30 13 57.07 K 13.22| 00.95 | 129.86 2.15
SGRP2827| 1854 42.10 -301302.48 M 10.80| 01.18 | 127.81 4.15
SGRP2828| 1854 06.34/ —303931.59 K 12.71| 01.00 | 145.43 | 0.50
SGRP2830| 18 56 19.17| —30 27 25.39 K 13.41| 00.87 | -45.62 3.47
SGRP2831| 18 54 08.33] —30 40 07.29 K 12.94| 00.92 79.58 1.10
SGRP2832| 18 56 13.30, —30 35 17.14 K 13.69| 00.94 78.46 | 114.35
SGRP2833| 18 54 12.40, —-30 41 01.70 K 13.54| 00.91 | 154.19 2.21
SGRP2834| 1856 17.10 -302350.1§ M 10.93| 01.21 | 129.91 3.07
SGRP2835| 18 5349.37| —303406.077 M 13.30| 00.86 | 39.34 | 63.71
SGRP2840| 18 56 21.88) —30 28 24.27 K 13.19| 00.90 | 146.95 1.30
SGRP2841| 18 53 45.23) —30 30 55.87 K 12.78| 00.97 | 144.49 1.68
SGRP2842| 18 55 53.28 —30 15 36.02 K 13.55| 00.83 | 128.01 3.25
SGRP2844| 1856 22.30 -303042.80 M 11.53| 01.07 | 158.82 2.04
SGRP2846| 18 55 13.73) —30 11 39.12 M 13.07| 00.91 | 103.39 | 138.41
SGRP2847| 18 55 48.46) —30 14 27.45 K 11.31| 01.08 | -69.83 1.22
SGRP2850| 18 54 19.45 -30 14 10.71 K 13.66| 00.89 | 132.01 3.02
SGRP2851| 18 54 31.47| -30 12 43.25 K 13.67| 00.84 | 116.73 3.10
SGRP2853| 18 54 57.16| —30 46 07.57 K 13.22| 00.95 | 133.97 2.81
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ID RA Dec Spectral 2MASS Viad O
Type K | (J=-K)|(kms?)| (kms?)
SGRP2855| 18 54 07.47| —-3041 27.78 M 11.48| 01.11 | 135.15 1.66
SGRP2856| 18 55 30.32| —30 12 10.21 K 13.67| 00.85 | 149.22 1.31
SGRP2857| 1856 24.13 -302627.59 M 11.71| 01.02 | 138.07 2.22
SGRP2858| 18 56 10.40, —30 38 46.87 M 13.51| 00.91 | 41.38 | 103.61
SGRP2859| 18 54 29.31 —30 44 44.55 K 13.14| 00.91 | 120.14 1.69
SGRP2860| 18 56 20.55 —302257.14 M 10.27| 01.23 | 125.62 7.30
SGRP2861| 18 55 36.12) —30 12 30.76 K 13.06| 00.92 | 140.71 2.92
SGRP2862| 18 56 25.33] —30 27 44.01 K 12.77| 00.98 | 108.10 1.44
SGRP2863| 18 54 50.85 —30 11 11.16 K 12.85| 00.96 | 142.92 1.49
SGRP2864| 18 56 04.59 —30 16 52.76 K 13.65| 00.84 | 155.77 4.04
SGRP2865| 18 54 00.56] —30 40 15.81 K 12.65| 00.97 | 154.13 0.94
SGRP2866| 18 54 24.90, —301258.75 M 11.36| 01.10 | 140.38 2.69
SGRP2868| 18 5349.58 -303653.22 M 11.20| 01.15 | 13546 | 1.49
SGRP2869| 18 56 21.01) —30 34 59.44 K 13.77| 00.96 | 140.56 2.49
SGRP2872| 18 56 26.53] —30 29 16.01 K 12.44| 00.95 | 136.73 1.07
SGRP2874| 18 53 55.98 —30 18 01.36 K 13.45| 00.85 | 162.72 2.10
SGRP2875| 18 56 15.01) —30 38 02.72 K 13.42| 00.90 | 137.51 1.32
SGRP2876| 185547.71 -301323.26 M 13.62| 00.86 22.31 | 108.95
SGRP2878| 18 56 00.94) —-304154.13 M 10.00| 01.25 | 127.28 5.17
SGRP2879| 18 53 57.63) —30 17 18.77 K 13.42| 00.84 | 130.80 141
SGRP2881| 1855 22.82) -301058.69 M 12.96| 00.90 | 123.11 | 114.88
SGRP2882| 18 55 01.70, —30 10 27.97| K 13.19| 00.93 | 144.14 1.96
SGRP2883| 185343.02) —-303434.53 K 13.01| 00.91 | 135.82 | 2.09
SGRP2885| 18 53 49.02| —30 19 48.40 K 13.39| 00.94 | 34.45 4.60
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ID RA Dec Spectral 2MASS Vrad O
Type K | (J=-K)|(kms?)| (kms?)
SGRP2886| 1856 19.72| —3036 53.58 M 11.05| 01.18 | 137.76 | 2.58
SGRP2887| 18 53 58.42| —30 40 40.58 K 12.88| 00.94 | 143.16 151
SGRP2889| 18 53 38.22| —30 31 00.06 K 13.05| 00.94 | 150.63 2.40
SGRP2891| 18 54 22.38) —30 12 23.81] K 13.61| 00.84 | 118.67 5.30
SGRP2892| 18 55 41.14) —30 11 59.27 M 13.78| 00.92 | 138.50 | 132.61
SGRP2893| 1854 29.73 -301121.86 M 09.73| 01.28 | 131.01 4.12
SGRP2894| 18 56 23.81) —30 35 58.88 K 13.30| 01.00 | 147.84 1.10
SGRP2898| 18 5357.07] —=3041 09.14 K 12.60| 00.95 | 137.65| 0.94
SGRP2899| 18 53 52.49 —-30 17 29.11 K 13.03| 01.02 | 137.00 1.96
SGRP2901| 18 53 41.89 —30 21 26.47| K 13.67| 00.94 | 153.97 2.13
SGRP2903| 18 56 30.39 —30 31 47.49 K 13.52| 00.89 | 132.10 1.34
SGRP2904| 18 54 30.52| —30 46 22.70 K 13.65| 00.92 | 147.99 2.00
SGRP2905| 18 56 22.00] —3037 28.78 K 11.57| 01.06 | 159.35| 1.54
SGRP2906| 18 55 12.65 —30 09 43.59 K 12.75| 01.00 | 142.69 0.97
SGRP2909| 18 54 01.07| —30 14 49.31 K 13.35| 00.94 | 137.28 2.61
SGRP2911| 18 56 25.56| —30 36 48.14 K 12.26| 00.99 | 144.07 1.82
SGRP2912| 18 54 38.62) —30 09 57.64 K 13.53| 00.92 | 130.06 0.89
SGRP2913| 18 54 33.70, —30 10 12.55 K 13.51| 00.89 | 143.44 1.69
SGRP2914| 185348.38 -301734.30 M 11.80| 01.12 | 119.51 2.16
SGRP2915| 18 55 46.47| —30 11 25.98 K 12.46| 00.95 | 173.65 0.86
SGRP2916| 1855 39.77| -30104255 M 13.65| 00.89 | -22.42 6.80
SGRP2917| 18 54 45.37| —30 48 02.67 M 13.15| 00.87 -2.71 5.56
SGRP2921| 1853 31.46/ —303020.88 K 12.81| 00.95 | 146.85| 1.15
SGRP2922| 18 56 35.14) —30 26 51.51] K 13.19| 00.88 | 137.07 1.60
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ID RA Dec Spectral 2MASS Viad O
Type K | (J=-K)|(kms?)| (kms?)
SGRP2923| 18 56 22.35 -303900.03 M 11.02| 01.17 | 142.93 2.28
SGRP2924| 18 54 55.33] —30 48 38.38 K 11.18| 01.05 | 157.73 1.76
SGRP2926| 18 56 34.88 —30 24 43.56 K 12.61| 00.96 | 122.71 242
SGRP2928| 18 56 34.16) —30 33 41.19 K 13.72| 00.85 | 155.96 4.64
SGRP2930| 18 56 36.66| —30 26 50.59 K 13.73| 00.91 | 155.45 | 4.64
SGRP2931| 18 53 51.00, —30 15 49.62 M 11.73| 01.16 | 138.72 2.13
SGRP2933| 18 54 19.65 —30 46 43.15 K 12.70| 00.99 | 156.14 2.59
SGRP2937| 18 56 34.76) —30 34 03.78 K 12.12| 01.07 | 150.22 1.33
SGRP2938| 18 54 24.05| —30 10 07.72 M 11.36| 01.15 | 128.64 1.83
SGRP2940| 18 53 42.42) —30 18 02.98 K 12.98| 00.97 | 150.82 3.20
SGRP2943| 18 53 28.10, —30 30 52.52 M 10.56| 01.24 | 134.17 5.14
SGRP2944| 18 55 37.92) —30 09 29.39 K 13.61| 00.91 | 136.11 1.18
SGRP2945| 18 54 58.15 —30 08 05.59 K 13.41| 00.84 | 140.70 1.32
SGRP2946| 18 53 43.10, —30 40 04.09 K 13.21| 00.88 | 170.89 0.80
SGRP2949| 1853 27.51) -303029.50 M 13.06| 00.90 | 62.29 | 142.73
SGRP2953| 1853 39.61 —303912.08 M 11.82| 01.08 | 150.13 | 2.16
SGRP2956| 18 53 26.44) —-302707.66 M 12.72| 00.91 90.93 | 136.34
SGRP2957| 18 54 58.09) —30 07 44.17 M 13.44| 00.87 | 139.43 | 107.59
SGRP2959| 18 53 37.96, —30 18 31.96 K 13.41| 00.89 | 138.22 2.25
SGRP2960| 18 56 25.23) —30 40 10.07 K 12.01| 01.04 | 156.08 1.07
SGRP2963| 18 55 55.16] —30 10 48.54 K 13.71| 00.82 74.22 1.63
SGRP2965| 1854 05.83 —304552.90 K 12.83| 00.96 | 152.70 | 2.30
SGRP2966| 18 53 47.46/ —304217.00 K 13.39| 00.96 | 150.38 | 1.97
SGRP2967| 18 5340.30) -301715.63 M 11.77| 01.10 | 141.22 2.52
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ID RA Dec Spectral 2MASS Vrad O
Type K | (J=-K)|(kms?)| (kms?)
SGRP2969| 18 56 40.70 —303247.68 K 13.02| 00.97 | 136.08 | 0.92
SGRP2970| 18 5355.99 —3044 27.36 K 12.53| 00.95 | 121.78 | 0.99
SGRP2971| 18 56 42.58) —30 28 44.97 M 11.77| 01.09 | 123.66 2.21
SGRP2973| 18 56 38.92] —30 34 45.82 M 12.18| 01.07 | 129.14 2.21
SGRP2975| 1856 14.78 -304341.83 M 11.07| 01.16 | 132.14 2.40
SGRP2979| 18 54 58.27 -300708.33 M 13.18| 00.92 32.91 4.94
SGRP2980| 18 56 27.88 —30 40 23.18 K 12.04| 00.99 | 139.13 1.46
SGRP2982| 18 55 22.41] —30 07 25.17 K 13.17| 00.99 | 135.54 1.33
SGRP2986| 18 5341.50 —304129.93 K 12.62| 00.98 | 15599 | 1.30
