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HARMONY IN THE CMB
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® SIMPLE FLAT ACDM MODEL WITH 6 PARAMETERS
(Q2com,€25,Ns,As,H,T) IS AN EXCELLENT FIT
® FOR T, L>30, WE HAVE Y?%gr=1.06 (PTE 9.6%)
NOLTA ET AL. O8




COSMOLOGICAL CONTRASTS... AND YET CONCORDANCE
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WMAP AGREES WITH LOW Z MASS DISTRIBUTION (MODULO THE BIAS)
(SAME FOR 2DF)
SPERGEL ET AL. O6
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ONE STANDARD MODEL

2#8COSMOLOGY NOW HAS A STANDARD MODEL AND IS GOING THROUGH AN ERA OF OBSERVATIONAL

CONCORDANCE. THE FLAT ACDM FITS ALL CURRENT DATA (CMB, LSS, SN, WL) WITH ONLY SIX
PARAMETERS

®THE CURRENT STRONG “PHENOMENOLOGICAL” SUCCESS MEANS:

®THE PRIMORDIAL INHOMOGENEITIES ARE MOSTLY ADIABATIC WITH A NEARLY SCALE
INVARIANT POWER SPECTRUM

BWE HAVE A SUCCESSFUL GR BASED THEORY OF LINEAR PERTURBATIONS TO EVOLVE THEM

8WE HAVE A GOOD DESCRIPTION OF THE MAIN COMPONENTS EVEN IF WE DO NOT KNOW WHAT
THEY ARE

WE CAN NOW ASK VARIOUS SETS OF QUESTIONS:
BASK QUESTION WITHIN THE MODEL
®WHAT ELSE CAN WE LEARN ABOUT THE COMPONENTS OF THE MODEL, E.G. NEUTRINO?
#DID THE UNIVERSE REALLY UNDERGO AN INFLATIONARY PHASE?
8WHAT IS DARK ENERGY?
8WHAT IS DARK MATTER?

#How DID THE UNIVERSE GET REIONIZED?

®EXPLORE FURTHER THE DATA AND LOOK FOR ‘“ANOMALIES”’, I.E. DEVIATIONS FROM THIS
MODEL




OUTLINE

#DO WE LIVE IN AN INFLATIONARY UNIVERSE? HOwW CAN
WE ADDRESS THIS QUESTION WITH COMING LARGE
SCALE SURVEYS?

®BWHAT IS THE NATURE OF DARK ENERGY? IS THERE
REALLY DARK ENERGY? HOW TO TEST GRAVITY ON
COSMOLOGICAL SCALES?




WHAT IS INFLATION?

INFLATION WAS INTRODUCED TO SOLVE THE PROBLEMS OF THE ‘“STANDARD BIG
BANG’ MODEL LIKE FLATNESS AND THE HORIZON PROBLEM

KEY FEATURE: DURING AN EXTENDED PERIOD OF TIME, THE UNIVERSE IS
EXPANDING EXPONENTIALLY. FLUCTUATIONS ARE GENERATED DURING THIS
PHASE

THIS IS ACHIEVED BY INTRODUCING IN THE MATTER SECTOR (A) NEW SCALAR
FIELD(S) ® WITH A WELL CHOSEN POTENTIAL V(D)

FOR A GIVEN V(CI)) THERE ARE RELATIONS BETWEEN DERIVATIVES OF V AND
OBSERVABLES LIKE Ns , R AND DNs/DLNK

TESTING INFLATION IS MOSTLY TESTING THESE CONSISTENCY RELATIONS

CURRENT DATA SUPPORT THE SIMPLEST PREDICTIONS OF INFLATION

FLAT UNIVERSE
NEARLY SCALE INVARIANT POWER SPECTRA
ICs ARE MOSTLY GAUSSIAN

GUTH 81, SATO 81, LINDE 82, ALBRECHT & STEINHARDT 82
GUTH & PI 82, STAROBINSKY 82, MUKHANOV & CHIBISOV 81, HAWKING 82, BARDEEN ET AL. 83
LINDE O5, LYTH & RIOTTO 99 FOR REVIEWS




INFLATION, NON-GAUSSIANITY AND DENSITY PEAKS
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L THE CMB AS WE OBSERVE IT IS GAUSSIAN BUT SIMPLEST INFLATIONARY MODELS PREDICT SMALL BUT
NONZERO NON-GAUSSIANITY (NON-LINEAR EVOLUTION OF THE POTENTIAL)

