
    
      Table 1. 

      Parameters of Fornax, its GCs, the MW, and the observing frame.

      
        

	Parameter
	Value
	Note





	Fornax



	




	Heliocentric distance
	143 kpc
	(1)



	Angular scale
	24′/kpc, 2.5 kpc/°
	



	Stellar mass
	3×107 M⊙
	(2)



	Right ascension
	2h39m50.9s
	(3)



	Declination
	−34°30′54″
	(3)



	Sérsic index
	0.8
	(3)



	Effective radius
	0.75 kpc
	(3)



	Heliocentric proper motion μαcos(δ)
	0.381 mas yr−1
	(4)



	Heliocentric proper motion μδ
	−0.358 mas yr−1
	(4)



	Heliocentric radial velocity
	55.3 km s−1
	(5)



	




	GCs of Fornax



	




	Names
	Fornax(1, 2, 3, 4, 5)
	



	Stellar masses
	(0.4, 1.5, 5.0, 0.8, 1.9) ×105 M⊙
	(6)



	Projected distances
	(1.67, 0.93, 0.64, 0.15, 1.65) kpc
	(7)



	




	Milky Way



	




	Stellar mass
	6×1010 M⊙
	(8)



	




	Observing frame



	




	Galactic center position
	[8.27, 0, 0] kpc
	(9)



	Galactic center velocity
	[−9.3, −251.5, −8.59] km s−1
	(9)





      

      
Notes. (1) Oakes et al. (2022). (2) Intermediate value between McConnachie (2012) (stellar mass obtained from the V-band luminosity by assuming the mass-to-light ratio of one) and de Boer et al. (2012) (from a stellar populations synthesis model). (3) Sample S0 of Yang et al. (2022), effective radius converted from the provided Sérsic radius. (4) Battaglia et al. (2022). (5) McConnachie (2012). (6) de Boer & Fraser (2016). (7) Calculated from the coordinates of the GCs by Mackey & Gilmore (2003) and the coordinates and distance of Fornax given above. The distances differ from those given by Mackey & Gilmore (2003) because a different center of Fornax is used. (8) Zhao et al. (2013). (9) GRAVITY Collaboration (2022), Gaia Collaboration (2023). Cartesian coordinates with the center at position of the Sun assumed. The x-axis points toward the Galactic center, the y-axis in the direction of the motion of the Sun, and the z-axis forms a right-handed coordinate system with the other two axes.



    

  
    
      Fig. 1. 
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        Separation of Fornax and the MW as a function of the lookback time. We indicate the time of the MW-M 31 flyby (Banik et al. 2018) that we assume ejected the material forming Fornax. We also indicate our assumed moment of the formation of Fornax, which is the starting point of our simulations, just as the times of the two recent observed peaks of star formation in Fornax (Rusakov et al. 2021). The orbit of Fornax was not tuned to have apocenters at the observed starbursts peaks.

      

    

  
    
      Fig. 2. 

      
        [image: thumbnail]
      

      
        Internal and external gravitational accelerations in Fornax. The black curve indicates the profile of internal acceleration of Fornax calculated as if it were isolated. The horizontal band indicates the range of the external acceleration experienced by Fornax as it orbits the MW.

      

    

  
    
      Fig. 3. 
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        Spatially resolved star formation history of Fornax. The data come from de Boer et al. (2012). The color indicates the star formation rate in the given radial and age bin. Each radial bin contains an almost equal number of stars. The edges of the radial bins are marked by the short red lines. The vertical dotted line marks the effective radius of the galaxy, the horizontal full line the assumed time of the MW-M 31 flyby (Banik et al. 2018), when the material of Fornax left the MW in our scenario.

      

    

  
    
      Table 2. 

      Computational parameters of PoR used in the main set of simulations (Sects. 3 and 4).

      
        

	Parameter
	Value





	levelmin
	5



	levelmax
	21



	boxlen
	409.6 kpc



	mass_sph
	1 M⊙



	m_refine
	16000 M⊙



	Maximum resolution
	0.2 pc





      

    

  
    
      Fig. 5. 
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        Comparison of the simulated and observed line-of-sight velocity dispersion profiles of Fornax. The unreliable observational data points are indicated by the fainter color.

