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Coherent sub-structure 1n (outer) halo

Gaia DR2 All Sky pictures
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HI gas around the Magellanic Clouds

The hot coro.

Image Credit:V. Belokurov, D. Erkal (Cambridge, UK). HI map: M. Putman (Columbia, US) \ A0 . 1ellinger (CMi

Gatto et al. 2013 MNRAS, 433, 2749 Neor ~ 3 X 107%cm™ Belokurov et al. 2017 MNRAS, 466,471 |



Morphology-Density Relation
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Metallicity-luminosity relationship for
dwarf galaxies 1n the Local Group.
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By _GALn
éoherent Structures 1n the outer halo
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Coherent Structures around the MCs

using BHBs
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L.et’s get into details of...

Classical dwart spheroidals



Sculptor: a textbook dwarf spheroidal galaxy
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electing largets for
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Spectroscopy
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low resolution (R~4-6k)

medium resolution (R~15-25k)

high resolution (R~30-50k)



Counts

L.ow Resolution [Fe/H] <EW of Call triplet lines
Spectroscopy
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Mass profiles: Sculptor
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Proper Motions: GAIA, HS'T

motion on plane of sky after |2 years

Massari et al. (2018) Nat.Astron.



Intermediate Resolution

Spectroscopy

Fe Mg, Si, Ti,Ca Ni, Cr,Y, Ba, La, Nd, Eu

alpha-elements
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Alpha elements: nearby galaxies

DART FLAMES results on Sextans dSph
Aoki et al. 2009
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IHigh Resolution
Fe, Mg, Si, Ti, Ca, Ni, Cr,Y, Ba, La, Nd, Eu +
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Overview of alpha in different systems

[Mg/Fe]
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verview of alpha in different systems
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Heavy Elements: Strontium & Bartum
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Strontium & Barium & Magnesium

to remove any potential pollution of Fe by the ejecta of SNla
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Heavy Elements: KEuropium
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s-process FElements
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Heavy Elements: Zinc Sculpor
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Carbon in Sculptor
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Carbon Rich Stars in classical dSph?
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Scl CEMP stars

Sculptor dSph
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Scl CEMP stars

Chiti et al. 2018
Kirby et al. + Simon et al.; Jablonka et al.
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Measuring the Timescale for Chemical
livolution in Sculptor
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. SNla start to contribute to the chemical enrichment of the Sculptor dSph
| galaxy 2| Gyr after star formation began
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Other elements with ages
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Going back to Milky Way
halo....



A dwart galaxy in the Milky Way halo?

VLT/UVES: 4800—-6800A; R = 55 000; S/N ~ 250-500.
NOT/FIES: 4700—-6400A; R = 40 000; S /N ~ 140-200.
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Halo stars near the Sun with Gaia DR2 within 2.5kpc radius of Sun
6 366 744 stars. 6D sample
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5980 halo stars (1% of sample)
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Koppelman, Helmi & Veljanoski (2018)



Colour-Magnitude Diagram

stars younger than thick disk
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lower [alpha/Fe] at same [Fe/H] than thick disk
stars formed elsewhere with lower SFR

Abundances from APOGEE
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Gala-Enceladus

: NGC0362

: NGC1851

: NGC1904

: NGC2298

: NGC4833

: w Cen

: NGC5286

: NGC6205

: NGC6341
0: NGC6779

Debris across tens of thousands of sq degrees (no overlap with SDSS structures)

Ten globular clusters (with retrograde orbits) can be associated
follow a tight age-metallicity relation

Helmi et al (2018), Nature



Back to the future...



Importance of large spectroscopic surveys

Gala
MOONS +PF=

2-D 3-D 5-D 6-D >12-D
Spectrum .

n Proper Astrophysical

Position Parallax .
motions deep parameters
R HR
Ultra-precision, . Transverse , , Ages, Z, histories,

over years Distance velocities Radial velocity astrophysics

AMES, WEAVE, 4MOST,

+ abundances

Requirements on surveys come

» from how well we need to know elemental

abundances and stellar parameters.

based on scheme in Gilmore et al. (201 3)




The WEAVE facility @ WH'T

Telescope, diameter WHT, 4.2m
Field of view 2°0
Number of fibers 960 (plate A)/940 (plate B)
Fiber size 1.3"

Number of small IFUs, size

20 x 11"x12" (1.3" spaxels)

LIFU size

1.3'x1.5" (2.6" spaxels)

Low-resolution mode resolution

5750 (3000—7500)

Low-resolution mode wavelength
coverage (A)

3660-9590 FIBRE POSITIONER

High-resolution mode resolution

21000 (13000-25000)

High-resolution mode wavelength

coverage (A)
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® Survey start Q[-Q2 2020, for 5 yrs at 70% of WHT time >m Vanessa Hill (adapted)



Galactic latitude

WEAVE-GA surveys at glance
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Galactic longitude

WEAVE ~4 million stars to unravel the MWV history !

slide from Vanessa Hill
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Galactic latitude

HR baseline survey

Targets selected from Gaia M
GDR2
g -+ [ .....==-°= - 10000 HRD
d < giants
sssasssss 2
8 """" 1000 . I
| 500 a g MSTO+
ke
5,600deg? non contiguous . E A HiREc
| I I I I | I I I I I -0.5 010 0t5 1.0 1.5 2.]0 2i5 3.0
30 60 90 120 150 180 210 240 270 300 330 Ger - Gre Age>
Galactic longitude 14
° ° 9 12
o >|06 stars in Gaia’s age sphere
N 10
Magnitude on/n Distance % Nb of stars
<M;<4 8
G<16 9% 2 kpc 28% 500,000 6
G<14 1% 0.8 kpc 11% 200,000
30
o >2.105 stars reaching out T

through the thick disc (giants)
O Incl.>5.104 halo giants

slide from Vanessa Hill



High latitude LLR survey: baseline survey

Galactic longitude

Wide-area survey:

8500 deg?, Down to r = 20-21 S

Tracers: MSTO and giants + BHB and ¢ ®| [FU s s

EMP stars (from Pristine + JPLUS) S| @ T Y

Halo: i R

~220,000 halo giants out to o o
~100kpc 3 " g
~350,000 halo MSTO to ~30kpc s
~40,000 BHB and EMP stars 0 60 9 120 150 180 210 240 270 300 330

Thick disc: ~6x105 stars (MSTO)

Pointed survey:

250 deg? with 4h/pointing
/ known streams and

6 dwarf galaxies

Down to r = 21

slide from Vanessa Hill 300 200 100 0



AMOST - 4m Multi-Object

Spectroscoplc Telescope

Current LR halo footprint: every
Wlde-ﬁeld AELURNTET D G B olldgek  RGB star with G < 20 will be
= 2.5 deg diameter FOV and 2400 fibers observed
| 2 LRand HR ¢ h ‘Radial Vel err ~ 1 -2 km/s
et 1l spectrographs . | Fe/H and alpha/Fe ~ 0.1 - 0.2 dex
. ngh throughput/ high survey eff1c1ency r
— Sta rt of operatlons in Noyff".'_ | ffber 2022 g o ......................
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