
【アブスト】 SDSS-V による銀河系ハローサーベイで使われている恒星解析パイプラインについて、得られる恒星物理パラメータの妥当性を
評価し、初期成果を得た。本パイプラインで得られる恒星パラメータ、元素組成、距離の情報により、①特異な元素組成をもつ星の同定、②
銀河系ハロー外縁部のサブ構造、③銀河系ハローの大局的な動力学構造について新たな知見が得られた。　パイプラインで得られる物理パラ
メータは、BOSS-MINESweeperカタログとして、SDSS DR19の一環として公開されている。
【ロジック】

GAゼミ@20251216 石垣Mapping the Distant and Metal-Poor Milky Way with SDSS-V (Chandra, V. et al. 2025; arXiv:2508.00978)

I. 背景:　SDSS-V（2.5m telescopes at Apache Point/Las Campanas Observatories ）の元で行われている「Milky Way Mapper (MWM) halo 
program」は、全天をカバーする恒星ハロー分光サーベイである。BOSS （波長分解能R~1800）を使用し、希少な遠方（>10-30kpc）ハロー
星と金属欠乏星候補を優先的に観測する。観測データから「BOSS-MINESweeper」パイプラインを用いて恒星物理パラメータ（有効温度、表
面重力）、元素組成を導出し、最終的には~500,000天体のカタログを構築する予定である。このパイプラインの特徴は、BOSSスペクトルと測
光データを同時に理論モデル（等時曲線、理論スペクトル）と比較することで、分光解析に特有の縮退を解きやすくできること。

III. 結果:　
①サンプル選択の妥当性（図２上）[alpha/Fe]- [Fe/H]図、[Fe/H]<-1では、η<0であるような真のハロー星が
主流であり、期待される傾向を示している。（図２下）遠方ハロー星を効率よく選ぶことができている。
（図３）金属欠乏星の追観測では、元素組成が特異な天体（SDSS J0931+0038: [Fe/H]~-2、自転する超巨大
質量星からの元素供給？SDSS J0715-7334: [Fe/H]~-4、「炭素過剰ではない」鉄欠乏星組成。）
② （図４）r_gal>20kpcの全天をカバーする分光データで、最大規模のSgrストリームメンバー星の元素組成
測定ができた。図は運動（L_Z, L_Y）と軌道面からの近さで選んだSgrメンバー星の距離（上）、元素組成
を、軌道に沿った角度とv_GSRに対して示す。Sgr銀河のハローとみられる構造や、Second wrap
（r_gal>70kpc）が確認できる
③ （図５）LMCによる銀河系の反射運動（reflex motion）で期待される２極構造が見られる。LMCの質量と
して銀河系の>20%が支持される

II. 解析:　 （図１左）BOSS-MINESweeper で得られた[Fe/H]と、APOGEE DR17（高分散分光）による
[Fe/H]との比較。中央値の差は-0.05 dex, 分散0.14 dexで良い合致を示す。（図１右）機械学習BOSS Net
を用いて導出された[Fe/H]（縦軸）との比較。金属量が低いところでは、BOSS Netでは[Fe/H]を過剰評価
する傾向がある。

IV. コメント
遠方のハロー星に焦点を絞ったユニークなデータ。分
光データは4750-5550Aの波長域のみ使っていて、他
の波長域を使ってどんな元素が測定できるか？
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Figure 8. Top: Kiel diagram of stars in the catalog, colored
by metallicity. The influence of the isochrone constraint in
MINESweeper is evident here. Although most stars are old
— belonging to the thick disk and halo — a small popula-
tion of younger metal-rich stars from the thin disk are visible
near the main sequence turno!. Grey crosses denote stars
in regions of the parameter space for which MINESweeper
parameters are deemed unreliable. Bottom: Metallicity-ω
distribution of stars in the catalog, colored by the mean or-
bital circularity. Contours denote the density of stars in this
space.

ages, timing the assembly history of the early galaxy
(e.g., Xiang & Rix 2022; Woody et al. 2025).