SGRP2988| 18 53 38.09) —30 17 01.87 K 12.77| 00.97 | 146.72 2.30
SGRP2989| 18 54 45.29 —30 07 08.02 K 13.29| 00.92 | 138.19 2.05
SGRP2991| 1856 45.18 —303012.31] K 13.57| 00.90 | 166.14 | 3.30
SGRP2992| 18 56 40.45 —30 35 34.79 K 12.28| 01.03 | 151.10 1.28
SGRP2994| 18 53 25.54] —30 35 24.76 K 12.23| 00.96 | 177.90 1.27
SGRP2997| 18 5559.97| —301015.00 M 12.69| 00.99 | 129.98 | 1.39
SGRP2998| 18 56 33.83 —303920.53 K 13.23| 00.86 | 133.28 | 3.02
SGRP3000| 18 53 49.93) —30 13 06.86 K 13.50| 00.88 | 152.26 421
SGRP3004| 18 53 22.36) —30 23 47.38 K 12.73| 00.99 | 158.62 2.65
SGRP3006| 18 53 34.45 —-30 17 12.04 K 13.07| 00.99 | 146.80 1.99
SGRP3007| 1856 46.99 —303035.62 K 13.51| 00.90 | 13547 | 4.57
SGRP3008| 18 5517.97| —30 06 30.32 K 13.34| 01.00 | 146.91 2.58
SGRP3009| 18 56 47.30| —30 27 01.62 M 11.29| 01.14 | 143.10 211
SGRP3011| 185351.02 -301225.51] M 11.32| 01.08 | 149.47 2.38
SGRP3012| 18 56 46.81) —30 25 08.99 K 11.60| 01.05 | 132.83 0.76
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ID RA Dec Spectral 2MASS Viad O
Type K | (J=-K)|(kms?)| (kms?)
SGRP3013| 1856 47.40, —-303137.28 M 11.93| 01.06 | 131.71 1.86
SGRP3015| 18 54 42.88) —30 50 55.68 K 12.26| 00.97 | 140.18 1.12
SGRP3016| 18 55 16.81) —30 06 13.55 K 13.63| 00.83 | 138.45 1.23
SGRP3019| 18 55 03.42] —30 05 57.87 K 13.73| 00.87 | 121.50 2.74
SGRP3020| 18 53 20.42 -302330.38 M 11.70| 01.09 | 124.87 | 2.56
SGRP3021| 1853 40.89 -304300.89 K 13.64| 00.89 | 151.87 | 3.21
SGRP3022| 1854 41.25 -3006 1893 M 13.78| 00.91 | 109.71 | 117.33
SGRP3024| 18 53 16.17| —30 29 23.61 K 12.72| 01.00 | 130.89 2.12
SGRP3025| 18 5555.41) -3008 30.45 M 12.11| 01.06 | 119.06 2.22
SGRP3026| 18 55 28.96, —30 06 14.21 K 13.50| 00.85 | 132.97 1.22
SGRP3028| 18 56 49.56] —30 25 11.94 K 12.46| 00.97 | 139.25 1.80
SGRP3029| 185546.93 —3007 31.33 K 12.27| 00.96 | 120.57 | 0.89
SGRP3031| 18 56 35.26| —30 40 54.69 K 13.37| 00.91 | 120.41 1.79
SGRP3034| 18 53 32.71) —30 15 58.09 K 12.82| 00.94 | 145.18 3.35
SGRP3039| 1853 18.76/ —30 22 14.61] K 13.65| 00.99 | -27.25 5.38
SGRP3043| 1854 36.22 —-305127.45 M 13.72| 00.93 | 135.73 | 133.21
SGRP3044| 18 55 36.00, —30 06 16.12 M 11.95| 01.05 | 130.40 0.86
SGRP3045| 18 54 28.31) —30 06 24.84 K 12.61| 00.98 | 135.90 1.23
SGRP3047| 18 53 45.22| —30 45 14.49 K 12.63| 00.93 | 148.58 1.16
SGRP3050| 18 56 46.24/ —30 37 18.02 M 13.33| 00.88 | 116.06 | 115.18
SGRP3051| 18 55 56.42) —30 07 46.34 K 13.06| 00.93 | 151.62 2.07
SGRP3052| 18 53 13.59 —30 25 17.86 K 13.10| 00.98 | 152.04 1.72
SGRP3055| 18 5312.91] —30 32 03.72 K 12.94| 00.98 | 146.12 2.95
SGRP3058| 18 53 19.78) —30 37 40.31 K 12.75| 01.00 | 160.91 0.62
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ID RA Dec Spectral 2MASS Vrad O
Type K | (J=-K)|(kms?)| (kms?)
SGRP3067| 18 53 30.11) —30 14 44.84 K 13.56| 00.93 | 142.34 4.80
SGRP3072| 18 56 55.94] —30 32 48.04 K 13.07| 00.97 | 140.54 1.64
SGRP3074| 18 56 57.51) —30 27 08.28 K 13.75| 00.89 | 182.81 7.11
SGRP3076| 18 56 06.70, —30 08 06.21 K 13.48| 00.91 | 144.83 4.02
SGRP3078| 18 53 13.07| —30 21 40.12 K 12.87| 00.96 | 146.69 2.65
SGRP3081| 18 5510.75 -300356.81 M 13.44| 00.90 10.74 7.08
SGRP3082| 1853 09.23 -303241.34 M 13.65| 00.84 | 170.80 | 101.37
SGRP3085| 1856 59.12 —3026 31.69 M 11.08| 01.14 | 169.46 | 3.39
SGRP3086| 1854 47.95 -300349.75 M 13.59| 00.88 4.21 156.47
SGRP3087| 185317.77) -301806.66 M 13.79| 00.93 | 164.12 | 127.17
SGRP3088| 18 55 09.29 —30 03 38.22 K 13.74| 00.93 | 132.06 3.33
SGRP3094| 18 53 06.02 —3029 20.68 K 13.43| 00.85 | 14497 | 6.58
SGRP3102| 1856 47.79 -304030.66 M 11.74| 01.14 | 146.22 1.87
SGRP3103| 18 57 01.16, —30 30 02.92 M 11.74| 01.11 | 142.76 2.61
SGRP3113| 18 55 34.53) —30 04 00.02 K 12.61| 00.98 12.03 1.22
SGRP3117| 18 53 38.93] —30 46 56.19 K 12.98| 00.92 | 122.76 0.65
SGRP3118| 18 53 04.67| —30 31 43.59 K 11.81| 01.04 | 133.32 1.21
SGRP3120| 1856 57.09) -3036 36.78§ M 11.53| 01.02 | 134.86 2.06
SGRP3121| 18 53 03.67| —30 28 35.03 K 12.42| 01.04 | 154.84 1.64
SGRP3124| 185319.80, —-304143.54 M 10.56| 01.20 | 140.60 3.20
SGRP3126| 18 53 31.06) —30 12 10.58 K 13.69| 00.86 | -70.97 | 116.69
SGRP3127| 1853 44.40 -3048 18.61] M 12.03| 01.02 | 148.38 2.88
SGRP3128| 1853 03.08 —3027 33.65 M 10.87| 01.09 | 130.26 | 2.83
SGRP3130| 18 53 02.62] —30 29 48.87 K 1291 00.97 | 156.97 3.41
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Type K | (J=-K)|(kms?)| (kms?)
SGRP3136| 18 54 06.66] —30 51 59.43 K 13.73| 00.84 | 136.22 2.75
SGRP3143| 18 53 02.48] —30 24 11.54 K 13.37| 00.91 | 145.88 1.89
SGRP3148| 18 53 30.84 —30 46 42.09 C 13.53| 00.83 | 149.69 1.43
SGRP3152| 1854 05.33) -30523295 M 11.51| 01.08 | 128.06 1.82
SGRP3153| 18 57 08.13] —30 28 14.24 K 12.62| 00.92 | 128.99 2.86
SGRP3157| 18 55 34.42| —30 02 34.47 K 12.46| 01.00 | 155.09 2.90
SGRP3163| 18 56 52.57| —30 42 20.77 M 10.93| 01.17 | 142.03 3.17
SGRP3164| 1853 18.12) -301343.65 M 10.39| 01.17 | 140.49 1.93
SGRP3170| 18 54 32.41] —30 55 15.87 K 13.39| 00.87 | 139.21 3.35
SGRP3171| 18 57 10.27| —30 30 29.68 K 11.81| 01.02 | 132.53 2.04
SGRP3176| 18 57 11.08) —30 29 50.83 K 13.03| 00.96 | 149.42 1.62
SGRP3183| 1854 21.19 -305459.76 M 13.65| 00.85 | -60.84 6.10
SGRP3184| 18 55 31.25 —-30 01 33.83 K 13.72| 00.93 | 155.68 2.21
SGRP3185| 1853 22.25 -3046 06.29 M 12.00| 00.99 | 149.46 2.39
SGRP3186| 18 54 12.32] —30 54 19.62 K 13.76| 00.89 | 162.89 1.10
SGRP3187| 18 54 24.13) —30 55 19.73 M 13.10| 00.87 75.91 135.81
SGRP3192| 18 57 05.29 —30 38 20.93 K 12.28| 01.06 | 134.20 1.74
SGRP3193| 18 53 19.40 —30 11 47.38 K 11.95| 01.02 | 156.33 1.97
SGRP3194| 1852 53.30 —303124.360 K 13.70| 00.82 | 15593 | 6.34
SGRP3195| 18 53 08.31] —30 15 25.12 K 12.51| 00.97 | 120.56 2.03
SGRP3201| 18 57 01.00 —30 41 11.09 K 12.92| 00.91 | 143.39 2.95
SGRP3204| 18 53 14.94) —30 12 45.27 M 10.87| 01.18 | 124.88 3.02
SGRP3205| 1857 05.61] —303909.120 K 13.75| 00.88 | 120.57 | 6.93
SGRP3206| 1853 12.05 -301336.95 M 13.52| 00.92 | 185.48 4.78
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ID RA Dec Spectral 2MASS Vrad O
Type K | (J=-K)|(kms?)| (kms?)
SGRP3207| 18 53 45.23) —-30 51 34.08 K 13.36| 00.85 | 132.31 243
SGRP3208| 18 55 27.47| —30 00 49.88 K 13.34| 00.91 | 165.30 1.74
SGRP3213| 1853 08.35 -304245.85 M 10.48| 01.17 | 150.25 5.26
SGRP3214| 1852 52.53) -302432.31] M 11.26| 01.14 | 128.17 242
SGRP3216| 18 53 21.79 —30 10 26.27 K 13.68| 00.84 | 137.72 2.47
SGRP3218| 18 53 15.23) -30 12 10.33 K 12.29| 01.00 | 125.99 2.00
SGRP3219| 18 53 07.74) —30 14 37.39 K 13.61| 00.94 | 152.34 3.42
SGRP3220| 18 5337.59) -305037.55 K 13.22| 00.90 | 15255 | 1.68
SGRP3222| 18 53 44.32) —30 51 53.87 K 13.00| 00.88 | 155.39 1.93
SGRP3223| 18 57 09.74) —30 37 57.62 M 11.40| 01.12 | 151.17 3.40
SGRP3228| 1853 08.91) -304349.8§ M 11.26| 01.08 | 141.08 2.67
