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Tests of general relativity

Why test general relativity?

Alternatives to general relativity.

Black holes as the best tests.

Alternative black holes.

What about gravitational waves?
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Black holes theory

Within GR, described by the Kerr metric.

Parameters in the Kerr metric: M , a, |a| < M .

Parametrically deformed in alternative theories.

Top-down and bottom-up approaches.
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Accreting black holes
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Radiation profile
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Broadening of a line

0.5 1 1.5

Line profile

Gravitational redshiftGeneral relativity

Transverse Doppler shift

Beaming

Special relativity

Newtonian

via Fabian et al., PASP, 112, 775 (2000)
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Black holes within GR

Kerr metric:

ds2 =−
(

1− 2Mr

Σ

)
dt2 +

Σ

∆
dr2 − 2Mar sin2 θ

Σ
dt dφ

+ Σdθ2 +

(
r2 + a2 +

2Ma2r sin2 θ

Σ
sin2 θ

)
dφ2 (1)

∆ ≡ r2 − 2Mr + a2, Σ ≡ r2 + a2 cos2 θ (2)
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Iron lines within GR
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Black holes beyond GR: top-down

L =
1

2
R− 1

4
∂µ∂

µφ+
α′

8g2
eφ

(
RµνρσR

µνρσ − 4RµνR
µν +R2

)
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Black holes beyond GR: bottom-up

Johannsen metric1:

ds2 =− Σ̃[∆− a2A2
2 sin2 θ]

Ξ
dt2 +

Σ̃

∆A5
dr2

− a[(r2 + a2)A1A2 −∆]

Ξ
dt dφ+ Σ̃dθ2

+
Σ̃ sin2 θ[(r2 + a2)2A2

1 − a2∆ sin2 θ]

Ξ
dφ2 (3)

Ξ = ((r2 + a2)A1 − a2A2 sin2 θ)2,

A1 = 1 + α13(M/r)3 + . . . , A2 = 1 + α22(M/r)2 + . . .

A5 = 1 + α52(M/r)2 + . . . , Σ̃ = Σ + ε3(M
3/r) + . . .

1
Johannsen, PRD, 88, 044002 (2013)

Sourabh Nampalliwar Testing theories of gravity with X-ray reflection spectroscopy



Iron lines beyond GR
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relxill nk
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Constraints with current instruments
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arXiv:1804.10380, under review
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Scope with future instruments
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A glimpse into the future
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The curious case of Einstein dilaton Gauss Bonnet
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arXiv:1803.10819, to appear in PLB
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Future

Better model: lamp post geometry, thick disk, atomic data,
magnetic field.

Better data (analysis): new telescopes, right combo of
models, non-simultaneous simulations.

Better metrics: more top down metrics, nicer bottom up
metrics.

Thank you!

Sourabh Nampalliwar Testing theories of gravity with X-ray reflection spectroscopy



Future

Better model: lamp post geometry, thick disk, atomic data,
magnetic field.

Better data (analysis): new telescopes, right combo of
models, non-simultaneous simulations.

Better metrics: more top down metrics, nicer bottom up
metrics.

Thank you!

Sourabh Nampalliwar Testing theories of gravity with X-ray reflection spectroscopy



Future

Better model: lamp post geometry, thick disk, atomic data,
magnetic field.

Better data (analysis): new telescopes, right combo of
models, non-simultaneous simulations.

Better metrics: more top down metrics, nicer bottom up
metrics.

Thank you!

Sourabh Nampalliwar Testing theories of gravity with X-ray reflection spectroscopy



Future

Better model: lamp post geometry, thick disk, atomic data,
magnetic field.

Better data (analysis): new telescopes, right combo of
models, non-simultaneous simulations.

Better metrics: more top down metrics, nicer bottom up
metrics.

Thank you!

Sourabh Nampalliwar Testing theories of gravity with X-ray reflection spectroscopy



ISCO contours
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