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INTRODUCTION: MODIFIED GRAVITY, WEAK
LENSING, REDSHIFT SPACE DISTORTIONS.
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COMBINING OVERLAPPING SURVEYS:
(RCSLENS+CFHTLENS)/(WIGGLEZ+BOSS).
TESTING GRAVITY AND WL SYSTEMATICS WITH
COHERENT CosMOMC PIPELINE.
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COSMIC ACCELERATION

UNIVERSE
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COSMOLOGICAL
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EXPANSION:
SNE, BAO
GROWTH: WL, RSD

N

CRITICAL FOR
UNDERSTANDING MG

Distance Modulus (m-M)

OE =

(m-M) - (m-M)

0.3,Q,=0.0

44f
425
385
365

34}

High-redshift (z > 0.15) SNe:
e High-Z SN Search Team
o Supernova Cosmology Project

Low-redshift (z < 0.15) SNe:
e CfA & other SN follow-up
¢ Calan/Tololo SN Search
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PERTURBED EINSTEIN: METRIC POTENTIALS
NEWTONIAN GAUGE, (smaLL) SCALAR PERTURBATIONS:

ds* = —(1 + 2¢) dt* + (1 — 2¢) a*(t) dz*

NON-RELATIVISTIC PARTICLES: w <«—— NEWTONIAN

RELATIVISTIC PARTICLES: 1) + @

STANDARD GR + NO ANISOTROPIC STRESS: w = ¢

| - 2 i g
> V%) = V?¢ = 4nGa szA@

EQUATION:

MA & BERTSCHINGER 1995



PERTURBED EINSTEIN EQUATIONS

GENERAL RELATIVITY

koo = —47TGa2ZpZ-A
Y — ¢ = —127TGaQZpZ 1 4+ w;)—

0;
kQ

MODIFIED GRAVITY
k‘p = —4nGla* sz
Geff
v = e

MANIFESTED IN

IN GENERAL: Q(é,a), R(é,a) OBSERVATIONS

JAIN & ZHANG 2007
BEAN & TANGMATITHAM 2010



How TO PROBE MG?

@) WEAK GRAVITATIONAL LENSING)

GRAVITATIONAL LENSING MAGNIFIES (CONVERGENCE=K) AND DISTORTS
SHAPE (SHEAR=Y) OF GALAXIES. WEAK LENSING LIMIT: |y|, |[k| << 1.

Observer’s pla:.z'; Cluster of galaxies Source)
.- . . Conveitaihes GRS

(Giant Arés) ' .-,
< Source
Weak Lﬁn\mg e g
{Arclets) e
46 Stutistical Distortions Convergence: + SikSss
= (Small ellipses) Bartelmann & Narayan (1996)

B. Jain (www.hep.upenn.edu/~bjain/lensing.html)
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HOW TO PROBE MG?
Real Space Redshift Space

[2) PECULIARJ

VELOCITIES

0=V -v/H

== —5/H O Nonlinear % O
Collapse:

i — dlnD/dlna

Observer

R = [P, (k) + QUQP;G(’@) s U4]‘39(’“)} o (ZZ(ZO
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COMBINING WL AND RSD (1)

COHERENT PIPELINE IN COSMOMC CONSTRAINING
COSMOLOGY FROM OVERLAPPING SPECTROSCOPIC &
TOMOGRAPHIC LENSING SURVEYS:

RSD, GALAXY-GALAXY LENSING, COSMIC SHEAR.

S STATISTICS: (&+, €., Vi, Po, P2).
FULL COVARIANCE INCLUDED.

TOMOGRAPHY EMPLOYED. MARGINALIZING OVER
INTRINSIC ALIGNMENTS, PHOTO-Z ERRORS, AND
BARYONS (13 NUISANCE). INTERNALLY PARALLELIZED.



COMBINING WL AND RSD (2)

APPLIED TO DATA, FIRST PIPELINE TO SELF~-
CONSISTENTLY TREAT WL AND RSD (FULL COVARIANCE),
AND FIRST TO MARGINALIZE ALL KEY SYSTEMATICS.

DATA: (RCSLENS + CFHTLENS)/(WIGGLEZ + BOSS).
ALSO APPLICABLE TO KIDS/(2DFLENS+BOSS).
EXTERNAL DATASETS CAN BE INCLUDED.

USE DATA VECTOR FOR MG.
ALSO DARK ENERGY, CURVATURE, NEUTRINO MASS, ETC.
PLAN TO MAKE PIPELINE PUBLIC LATER THIS YEAR.



CURRENT LENSING AND RSD SURVEYS

OVERLAPPING GALAXY REDSHIFT AND LENSING SURVEYS
(500 sQ DEG)
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BLAKE, SJ, ET AL 2015



COMBINING WL AND RSD {fg(ﬁ),v

DATA VECTOR:

a

392+98+12 = 502

CFHT/{LOWZ, CMASS}
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JOINT COSMOLOGY CONSTRAINTS
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SJ ET AL 2015, IN PREP



BINNED MODIFIED GRAVITY CONSTRAINTS

PRELIMINARY CFHT/{LOWZ, CMASS} {WIGGLEZ+CMASS}
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WL SYSTEMATIC 1: BARYONS —> HMCODE

5 0
A"/A"ppmonLY

A*IA g

(NEW ACCURATE HALO MODEL)

eiE
7oy
T

T

AGN ——

REF S —5
DBLIM ——

09
0.8
Wi

c(M, z) :A1+Zf

1+ 2

1.05

1

0.95

0.01

k/(h Mpc™)

1 10

MEAD, SJ, ET AL 2015



WL SYSTEMATIC 1: BARYONS

INCORPORATED INTO COSMOMC AND INTERNALLY
PARALLELIZED FOR FAST MCMC COMPUTATIONS
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WL SYSTEMATIC 2: INTRINSIC ALIGNMENTS
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SJ ET AL 2015, IN PREP



WL SYSTEMATIC 3: PHOTO-Z ERRORS

ALLOWING FOR A DISTINCT PRIOR IN EACH TOMOGRAPHIC
BIN TO ACCOUNT FOR PHOTO-Z UNCERTAINTIES

PRELIMINARY
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SJ ET AL 2015, IN PREP



CONCLUSIONS

NEED TO TEST LAWS OF GRAVITY IN MULTIPLE WAYS.
GRAVITATIONAL LENSING AND GALAXY VELOCITIES, MAY HELP
PIN DOWN PHYSICS OF GRAVITY.

CoOosMOMC PIPELINE FOR JOINT ANALYSES OF WL AND RSD.
APPLIED TO CFHTLENS OVERLAPPING WITH BOSS TO OBTAIN
MG CONSTRAINTS AND TEST WL SYSTEMATICS. PRELIMINARY
CONSTRAINTS SEEM CONSISTENT WITH STANDARD MODEL.

WILL FURTHER APPLY PIPELINE TO RCSLENS OVERLAPPING
WITH BOSS AND WIGGLEZ TO TEST MG, AND PLAN TO
EXPLORE OTHER INTERESTING PHYSICS (MASSIVE
NEUTRINOS).

WILL EXPLORE WL SYSTEMATICS IN GREATER DETAIL,
ALLOWING FOR MULTIPLE SYSTEMATICS SIMULTANEOUSLY
AND USING JOINT STATISTICS. PLAN TO MAKE PIPELINE AND
DATA PUBLIC THIS YEAR.



THANKS FOR LISTENING.



