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Scalar-Tensor Theories, What and Why? 

" Action in the metric representation 

" Field Equations 

 

" One of the simplest and most natural ways to modify GR  

" Many modern theories which try to unify gravity and 
microscopic physics or explain dark energy in cosmology, 
demand a scalar field in addition to the metric tensor. 
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Outline of the Problem 

!  Finding Equations Of Motion (EOM) for non-spinning compact 
object binaries, including black holes, to 2.5PN order. 

!  Adapting DIRE (Direct Integration of Relaxed Einstein equations) formalism 
(Wiseman-Pati-Will) to scalar-tensor theory.  

!  Incorporating compact, self-gravitating bodies (Eardley approach). 

!  Finding the Lagrangian of the system together with the 
conserved Energy and Linear Momentum. 

!  Finding the radiation reaction terms through 2.5PN order and 
comparing with fluxes 
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Method: DIRST  
(Direct Integration of the Relaxed Scalar-Tensor equations) 

!  New gothic metric 

 

 

!  Relaxed ST Field Equations 
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Near-zone vs Wave-zone 
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Matter Source Model  
(Eardley approach) 
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"   Mass of a self-gravitating body is a function of G, 
which is a function of scalar field    . 

"   In Eardley approach we consider bodies as point 
masses but still let the mass to be a function of scalar 
field. 

"   Stress-energy tensor 

"   Defining dimensionless “sensitivities” as 

"   BH & NS sensitivities:  
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Metric for 2.5PN EOM 
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Metric for 2.5PN EOM (Example) 

!  Metric components to their first (non-constant) order 

!  We have completed the metric up to 2.5PN  
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2-body EOM to 2.5PN Order 

!  Christoffel symbols 

!  Conversion to the baryonic density  

!  Final continuum equations of motion 

!  2-body equations of motion 
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RESULTS: EOM: Newtonian Order 
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Full EOM: Up to 2.5PN  
i.e. 5 orders beyond the Newtonian order: (v/c)^5 
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Full EOM: Up to 2.5PN  
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Full EOM: Up to 2.5PN  
i.e. 5 orders beyond the Newtonian order 
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GR BD ST

BH-BH

BH-NS

NS-NS

EOM

EOM1 EOM2

EOM0 EOM00 EOM000

How can we distinguish gravitation 
theories in different types of binaries?  
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However, in this case all  the 
deviat ions f rom general 
relativity depend on a single 
parameter Q. 



Summary and Future Work 

!  SUMMARY

!  We use DIRE adapted to scalar-tensor theory (DIRST), coupled with 

the Eardley approach for treating gravitating bodies.


!  Equations of  motion for non-spinning compact objects, including 
black holes, to 2.5 post-Newtonian order, in a general class of  massless 
scalar-tensor theories of  gravity have been obtained. [see the next talk 
on massive ST by Michael Horbatsch]


!  A central question which has been answered is this: there is no 
measurable difference between GR and ST for binary black holes at 
2.5PN order.


!  BH-NS systems differ from GR depending upon a single parameter Q


!  We have shown the conservation of  energy and linear momentum in 
EOM.


!  We obtained the 1PN and 2PN Lagrangian for the motion. 
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Summary and Future Work 

!  FUTURE WORK 
!  DIRE procedure in far zone and calculating 2PN waveform and 

energy flux in ST. [a project by Ryan Lang and Clifford Will] 

!  Gravitational-wave data analysis questions and testability of ST 

!  At which PN order Eardley approach breaks down? 
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