
‘back’ to physics



Approach: GR+Mag-Hydrodynamics

• Einstein equations
– Generalized Harmonic formulation:
– Constraints :   
– Einstein eqns:
– Expressed in terms of gab ; Ha from stationary solution.

• GRHydro: Eqns determined by:

– Expressed in terms of conservative variables, (use of HRSC)
e.g of simple eqn of state: 

– Tabulated, piece-wise polytropes, etc.
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In explicit form
• ‘Extended’ ideal MHD equations

• Terms added for :
• Divergence cleaning ( cr , ch )

• Ensure strong hyperbolicity even if    
no div cleaning used.

• if no added field, ‘eight’ wave 
formulation. (but has sources with 
derivatives)



Example 1: Electrovac (GR+EM) (e.g. plasmas)

• Einstein equations
– Generalized Harmonic formulation:
– Constraints :   
– Einstein eqns:
– Expressed in terms of gab ; Ha (some ‘good’ prescription needed!)

• Maxwell equations: (no currents)
– Extended div. cleaning formulation:
– Expressed in terms of Ei,Bi,f,y

– Currents? Charges? … e.g. force-free
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• Even simpler, GR + scalar field (real or complex: e.g. axions)



Alternate compact object: Boson Star

•





Beyond GR ?



Beyond GR I?
• Restricting to theories known to allow for well-posed problems. 

I.e. those where one can show 
• Few options known to be amenable to well defined initial 

(boundary) value problems. Examples: Scalar-Vector-Tensor 
theories.  
Scalar-Tensor  (ST)  {many incarnations}



• Scalar tensor



What’s new? : ‘phase’ transitions
• A non-trivial solution can develop for sufficiently 

dense objects and the asymptotic boundary condition on
[Damour-Esposito-Farese ‘96]

• In ‘gravitational terms’ the scalar field endows stars with 
a ‘scalar charge’ that introduces several effects:
– Newtonian constant is renormalized Ge ~ G (1+a1 a2)

– Dipolar radiation 



NSNS- but now in ST

• Dynamical/induced scalarization non-
monotonicity of scalar charges! –pressure on 
parameterized deviations--



What else? (just some examples to discuss, not 
exhaustive at all!)

• Beyond ScalarTensor, and a EMD theory, no full IMR for compact 
binaries done [extensions to GR]

• Beyond boson stars (and neutron stars) no full IMR compact 
binaries done [beyond BHs]

Is this really all?
• Slowly rotating BHs in
EinsteinAether theory
(Barausse-Sotiriou+)
 Lorentz violating theory! A further ‘specialized’ field to ‘restore’ 
gauge invariance



• BHs in some quadratic gravity…

EoMs in : Einstein-Dilaton-Gauss-Bonet [Let’s count 
derivatives!] 



• Dynamical Chern-Simons

(Yunes, Yagi, Stein, Pretorius +)


