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Flat Rational Curves





Mass Discrepancy-Acceleration Relation

B. Famaey & S.S McGaugh, Living Rev., 15, 10 (2012)
S.S McGaugh, APJ, 609, 652 (2004)



¾ 135 galaxies from SPARC database with high-quality HI 
rotation curves and Spitzer surface photometry.
¾ Dynamical surface density can be calculated from HI 

rotation curves by

¾ Stellar surface density can be estimated from the near-IR 
surface brightness.



Mass Discrepancy in Surface Density

F. Lelli et. al., APJL, 827, L19 (2016)





Elliptical Galaxies?







Mass Discrepancy-Acceleration Relation
in Elliptical Galaxies

Yong Tian & Chung-Ming Ko (2017) in prep.



Yong Tian & Chung-Ming Ko (2017) in prep.

Surface Density Discrepancy
in Elliptical Galaxies



Radial Acceleration Relation

Yong Tian & Chung-Ming Ko (2017) in prep.



Surface Density Discrepancy in 
Modified Newtonian Dynamics

¾Modified Newtonian Dynamics (MOND)

¾ The surface density 

¾In MOND,  the criterion is
¾High-Surface-Density galaxies are as Σ > Σ0

¾Low-Surface-Density galaxies are as Σ < Σ0

Sanders & McGaugh, ARAA (2002)

Milgrom, ApJ (1983)



Mass Discrepancy-Acceleration Relation
in Elliptical Galaxies

Yong Tian & Chung-Ming Ko (2017) in prep.



Surface Density Discrepancy
in Elliptical Galaxies

Yong Tian & Chung-Ming Ko (2017) in prep.



ΛCDM

Ludlow et al., PRL, 2017

• Semi-empirical 
models (Navarro 
et al. 2016)

• Hydro-dynamical 
simulations (Wu 
& Kroupa 2015; 
Ludlow et al. 2017)

Navarro et al. 2016 (arXiv:1612.06239)



Summary

¾Mass Acceleration-Discrepancy Relation (MDAR) 
and Surface Density Discrepancy in Elliptical 
galaxies is consistency with the result in the spiral 
galaxies.
¾MDAR and Surface Density Discrepancy can be 

explained in MOND and ΛCDM.






