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Abstract of Scientific Justification
Super-helium-rich (SHR) stars are believed to reside ity Way (MW) and external giant galaxies,
and their origin and implications have been a hot topic oéatigation. Our pioneering observation with
the Subaru 8.2-m telescope using tkendex as a metallicity indicator hinted at such SHR starsliivge
in dwarf galaxies as well. In particular, we found for thetftime that many ohk-strong (i.e., metal-rich
horizontal-branch (HB) stars in MW satellite galaxies aaywoo blue (i.e., hot) in optical colors, whigh
may indicate their highly elevated helium content. Dirdghhresolution helium abundance measurement
for stars in dwarf galaxies is extremely challenging, buterce indicates that SRH stars are born with
enhanced Na and N contents. We thus propose medium-resofytectroscopy for the Lick indices lok-
strong HBs in the Draco dwarf galaxy to delve into their NaaN¢ other metal abundances. Moreover,
the post-HB evolution depends critically on helium aburtdganSHR HB stars, because of their small
mass, avoid the asymptotic-giant phase and evolve dirguilya white dwarf stage. Thus we further
propose to measure the Na and N abundances of red- and a$igagidat stars to see whether Na- g@nd
N-enhanced stars are indeed lacking on the asymptotid¢-granch. If confirmed, it will mark the firgt
detection of SHR stars in dwarf galaxies, suggesting erdgthhelium enrichment is a common feature
across all type (from spiral to elliptical galaxies) andesiirom globular clusters, dwarf to giant galaxies)
of stellar systems. The data will enable to address the aaravolution of dwarf galaxies and their
causal connection to the MW. To this aim, we require four idhts of the MMT/Hectospec for the
Draco dwarf galaxy. We ask it to be between Aug. and early 8epsidering the airmass of the target,.

Summary of observing runs requested for this project Scheduling Sharin
Run Telescope Cage Instrument Pl AO Nights Moon Optimal ptalgle Poss. Adv.
[ 1]|[MMT | /5 |Hectospec | | [ 2 ] dark | Aug—Aug| Aug—Sep| no| no]

Scheduling constraints and unusable dategip to 4 lines)

no text past this line

A * appended to the proposal type indicates a continuatiorogedp a* appended to the name of a proﬁoser indicates the proposggriaduate) student; a proposer whose name is underlined
is certified on the proposed telescope/instrument combimatf a * appears within the Pl or AO box in the observations summaietdhe instrument is a Plinstrument and/or Adaptive Gptic
are requested — signatures are required on the next page.



Target list (attach list if longer than 26 objects)
# Object RA Dec mag / color / type / redshift/ comment/ etc.

1 Draco dSph 17:20:12.40 +57:54:55.0 giant stars in Dried,7.0-22.0
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| Scientific Justification]

Super-helium-rich giant stars & their Lick indices as helium tracers: Anomalous super-helium-rich (SHR)
stars are believed to reside in the Milky Way (its bulge ambglar clusters) and in external giant elliptical
galaxies (their halo and globular clusters) (e.g., Renk®84; Kaviraj et al. 2007; Nataf & Gould 2012;
Chung et al. 2011, 2013; Lim et al. 2015). SHR stars are thdyats of elevated helium (He) enrich-
ment, characterized by the parameter dY/dZ (the ratio ofrtbeease in He to the increase in metallicity).
Since it has long been assumed that dY/dZ is a universalaon&Y/dZ~ 1.5 when derived from the Sun),
the origin and implications of the highly enhanced dY/dZ (= 50) are hot topics of investigation. Di-
rect, high-resolution spectroscopic He line detectiontafssin dwarf galaxies is extremely challenging and
time-demanding at their distances. An alternative metHaadferring He content is through the observation
of particular elements like Na and N, because their enricttimechanism (i.e., p-capture productions) is
known to be responsible for the He enrichment. Recent higblugon spectroscopic studies on stars in the
Milky Way globular clusters successfully detected He lirabeit for a small sample, showing that the Na-
and N-rich stars are highly He-rich too (Dupree et al. 201/Btten et al. 2011). Therefore the discovery of
Na- and N-rich stars in dwarf galaxies indicates the pres@fiSHR stars.