& THE STATISTICAL ANALYSIS OF THIS MAP SUPPORTS THE SIMPLEST INFLATION PREDICTIONS:

i GEOMETRY OF THE UNIVERSE FLAT AT ~3% (WMAP 5 + HST)
POWER SPECTRUM INDEX NEARLY SCALE INVARIANT Ns=0.963+0.015 (WMAPS5 ONLY)
i LIMITS ON NON-GAUSSIAN COMPONENT TO ~0.1% IN POWER

@ GAUSSIANITY OBSERVATIONALLY SUPPORTS INFLATION AS MUCH AS FLATNESS... SO THE LEVEL OF NON-
GAUSSIANITY PREDICTED BY INFLATION HAS TO BE LOOKED AFTER TOO
@8 FOoRD — D + Fyo (P2-<P2>), SIMPLEST MODELS PREDICT FnL ~ O(0.1) (E.G. SALOPEK & BOND 90,

MALDACENA 2003) BUT OTHER MODELS ALSO PREDICT HIGHER FnL (~100) SO THAT SEEING OR NOT-
SEEING PRIMORDIAL NG IS IMPORTANT

& CURRENT WMAP CONSTRAINTS (FROM T BISPECTRUM): FnL = O(100) (CL 95%) AND WE CAN EXPECT
Fne = O(10) FROM PLANCK




NON-GAUSSIANITY AND PEAK DENSITY

LOOKING AGAIN AT THE CMB AS SETTING THE ICsS

THE ABUNDANCE OF RARE PEAKS AT LOW AND HIGH Z IS STRONGLY
AFFECTED BY SKEWNESS IN THE ICSs:

@ CAN WE CONSTRAIN FnL USING HALO STATISTICS LIKE DN/DM OR BIAS?

SO FAR, QUALITATIVE ESTIMATES OF DN/DM HAVE BEEN MADE USING
(EXTENDED) PRESS-SCHECHTER (VERDE ET AL. O1, SCOCCIMARRO 04,
SEFUSATTI ET AL. O6)

SIMULATIONS ARE OBVIOUSLY REQUIRED TO PROPERLY ADDRESS THE
EFFECT OF FNL ON DN/DM (KANG ET AL. O7, GROSSI ET AL. O7)




FARGE SCALE STRUCTURES DEPENDS ON EnNLC

fne=-5000

fni=-500

fne=0

fni=500

fne=5000

¥ BUNDER-DENSE

REGIONS EVOLUTION
DECREASE WITH FnL

8| BOVER-DENSE

REGIONS EVOLUTION
INCREASE WITH FnL

|. SAME INITIAL CONDITIONS, DIFFERENT FnL

® SLICE THROUGH A BOX IN A SIMULATION Nearr=5123, L=800 MPC/H




BNE"CLUSTER AT A TIMETH

fne=+5000
M — 1 2 1016 M@

fne=+500
M — 59 1015 M@

fane=0
B 5.1 10" M,

fni=-500
M =43 10" Mg

BMOST MASSIVE CLUSTER IN A 5123 SIMULATION

BFOR SMALL ENOUGH FynL, SAME PEAKS ARISE, BUT WITH DIFFERENT
HEIGHTS (IMPLYING DIFFERENT MASSES)

B CAN WE EXTEND TO ANY CLUSTER?

10



RED HA

O MASS FUNCTIONS
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MEASURING Fnyo WITH DN/DM?
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WE DEVELOPED A SIMPLE BUT ACCURATE ENOUGH PRESCRIPTION TO COMPUTE THE MASS
FUNCTION AS A FUNCTION OF COSMOLOGICAL PARAMETERS AND FnL (MORE LATER IF YOU
ARE INTERESTED)

SPT LIKE SURVEY, IE 4000 sQ. DEG UP TO z=1.5
~7000 CLUSTERS WITH M>2 104 M,

|Fno|~< 100

NOT REALLY A NUISANCE FOR W
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HALO CLUSTERING:
ANALYTICAL ESTIMATES |

NG PARAMETRIZED AS

® =0+ fyr(9” — (¢°))