4.2. High-Resolution Spectroscopic Followup

One of the primary goals of the BOSS-MINESweeper ef-
fort is to identify interesting metal-poor stars that war-
rant follow-up observations with high-resolution spec-
trographs. These chemically-primitive stars hold the key

Figure 9. Performance of the distant halo selection car-
ton. Blue (red) points show giants targeted to lie beyond
dhelio > 10 (30) kpc. The top panel shows the marginal
distribution of rgal. Gold points show a cross-match to the
dwarf spheroidal galaxy member catalog from Walker et al.
(2023). Our parallax and color-based target selection is
highly e”cient at identifying the most distant stars in the
MW halo.

to the earliest nucleosynthetic events in our Galaxy (e.g.,
Beers & Christlieb 2005; Frebel & Norris 2015; Boni-
facio et al. 2025). The BOSS-MINESweeper parameters
are essential to reliably identify these candidates, as the
short 15-minute visits in SDSS-V result in lower signal-
to-noise spectra that need the photometric information
to obtain reliable metallicities. BOSS-MINESweeper al-
pha abundances can be used to identify low-alpha metal-
poor (LAMP) stars, which are expected to have been
born in ancient low-mass dwarf galaxies consumed by
the Milky Way (e.g., Robertson et al. 2005; Cunning-
ham et al. 2022).
Within the SDSS-V collaboration, an extensive high-

resolution follow-up program is underway. These obser-
vations are primarily conducted with the MIKE spec-
trograph on the 6.5m Magellan Clay telescope in Chile
(Bernstein et al. 2003), as well as the ARCES spectro-
graph on the Astrophysical Research Consortium 3.5m
telescope at APO (Wang et al. 2003). Targets are se-
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Figure 11. Showcase of various interesting stars identified from the MINESweeper catalog. The BOSS spectra are shown in
black, and the model fit is shown in red. MINESweeper stellar parameters are indicated for each star. The third star was
discovered in the BOSS-MINESweeper catalog and is one of the most metal-poor stars ever found (Ji et al, in prep). The last
star shows a strong C2 feature that is not captured by our spectral models, revealing it to be a carbon–enhanced extremely
metal-poor star. The Mg I b triplet and Hω line are also indicated.

log, revealing the entirety of the dwarf galaxy or stream
(e.g., Chandra et al. 2022; Aganze et al. 2025).
Figure 9 showed the metallicity-distance distribution

of the BOSS-MINESweeper catalog, with members of
known dwarf satellite galaxies from Walker et al. (2023)
highlighted. These stars were not specially targeted, but
were incidentally selected for observation in SDSS-V.
The dwarf galaxy members stand out as among the most
distant and metal-poor in the entire BOSS-MINESweeper
catalog. These stars also have MINESweeper distances
that are consistent with literature distances for the re-
spective dwarfs. A blind search among rgal > 30 kpc
and [Fe/H]< →2.0 stars independently reveals several
members in the Boötes I and Sextans dwarf galaxies.
The BOSS-MINESweeper catalog will be particularly use-
ful to find members at large separations from known
dwarf galaxies, where coverage from targeted spectro-
scopic follow-up can be sparse or absent.
Due to their large spatial extent, stellar streams

are the most common substructure that is identi-
fied by kinematic search techniques (e.g., Chandra
et al. 2022; Aganze et al. 2025). Cross-matching the
BOSS-MINESweeper catalog to the compilation of stream

stars from Bonaca & Price-Whelan (2025), we find
↑ 1300 members of the Sgr stream, and ↑ 200 mem-
bers of other known streams. The following streams
have more than five stars observed in SDSS-V: 300S,
ATLAS-Aliqa Uma, GD-1, Indus, Kwando, New-25, and
Orphan-Chenab (Grillmair & Dionatos 2006; Belokurov
et al. 2007a; Shipp et al. 2018; Fu et al. 2018; Li et al.
2021; Ibata et al. 2024). Many more can be expected
as the survey fills in regions of the sky (see Figure 1).
These stars can be used to map the metallicity and alpha
abundance structure of streams, and also to select high-
confidence members for spectroscopic follow-up obser-
vations with high-resolution instruments (e.g., Li et al.
2022; Ji et al. 2022; Usman et al. 2024). Future work
will also perform a blind search for kinematic substruc-
tures in the SDSS-V data, potentially uncovering new
stellar streams in the outer halo.