To this aim, we propose to obtain medium-resolution optsgactra of giant stars (i.e., red-giant-branch
(RGB), horizontal-branch (HB), and asymptotic-giantAmia (AGB) stars) in the Draco dwarf spheroidal
galaxy using the Hectospec on the MMT. The Draco providesa destbed for the SHR giant stars in
dwarf galaxies as it exhibits well-developed RGB, HB, andBAGigure 1). We will measure, as tracers of
SHR stars, the Lick line-absorption indices, Call H & K linasid CN band representing Na and N as well
as C and Ca (Table 1).

Our objectives are twofold:

(1) HB giant stars in the Draco dwarf galaxy: We have recently launched a chemo-structural study of
dwarf galaxies in the Local Group using 8.2-m Subaru (S18B-(B14A-03; S15A-070; PI: S.-J. Yoon)
and 2.5-m Du pont telescopes (Han et al. 2015). Thanks togkp €a and stromgrdoy photometry

in conjunction with V, | archival data, we successfully sté&l member stars in dwarf galaxies including
Draco, Sculptor, Fornax, Sextans, Andromeda I, and Caeesti¢i |. Thehkindex, defined as (Ch)-(b-

y), is very sensitive to the abundance of Ca and other heawyesits (Anthony-Twarog et al. 1991), and
can be used as a good metallicity discriminator for the mersiaes.

Figure 1 shows color-magnitude diagrams (CMDs) of starfiéndirection of Draco dwarf spheroidal ob-
served by Subaru/Suprime-Cam. We examined the HB morphahod-I, governed mainly by metallicity,
by carefully identifyinghk-strong anchk-weak HB stars in thdak CMD. Surprisingly, many of the blue
(i.e., hot) HB stars in V-l ardk-strong (i.e., metal-rich). This phenomenon cannot beawpd by stellar
populations with normal He content, and our model predicfigno et al. 2013) shows that strong He en-
richment is needed (dY/d¥ 5). We stress that this is the first clue of the presence of SetRilations in
dwarf galaxies. Therefore we will make use of the Lick absorpline indices and other lines for the HB
stars in order to delve into their metal and He abundances.

(2) AGB/RGB stars in the Draco dwarf galaxy: The final three stages of a low-mass star’s evolution are
from RGB via HB to AGB phases. It is well established by stedl@olution theories that if HB stars have
a thin enough hydrogen envelope (.02 M), they fail to evolve into the AGB phase. But instead they
evolve directly into a white dwarf stage following the AGBanmmué track (e.g., Landsman et al. 1996;
Charbonnel et al. 2013). Recently, Campbell et al. (2013@hdoan extremely high ‘AGB failure’ rate in a
Galactic globular cluster, NGC 6752, by showing that theeen® Na-enhanced stars on the AGB (Figure 2).

On the theoretical and observational basis shown aboverep®ge to examine the stellar Lick absorption-
line indices and other lines of the Draco and compare the earabNa- and N-rich stars between the
RGB and AGB stages. According to our calculation for a tybeml giant (g = 4662, logg = 1.83,
and[Fe/H] = —1.35), the increased Na abundance by 0.3 dex leads to 28% incdreéise NaD (5895
A) absorption strength. Similarly, the increased N abuwday 0.3 dex results in 142% increase in the
CN1 (4161A) strength. This implies that using medium-resolution MM&ctospec spectroscopy data, we
expect to detect abundance difference between RGB and A8 st
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Figure 1: @) V-l color-magnitude diagram and) hkindex vs. V mag diagram for stars in the direction of
the Draco dwarf spheroidal. The red and blue dots are thedabedHB stars, divided by thiek strength
as a photometric metallicity indicator. Note that thiestrong HB stars (red dots) i) are hot and blue
in V-1'in (b), which cannot be explained by populations with normalurelicontent. The orange dots are
the candidate AGB stars. The spread of AGB stardjrdémonstrates the power of of th& index as a
metallicity indicator. The RR Lyrae variable stars are taket for clarity.

