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Dark Matter

• From the stellar motion near the Sun, the 
mass needed to provide the gravity is more 
than the observed mass.

• The missing mass problem
• The rotation curves
• The gravitational lens 
• Dark Matter Candidates: Neutrino, Axions





The Warped Galaxies

• About 1/3 to half of the disc galaxies are 
warped

• Our Galaxy, the Milky Way, is warped
• M31 is warped
• Sancisi (1976): four of a sample of five 

edge-on galaxies have warped disc,
• Three of them are isolated







How could warps form ?

• Lynden-Bell (1965):  small difference between the 
angular momentum vector and the galaxy’s 
symmetry axis

• Hunter & Toomre (1969):  treated as an eigen
value problem.  For the real galaxies, the only 
discrete normal mode is the trivial mode: a tilt in 
the plane of the whole disc

• Toomre (1983), Dekel & Shlosman (1983): the 
trivial discrete normal mode can become non-
trivial if there is a dark halo.



The Normal Mode

Sparke & Casertano (1988): assuming a fixed 
flattened dark halo, they use normal modes 
to fit the shape of galaxies, say, NGC 4013 

Nelson & Tremaine (1995): using analytic 
perturbation theory to study the energy 
transfer between warp & dark halo. They 
claimed the warp shall decay.  



Binney, Jiang & Dutta (1998) 

• Using N-body simulations to study the 
effects of the live halo

• In fact, the disc-disc, disc-halo, halo-halo 
interactions are all considered 

• The goal is to study the fate of normal mode
• We reproduce the normal mode when we 

fix the halo particles (thus halo potential) 















Jiang & Binney (1999)

• The net angular-momentum vector of a 
galactic dark halo must significantly shift its 
direction every Hubble time

• There are secondary cosmic infall to re-
orientate the angular momentum

• We show that this cosmic infall could 
produce warps if massive & gentle 







Jiang & Binney (2000)

• The Sgr Dwarf Galaxy, only 20 kpc from the 
Galactic Center (Ibata et al. 1994)

• The current mass is about 10^9 Solar Mass
• The current orbital period is 0.76 Gyr
• The stars of Sgr Dwarf Galaxy are older than 10 

Gyrs old
• It shall have dissolved
• Zhao (1998): encountered with LMC ? 
• Ibata & Lewis (1998) disagreed 
• We consider Dynamical Friction & Mass Lost















Modified Newtonian Dynamics 
(MOND)

• F = μ(x)  m  a,   x=a/a_o,   a_o= c H_o
• Newtonian Dynamics ～ General Relativity
• MOND ～ TeVeS ? 
• Without Dark Matter, MOND has the 

ability to  fit  the Rotation Curves
• A lot more needs to be done to check 

whether MOND is compatible with 
observations of CMB, large-scale structure



Brada & Milgrom (2000)             

• Using MOND & there is no dark halo
• An exponential disk  &  a constant external    

field
• The external field represents the purturber: 

satellite galaxy etc.
• Calculating some orbits of test particles
• They claim the warp can be produced



The Conclusions

• Our results on warps are consistent with that there 
are more warps for high red-shift galaxies

• The effect of a live halo is important for study of 
galactic dynamics

• We propose a natural possible orbit for the Sgr
Dwarf Galaxy  

• MOND is interesting, still attractive, but need a lot 
of observational tests, say, warped shapes, galactic 
structures, dynamics 
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