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Introduction
1. Research Background: Understanding the chemical evolution of galaxies is key to uncovering their history. 
The Milky Way, with its rich data, is ideal for studying these processes. Stars in the Milky Way show a bimodal 
distribution in [α/Fe] vs [Fe/H], revealing high-α and low-α sequences tied to different star formation histories. 

2. Research Significance: Understanding the hiatus between high-α and low-α sequences is crucial. This study 
explores the impact of dwarf galaxy accretion on the Milky Way. Using APOGEE DR17 data to refine models 
provides insights into our galaxy's evolution.  

• Star Formation Hiatus: Clarifying this period helps define the Milky Way's timeline. 
• Chemical Enrichment: Studying accreted dwarf galaxies enhances our understanding  
                                     of the Milky Way's composition. 
• Model Validation: Refining models with data ensures accuracy in representing  
                              galactic processes.



Introduction
The Two-Infall Model（E. Spitoni et al.2019） 

This model explains the Milky Way's chemical evolution through two gas accretion events.  
• The 1st-infall formed the thick disc and high-α stars. 

    Core-Collapse Supernovae (CC-SNe) 

                            α- elements(e.g. O, Mg, Si) 
• Hiatus - the star formation rates decrease significantly. 
        Type Ia SNe        Time-delay 
• The 2nd-infall latser formed the thin disc and low-α stars. 

                    Type Ia SNe 

                             
                            Fe 
              Clarifying the chemical bimodality.

C. Chiappini et al. 1997
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Data 
The APOGEE DR17 data sample 

astroNN catalogue(Leung & Bovy 2019) 

Signal-to-noise ratio (S /N ) > 80
A logarithm of surface gravity log g < 3.5
Galactocentric distances enclosed between 7 and 9 kpc
Vertical heights |z| < 2 kpc                   

                      Bimodality



Data 
The APOGEE DR17 data sample 

astroNN catalogue(Leung & Bovy 2019) 

• Stars on the high-α sequence are likely to  
have migrated from the inner Galactic regions,  
indicated by small guiding radii and large eccentricities. 

• The thick and thin discs are formed sequentially. 



Data 
The APOGEE DR17 data sample 

astroNN catalogue(Leung & Bovy 2019) 

The birth radii 

The gradient of metallicity, at birth, remains linear.

In the low-α sequence,  
two clumps,  
Ratcliffe et al. (2023) suggested that they could  
correlate with the triggered star formation due to  
the pericentric passages of Sagittarius galaxy. 



Chemical evolution models 
The two-infall model for the MW disc components 

The functional form of the adopted gas infall rate is:                                         

     Thigh, Tlow: the timescales of the two distinct gas infall episodes.
               θ: The Heaviside step function.
    Xi: the abundance by mass unit of the element i.
    A and B: obtained by imposing a fit to the observed current. 
                   total surface mass density in the solar neighbourhood.

Initial stellar mass function (IMF)
Scalo (1986) constant in time and space.

Star formation rates:



Chemical evolution models 
The chemical evolution model for a massive dwarf galaxy 

• A "typical" dwarf galaxy that can be accreted after an evolutionary 
time of 1.3 Gyr (12.5 Gyr ago).
• An infall time-scale of 0.24 Gyr.
• The SFE = 0.42 Gyr−1 (Vincenzo et al. 2019)

A galactic wind proportional to the SFR:
    Kennicutt (1998)

                                       



Results
Comparison with APOGEE DR17 data 

• The late accretion of pristine gas produced a dilution 
    of the chemical abundances of the metals thus 
    producing an almost constant [α/Fe] ratio and 
    a decreasing [Fe/H].

• The CC-SNe induce a sharp increase of 
    the [α/Fe] ratio.

• Type Ia SNe: a decrease and a shift towards 
    higher metallicities.



Results
Signatures of the SF hiatus in the predicted  
abundance ratios 

These trends are in agreement with the findings 
from APOGEE DR17 data.



Results
Counting of the stars throughout the high- and low-α sequences 

The chemical evolution model reproduces remarkably well this chemical dissection of the disc.

The "almost" horizontal phase

    — a negligible number of stars.

The effect of dilution by gas infall 
strongly depressed star formation.



Conclusions
Effectiveness of the Two-Infall Model:
• The two-infall model effectively explains the chemical composition and evolution of thick and thin disc 

stars in the Milky Way. 
• The two gas-infall events and subsequent star formation activities are crucial to the galaxy's chemical 

evolution.
Variation in α-Elements and Metal Abundances:
• Core-collapse supernovae (CC-SNe) rapidly increase the abundance of α-elements in the early stages, 

leading to a temporary rise in the [α/Fe] ratio. 
• Type Ia supernovae increase the metal abundance, balancing the [α/Fe] ratio.

Impact of the Hiatus Period:
• The hiatus period between the two infall events results in a significant decrease in the star formation rate. 
• The hiatus explains the bimodality of α-elements.

Influence of External Galaxies:
• The pericentric passages of the Sagittarius dwarf galaxy significantly impact the star formation history of 

the Milky Way, especially within the low-α sequence stellar populations.


