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Indus (Ship+2018)
Known to be chemically diverse 

(JI+2020, Hansen+2021)
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Sagittarius, ongoing 
(F. Sestito, Tuesday talk) Sequoia

> 10 Gyr ago
(Myeong+ 2019)

Helmi Streams
6 - 9 Gyr 

(Helmi+ 1990)

Z-component of angular momentum
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gy

•Discovered using Stars’ Galactic Origin 
(StarGO, Yuan+2018), a self-organising 
map + clustering algorithm in energy ( ), 
angular momentum ( )

E
Lx, Ly, Lz

•LMS-1 overlaps with the Helmi Streams 
and Wukong in ,  -> Are they all part 
of the same accreted dwarf galaxy?

E Lz

Monty, Matsuno & Yuan in-prep
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AnaTa Starfront Observatories

LMS-1 is the only low-mass stream with companion globular 
clusters
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Malhan+2021
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nuclear star cluster?
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Globular clusters time the r-process evolution of their hosts

Monty et al. 2024
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Globular clusters time the r-process evolution of their hosts
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2 Gyr

[Eu/ ] is a sensitive probe of star formation histories
Globular clusters can time the chemical enrichment history
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Searching for system similarities, is LMS-1 a unique system?
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Single Pop III progenitor fit to the most metal-poor LMS-1 star
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Single Pop III progenitor fit to the most metal-poor LMS-1 star

•Abundance pattern for [Fe/H] = -3.0 star modelled with Starfit (A. Heger, Monash), 
moderately massive CCSNe from his Pop III stellar library
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Gaia-Sausage-Enceladus has a unique signature in [Eu/ ]α

[ /Fe] encodes 
star formation 

history

α

[Eu/Fe] encodes information on 
rare channels and mixing 

timescales

Matsuno et al. 2021, Aguado et al. 2021Helmi et al. 2018, Tolstoy et al. 2009
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considering first generation stars only, [X/Mg]
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See D. Horta’s talk

Isochrone Fitting (Ying et al. 2023)
See also, CARMA (Massari et al. 2024)

-0.5 < [Fe/H] < 0.5
10 +/- 3 Gyr

[Fe/H] ~ 0
6 +/- 1 Gyr

[Fe/H] < -2.5
13.8 +/- 0.75 Gyr

GCs provide the most accurate age 
estimates at the earliest times
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Highly radial, plunging orbits —> 
little net angular momentum
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[Si/Fe] depletion, [Eu/Fe] 
enhancement 
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Bonus: [Eu/Si] could be used to perform Extra-galactic Archaeology

Sakari et al. 2015Monty+ 2024
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Bonus: [Eu/Si] could be used to perform Extra-galactic Archaeology

Most likely in-situ GC which formed 
alongside M31

Sakari et al. 2015Monty+ 2024


