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1. Introduction
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Galactic 
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the trailing one lays 
in the southern part 
of it.
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2. Dataset



Sagittarius - Velocity space: Observations from Ibata et al. (2020) ApJL 891 
L19, a full 6D map of the Sagittarius stellar stream, reduced from Gaia DR2. 

Line of sight velocity Proper motions
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Sagittarius - Velocity space: Observations from Ibata et al. (2020) ApJL 891 
L19, a full 6D map of the Sagittarius stellar stream, reduced from Gaia DR2.

Line of sight velocity Proper motions

Sagittarius - Configuration space: galactocentric X and Z coordinates and the 
galactocentric distance as a function of Λ of RR Lyrae stars.

GD-1 - 5D space: Longitude, latitude, proper motions, and heliocentric radial 
velocity, parameterized as polynomials as well. Ibata et al. (2020) ApJ 891 161.



3. Modelling 
methodology



The stellar streams serve as tracers of the gravitational potential of the Galaxy. 
In some cases they reach scales beyond the Galactic disk.
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The stellar streams serve as tracers of the gravitational potential of the Galaxy. 
In some cases they reach scales beyond the Galactic disk.

How do we model them?

N-body simulations

Spray methods

Spray method: IC generator of stars whose orbits are integrated into the joint 
potential of the satellite and host galaxy. (Gibbons et al. 2014)

Orbit of the progenitor Cold
streams
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to test analytical or semi-analytical models of gravitational potentials.
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The spray algorithms consume fewer resources than a simulation and allow us 
to test analytical or semi-analytical models of gravitational potentials.

Recipe to generate stellar streams using a spray algorithm:
1. Define the gravitational potential of the host.

2. Set the IC of the progenitor.

3. Integrate the orbit of the progenitor backward in time.

4. Define the gravitational potential of the progenitor.

5. Evolve the progenitor in its orbit forward in time, ejecting stars from the 
L1 and L2 Lagrange points of the satellite.

6. Integrate the stars' orbits in the joint potential of the host and satellite.



We modeled the Lagrange 
points as located at a radial 
distance rt, whose model 
follows the one from Gajda & 
Łokas (2016).



4. Gravitational 
potentials



Modeling of the Milky Way (for Sagittarius and GD-1):
● Bulge: Plummer sphere (Pouliasis, E. et al. 2017)
● Thin and thick disks: Miyamoto-Nagai disks (Pouliasis, E. et al. 2017)
● Halo: self-gravitating system of neutral fermions (RAR model, Argüelles et al. 

2018)
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2018)

Modeling of the Sagittarius galaxy:
● Baryons: Plummer sphere
● Halo: RAR model

The gravitational attraction of the 
satellite is needed to correctly 
reproduce the stellar stream 
(Gibbons et al. 2014).
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Enclosed mass

Metric potential

Cut-off variable

Degeneracy variable

Temperature variable

4 free parameters: m, θ₀, W₀ and β₀

M(0) = 0, 
ν(0) = 0, 
θ(0) = θ₀, 

W(0) = W₀, 
β(0) = β₀

We defined 2 models for the Sagittarius case:
● RAR 1: Becerra-Vergara, E. A. et al. (2020) 

(m = 56 keV).
● RAR 3: W₀ = 2θ₀, m = 20 keV.

We defined 1 model for the GD-1 case:
● RAR: m = 56 keV.





5. Results



We will see just the RAR 1 and RAR 3 results.

XZ plane

Sagittarius



Galactocentric distance vs. Λ Sagittarius



Proper motion Λ vs. Λ Sagittarius



Proper motion B vs. Λ Sagittarius



Line of sight velocity vs. Λ Sagittarius



GD-1Stream fits in observable space



GD-1

Modeled and 
observed 

projected orbit 
in the sky

Redshift z, right 
ascension α, and 
declination δ as 

a function
of time epoch



GD-1

Circular rotation curves for RAR and 
NFW, both fitting GD-1, contrasted 

against observables

Density profiles for different DM 
masses. They simultaneously fit the 

GD-1 stream and the DM core

NFW: Malhan & Ibata 
(2019)



6. Conclusions



● The RAR 3 model seems to achieve better results than the RAR 1 but 
neither of them can’t fit the entire leading tail in the velocity space.

● It is well known that it is not possible to fit the Sgr stellar stream under a 
spherical symmetric dark matter halo (Helmi 2004; Johnston et al. 2005;
Law & Majewski 2010).

there is a way out
Large Magellanic Cloud

Sagittarius
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GD-1
● The fermionic core-halo distribution allows to fit simultaneously the GD-1 

stellar stream at ~ 10 kpc scale and the orbit of the S2 star at ~ 1 mpc scale.
● The total mass and virial radius of the Galaxy agree very well with 

estimations derived from Gaia DR3.