SGRP3232| 1857 16.54) -303302.35 M 11.64| 01.11 | 131.12 1.56
SGRP3239| 18 52 48.27| —30 30 13.64 K 13.58| 00.87 | -20.75 2.71
SGRP3240| 185311.80, -30121599 M 11.43| 01.06 | -33.60 2.84
SGRP3242| 18 54 19.76| —30 56 22.62 K 12.46| 00.96 | 160.22 1.35
SGRP3244| 18 53 52.10, —30 53 39.07 K 12.74| 00.97 | 132.16 0.97
SGRP3252| 1853 18.17) -304733.99 M 13.61| 00.83 | 196.39 4.62
SGRP3258| 18 5353.90, -3054 13.20 M 13.06| 00.94 | 134.15 2.17
SGRP3259| 1854 01.86 -305514.71] M 11.33| 01.17 | 137.93 3.00
SGRP3260| 18 57 16.05 —30 36 40.72 K 12.61| 01.02 | 154.41 2.63
SGRP3284| 18 53 00.11) —30 14 12.90 K 13.25| 00.95 | 133.36 3.04
SGRP3285| 18 52 43.97| —30 24 44.95 K 12.91| 00.90 | 135.45 2.81
SGRP3299| 18 53 12.87| —-30 47 48.01 K 12.97| 00.88 | 128.75 2.57
SGRP3315| 185255.37| -301454.70 M 12.21| 01.01 | 130.07 2.46
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ID RA Dec Spectral 2MASS Viad O
Type K | (J=-K)|(kms?)| (kms?)
SGRP3316| 1852 49.79 -301737.19 M 11.40| 01.13 | 127.70 2.44
SGRP3320| 18 57 23.56) —30 35 28.19 K 13.54| 00.94 | 138.23 2.67
SGRP3340| 1852 38.18 —-302751.08 M 11.36| 01.05 | 127.77 3.01
SGRP3348| 18 54 00.83] —30 57 11.06 K 13.10| 00.95 | 152.95 1.45
SGRP3357| 18 52 40.27| —30 21 03.41 K 13.62| 00.87 | 145.80 2.48
SGRP3366| 18 52 37.80 —302303.30 K 13.46| 00.90 | 136.83 | 7.29
SGRP3384| 185257.75 -301116.66 M 11.39| 01.17 | 119.53 2.33
SGRP3406| 18 57 31.09 —30 35 19.26 K 12.12| 01.03 | 165.72 1.26
SGRP3411| 18 52 33.99 —30 23 42.57 K 12.95| 00.91 | 149.03 3.43
SGRP3422| 1857 30.62 -303654.30 M 13.21| 00.89 | -45.09 2.59
SGRP3431| 18 52 40.24) -30 17 20.78 K 13.01| 00.89 | 158.13 2.94
SGRP3433| 1852 33.35[ -302230.53 M 10.73| 01.18 | 140.19 | 5.76
SGRP3449| 1857 34.95 -303446.28 M 11.83| 01.09 | 116.37 1.31
SGRP3456| 18 52 40.17| —30 16 04.24 K 13.69| 00.86 | 153.45 4.95
SGRP3460| 18 57 33.13) —30 37 33.92 M 11.38| 01.17 | 132.47 2.52
SGRP3463| 18 52 43.58 —30 14 02.92 M 11.92| 01.00 | 148.63 3.81
SGRP3466| 18 57 34.84) —30 36 34.99 K 13.65| 00.86 | 144.96 3.64
SGRP3482| 1857 30.17) -304043.70 M 11.13| 01.20 | 141.78 2.40
SGRP3489| 1857 40.35 -303217.86 M 10.67| 01.20 | 127.72 4.96
SGRP3491| 1857 38.39 —303533.360 K 12.63| 00.94 | 158.36 | 1.49
SGRP3494| 18 57 32.62) —30 40 20.80 K 13.61| 00.86 | 156.15 2.33
SGRP3507| 18 57 42.05 —30 33 59.05 K 12.88| 00.92 | 128.79 2.22
SGRP3527| 1857 35.65 —-304033.74 M 13.24| 00.92 | -18.76 8.97
SGRP3533| 18 52 27.60, —30 18 49.33 K 12.39| 00.97 | 153.37 3.03
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ID RA Dec Spectral 2MASS Vrad O
Type K | (J=-K)|(kms?)| (kms?)
SGRP3550| 1857 21.77) -304758.40 C 10.83| 01.21 | 159.80 | 0.00
SGRP3558| 18 57 48.31] —30 32 35.47 K 12.85| 01.03 | 142.20 1.98
SGRP3567| 18 57 48.42) —30 33 37.30 K 12.09| 00.98 | 146.38 0.80
SGRP3568| 1857 38.64) -304148.75 M 11.67| 01.13 | 158.01 1.22
SGRP3572| 1857 48.02| —303445.06 K 12.92| 00.98 | 163.03 | 1.64
SGRP3596| 18 57 51.58 —303200.077 M 09.89| 01.31 | 126.44 | 3.63
SGRP3607| 1852 39.25 -300916.29 M 09.55| 01.26 | 122.28 | 140.06
SGRP3615| 18 57 53.64] —30 32 48.35 K 12.01| 01.00 | 173.59 0.73
SGRP3620| 18 52 55.81] —30 03 55.42 M 12.08| 01.05 | 119.68 2.73
SGRP3624| 1857 53.21 -303453.59 M 11.29| 01.22 | 137.86 2.08
SGRP3626| 18 57 38.37| —30 45 05.59 K 13.40| 00.91 | 156.35 2.61
SGRP3627| 18 57 53.27| —30 35 12.09 K 13.04| 00.92 | 130.88 2.12
SGRP3638| 18 52 39.60, -300745.99 M 12.24| 00.99 | 131.13 6.64
SGRP3639| 1857 45.78 -304205.81] M 12.96| 00.96 19.60 79.18
SGRP3662| 18 57 31.82| —30 48 44.71 K 13.52| 00.95 | 138.31 2.61
SGRP3672| 18 57 41.12) —30 45 30.45 K 11.72| 01.01 | 144.85 1.06
SGRP3676| 18 52 54.91) -30 02 50.08 M 11.28| 01.08 | 146.71 3.36
SGRP3682| 18 57 59.63] —30 31 24.70 K 12.72| 00.93 | 134.06 0.59
SGRP3694| 18 58 00.56/ —302952.08 K 12.79| 00.95 | 128.82 | 3.58
SGRP3703| 18 57 44.69 —30 45 06.09 K 12.60| 01.03 | 142.76 0.93
SGRP3707| 18 57 51.63] —30 41 39.89 K 12.57| 00.98 | 142.18 1.55
SGRP3716| 1858 02.30] —3031 02.45 K 12.51| 00.98 | 143.25| 1.46
SGRP3717| 18 52 44.42| —30 04 20.62 K 13.60| 00.89 | 152.88 6.10
SGRP3722| 18 57 59.22) —30 37 15.83 K 12.53| 01.02 | 128.72 1.18
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ID RA Dec Spectral 2MASS Viad O
Type K | (J=-K)|(kms?)| (kms?)
SGRP3725| 1852 48.03 —300259.18 K 13.76| 00.84 | 82.55 | 136.91
SGRP3750| 18 57 58.25 -304016.30 M 13.61| 00.91 | 191.77 | 113.37
SGRP3753| 18 57 37.12) —30 50 11.27 M 11.62| 01.09 | 124.44 2.27
SGRP3758| 18 57 34.84) —30 51 08.13 K 12.98| 00.94 | 132.41 1.45
SGRP3768| 18 57 59.23] —30 41 06.46 K 13.59| 00.83 | 136.61 141
SGRP3769| 18 52 26.03) —30 07 47.72 M 11.00| 01.10 | 141.73 4.68
SGRP3772| 18 52 48.82) —30 01 15.90 K 12.94| 00.98 | 151.39 2.03
SGRP3783| 1852 21.02) -300902.70 M 11.52| 01.04 | 132.39 3.96
SGRP3784| 18 52 48.10, —30 01 05.38 K 13.15| 00.96 | 141.20 1.94
SGRP3785| 18 52 59.17| —29 58 44.18 K 11.78| 01.03 | 159.58 2.96
SGRP3812| 18 52 39.34) —30 01 57.05 K 13.23| 00.88 | 152.07 2.99
SGRP3813| 18 58 13.20, —30 31 45.33 K 12.45| 01.03 | 135.47 1.42
SGRP3816| 1852 17.73/ -3008 32.40 M 10.98| 01.06 | 126.33 | 2.39
SGRP3823| 18 58 06.75 —30 40 27.60 K 13.42| 00.86 | 146.51 1.78
SGRP3825| 18 52 22.92| —30 06 17.87 M 11.69| 01.14 | 152.11 3.98
SGRP3836| 18 57 51.28 —30 48 57.22 K 12.54| 00.94 | 135.13 1.65
SGRP3841| 18 52 30.83] —30 03 24.19 K 12.72| 00.96 | 140.39 2.49
SGRP3847| 18 58 01.67| —30 44 42.48 K 12.52| 00.98 | 148.33 2.03
SGRP3874| 18 58 19.43) —30 29 48.47 M 11.48| 01.16 | 133.63 2.56
SGRP3894| 18 58 18.53) —30 36 12.27 K 13.22| 00.92 | 156.55 2.08
SGRP3903| 18 57 56.21] —30 49 52.82 K 12.82| 01.08 | 136.09 1.46
SGRP3907| 18 52 57.86| —29 55 25.54 K 12.89| 00.98 | 161.12 8.58
SGRP3912| 1858 18.55 —-303753.98 K 12.16| 01.06 | 133.78 | 0.94
SGRP3916| 18 52 46.09) —29 57 25.43 K 12.76| 00.97 | 133.03 1.37
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ID RA Dec Spectral 2MASS Vrad O
Type K | (J=-K)|(kms?)| (kms?)
SGRP3919| 18 52 50.31] —29 56 31.70 C 09.45| 01.69 | 140.81 1.26
SGRP3927| 1852 16.23) —3004 39.00 K 13.20| 00.95 | 56.27 | 99.64
SGRP3928| 18 58 20.11) —30 37 58.65 K 12.74| 00.97 | 138.12 2.08
SGRP3939| 18 51 59.44) —30 10 41.55 K 12.01| 00.97 32.05 | 137.50
SGRP3940| 18 52 38.31] —2958 24.66 M 10.84| 01.17 | 135.63 | 3.89
SGRP3946| 18 52 43.52| —29 57 05.52 M 12.41| 00.97 80.07 | 104.48
SGRP3964| 18 58 14.03) —30 44 52.02 M 13.39| 00.92 | 124.12 | 120.84
SGRP3968| 18 52 31.78] —29 59 00.91 K 13.59| 00.91 | 156.22 2.58
SGRP3975| 1858 28.51) -303130.90 M 10.74| 01.22 | 139.77 3.14
SGRP3977| 1852 12.35 -30 04 10.18 K 11.70| 01.08 | 162.42 0.94
SGRP3982| 18 52 04.18) —30 06 50.54 K 13.48| 00.94 -4.53 132.06
SGRP3988| 18 52 44.25 -29554294 M 12.51| 01.00 | 134.18 1.47
SGRP4029| 18 52 14.72) —30 01 48.26 K 13.31| 00.96 | 124.30 1.28
SGRP4034| 1852 53.41) —-295306.06 M 09.85| 01.29 | 124.67 | 121.88