      

    

  
    
      Fig. 6. 
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        Comparison of the simulated and observed distributions of the projected distances of the GCs of Fornax. The blue histograms are constructed from all the simulated GCs. In orange histograms, we excluded the circular trajectories with initial radii over 3 kpc, to take into account the theoretical considerations from Sect. 2.4. The red stars mark the projected distances of the observed GCs. Indicated are the p-values of the KS test of the null hypothesis that the simulated and observed distributions are the same. For the circular orbits, the p-values are calculated for the restricted initial radius. A value below 0.05 means inconsistency.

      

    

  
    
      Fig. 7. 
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        Simulated Fornax develops a stellar halo similar to the real Fornax. The so-called “halo” of Fornax (Yang et al. 2022) is the excess of stars in the outer part of the galaxy with respect to a simple Sésics fit (red dotted line). The whole profile is described well by a sum of two Sésic profiles (full red line). The simulated Fornax is initially described by a simple Sésic profile (black dotted line), but eventually develops a profile with a “halo” (full black line) like the real galaxy has.

      

    

  
    
      Fig. 8. 
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        Induction of substructure in Fornax by a massive GC. Top: contours of surface density. The cross indicates the barycenter of the galaxy. The dot indicates the position of the GC. Bottom: ratio of the current surface density to that at the beginning of the simulation. The figure represents a view along a line perpendicular to the orbital plane of the GC. Views of the perturbation from other lines of sight are provided in Appendix D.

      

    

  
    
      Fig. 10. 
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        MOND predicts the lopsided and ovoidal isophotes of satellite galaxies. The figure shows the surface brightness of Fornax in our simulation projected to the orbital plane in the moment of pericenter. The absolute magnitude of the Sun in the V band was assumed to be 4.83 mag (Binney & Merrifield 1998). The red dot indicates the barycenter. The MW is to the right.

      

    

  
    
      Table 4. 

      Parameters of the disky Fornax in the simulation of tidal stirring.

      
        

	Parameter
	Value
	Note





	Scale length
	0.75 kpc
	(1)



	Scale height
	0.23 kpc
	(2)



	Truncation radius
	60 kpc
	



	Toomre Q
	2
	(3)





      

      
Notes. (1) Radial density profile is an exponential disk. (2) Vertical density profile is the sech2 profile with a constant scale height. (3) A fixed value of Toomre Q was used across the disk.



    

  
    
      Fig. 11. 
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        Transformation of rotating disky Fornax into a nonrotating spheroidal via tidal stirring. Top row: beginning of the simulation. Bottom row: After 6 Gyr. Left column: Surface density maps. The marked isophotes enclose 50% and 80% of the mass of the resulting object. Middle column: maps of average line-of-sight velocity. Right column: Maps of the on-sky tangential velocity. All maps are views from the center of the MW. Fornax moves to the right. The bar in the lower left panel indicates one degree on the sky.

      

    

  
    
      Fig. A.1. 
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        Test of conservation of angular momentum in different simulations. (a) Resolved GC orbiting initially on a circular orbit with a radius of 10 kpc. (b) The same for point-mass GC. (c) Point mass GC orbiting initially on a circular orbit with a radius of 1 kpc. (d) Two models of Fornax initailly orbiting each other on circular trajectories with a relative separation of 10 kpc. (e) As in panel (c), but in addition the Fornax with the GC orbit a static MW. (f) Disky Fornax orbits a static MW in the simulation of tidal stirring (Sect. 6).

      

    

  
    
      Fig. B.1. 
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        Demonstration that the sinking time of GCs is, on average, not influenced much by the presence of the other GCs.

      

    

  
    
      Table C.1. 

      Influence of the uncertainty of the orbit of Fornax.

      
        

	Parameter
	Value





	Pericenter [kpc]
	72±6



	Apocenter [kpc]
	153±3



	gext,peri / a0
	0.13±0.01



	gext,apo / a0
	0.058±0.001



	Min tidal radius [kpc]
	2.1±0.2



	Max tidal radius [kpc]
	4.54±0.08



	Last pericenter [Gyr ago]
	1.77±0.08



	2nd last pericenter [Gyr ago]
	4.6±0.2



	3rd last pericenter [Gyr ago]
	7.4±0.3



	3rd last apocenter [Gyr ago]
	6.0±0.2





      

    

  
    
      Fig. D.1. 
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        The “shell” in the simulated Fornax (Sect. 5.4) seen along different axes of the simulation.
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