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� We study weak lensing of the CMB by a single lens that 
breaks statistical isotropy.

� Examples:
� Texture (Turok & Spergel 1990)

Giant Void � Giant Void (Inoue & Silk 2007 )

� Traces of a Pre-Inflationary Point particle  (Itzhaki 2008, Fialkov et 
al 2010)

� Previous  works in this field study 
lensing by a giant void and a texture. 
Motivated by the WMAP cold spot.
(Masina & Notari 2009, 2010; Das & Spergel 2009)

The Cold Spot

WMAP team, NASA



� Gravitational lensing is deflection of light by mass

All we need to know is the deflection potential
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� What is the signal to noise of 

a single lens in a CMB 

experiment (e.g. Planck, ACT, 

SPT)?W. Hu
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� Complete reconstruction of the deflection potential 

Observed:
ΛCDM SLψ δψ+

E. Siegel

� The single lens adds a 1-point function to the deflection field
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� Assuming gaussian distribution
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This is the upper limit of the signal to noise. 

Any observable signature should be smaller!



� Effect of lensing is to re-map the CMB sky

W. Hu
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( ) ( )SLT Tθ θ δψ= +∇ɶ ( ) ( ) ( )SLT T Tθ θ δψ θ= +∇ ∇ɶ

Weak lensing
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� The single lens changes the 2-point function



� Assuming gaussian distribution
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leading term

SLδψ∝

The leading contribution to the signal to noise 

comes from the off-diagonal terms of , 'l lC∆

* This signal to noise should be smaller than the Ideal 



2

TEMP
2

S

N
S

 
 
 

 

� Wrong behavior at l > 2000.

� Universal behavior. Does not depend on the deflecting potential 

(plotted: single-mode deflection) and/or parameters of the model.
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� We know that: weak lensing introduces non-gaussianity via 

connected 4-point function

(e.g.  Lewis & Challinor 2006)

� “Field theory for lensing”. Feynmann rules:

Propagator: lensed LCDM temperature power spectrum

Vertices:

LCDM 4pf (connected)

Single lens



� An alternative way to calculate the realistic signal to noise
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� The 2-loop correction to the signal to noise (contributed by the 

non-gaussianity)
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� Substructure of the vertex is complicated

� 4 different ways to add the lens and to close loops

Positive

Negative* Overall contribution is negative
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