SGRP4036| 18 52 28.62 —2958 02.23 M 11.89| 01.08 | 133.52 | 1.83
SGRP4044| 18 58 32.86) —30 34 05.65 K 13.70| 00.86 | 123.74 1.61
SGRP4060| 18 52 42.86| —29 54 28.39 K 13.62| 00.86 56.62 | 109.07
SGRP4071| 18 52 03.47| —30 04 18.58 K 13.50| 00.87 26.53 | 116.46
SGRP4106| 18 52 07.14) —-30 01 52.19 K 13.66| 00.90 | 112.81 3.94
SGRP4107| 18 51 44.64) —30 10 31.23 K 12.70| 00.96 1.08 124.44
SGRP4110| 18 52 24.89 —29 57 03.81] K 13.62| 00.90 | 46.66 | 122.86
SGRP4111| 18 51 51.49 -30 07 17.05 K 13.23| 00.86 | -10.81 | 134.42
SGRP4138| 18 58 35.77| —30 39 17.93 K 12.96| 00.93 | 148.40 1.52
SGRP4148| 1858 20.35 -304915.30 M 13.37| 01.06 | 172.71 4.05
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ID RA Dec Spectral 2MASS Viad O
Type K | (J=-K)|(kms?)| (kms?)
SGRP4192| 18 58 42.60, —30 37 20.15 K 13.11| 00.93 | 127.06 1.14
SGRP4198| 18 58 43.80| —30 36 46.96 M 11.59| 01.08 | 155.29 | 1.78
SGRP4204| 18 58 19.57| —30 52 02.17 K 12.17| 01.03 | 139.11 1.06
SGRP4212| 18 52 05.80, —29 59 21.09 K 12.84| 00.97 | 131.53 2.71
SGRP4214| 18 52 37.53] —29 52 04.69 M 11.07| 01.15 | 13441 2.99
SGRP4215| 1852 18.28 —-2956 05.88 M 13.61| 00.82 72.15 2.30
SGRP4222| 18 58 44.29 —30 37 37.94 K 13.14| 00.93 | 156.48 1.59
SGRP4235| 18 52 36.06| —29 52 00.33f K 13.05| 00.90 | 137.21 | 3.08
SGRP4236| 18 52 01.70, —29 59 58.60 K 13.75| 00.88 16.54 | 123.13
SGRP4239| 18 52 07.09 —29 58 23.97| K 13.65| 00.95 | 132.48 2.99
SGRP4247| 1858 45.00 -303845.50 M 13.54| 00.99 | 107.45| 70.65
SGRP4253| 18 52 17.42) —29 55 30.69 K 12.21| 00.98 | 154.99 0.96
SGRP4269| 1858 22.92) -305241.19 M 11.49| 01.15 | 132.53 2.16
SGRP4274| 1858 49.71 -303522.58 M 13.58| 00.85 0.69 89.72
SGRP4278| 18 58 33.18] —30 48 23.80 K 12.18| 00.97 | 134.67 1.62
SGRP4284| 1858 46.14) —-304042.34 M 11.58| 01.13 | 132.22 2.48
SGRP4294| 18 58 46.84) —30 41 06.59 K 1291 00.99 | 124.79 3.63
SGRP4302| 18 58 44.10, —30 43 38.76 K 13.62| 00.86 | 135.83 3.71
SGRP4305| 18 52 41.04) —29 49 29.52 K 12.39| 00.98 13.46 | 139.18
SGRP4321| 1851 55.46/ —2959 06.31] K 13.69| 00.94 | -9.45 | 136.13
SGRP4323| 185842.71 -304552.43 M 13.46| 00.88 72.77 | 124.82
SGRP4331| 1851 41.06| -300337.777 C 09.43| 02.67 | 150.38 | 3.40
SGRP4332| 185159.98 —295735.79 K 13.31| 00.93 | 154.28 | 3.57
SGRP4335| 18 52 37.86] —29 49 12.0] K 11.69| 01.07 19.89 | 123.89
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ID RA Dec Spectral 2MASS Vrad O
Type K | (J=-K)|(kms?)| (kms?)
SGRP4341| 18 51 52.17| —29 59 28.22 K 13.68| 00.97 -2.42 121.02
SGRP4359| 1851 45.25 -3001 08.43 K 12.85| 00.94 | 79.07 | 89.59
SGRP4378| 185142.23 -300137.05 M 10.78| 01.21 | 136.78 8.49
SGRP4385| 18 58 35.77| —30 52 07.37 K 13.46| 00.88 | 167.81 2.62
SGRP4396| 1852 02.73) —295508.20 K 13.08| 00.96 | 54.23 | 119.31
SGRP4402| 18 51 45.34) —29 59 58.93 K 13.04| 00.99 | 106.46 | 124.27
SGRP4421| 18 58 39.02] —30 52 05.67 M 11.70| 01.09 | 149.58 1.33
SGRP4426| 18 51 43.17| —29 59 43.52 K 13.63| 00.84 5.34 120.77
SGRP4427| 18 59 02.54) —30 36 08.91 K 13.35| 00.87 | 172.31 2.69
SGRP4429| 185854.78 -304349.98 M 10.00| 01.28 | 138.72 | 132.54
SGRP4430| 18 58 42.45| —30 50 50.37 M 11.74| 01.13 | 128.79 1.49
SGRP4444| 18 58 46.63] —30 49 21.98 K 13.38| 01.00 | 132.58 2.45
SGRP4456| 18 58 46.42/ -305001.40 M 12.80| 00.94 | 178.39 | 149.58
SGRP4458| 18 58 58.45 -304307.09 M 12.82| 00.99 | 126.29 3.31
SGRP4474| 18 59 04.24) —30 38 45.22 K 13.53| 00.88 | 140.93 1.61
SGRP4479| 18 52 01.72) —29 53 09.29 K 12.88| 01.00 -3.40 133.11
SGRP4506| 18 58 50.10, —30 50 06.22 K 12.86| 00.93 | 140.15 2.76
SGRP4508| 18 51 26.83 -300308.03 M 11.08| 01.14 | 156.66 | 128.60
SGRP4539| 1859 05.76/ —3041 05.89 K 12.36| 00.98 | 143.63 | 1.29
SGRP4557| 18 51 50.17| —29 54 30.96 K 13.13| 00.96 35.31 | 151.69
SGRP4575| 18 52 15.46) —29 48 21.55 K 13.78| 01.50 | 21.63 | 123.11
SGRP4582| 1858 57.88 -304905.50 M 13.18| 00.98 | 117.57 | 152.04
SGRP4602| 18 59 05.24) —30 45 33.24 K 12.47| 01.02 | 141.81 2.38
SGRP4607| 18 59 03.37| —30 46 52.11 K 11.79| 01.03 | 144.17 1.02
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ID RA Dec Spectral 2MASS Viad O
Type K | (J=-K)|(kms?)| (kms?)
SGRP4621| 18 51 44.01) —29 54 39.39 K 12.56| 01.04 57.02 141.59
SGRP4624| 1851 28.18 —295918.28 M 10.28| 01.22 | 198.55| 60.64
SGRP4635| 18 58 45.75| —30 56 08.42 K 11.98| 01.05 | 116.94 0.67
SGRP4637| 18 51 35.41] —29 56 40.92 M 11.48| 01.14 | 115.86 | 122.49
SGRP4659| 18 51 24.65 —29 59 42.98 K 12.88| 00.93 8.73 119.18
SGRP4671| 1851 36.76) -295538.90 M 11.03| 01.16 | 151.60 6.45
SGRP4693| 18 51 30.45 —29 56 54.10 K 12.84| 00.99 18.79 | 125.92
SGRP4699| 18 58 51.68] —30 55 36.65 K 13.22| 00.93 | 147.32 1.13
SGRP4747| 18 58 44.83) —30 59 15.23 M 10.87| 01.18 | 134.73 1.94
SGRP4771| 18 58 58.43) —30 54 54.87 M 12.41| 01.02 | 145.16 2.40
SGRP4798| 185750.18 —-31133498 M 11.58| 01.10 | 122.81 2.77
SGRP4804| 18 51 53.56) —294824.59 M 10.80| 01.23 | 187.88 | 120.41
SGRP4810| 18 51 36.68) —29 52 21.27 M 11.22| 01.15 | 146.88 | 99.93
SGRP4815| 18 51 26.92) —29 54 56.76 K 13.51| 00.90 | -28.18 | 128.66
SGRP4828| 18 51 15.60 —2958 10.09 M 11.28| 01.18 | 158.99 | 180.01
SGRP4834| 18 58 49.06) —31 00 27.18 K 11.84| 01.07 | 146.59 0.93
SGRP4844| 18 59 01.24) —30 56 20.12 M 11.34| 01.11 | 144.77 1.96
SGRP4869| 18 51 35.50, —29 51 20.95 K 12.02| 01.08 25.27 | 125.91
SGRP4872| 18 58 58.43] —30 58 12.00 K 12.54| 01.00 | 136.08 1.02
SGRP4873| 1858 04.63 —31 1223.84 K 13.63| 00.84 | 146.86 | 2.69
SGRP4877| 18 51 31.53) —29 52 07.67 K 12.89| 00.92 52.06 | 124.50
SGRP4882| 18 51 30.00, —29 52 21.60 C 08.97| 01.82 | 145.12 3.86
SGRP4884| 1858 11.08 —-311123.09 M 10.33| 01.17 | -75.34 5.84
SGRP4896| 185857.32) -305912.09 M 10.80| 01.18 | 119.66 3.01
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SGRP4897| 18 58 46.37| —31 02 49.23 K 13.06| 00.92 | 180.28 2.57
SGRP4947| 18 58 49.34) —31 03 02.25 K 12.03| 01.04 | 140.40 1.38
SGRP4950| 18 58 55.16) —31 01 13.28 K 13.53| 00.90 | 151.54 5.57
SGRP4970| 18 58 51.89 —31 02 41.15 K 13.02| 00.98 | 136.72 2.08
SGRP4974| 18 58 46.41) —31 04 24.19 K 12.60| 00.95 | 120.20 1.90
SGRP4978| 18 58 02.68] —31 14 27.41 K 13.59| 00.85 | 146.78 5.48
SGRP4984| 18 59 12.93) —30 55 09.48 K 13.02| 00.92 | 152.74 2.23
SGRP5005| 18 58 19.02| —-31 11 41.55 K 13.37| 00.88 | 131.23 6.94
SGRP5014| 18 59 04.43) —30 59 30.32 K 12.88| 00.95 | 147.68 1.02
SGRP5035| 18 59 15.00, —30 55 49.63 K 12.83| 00.91 | 130.17 1.53
SGRP5040| 18 58 48.78) —31 05 15.62 M 10.80| 01.13 17.52 4.88
SGRP5080| 1859 16.94/ —3056 53.74 K 12.58| 00.95 | 127.56 | 3.88
SGRP5093| 18 59 21.10, —30 55 23.16 K 11.68| 01.02 | 152.82 0.78
SGRP5113| 18 59 15.17| —30 58 31.52 K 12.04| 00.98 | 126.78 1.75
SGRP5118| 1859 18.56) —-305721.50 M 13.38| 00.87 | 134.55| 143.58
SGRP5141| 18 57 29.26| —31 22 40.48 K 13.69| 00.93 | 144.93 5.26
