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Why the interest in binary dynamics

Motivation

What we have done

kin. terms Gravity
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Why the interest in binary dynamics

Binary dynamics - the Rosetta Stone of GW astronomy

Hanford, Washington (H1)
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Why the interest in binary dynamics

Binary dynamics - the Rosetta Stone of GW astronomy

Hanford, Washington (H1)
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-1.0 Numerical relativity J 4
Reconstructed (wavelet)
= Reconstructed (tempiate)

Accurate underbtandmg of dynamics = accurate G\Macrtronomy
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Using Feynman diagrams
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Feynman diagrams in gravity

Using Feynman diagrams
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Feynman diagrams in gravity

Using Feynman diagrams
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Feynman diagrams in gravity

Advantages of using Feynman diagrams for relativistic binaries

Action - Diagrams — Effective Potential
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Motivation Feynman diagrams in gravity

Advantages of using Feynman diagrams for relativistic binaries

Action - Diagrams — Effective Potential

Great for alternative gravity theories expressed using an action!
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Motivation Feynman diagrams in gravity

Advantages of using Feynman diagrams for relativistic binaries

Action - Diagrams — Effective Potential

Great for alternative gravity theories expressed using an action!

E.g. the additional Kalb-Ramond field ¢S = — fd4x —g%QHWpH“”p
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How to use Feynman diagrams in GR

In the limit of weak gravity (%‘f < 1) the dynamics should reduce to the Kepler problem:
w? = GM & rd? GM

r3 r
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vity from gravitons - Using Feynman diagrams in GR

How to use Feynman diagrams in GR

In the limit of weak gravity (%‘f < 1) the dynamics should reduce to the Kepler problem:
GM
w? = GM & rd?

r3 r
In order to treat GR as a typical field theory we expand the metric
uv = NMuv + Ahuu

and treat h,, as a typical field on a flat space-time. A oc VG.

Using Feynman diagrams in orbit dynamics including extra fields 7. August 2023 7 /17



Gravity from gravitons - Using Feynman diagrams in GR

How to use Feynman diagrams in GR

In the limit of weak gravity (%‘f < 1) the dynamics should reduce to the Kepler problem:

UJ2 = GM <~ 7'2(/.)2 GM

73 r
In order to treat GR as a typical field theory we expand the metric
uv = NMuv + Ahuu

and treat h,, as a typical field on a flat space-time. A oc VG.
To leading order in Ah,, the EoM of the Einstein-Hilbert action is

Ohy, = —APas T
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sing Feynman d ms in GR

3 types of expansions to obtain the binary Lagrangian

Graviton expansion
Interaction term expansion Ry = =ADvags (T‘w + t(2) + )\t )
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The resulting potentials
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For details see [1, 2]
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The modification of additional fields

The Kalb-Ramond field, motivated by String Theory, is an antisymmetric 2-form B,, = —B,,,.
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Adding extra fields using Feynman di

The modification of additional fields

The Kalb-Ramond ﬁeld motivated by String Theory, is an antisymmetric 2-form B, = —B,,,. Its action,
where H,,,,, = (dB)
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Adding extra fields using Feynman diagrams

The modification of additional fields

The Kalb-Ramond field, motivated by String Theory, is an antisymmetric 2-form B,,,

where H,,,,, = (dB),.,, is:

— 1 v
SKR:_/ _g{EH,uvaM p+£int}d4$
This can be approximated as an effectively scalar field K.

Haﬁw = eaﬁwéK;az
Line =Y [K (@) +pa k(@) +...] 6°(@ — zalt))

a
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Adding extra fields using Feynman diagrams

The modification of additional fields

The Kalb-Ramond ﬁeld motivated by String Theory, is an antisymmetric 2-form B, =

where H,,,,, = (dB)

Hrps

/wﬁ Ly, H""”—i—ﬁ,m}d z
This can be approximated as an effectively scalar field K.
Haﬁw = eaﬁwéK;az
Line =Y [K (@) +pa k(@) +...] 6°(@ — zalt))

a

We use dashed lines to represent the K-scalar in diagrams.
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The resulting potentials
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The resulting potentials
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ing Feynman

The resulting potentials
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Adding extra fields using Feynman diagrams

Total Lagrangian

kin. terms Gravity
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Thank you for your attention!
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Adding extra fields using Feynman diagrams References
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