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How does the Milky Way look like?

Eloiea Poggio WST Workehop: “Surveying the Universe in the 2040°e and beyond” 10-12/03/2025




Three-dimensional structure

Face-on view: ~ 0 Edge-on view:

Credite: ESA/Baia/DPAC, Stefan Payne-Wardenaar
Artigt impresgion baged on data from ESA’e Gaia space telescope
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Three-dimensional structure

Known etreame and overdengitieq in the gtellar halo:

0:VOD/VSS 1:Monoceros 2:EBS 3: Her-Aq 4: PAndAS 5: Tri-And 6: Tri-And2 7: PiscesOv 8: EriPhe

9: Phoenix 10: WG1 11: WG2 12: WG3 13: WG4 14: Acheron 15: Cocytos 16: Lethe 17: Styx
18:ACS 19: Pal15 20: Eridanus 21:Tucanallll 22: Indus 23: Jhelum 24: Ravi 25:Chenab 26: Elqui
27:AligaUma 28: Turbio 29: Willka Yaku  30: Turranburra 31:Wambelong 32:Palca 33: Jet 34: Gaia-1 35: Gaia-2
36: Gaia-3 37: Gaia-4 38: Gaia-5 39:PS1-A 40: PS1-B 41:PS1-C 42:PS1-D 43:PS1-E 44: ATLAS
45: Ophiucus 46: Sangarius 47:Scamander 48: Corvus 50:Sgr-L10 51: Orphan 52:Pals 53:GD-1 54: Tri/Pis
55:NGC5466 56: Alpheus 57: Hermus 58: Hyllus 59: Cetus 60: Kwando 61: Molonglo  62: Murrumbidgee 63: Orinoco
64:Phlegethon  65: Slidr 66: Sylgr 67: Yigr 68: Fimbulthul 69: Svol 70: Fjorm 71:Gjoll 72: Leiptr

537707"—--_\”—-‘.;

6A”

’_'_6957 A5 <

o/ + % s58
/ 4
" i
l

Distance (kpc)

Helmi (2020), baged on the Galstreame package by Mateu et al. (2018)

Credite: Eg/a/ DO, Stefan Payne-Wardenaar
Artigt impresgion baged on data from ESA’e Gaia epace telescope
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The Qalactic disc
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Spiral structure

Credite: ESA/Baia/DPAC, Stefan Payne-Wardenaar
Artigt impresgion baged on data from ESA’e Gaia space telescope
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Galactic spiral st

ructure

Hll regiong Hl dengity Magerg

Georgelin & Georgelin (1976)
See also: Taylor & Cordeg (1993) . "8
Bland-Hawthorn & Maloney (2002) -

Levine et al. (2006)
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Galactic spiral structure

= Taylor & Cordes (1993)

Galactic center
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Mapping the spiral structure with Gaia

Young gtellar populationg —P | Sacc nd Da Eun Kang
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Bood agreement with the distribution of young Open Clusterg from
Cantat-Gaudint2020, Hunt+2023, Cavallo+2024
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Mappmg the splral structure wn‘h Gala

Young stellar populationg ===l ‘[
\

Comparigon with previous modelg:

Levine et al. (2006), Arm n.2
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Splral structure baged on  Cepheids

Clagsical Cepheide: the archetype of the standard candle
(gee for example Ripepi+2019, [nno+2021, Bono+2024 and others)
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Levine et al. (2006)  Taylor & Cordeg (1993) Reid model (2019)
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Credite: ESA/Baia/DPAC, Stefan Payne-Wardenaar
Artigt impresgion baged on data from ESA’e Gaia space telescope
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Skowront+2019,
gee algo Ripepi+2019, Dehnent2023, Cabrera-Gadeat2024

Red Clump stars (Khanna+2024, this work)
Red Clump stars (Uppal+2023)

Red Clump stars (Lopez-Corredoira+2002)
Gaia DR2/APOGEE (Cheng+2020)

Young giants (Poggio+2024)

Cepheids (Chen+2019)

Warp amplitude (kpc)
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How does the Milky Way evolve?
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 The perturbed Milky Way
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Interaction with eatellite galaxies: Radial migration (Sellwood & Binney, 2002):

. Blurring: perturbationg -> increage epicycleg (orbital
heating

2. Churning: non-axisymmetric featureg -> change in the
mean orbital radiug

Combined effect of churning and blurring:

ORMS — 3.6 kpC

T = 0.5 Gyr
7=1.0 Gyr
T =2.0 Gyr

- 7=0.5 Gyr
7=1.0 Gyr
7= 2.0 Gyr
7= 0.5 Gyr
7= 1.0 Gyr
7=2.0 Gyr

o .. Ry =12 kpc

125 15.0 17.5

Frankel+2018
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The radlal metalllcn‘g gradlem‘
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Giant gtarg, low-alpha sequence
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( See aleo Hayden+2015, Gaia Collaboration, Recio-Blanco et al. (2023)
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Chemucal azumuthal varlaﬂons observaﬂons
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Chemical azimuthal variations: observations
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Baia DR3 GSP-gpec data: Baia DR3 GSP-gpec data:
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Qee aleo Hackshaw et al. (2023), Barbillon et al (2023)
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ng: theory
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Summary

Three-dimengional structure of the Milky Way:
-+ bar: orientation angle between 20%nd 30°, unknown length (long vs. short bar seenariog), bar/epiral arme connection

- gpiral structure: no congensug on the geometry, number and location the gpiral arms. Obgervationg baged on Gaia show that

the local arm ig longer than previously ’rhough]L and the Dergeug arm hag a more open geometry (i.e. pitch angle) than suggested
from Reid+2019, gimilar to Levine+200

- warp: amplitude of the young etellar populations (Cepheids, young giante) well constrained. The structure ig more uncertain for
older stellar populationg (e.q. red clump starg)

Chemo-kinematics of the Galactic dige:

- kinematics: great wealth of kinematic features, including vertical asymmetries, moving groups, ridges, the Gaia phage-gpace
gpiral, warp precesgion, waveg propagating through the Galactic disc

- chemical can‘ograph% radial metallicity gradient mapped using different stellar populations, metallicity azimuthal variations up
to O.l dex, which might be due to gpiral armg/bar/radial migration induced by gatelliteg

WST can make a fundamental contribution to our understanding

of the physical processes driving Galactic evolution

WST Workshop: “Surveying the Univerge in the 2040°s and beyond

Eloiea Poggio 10-12/03/2025