SGRP5143| 185821.70) -311419.33 M 10.55| 01.24 | 122.08 3.31
SGRP5158| 1859 33.95 -305159.21 M 11.92| 01.03 | 147.03 1.81
SGRP5159| 18 59 18.07| —30 59 14.27 K 13.18| 00.89 | 144.80 3.13
SGRP5161| 18 59 03.16| —31 04 28.12 M 10.85| 01.11 | 125.20 2.63
SGRP5172| 1859 32.23) -305326.51] M 11.32| 01.17 | 134.97 2.13
SGRP5187| 18 59 26.04) -3056 46.50 M 10.74| 01.14 | 164.57 3.19
SGRP5208| 1858 23.24) -311517.48 M 13.73| 00.89 | 152.19 | 143.35
SGRP5209| 1859 16.84 -310102.79 M 13.15| 00.93 90.19 | 127.36
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SGRP5226| 1859 04.08 —-310554.21 M 11.14| 01.09 | 120.98 2.40
SGRP5236| 18 57 53.34) —31 21 14.39 K 13.66| 00.90 | 132.46 2.13
SGRP5253| 1859 02.64) -31 071099 M 11.67| 01.11 | 144.69 1.86
SGRP5275| 18 59 33.08 —30 57 01.34 K 13.78| 00.84 | -29.02 4.04
SGRP5297| 18 58 12.58 —31 19 13.75 M 11.72| 01.08 | 154.97 2.57
SGRP5323| 1858 34.38 —-311539.85 M 10.76| 01.22 | 153.75 3.26
SGRP5326| 18 58 40.45 —31 14 22.70 K 13.30| 01.02 | 138.10 1.47
SGRP5327| 185901.48 -310914.04 M 10.67| 01.19 | 127.35 3.09
SGRP5333| 18 59 20.70, —31 03 29.77 K 12.67| 01.00 | 143.15 3.29
SGRP5339| 18 59 20.57| —31 03 41.07 M 10.99| 01.19 | 149.32 2.88
SGRP5352| 1859 27.12) -310203.80 M 13.64| 00.94 19.01 | 104.96
SGRP5362| 18 57 52.49 —31 23 40.02 M 10.63| 01.20 | 141.26 3.25
SGRP5373| 18 59 25.91] —31 03 00.82 K 12.67| 01.01 | 140.64 151
SGRP5374| 18 59 36.94 —30 58 46.62 M 13.39| 00.90 | 62.92 98.56
SGRP5379| 18 59 40.60, —30 57 14.72 M 11.71| 01.13 | 142.67 2.47
SGRP5387| 18 58 51.09 —31 13 21.15 K 12.41| 01.01 | 146.44 2.69
SGRP5396| 18 59 27.64) —31 02 57.21] K 12.32| 00.98 | 145.40 1.30
SGRP5408| 18 57 53.00, —31 24 19.94 K 12.59| 01.01 | 147.57 2.61
SGRP5412| 1859 55.25 -305038.98 M 11.95| 01.08 | 117.46 2.31
SGRP5415| 18 59 37.88) —30 59 31.97 M 13.22| 00.86 95.29 | 133.21
SGRP5429| 18 59 50.05 —30 54 18.25 K 13.80| 00.85 | 129.75 3.42
SGRP5433| 18 59 26.59 —31 04 16.05 K 13.70| 00.88 | 151.52 2.17
SGRP5449| 18 59 59.04| —30 49 36.66 K 13.01| 00.89 | -141.52| 2.18
SGRP5460| 18 59 44.84) —30 57 48.12 K 13.80| 00.87 | 138.87 5.63
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ID RA Dec Spectral 2MASS Vrad O
Type K | (J=-K)|(kms?)| (kms?)
SGRP5478| 18 59 13.48 —31 09 35.74 K 13.46| 00.92 | 137.41 3.09
SGRP5481| 18 58 05.82] —31 23 46.20 K 13.74| 00.97 | 149.10 3.49
SGRP5488| 19 00 00.23] —30 50 54.76 K 13.52| 00.87 | 173.10 1.72
SGRP5501| 18 59 33.34) —31 03 48.94 K 12.31| 00.99 | 168.79 1.63
SGRP5504| 18 5950.93 —3056 37.58 K 13.62| 00.86 | 129.63 | 2.30
SGRP5511| 1859 16.67| —31 09 30.29 K 12.78| 00.92 | 159.87 2.03
SGRP5515| 1858 16.24) —-312244.23 M 12.95| 00.89 -4.99 102.57
SGRP5518| 18 59 03.38] —31 13 12.88 K 12.67| 01.01 | 138.72 2.13
SGRP5538| 19 0002.85 -305139.90 K 13.77| 00.82 | 163.97 | 2.89
SGRP5552| 18 58 02.58] —31 25 27.14 K 13.03| 00.96 | 125.48 4.23
SGRP5556| 18 59 29.78 —31 06 33.93 K 13.61| 00.97 | -20.56 | 135.76
SGRP5559| 1859 16.29 -311045.10 M 13.66| 00.91 | 256.51 9.34
SGRP5581| 18 59 30.49 —31 06 57.32 K 12.92| 00.99 | 164.49 243
SGRP5593| 18 57 44.54) —31 28 34.36 K 13.63| 00.97 | -20.66 4.83
SGRP5600| 18 59 40.48 —31 04 04.84 K 13.47| 01.07 | 147.48 1.76
SGRP5603| 1857 42.35 -312902.25 M 10.46| 01.18 | 123.27 4.15
SGRP5607| 18 57 45.40, —31 28 41.33 K 13.66| 00.86 57.89 | 132.11
SGRP5636| 185849.89 -31183548 M 11.02| 01.20 | 117.24 2.86
SGRP5644| 18 59 33.00] —31 07 34.63 K 12.99| 00.93 | 146.94 | 2.38
SGRP5646| 18 58 40.95 —31 20 34.80 K 13.11| 00.96 | 157.68 1.94
SGRP5658| 18 58 47.03] —31 19 43.38 K 12.98| 01.01 | 129.76 2.32
SGRP5665| 18 59 32.25 —-31 08 34.94 K 12.39| 01.02 | 135.78 3.04
SGRP5680| 19 00 08.34) —30 54 27.50 K 13.49| 00.95 | 144.47 2.34
SGRP5690| 19 00 13.11) —30 51 59.43 K 13.04| 00.92 | 122.48 2.70
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ID RA Dec Spectral 2MASS Viad O
Type K | (J=-K)|(kms?)| (kms?)
SGRP5691| 19 00 09.87| —30 54 00.40 K 13.53| 00.94 | 144.43 2.54
SGRP5692| 18 58 39.46) —31 21 57.49 K 13.57| 00.90 | 150.87 3.92
SGRP5699| 18 59 40.70, —31 06 41.85 K 13.56| 00.90 | 137.74 5.45
SGRP5715| 18 59 02.33] —31 17 33.49 K 12.68| 00.99 | 148.27 1.14
SGRP5749| 18 59 59.39 —31 00 45.17 K 12.44| 01.02 | 128.90 1.23
SGRP5756| 18 58 20.19 -312616.96 M 13.10| 00.89 | 44.84 | 121.04
SGRP5764| 1859 27.06 -311222.65 M 12.13| 01.04 | 151.19 2.59
SGRP5784| 19 00 13.64] —30 55 13.26 K 13.13| 01.02 | 165.10 2.38
SGRP5785| 18 59 58.25 —31 02 27.28 K 13.29| 00.88 | -18.16 3.46
SGRP5798| 19 00 10.50, —30 57 15.15 K 12.63| 00.92 | 130.31 3.62
SGRP5814| 1859 38.57| -311008.24 M 11.88| 01.07 | 134.64 211
SGRP5825| 18 59 55.64| —31 04 30.12 K 12.21| 01.07 | 153.77 1.44
SGRP5832| 1858 09.98 —-312904.93 M 12.86| 00.92 -9.21 161.91
SGRP5848| 18 59 59.08 —31 03 55.81 K 13.11| 00.94 | 134.42 4.60
SGRP5859| 1900 06.02 —310124.54 K 13.38| 00.94 | 140.58 | 3.26
SGRP5876| 18 58 35.55 —31 25 43.85 K 12.61| 01.01 | 128.46 0.94
SGRP5888| 18 59 00.17| —31 21 13.02 K 13.78| 00.87 | 158.64 2.46
SGRP5890| 18 59 38.96) —31 11 34.80 K 12.02| 00.98 | 145.48 0.78
SGRP5906| 18 59 45.19 —31 09 59.38 K 12.81| 00.94 | 161.18 2.40
SGRP5907| 18 58 52.79 —31 23 04.07| K 12.94| 01.01 | 135.97 1.66
SGRP5926| 18 58 31.60, —31 27 11.79 K 13.73| 00.86 | 145.75 2.72
SGRP5932| 1858 38.00 —31 26 12.67] K 13.22| 00.97 | 156.65| 1.88
SGRP5950| 18 58 21.56| —31 29 07.92 K 12.47| 00.96 | 153.80 2.63
SGRP5952| 19 00 22.94) —30 55 51.05 K 12.88| 00.96 | 150.04 2.14
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ID RA Dec Spectral 2MASS Vrad O
Type K | (J=-K)|(kms?)| (kms?)
SGRP5962| 1859 56.49 -310730.14 M 13.68| 01.00 | 187.63 | 152.67
SGRP5964| 18 59 49.01) —-31 10 01.72 M 10.26| 01.25 | 141.86 6.74
SGRP5968| 185845.90 —-312515.19 M 12.27| 01.03 | 147.26 2.96
SGRP5970| 19 00 22.24) -3056 34.08 M 12.27| 01.06 | 151.36 2.44
SGRP5976| 18 59 05.52| —31 21 33.54 K 13.77| 00.83 | 146.12 2.21
SGRP5998| 1859 16.97| -311926.51] M 12.07| 01.03 | 131.18 1.09
SGRP6010| 190019.62 -30591796 M 10.80| 01.15 | 132.19 3.10
SGRP6018| 18 58 56.46) —-312405.85 M 13.00| 00.92 | 142.74 | 141.15
SGRP6032| 1900 16.96/ —310108.99 M 13.47| 00.91 | -10.78 4.71
SGRP6037| 18 49 23.09 —30 13 53.43 K 13.27| 00.91 54.06 | 107.13
SGRP6042| 18 59 00.38] —31 23 51.90 K 13.13| 00.95 | 156.32 2.60
SGRP6052| 1859 07.97 —312237.98 M 13.53| 00.90 | 152.90 | 129.82
SGRP6054| 185917.24 -312041.0 M 09.76| 01.30 | 105.25 | 134.93
SGRP6059| 185859.82 -312436.41] M 13.21| 00.88 79.65 | 114.46
SGRP6062| 18 58 23.89) —313046.65 M 13.50| 00.94 | -22.31 4.01
SGRP6065| 19 00 01.62) —31 08 42.060 M 11.02| 01.23 | 131.75| 3.34
SGRP6067| 18 59 20.69 —31 20 15.03 K 12.73| 00.93 | 145.78 3.98
SGRP6091| 18 49 21.68) —30 10 31.15 K 13.74| 00.83 -5.57 135.28
SGRP6094| 1858 13.31) -313253.53 M 13.28| 00.88 72.58 | 134.34
SGRP6099| 18 59 54.06 —31 12 15.00 K 12.34| 00.96 | 142.18 0.70
