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Scalar-Tensor Theories, What and Why?¢

9] Ac’rion in the me’rric represen’roﬂon

I= 1= [10R =226 0,1 < Viglt's + Inolaau)
O Field Equations

G = S;TTW + ;f) (%ch v — 1 Juv®, >\¢’>\) + % (D50 — 9y @)

Oy = m (87TT - 167r¢a—§ — Z—qu N )

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

O  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 (eardiey 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



Method: DIRST

( irect Integration of the ~elaxed " calar-'ensor equations)

New gothic metric N =1 and h}” is known
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Near-zone vs Wave-zone
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Matter Source Model
Eardley approach
O Mass of a self-gravitating body is g function of G,
which is a function of scalar field @.
O In Eardley approach we consider bodies as point
Pnclnéses but still let the mass to be a function of scalar
ield.
O Stress-energy tensor
T (2%) = (—g) 72 Y Ma(¢)0°(x — wa)ufu (uy) !
A
O Defining dimensionless “sensitivities” as

. dlnMA(gb)

O  BH & NS sensitivities:

spg = 0.9,y ~ 0.1 (depending on EOS)
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Metric for 2.5PN EOM
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Metfric for 2.5PN EOM (Example)

Meftric components to their first (non-constant) order
goo = —1+2G(1 = Q)U + 2G(U,
go;i = —4G(1 - Q)V*
gi; = 0ij[1+2G(1 — Q)U — 2GCU]
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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 p*

Final confinuum equations of motion

i dv’ i o a. B 0 «a,B.
a:dt:—Faﬁvv + L'y gv-v7v) —

2-body equations of motion
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RESULTS: EOM: Newtonian Order
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Full EOM: Up to 2.5PN

l.e. 5 orders beyond the Newtonian order: (v/c)AS

d’x Gam Gam )
yr = ———5n 3 [ll(ApN + Aspn ) +7v(Bpn +BQPN)]
Field Point 8 (Gam)?
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Full EOM: Up 1o 2.5PN

l.e. 5 orders beyond the Newtonian order
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l.e. 5 orders beyond the Newtonian order

1 _
T |E =(11 +12), S_ [ —a1(s1 - s9), vE 2 =Ty
2 1/9 my + mo
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Parameter Definition Parameter Definition

Scalar-tensor parameters
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Equation of motion parameters

Newtonian

«
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post-Newtonian
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2nd post-Newtonian
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How can we distinguish gravitation

theories in different types of binaries?

GR | BD | ST
BH-BH EOM

However, in this case all the
deviations from general
relativity depend on a single
parameter Q.

-

Q=(1-¢)71(1—2s1)%,
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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 1s this: there is no

measurable difference between GR and ST for binary black holes at

2.5PN order. Spr — % M

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 PN and 2PN Lagrangian for the motion. dL _ d dL

4/1

=

2/13

3+ 2w
4 4+ 2w
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Summary and Future Work

FUTURE WORK

O DIRE procedure in far zone and calculating 2PN waveform and
energy flux in ST. [a project by Ryan Lang and Clifford Will]

O GCravitational-wave data analysis questions and testability of ST
O Afwhich PN order Eardley approach breaks down?
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