Table 1: The expected variatioA !, in terms of the index responses when thelements are increased by
0.3 dex for a giant star withl{g, log g, [Fe/H]) = (4662 K, 1.83,—1.35)

Lick index a-element I Inew | Al(increment) | unit

CN1 (416%) N —0.021[0.009| 0.3(142%) | mag
Cad227 (422K) Ca 0.149 | 0.346| 0.197 (132%) | A
G4300 (4308, C 7.853 | 8.257|  0.404 (5%) A
NaD (589 Na 0.580 | 0.742| 0.684 (28%) | A
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Figure 2: @) The AGB and RGB stars in the stromgrenCMD of NGC 6752 and¥) their Na abundance
difference. The figure is from Figure 1 and 2 of Campbell e{2013). In both ¢) and ¢), red triangles are
RGB stars and blue squares are AGB stars in NGC 6752) r@mpared to the wide spread of the RGB
stars along théNa/Fe], the AGB stars are located only belgiNa/Fe] = 0.18. This implies that there is
no Na-enhanced AGB stars in NGC 6752. Grey open circles ane @arretta et al. (2007). The horizontal
dotted line marks the upper boundary of the AGB values, dligithe Na-rich and Na-poor stars.
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| Experimental Design & Technical Description| Describe your overall observational program. How will
these observations contribute toward the accomplishnfdhieaoals outlined in the science justification?
If you've requested long-term status, justify why this is@ssary for successful completion of the science.
(up to one page)

Our main goal is to search for the very first evidence of singdiim-rich stellar populations in the Local
Group dwarf galaxies. To this aim, we propose to observe gtans (HB, RGB, and AGB stars) in the Draco
dwarf spheroidal galaxy using the Hectospec with the 270 rII'rllrr1 grating. This configuration provides
3650 — 920 wavelength coverage with a spectral resolution-ag A, allowing us to measure all the Lick
absorption-line indices, Call H & K I|nes\(3950A) and CN band(v3883A) The measurements of the
lines will enable us to find highly Na- and N-enriched stars. (isuper-helium-rich stars) by comparing the
Na and N abundances at given Ca, CN, Mg and Fe abundances.

Since the Draco exhibits well-developed RGB, HB, and AGRyivides a good testbed for enhanced He
enrichment in dwarf galaxies. We have already performedr@asromgrerby photometry for the Draco
using Subaru 8.2-m telescope. The resultantCMD shows that many of blue (i.e., hot) HB stars are
hk-strong (i.e., metal-rich), which hints at their highly wd¢éed He enrichment.

As the Hectospec provides simultaneous spectroscopy of @30Q objects over a 1 degree field of view
(FOV), we have carefully selected1000 candidate giant stars in the Draco from our Subaruit®epCam
observations (FOW 40 x 30). TheV band magnitude of our target stars ranges between 17.0 add 22
We divide the target stars into three groups (bright, intti@te, faint) byl” band magnitude. Based on
exposure time calculator assuming a seeing df @rid airmass of 1.2, we estimate the total integration time
to be 600s, 3600 s, 18000 s to obtain high quality spectra ¥S3N) for the bright, intermediate, and faint
groups, respectively. We will use a total of four fiber confagions for our target stars, and takex 00 s
exposures for the bright group, and 28600 s exposures each for the intermediate and faint grothes.
best time to observe our target field during the 2017B seasaoather strictly in August considering the
airmass. For this program, we request four half nights tliolg overhead time between August and very
early September.
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| Summary of Time Requested and Awarded The TAC needs to understand the scope of this project —
(1) tell us how many UAO nights you've already had for thisjpot, how many you request this time, and
(a good guess of) how many you need to complete the projecif §substantial amount of observing for
this project comes from non-UAO telescopes, tell us abattahserving, and how the UAO part fits in; (3)
if you are collaborating with people who have telescopgseeally if you are part of a large collaboration,
tell us who is leading the project, and how UAO time and youtipigation fit in. {up to one page)
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| Previous Use of Steward Facilities | Listall allocations of telescope time for the present project
and allocations for other projects on facilities availathieough UAO during the past 2 years, together with
the current status of the data (cite publications whereagfate). Mark those allocations related to the
present proposal (i.e, precede text withel at ed command). {p to one page)

| Other Information | Provide any additional program-related information itohg, for exam-
ple, relation of current program to externally funded resieato the development of expanded capabilities
for UA telescopes, or to individual timescales (e.g. PI issfimg postdoc appointment and this request
would complete program)up to one page)

IATEX 2 UAO Observing Proposal class, 'soprop.cls’ v1.3 (2007 ALdRAJ]).