SGRP6104| 19 00 17.66 —31 03 52.00 K 13.46| 00.95 | 130.08 4.77
SGRP6106| 18 59 15.39 —31 22 22.58 K 12.80| 01.04 | 139.80 2.36
SGRP6114| 18 58 26.76] —31 31 15.50 K 12.77| 00.97 | 140.81 3.21
SGRP6118| 18 59 10.03] —31 23 40.36 K 13.59| 00.89 | -83.33 6.62
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ID RA Dec Spectral 2MASS Viad O
Type K | (J=-K)|(kms?)| (kms?)
SGRP6135| 1859 00.98 —-312548.89 M 11.39| 01.13 | 155.26 2.27
SGRP6139| 18 58 56.00 —31 26 46.87] K 13.60| 00.88 | 136.80 | 2.47
SGRP6152| 1849 11.73) -30 17 06.91 K 11.15| 01.05 | 147.57 2.18
SGRP6161| 1859 11.03) —31 24 08.86 K 12.51| 00.99 | 182.61 1.28
SGRP6165| 19 00 21.55 —31 03 48.53 K 13.51| 00.95 | 131.94 1.88
SGRP6177| 18 58 55.22| —31 27 37.02 K 13.80| 00.83 | -11.27 3.80
SGRP6179| 18 49 12.54) —30 13 56.83 K 13.21| 00.89 -2.58 111.78
SGRP6180| 190016.11) -310633.80 M 11.16| 01.16 | 148.59 3.02
SGRP6196| 18 49 13.91) —30 11 31.95 K 12.02| 01.05 | 136.02 5.62
SGRP6199| 19 00 16.48 —31 06 54.78 K 13.73| 00.85 20.97 5.71
SGRP6204| 1858 31.90 —-313152.18§ M 13.30| 00.93 | 148.05 | 115.92
SGRP6210| 1858 43.84/ —313002.79 K 13.60| 00.83 | -65.33 5.86
SGRP6214| 18 58 30.54| —31 32 10.37 K 12.15| 01.00 | 109.28 2.72
SGRP6225| 19 00 09.86] —31 09 53.23 K 12.83| 00.91 | 138.25 0.89
SGRP6226| 18 58 28.86| —31 32 39.46 K 12.94| 00.93 | 162.26 1.83
SGRP6227| 18 49 04.90 —30 20 46.41 K 13.58| 00.89 12.08 | 123.80
SGRP6234| 1849 15.23 -3008 36.25 M 09.55| 01.20 | -46.98 3.75
SGRP6237| 18 49 16.82) —30 07 19.45 K 13.39| 00.86 79.97 | 126.47
SGRP6243| 185850.19 —312931.13 K 13.18| 00.96 | -59.39 3.53
SGRP6251| 184913.31) -300932.23 M 11.38| 01.19 | 118.42 3.57
SGRP6259| 18 49 06.19 —30 16 00.05 K 12.86| 01.00 | 158.37 2.62
SGRP6264| 190029.45 -310313.55 M 09.94| 01.25 65.72 | 123.72
SGRP6275| 18 58 46.23| —-313042.18 M 10.57| 01.13 | 122.50 2.65
SGRP6289| 18 49 11.03) —30 09 20.57 K 13.31| 00.99 7.93 5.17
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ID RA Dec Spectral 2MASS Vrad O
Type K | (J=-K)|(kms?)| (kms?)
SGRP6299| 1849 04.96 -301435.60 M 11.48| 01.14 | 148.28 3.23
SGRP6300| 18 49 08.68 —30 1050.08 K 13.72| 00.86 | -0.47 | 123.14
SGRP6305| 18 58 59.22| —31 28 54.12 K 1251 01.04 | 155.98 2.29
SGRP6314| 18 49 03.03] —30 16 07.83 K 13.22| 00.86 52.42 | 138.70
SGRP6322| 18 49 08.32] —30 10 11.20 K 11.35| 01.07 | 158.78 3.44
SGRP6338| 1849 11.15 -3006 53.18 K 12.39| 01.08 | 99.30 | 129.62
SGRP6355|190018.13 -311013.23 M 11.02| 01.13 | 105.28 2.60
SGRP6398| 18 49 05.60 —3008 39.71] M 10.64| 01.21 | 130.04 | 2.58
SGRP6456| 18 59 00.96/ —31 31 10.96 K 13.52| 00.90 | 156.57 | 2.93
SGRP6480| 18 59 12.47| —31 29 29.12 K 12.94| 00.95 | 149.54 3.04
SGRP6491| 184858.80) -30091298 M 13.79| 00.94 | 204.61 | 174.22
SGRP6536| 1849 01.49 -300413.69 M 13.53| 00.94 | 146.83 | 90.81
SGRP6563| 18 49 00.19 —30 03 44.97| K 11.66| 01.10 -1.08 123.54
SGRP6571| 18 48 46.68 —30 15 08.60 K 12.16| 01.03 | 145.88 1.25
SGRP6587| 18 48 44.83) —30 16 39.25 M 13.41| 00.88 | 16.01 | 136.59
SGRP6600| 18 48 51.54) -3008 31.48 M 11.02| 01.18 | 146.70 2.16
SGRP6613| 18 48 43.37| —30 16 17.50 K 13.67| 00.91 | 141.15 3.39
SGRP6615| 18 48 40.25 —30 20 49.63 K 13.51| 00.87 | -40.84 | 125.49
SGRP6616| 18 48 45.49 —30 13 12.07| K 12.80| 00.96 | 162.42 1.17
SGRP6623| 18 48 40.31) —30 20 15.01 K 13.77| 00.86 10.57 5.82
SGRP6646| 18 48 37.49 —30 23 10.07| M 09.85| 01.17 | 46.24 3.69
SGRP6697| 18 48 49.60, —30 04 30.54 K 13.12| 00.87 28.82 96.82
SGRP6726| 18 4848.41 -300418.89 K 13.59| 00.93 | 36.07 | 120.98
SGRP6730| 184844.69 -300657.39 M 11.64| 01.14 | 158.07 3.30
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ID RA Dec Spectral 2MASS Viad O
Type K | (J=-K)|(kms?)| (kms?)
SGRP6741| 18 48 33.58 —30 18 10.060 M 13.57| 00.87 | 240.80 | 2.33
SGRP6750| 18 48 37.20, —30 12 44.86 K 12.88| 00.94 | 147.52 1.91
SGRP6767| 184844.41) -300532.41 M 13.77| 00.81 | 209.32 | 119.56
SGRP6820| 18 48 33.55| —30 12 27.97 K 13.28| 00.97 | 144.08 0.89
SGRP6826| 18 48 45.88 —3002 02.90 K 13.77| 00.86 | 82.29 | 155.50
SGRP6853| 18 48 44.38) —30 02 07.06 K 11.97| 01.10 | -71.37 | 125.09
SGRP6859| 18 48 29.69 —30 14 25.58 K 13.60| 00.85 | 143.19 1.88
SGRP6869| 18 48 27.33 —30 16 39.18 K 13.24| 00.86 | 156.54 | 2.37
SGRP6894| 18 48 32.44| -300849.43 K 13.19| 00.95 | 150.95 | 1.82
SGRP6898| 18 48 22.31] —30 21 45.42 K 13.26| 01.01 21.98 81.88
SGRP6919| 1848 24.61) -3016 10.55 M 10.90| 01.24 | 135.48 2.90
SGRP7007| 1848 16.10) —-302103.81 M 11.49| 01.12 | 148.67 3.96
SGRP7013| 18 48 32.93 —3002 40.78 K 13.60| 00.85 | 45.32 | 101.69
SGRP7025| 18 48 18.96| —30 14 38.27 M 11.99| 01.08 | -43.19 1.47
SGRP7085| 1848 13.12) —30 20 15.38 K 13.70| 00.85 -0.34 137.34
SGRP7097| 18 48 23.67| —30 07 04.77 K 13.78| 00.84 -4.75 120.88
SGRP7099| 1848 13.31 -301854.50 M 10.35| 01.26 | 136.16 | 131.09
SGRP7118| 18 48 18.69 —30 10 15.22 K 13.60| 00.88 | 147.73 2.48
SGRP7132| 18 48 12.08 —30 17 37.29 K 13.04| 01.00 | 148.30 3.13
SGRP7183| 1848 19.46 -3006 17.11 M 13.28| 00.86 70.96 | 143.76
SGRP7193| 18 48 07.98 —30 17 59.86 K 13.12| 00.92 | 106.28 | 98.82
SGRP7236| 18 48 08.54/ —30 1348.75 M 13.54| 00.94 | 46.56 | 88.62
SGRP7288| 18 48 16.10, —30 03 39.27 K 12.71| 00.99 4.39 4.73
SGRP7294| 18 48 13.47| —30 05 24.87 M 13.72| 00.81 | 136.38 | 126.74
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ID RA Dec Spectral 2MASS Vrad O
Type K | (J=-K)|(kms?)| (kms?)
SGRP7353| 18 48 01.39 —30 14 12.25 K 12.69| 00.92 | 134.70 3.79
SGRP7364| 18 48 07.50, —30 07 08.12 K 12.60| 00.92 19.03 | 116.43
SGRP7368| 1848 01.67| -301243.76¢ M 11.99| 01.06 | 13541 2.23
SGRP7374| 18 48 01.89 —30 12 00.25 K 13.03| 00.96 34.98 | 132.94
SGRP7375| 18 47 56.39 —302002.82 M 13.60| 00.83 | 74.95 | 146.79
SGRP7390| 1848 08.21 —300504.16 K 13.02| 00.88 | 39.66 | 129.40
SGRP7480| 1847 55.13 -30132294 M 13.34| 00.91 78.65 | 134.54
SGRP7508| 18 47 52.66| —30 14 27.73 K 12.68| 01.00 | 149.33 5.44
SGRP7516| 18 47 50.41) —30 16 54.99 M 12.64| 00.95 64.21 125.06
SGRP7535| 1847 52.07) -301300.23 M 10.79| 01.22 | 142.23 4.74
SGRP7552| 18 47 50.62| —30 13 22.84 K 12.07| 00.96 12.93 | 109.84
SGRP7562| 18 47 54.57| —30 08 26.79 M 11.24| 01.19 | 112.32 | 156.52
SGRP7580| 18 47 47.37| —30 15 25.46 M 11.32| 01.17 | 135.16 4.16
SGRP7586| 18 47 56.62| —30 05 13.13 K 13.64| 00.87 1.48 129.28
SGRP7590| 1847 44.56) -301900.51 M 11.21| 01.08 66.55 | 110.36
SGRP7644| 18 47 47.53) -30 11 10.66 K 12.35| 00.95 78.78 | 129.59
SGRP7729| 18 47 38.59 —30 16 28.97| M 13.23| 00.87 | 44.87 | 118.78
SGRP7753| 18 47 42.30, —30 10 18.42 M 10.55| 01.19 | 118.34 | 135.87
SGRP7759| 18 47 44.97) -30 07 21.61 K 13.39| 00.87 18.36 139.00
SGRP7851| 18 47 33.57| —30 14 01.62 K 12.07| 01.01 | -27.35 | 115.87
A.2 SAAO Data
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Table A.2: A Complete Table of all the SAAO Data

