Homogeneous abundances in the LMS-1 dwarf galaxy
stream and its globular clusters NGC 5024 & NGC 5053

~ Stephanie Monty (Institute of Astronomy, Cambridge, Sm2744@cam.ac.uk)

Primarily In Collaboration with:
Tadafumi Matsuno (University of Heidelberg), Zhen Yuan (Nanjing University) and Vasily Belokurov (Cambridge)



mailto:sm2744@cam.ac.uk

2 ANATOMY OF THE MILKY WAY

Bulge

lobular clusters

Disc

\ Stellar halo

sun Sun B
www.esa.int European Space Agency .




2 ANATOMY OF THE MILKY WAY

Bulge

Disc

\ Stellar halo

Sun ST
www.esa.int European Space Agency .




2 ANATOMY OF THE MILKY WAY

Bulge

Sun ST
www.esa.int . .




2 ANATOMY OF THE MILKY WAY

Bulge

\ Stellar halo

Sun -

www.esa.int A

In-situ = formed insi;ie the R
Milky Way r‘.:":'. '




2 ANATOMY OF THE MILKY WAY

Bulge

Sun

Sun '1 ,°,},“
, T - Agency i
[n-situ = formed inside the = .%at:

Milky Way

www.esa.int




2 ANATOMY OF THE MILKY WAY

Sun

www.esa.int

Accreted = formed outside ©S@a

the Milky Way
Bulge

Sun
-~ Agency

In-situ = formed inside the

Milky Way R




Time

Accreted = formed outside ©S@a
the Milky Way

Bulge

Sun

T Agency
In-situ = formed inside the

Milky Way




The Galactic halo has a memory:
energy and angular momentum are constants under certain assumptions
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6D Phase Space information - (x, y, x, v,, v, V,)
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The Galactic halo has a memory:
energy and angular momentum are constants under certain assumptions

6D Phase Space information - (x, y, x, v,, v, V,)
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The Galactic halo has a memory: chemistry separates in-situ

and accreted stars
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The Galactic halo has a memory: chemistry separates in-situ

and accreted stars

¢ ¢ [Mg/Mn] < 0.12
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The Galactic halo has a memory: chemistry separates in-situ
and accreted stars
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The search for stellar streams in the era of Gaia
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The search for stellar streams in the era of Gaia
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The search for stellar streams in the era of Gaia
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The search for stellar streams in the era of Gaia
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The search for stellar streams in the era of Gaia
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The search for stellar streams in the era of Gaia
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Low-mass stellar-debris stream (LMS-1) system discovery
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Low-mass stellar-debris stream (LMS-1) system discovery
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Low-mass stellar-debris stream (LMS-1) system discovery

Sagittarius, ongoing
(E. Sestito, Tuesday talk)
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Low-mass stellar-debris stream (LMS-1) system discovery
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LMS-1 is the only low-mass stream with companion globular
clusters

LMS-1 stars NGC5053 orbit | . N
- = | MS-1 orbit * NGC5024
— NGC5024 orbit Sﬁ? NGC5053

Malhan+2021 AnaTa Starfront Observatories



LMS-1 is the only low-mass stream with companion globular
clusters

L
.'."'o.’ ‘ - :
B L e - s
_" .é_"}"- '
'..'.‘ ';."\:-,.?? s
..

LMS-1 stars NGC5053 orbit | . N
- = | MS-1 orbit * NGC5024
— NGC5024 orbit * NGC5053

Malhan+2021 AnaTa Starfront Observatories



LMS-1 is the only low-mass stream with companion globular
clusters

‘-'A" ﬁ', b R
: ‘j‘ '.}:.,Tf" '

LMS-1 stars NGC5053 orbit | . N
- = | MS-1 orbit * NGC5024
— NGC5024 orbit Sﬁ? NGC5053

e EEsty nuclear star cluster? L

Malhan+2021 AnaTa Starfront Observatories



LMS-1 is the only low-mass stream with companion globular
clusters

e ® - NGC5053

. o -
- . e
- « %o 18
Shaghy o
L e ' >
S RS .
. ., vie é"}o- A
o e L MMEERRSYL T
s we B SIPRE e o
) H .{..,.',v,l.- .
b -.. o - ‘u.
A -

LMS-1 stars NGC5053 orbit | . N
- = | MS-1 orbit * NGC5024
— NGC5024 orbit Sﬁ? NGC5053

e EEsty nuclear star cluster? L

Malhan+2021 AnaTa Starfront Observatories



LMS-1 is the only low-mass stream with companion globular
clusters

e @ NGC5053

LMS-1 stars NGC5053 orbit | . N
- = | MS-1 orbit * NGC5024
— NGC5024 orbit Sﬁ? NGC5053

e EEsty nuclear star cluster? L

Malhan+2021 AnaTa Starfront Observatories



LMS-1 is the only low-mass stream with companion globular
clusters

e @ NGC5053

LMS-1 stars NGC5053 orbit .
- = | MS-1 orbit * NGC5024
- NGC5024 orbit iﬁ? NGC5053

e NGC5024,
e EEsty nuclear star cluster? L

Malhan+2021 AnaTa Starfront Observatories



How similar are the clusters to the stream?

Difference between LMS-1 and the two GCs,
considering first generation stars only
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How similar are the clusters to the stream?

Difference between LMS-1 and the two GCs,
considering first generation stars only
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LMS-1 continues the trend of agreement between GCs and their hosts!
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3 Chemicél abundance results: a visibly large spread in Ba
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Chemical Abundance Results: Unique Stars & Open Questions

LMS-1 cluster, NGC 5053, [Fe/H] = -2.17!
working on an age estimate to time
appearance of Ba and Eu
(0.2 Gyr relative age precision)

e Abundance pattern for [Fe/H] = -3.0 star modelled with Starfit (A. Heger, Monash),
moderately massive CCSNe from his Pop III stellar library

e Ba and Eu appear at [Fe/H] = -2.15, onset of s-process, or r-process event?
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Chemical Abundance Results: GCs vs. dGal

Difference between LMS-1 and the two GCs,
considering first generation stars only, [X/Mg]
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What do GCs provide that field stars do not?

Label Transfer (Mackereth et al 2019)
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B Bonus[Eu/ Si].could be used to perform Extra-galactic Archaeology
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