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Why this is hard

Many other effects distort galaxy shapes and
mimic the lensing signal we are trying to extract:

From space

From the ground

« Atmospheric seeing

 Intrinsic alignments
(Hirata & Seljak 2004)

« Instrumental point
spread function

« Detector effects, e.q.

charge transfer inefficiency
(Massey et al. 2009)

« Lossy data compression
(Bernstein et al. 2009, AV
et al. in prep)
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Survey simulations

Weak lensing image simulation
housed @ Caltech (Dobke et al.
2009)

» Galaxies based on Hubble UDF

» Realistic shapes modeled with
shapelets
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Weak lensing science

The shear map (with
redshifts) and its

statistics tell us about:

5 ' - the large scale matter
- distribution
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Dark energy constraints

Jarvis et al. 2006 (CTIO)

Dark Energy Task

Force: “Weak lensing is
potentially the most
powerful probe of dark
energy. The ultimate

limit would be set by the
extent to which the

systematics can be
controlled.”
(Albrecht et al. 2006)

Can also constrain
modifications to
General Relativity
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Motivation for modifying GR on
large scales

Accelerated expansion
contradicts GR in a
matter-dominated
universe

keep

Modifications to GR on '€ within
large scales will impact M

weak lensing observables...
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Lensing in GR
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Lensing in modified gravity

Photon

Massive
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The potential is a
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matter distribution:
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Lensing in modified gravity

Photon
3 The potential is a
function of the
matter distribution:

Massive | |
body The light bending

- Modifying GR can change how:
« matter produces potentials =
1)

« photons move in those potentials
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Modified gravity theories

* Brans-Dicke

- Tensor-scalar

« Tensor-vector-scalar

- DGP

« Supergravity

- Brane-induced gravity
« Conformal gravity

- E(R) Very large theory space

« F(G)

» Chern-Simons -

- MOG =) want model-independent
« Torsion gravity .

- Massive gravity tESt_S Of generic

» Horava-Lifshitz deviations from GR

« Dilaton gravity

- Goldstone gravity

- Loop quantum gravity

« Discrete quantum gravity

« Effective quantum gravity

« Holographic modified gravity

« Asymmetric brane modified gravity
« Rainbow gravity
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L essons from “small” scales

The parameterized post-Newtonian (PPN)
formalism - in the weak-field regime, the

gravitational potentials of GR are modified,
for instance like:

Standard Newtonian + post-
Newtonian scalar potential

- 3 y :‘ g )
ds-=—(1-2U +2pU")dt” + (1+ 2yU + ;E’U‘ )dx~

) Model-independent constraints on
the PPN parameters B3, vy, etc.

Can do similar "PPF” expansion about
FRW background on cosmological scales
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PPN parameters

Solar System constraints:

» Light deflection due to the sun
y-1=(-1.7%4.5)x10+4 (VLBI)

* Perihelion precession of Mercury
|2y-B-1|<3x103 (Shapiro 1990)

} Are these parameters the same on
§ all scales?
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The PPF framework

Method for constraining modified gravity in
model-independent fashion (e.g. Hu and Sawicki
2007; Bertschinger & Zukin 2008)

mmm) Parameters may change depending on
time or lengthscale

Important scales:
« Superhorizon — must match expansion history
. - must match GR

« Intermediate linear regime — important for
weaalk lancina
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