ID RA Dec Spectral 2MASS

Type K J-K)
SAAO-1 | 18 5525.521 -302612.80 M 09.72| 01.33
SAAO-2 | 1854 09.020 -302320.20 M 09.28| 01.29
SAAO-3 | 185539.57| -301632.50 M 10.12| 01.16
SAAO-4 | 1854 29.72 -3011 2190 M 09.73| 01.28
SAAO-5 | 185543.721 -301226.30 M 09.91| 01.24
SAAO-6 | 185548.83 -304227.30 M 09.95| 01.17
SAAO-7 | 185541.22) -301131.00 M 10.29| 01.11
SAAO-8 | 18 5359.53| —295857.40 C 09.26| 01.52
SAAO-9 | 1856 55.99| -300810.50 C 09.72| 01.23
SAAO-10| 1852 39.24 -300916.30 M 09.55| 01.26
SAAO-11| 1852 54.39) -3000 20.60 M 09.70| 01.31
SAAO-12 | 18 57 46.10] —30 06 54.40 K 09.52| 01.33
SAAO-13 | 18 52 50.30] —29 56 31.70 C 09.45| 01.69
SAAO-14 | 1852 53.41 —-295306.10 M 09.85| 01.29
SAAO-15| 1851 27.09) -3024 52.20 M 09.66| 01.29
SAAO-16 | 18 56 16.03 —294247.20 M 09.85| 01.28
SAAO-17| 1857 20.38/ -310448.20 M 09.85| 01.24
SAAO-18 | 18 5556.74/ —293907.40 M 09.87| 01.21
SAAO-19 | 18 53 57.29] —31 17 42.10 K 09.63| 01.25
SAAO-20| 18 54 16.55/ —2936 34.60 M 09.93| 01.20
SAAO-21| 185052.42/ -303059.30 M 09.64| 01.30
SAAO-22 | 185128.17] -295918.30 M 10.28| 01.22
SAAO-23 | 1854 34.26/ —-312122.00 M 09.63| 01.22
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ID RA Dec Spectral 2MASS

Type K J-K)
SAAO-24 | 18 51 53.56| —2948 24.60 M 10.80| 01.23
SAAO-25| 18 5520.15{ —-293025.30 M 09.61| 01.33
SAAO-26| 185117.05 -310139.00 M 09.98| 01.16
SAAO-27|185108.22) -295415.80 M 10.72| 01.18
SAAO-28 | 18 59 41.04| —30 28 32.20 K 09.94| 01.18
SAAO-29| 1851 32.69 -294518.80 C 10.67| 01.32
SAAO-30| 18 51 37.01] —29 40 07.80 C 10.65| 01.21
SAAO-31| 1850 09.23 -304536.50 C 09.69| 01.32
SAAO-32| 18 5147.73] —29 35 54.10 K 10.71| 01.23
SAAO-33 | 1900 11.36] —30 20 04.50 K 09.74| 01.30
SAAO-34 | 18 58 36.40] —31 20 23.00 C 10.04| 01.33
SAAO-35| 19 00 28.37| —-303727.00 M 09.78| 01.29
SAAO-36 | 18 58 40.12| —31 22 23.10 K 10.58| 01.20
SAAO-37 | 18 50 03.66/ —295304.80 M 10.27| 01.26
SAAO-38| 1850 43.85 —29 36 44.00 K 09.89| 01.35
SAAO-39 | 18 51 44.46| —29 25 11.30 K 09.59| 01.31
SAAO-40| 185917.24/ -312041.00 M 09.76| 01.30
SAAO-41| 18 57 23.10] —31 38 26.40 K 09.95| 01.17
SAAO-42 | 18 4857.66/ —-303005.50 M 09.79| 01.32
SAAO-43 | 1858 24.53 -313159.60 M 10.84| 01.18
SAAO-44 | 18 50 03.70] —29 42 52.40 K 10.36| 01.18
SAAO-45 | 18 58 46.23| —31 30 42.20 K 10.57| 01.13
SAAO-46| 185902.11 -313032.50 M 09.78| 01.29
SAAO-47| 184907.55 -295611.60 M 09.85| 01.32
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ID RA Dec Spectral 2MASS

