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Rgµν = 8πGTµν

Einstein’s Field Equations:

Second order differential equations for metric tensor

gµν = ηµν + hµν ; |hµν | << 1

diag(-1,+1,+1,+1)
Flat Background Small Perturbation

h̄µν = hµν −
1
2
ηµνh

trace  reversed
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And hence... the metric becomes:

ds2 = −(1 + 2Φ)dt2 + (1− 2Φ)(dx2 + dy2 + dz2)

h00 = −2Φ

hi0 = 0

hij = −2Φδij
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h̄µν = Cµνeikσxσ

constant, symmetric, (0,2) tensor
constant wave vector

!h̄µν = 0⇒ kσkσ = 0⇒ ω2 = δijk
ikj

Harmonic Gauge implies:

kµCµν = 0

(the wave vector is orthogonal to         )Cµν

10 independent 
components

4 equations 
6 components 

remain
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ABC’s of Gravitational Waves   

h̄µν = Cµνeikσxσ
kµCµν = 0with

Get rid of coordinate freedom (                              )...xµ → xµ + ζµ

4 more constraints... 
leaves 2 components 

These two numbers represent the physical information 
characterizing our plane wave in this gauge.
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h̄µν = Cµνeikσxσ

kµ =
(
ω, 0, 0, k3

)
= (ω, 0, 0, ω)

Cµν =





0 0 0 0
0 C+ C× 0
0 C× −C+ 0
0 0 0 0





Consider particles with separation Sµ

∂2

∂t2
Sµ =

1
2
Sσ ∂2

∂t2
hµ

σ

The geodesic deviation Equation: 

This implies that ONLY     and  
will be affected!

S1 S2
k3

k1

k2
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Astrophysical Sources of GW   

Artist’s concept depicts two white dwarfs 
RXJ0806.3+1527 or J0806, swirling close together...

Credit: GSFC/D. Berry



Agenda

ABC’s of Gravitational Waves

Primary GWB vs Scalar-Induced GW

Why Cosmic Shear?

Gravitational Lensing 201

Method and Results

Conclusion



Primordial Gravity Wave Background  

Waves stemming from the inflationary 
expansion of space itself

Waves from the collision of bubble-like 
clumps of new matter at reheating after 
inflation

Waves from the turbulent fluid mixing of the 
early pools of matter and radiation
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How Do the Power Spectra Look Like?
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Reconstruction of Dark Matter Distribution from Observation
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!β = !θ − !α(!θ)

!α(!θ) =
1
π

∫

R2
d2θ′κ(!θ′)

!θ − !θ′

|!θ − !θ′|2

Deflection angle:

Dimensionless Surface Mass Density:

κ("θ) =
Σ(Ddθ)

Σcr

α("θ) =
Dds

Ds
α̂(Dd

"θ)
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A(!θ) =
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Credit: Bartelmann and Schneider 2001

But Did we Miss Anything???

Aij =
∂xS

i

∂xI
j

= (1− κ)δij − γij + ωεij

trace

symmetric traceless 

antisymmetric rotation 

(
0 −1
1 0

)



Cosmic Shear by Gravity Waves:

Gravitational Lensing 201   

A =
(

1− κ− γ1 −γ2 − ω
−γ2 + ω 1− κ + γ1

)

Credit: BPol, Albert Stebbins

Ang. deflctn proj. on the sky:

!∆ = [!r − (n̂ · r̂)n̂] /(η0 − η)



Gravitational Lensing 201   
The angular power spectrum of the rotational component:

ω(n̂) ≡ −1
2
n̂ · [∇× r̂(n̂, ηS)]

Cωω
l =

1
2l + 1

l∑

m=−l

〈
|ωlm|2

〉

=
2
π

∫
k2 dk Pt(k) |Tω

l (k, ηS)|2

Tω
l (k, ηS) =

√
(l + 2)!
(l − 2)!

∫ η0

ηS

k dη′ Tt(k, η′)
jl(x)
x2

∣∣∣∣
x=k(η0−η′)
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Lensing of CMB Anisotropies by GW
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