4.4. The Sagittarius Stream

The Sagittarius Stream (Sgr) is by far the most mas-
sive stellar stream around the Milky Way, and spans
hundreds of degrees across the sky (e.g., Majewski et al.
2003). Sgr originates from the partially-disrupted Sagit-
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Figure 18. The observed north-south radial velocity dipole
of distant halo stars. Top: Linear fits to the run of vGSR

versus Galactic latitude b, with 1ω uncertainties shaded,
for three radial bins. Bottom: Linear slope of the mea-
surements in the top panel, as a function of Galactocen-
tric radius. In blue, analogous measurements from the
simulations of Garavito-Camargo et al. (2019) are shown,
with LMC3 (LMC4) corresponding to a total LMC mass of
1.8 (2.5)→ 1011 M→.

(e.g., Petersen & Peñarrubia 2021; Chandra et al. 2025;
Brooks et al. 2025).

5. CONCLUSIONS

1. The SDSS-V halo survey is observing over half a
million distant and metal-poor stars across the en-
tire sky. We have described the stellar parameter

pipeline and BOSS-MINESweeper catalog for this
survey, which simultaneously compares the spec-
trum, photometry, and parallax of a star to the-
oretical models and isochrones in a full Bayesian
fitting framework (Figure 2).

2. BOSS-MINESweeper stellar parameters are vali-
dated with dedicated observations of star clusters
(Figure 3), as well as a comparison to the high-
resolution APOGEE survey (Figure 6). Our pa-
rameters perform significantly better for metal-
poor stars than the default pipelines, highlighting
the importance of our approach for halo stars (Fig-
ure 7). Although e!orts have been taken to only
release a clean subset of reliable parameters, cau-
tion must be taken when interpreting prior-driven
parameters like stellar ages.

3. A key strength of the SDSS-V halo survey is dedi-
cated targeting of the most distant and metal-poor
stars in the MW. Using the BOSS-MINESweeper

catalog, we show that the distant giant selection
is ↭ 75% e”cient at selecting stars beyond 20 kpc
(Figure 9). Furthermore, the Gaia XP-based se-
lection to identify very metal-poor stars is ↭ 70%
pure, 10→ better than a random sample of halo
stars (Figure 10).

4. We present a broad showcase of the science
that is enabled by the BOSS-MINESweeper cata-
log. This catalog is already being used to iden-
tify metal-poor stars for high-resolution follow-up
spectroscopy, leading to the discovery of some of
the most chemically peculiar stars yet known in
the Milky Way (Figure 12).

5. The all-sky nature of SDSS-V enables structures
like the Sagittarius Stream to be studied in their
entirety, enabling us to map its metallicity struc-
ture in 3D (Figures 13-15). We also chart the
alpha–abundance of Sgr stars to larger distances
than ever before, and present tentative evidence
that early–stripped Sgr debris may have belonged
to an accreted halo of the Sgr progenitor (Fig-
ure 16).

6. SDSS-V is observing one of the largest all-sky sam-
ples of field stars in the most distant rgal ↭ 50 out-
skirts of the MW (Figure 17). These stars trace
the MW’s dynamics on the largest scales, and al-
ready show evidence of the MW’s dynamical re-
sponse to the LMC (Figure 18).

7. We have re-analyzed over 100, 000 archival spectra
from the Sloan Extension for Galactic Understand-