Type K J-K)
SAAO-48 | 1859 27.54| -3126 1850 M 10.83| 01.21
SAAO-49 | 1848 37.49 -302310.10 M 09.85| 01.17
SAAO-50 | 18 56 11.24| —29 03 54.90 C 06.31| 01.92
SAAO-51| 185528.11 —290055.00 M 09.62| 01.34
SAAO-52 | 1848 15.80, —-3007 19.80 M 09.65| 01.28
SAAO-53 | 1856 14.22| -3156 06.30 M 09.96| 01.20
SAAO-54 | 1901 26.53 -310327.70 M 09.69| 01.29
SAAO-55 | 18 49 33.56| —29 25 54.90 K 10.77| 01.26
SAAO-56 | 18 57 48.77| =31 57 11.60 M 10.79| 01.18
SAAO-57 | 1859 31.95 -314444.60 M 10.72| 01.16
SAAO-58 | 18 48 54.60] —29 30 15.90 K 10.56| 01.14
SAAO-59 | 18 50 25.76| —3147 16.20 M 09.88| 01.20
SAAO-60| 1901 06.10, —-312933.60 M 09.70| 01.27
SAAO-61 | 18 48 39.78| —31 32 58.10 K 09.74| 01.31
SAAO-62 | 1859 50.54| -315122.30 M 10.50| 01.18
SAAO-63 | 1848 57.20, —-291833.80 M 09.79| 01.23
SAAO-64 | 18 48 06.18| —29 19 02.00 K 10.55| 01.24
SAAO-65| 18 5520.80] -302511.10 M 10.17| 01.21
SAAO-66 | 18 54 52.61) -302055.50 C 09.44| 01.88
SAAO-67 | 18 54 24.29| —30 25 10.50 C 09.74| 01.76
SAAO-68 | 18 54 41.63 -302036.00 M 10.14| 01.19
SAAO-69 | 1855 16.66/ —30 36 18.60 M 10.03| 01.26
SAAO-70| 1854 10.97| -302319.20 M 09.60| 01.13
SAAO-71| 1854 29.74/ -303747.10 M 09.83| 01.11

Continued on next page
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Table A.2 — continued from previous page

A.2: SAAO DATA

ID RA Dec Spectral 2MASS

Type K J-K)
SAAO-72| 18 54 56.18 -301408.00 M 10.54| 01.22
SAAO-73| 1854 07.14/ -303919.50 M 10.59| 01.17
SAAO-74| 1853 14.05/ -301913.90 M 10.10| 01.20
SAAO-75| 18 53 15.68 -301757.20 M 10.05| 01.28
SAAO-76 | 18 53 18.11 -301343.60 M 10.39| 01.17
SAAO-77 | 18 5538.97| —-295556.80 C 09.80| 02.75
SAAO-78 | 18 54 39.18| —29 54 18.20 C 10.51| 01.39
SAAO-79 | 18 5751.58 -303200.00 M 09.89| 01.31
SAAO-80| 18 52 10.77] =304023.00 M 09.44| 01.11
SAAO-81| 18 57 57.48| —30 10 08.50 C 09.76| 02.75
SAAO-82 | 18 51 41.05] -30 03 37.70 C 09.43| 02.67
SAAO-83 | 18 5543.28 —293709.50 M 10.22| 01.28
SAAO-84| 18 5329.37] —-293824.10 C 09.72| 01.65
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Appendix B

Data Reduction of the SAAO Data

In this appendix the commands used during the data reduatithe SAAO data using
IRAF will be displayed.

B.1 Setting Up IRAF

To begin using IRAF an IRAF directory must be set up.

> mkiraf

:xgterm

This creates a new login.cl file, which is edited to include gackages needed to

open in IRAF.

> emacs login.cl
> set stdimage = imt4096
> set imtype = ‘‘fits’’
noao
imred

ccdred
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twodspec
longslit
1ds9 &

Once this is saved, a terminal is opened up to work from.

> xgterm &

> cl

To exit IRAF typelogout

B.2 Data Reduction

The data is prepared by creating a list containing all of it.

> 1s a*.fits > all.lst

B.2.1 Overscan Region

A new list is made, of the same data but renamed xxxo.fits gtuifyi overscan.
> emacs all.lst &

Go to,Edit, Search, Replace

replace: .fits,with: o.fits

Ensure you are the top of the list, SHIFT-1 replaces for abfil

Save Buffer As allo.Ist

The location of the overscan region needs to be determined.

> imhead xxx.fits
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biassec ’[4:21, 1:133]°

Then the overscan correction can be run.

> epar ccdproc
images = all.lst
output = allo.lst
ccdtype =

fixpix = no

oversca yes

scancor no

Everything else is set to no, as all that is run is the oversoarection.

[4:21, 1:133]

biassec

interac yes
low.rej = 1.
high rej = 1.

1Wq

:go

The fit is run interactively to check the first, if it's ol to quit, if not the order andr
the function can be changedrder = 2, :fun = chebyshev, type:f to fit. If the
fit is ok typeNO to skip the rest of the interactive fitting.

B.2.2 Bias Subtraction

A list of all bias files is created and saved as bias.lIst.

Then a master bias must be created.
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> epar zerocomb
input = @bias.lst
output = Zero
reject = avsigclip

1go

A list of all the images from which the bias is to be subtradted is created.
> emacs allo.lst &

Delete the bias images.

Edit, Search, Replace

replace: .fits,with: b.fits

Save as allob.|st.

Next the bias is subtracted from our images.

> epar ccdproc

images = allbias.lst

@allob.1lst

output

zercor

yes
Again, all others set to no.

zZzero = Zero

:go

B.2.3 FlatField

As mentioned in the text, this step was not completed withimages. However, the

following steps should be followed to do flat field correction
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A list of all the flat field images is created and saved as doitsdfa

> epar flatcombine
input = domeflats.lst
output = DomeFlat
combine = average
reject = avsigslip
ccdtype = flat

scale = mode

:go

This has created a master flat field. Next the flat must be nisathl

> epar response
calibrat = DomeFlat
normaliz = DomeFlat
response = nDomeFlat
interac = yes

:go

Again, as we opted to fit interactively, the fit must be checked
Onceresponse has completed, check the DomeFlat image. Values shouldeall b

around 1.

Finally the flat field division must be completed. A list of #lle files to be flat field
corrected is made and saved as flats.Ist. A list for the outpages must also be cre-
ated.

Edit, Search, Replace

replace: .fits,with: f.fits

JENNIFER WHITE 153



B: DATA REDUCTION OF THE SAAO DATA

This is saved as allobf.Ist.

> epar ccdproc
images = flats.lst
output = allobf.lst
flatcor = yes

flat = nDomeFlat

:go

B.2.4 Bad Pixel Removal

> emacs allob.lst &
Edit, Search, Replace
replace: .fits,with: p.fits

Saved as allobp.fits.

A flat image is used to locate the bad columns, x1 x2 y1 y2, aed thlist of all

these bad columns to be removed is created and saved asl§ixpix.

> epar ccdproc
images = allob.lst

allobp.1lst

output

fixpix

yes
fixfile = fixpix.lst

:go

B.2.5 Trimming The Images

> emacs allobp.lst &

Edit, Search, Replace
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replace: .fits,with: t.fits

Saved as allobpt.fits.

The pixels to trim are checked.

> display xxxobp.fits

> epar ccdproc
images = allobp.lst

output

allobpt.1lst
trim = yes
trimsec = [4:1795,3:130]

:go

B.2.6 Cosmic Rays

The programme for removing cosmic rays must be downloaffed®@internet. Google
‘LA Cosmic’ and download the spectroscopic version.
> emacs lacos_spec.cl &
The programme is copied and pasted into an emacs file. Edit,
outmask = mktemp(‘‘lacos’’)

And saved as lacaspec.cl.

> task lacos_spec = lacos_spec.cl
> epar lacos_spec

input = xxxobpt.fits

output = xxxobtpc.fits

gain = 2.

readn = 6.

sigclip = 4.5
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sigfrac = 0.5
objlim = 1.
niter = 4

:go

A new file xxxobptc.fits is created, and is checked to ensueecthsmic rays have
been removed.
In terminal,

> gaia xxxobptc.fits &

Repeat for all object images.

B.2.7 Wavelength Calibration

The correct line list on the internet is found and saved as&ludat.
The full width half maximum value (gfwhm) needs to be idemtifi
> splot xxxobpt.fits

line (): vyes

Type a and a either side of the peak to zoom in and thémndd either side to fit
function. Typeg to choose a Gaussion function, move to the peak anddggain.

q (to quit)

s (single)

S

And now the gfwhm value can be checked.

The first task in wavelength calibration is to identify theokim lines of the arc lamp

spectrum.
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> epar identify
images = arc.fits (e.g. a2630007obpt.fits)
database = object name (eg. 12680)
coordli = CuNel.dat

fwidth = 2 (the gfwhm value)

1go

m on the line and type in wavelength

Repeat for all lines

f

Check fit values are small (0-20.5), change order or function if necessary
q, how see the same plot but in units of wavelength

1 identifies any other lines

f to check the values again

q to quit

:yes to save the image

> epar reidentify
reference = arc.fits
images = arc.fits
coordlist = CuNel.dat
database = object name

answer = NO

1go

> epar fitcoords
images = arc (e.g. a2360007obpt)
fitname = arc

database = object name
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:go

The fit is checked and points that are outliers are deleted: dyp
f to fit,
Plot differentresidualg x y r,x y y rOrx xy y
f
q
:yes
> epar transform
input = arc.fits
output = arc w (eg. a2630007obptw)
fitnames = arcarc
database = object name
interptype = spline3

:go

> epar transform
input = object.fits
output = object w
filenames = arcarc
database = object name
interptype = spline3

:go

B.2.8 Background Subtraction

The object image is opened within Gaia and checked to seeavtheiflat background

is. The y co-ordinates are written in a list, with any brightas e.g. the stellar spec-
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trum, omitted. For example, [1:46,75:96,105:128].

> epar background
input = xxxobptcw.fits
output = xxxobptcwg.fits

1wq

The background sample needs to be changed but as the cdesdara a long list

it is done outside the task window.

> background sample = ‘‘1:46,75:96,105:128""’
Check the fit and again, change order if neccessary

:order 2

f
q

If there are peaks or troughs which lie outside the omittgibres the background sub-
traction must be re-run with edited background sample &alierst the background

subtracted image must be deleted.

(In terminal)

> rm -f xxx*g.fits

The IRAF reductions are now complete.

> logout
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