WHERE P 1S A GAUSSIAN FIELD

IT FOLLOWS THAT

V2iDye = V20 + 2 fyr [0V20 + Vo]

SINCE @ 1S A GAUSSIAN FIELD, WE KNOW THE JOINT STATISTICS
oF @, VO AND V2D AND USING POISSON EQUATION (V2D x0) wE
CAN WRITE DOWN THE PDF OF Onc AS A FUNCTION OF O. THAT

LEADS TO E.G.
(3c)

o4
NEAR PEAKS, |V®|?2 Is NEGLIGIBLE AND WE GET

6NG ~ 6(1 -+ 2fNL(I))

(90)

o2

§3 = =121
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HALO CLUSTERING:
ANALYTICAL ESTIMATES ||

WITH THIS FORMULA, ONG =~ 8(1 + 2fNL(I))

IT IS EASY TO COMPUTE THE PEAK-PEAK CORRELATION FUNCTION (0>0crir) (OR

THE PEAK DENsITY) (A LA BBKS) .
gpk =b L [E..SS - 4f NLSCritiq)S]

OR MORE INTERESTINGLY THE BIAS OF THE PEAK-PEAK CORRELATION (A LA

BBKS) 30,
Ppk(k) — b%P(k) \‘1 + 4fNL66‘I"lt 2 kz‘

WE OBTAIN THE FOLLOWING SCALE DEPENDENT BIAS

3Q,,

Ab (k) 2bLfNL60rlt 26”’ k2
H

THIS RESULT DIFFERS FROM THE USUAL CONSTANT LINEAR BIAS... BUT
DERIVATION OF THIS RESULT GENERALLY ASSUMES LOCALITY OF THE
“GALAXY” FORMATION PROCESS... WHEREAS HERE OUR NG TYPE IS NON

LOCAL FOR O . IF WE WERE TO CONSIDER A NG OF THE TYPE Onc = O+ FnLO?2,
THEN WE WOULD NOT FIND ANY SCALE DEPENDENT BIAS
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SCALEE"PEPENDENT BilEts
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@ STRONG SCALE DEPENDANCE IN THE LINEAR REGIME
@ GOOD AGREEMENT WITH SIMS AND ANALYTICS
B 5123 (10243) SIMULATIONS WITH BOX SIZE 800 (1600) MPC/H
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CONSTRAINTS FROM P(K):
GALAXY SURVEYS, BAO, AND ISW

TO MEASURE THE LARGE SCALE BIAS OFFERS A NEW OPPORTUNITY TO
MEASURE FnL

THIS EFFECT SHOULD BE EASY TO MEASURE SINCE THERE IS A VERY
SPECIFIC K AND Z DEPENDANCE ON LARGE SCALES

A LRG SURVEY (B.=2, N=4. 105 (HH'TMPCc)=3) ouT TO Zz=0.7 COULD
GIVE Fno <5 Fsky 12

THIS EFFECT WILL ALSO SHIFT THE FIRST BAO PEAK AT K=0.07H/
MPC BY 0.4% AT Z=1 FOR Fn =100, WHICH WOULD LEAD TO A 1~2%
BIAS IN W IF UNACCOUNTED FOR

IT ALSO OPENS THE (UNEXPLORED YET) POSSIBILITY TO USE VOID

STATISTICS TO MEASURE Fy.. CAN WE DO THAT WITH CURRENT (LYq?)
SDSS DATA?

RESULTS STUDIED AND CONFIRMED BY VARIOUS GROUPS
(MATARRESE & VERDE O7, AFSHORDI & TOLLEY O7, SLOSAR ET AL.
O7, DESJACQUES, SELJAK & ILIEV O8)
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FIRST CONSTRAINTS

® MOST POWERFUL CURRENTLY ARE SDSS PHOTOMETRIC QUASARS
AND LRGs

B SLOSAR ET AL. O7 FINDS -29<Fn.<69 (95% CL)

® WMAPS TEMPERATURE BISPECTRUM : -9<Fn <111 (95% CL)

@ TOGETHER : -1<Fn.<70 (95% CL)

@ EXCITING AND SIMPLE FOLLOW-UP IDEA BY SELJAK 08
@ BY USING DIFFERENT POPULATIONS WITH DIFFERENT BIAS, YOU
CAN MEASURE THE RELATIVE BIAS AND NOT THE ABSOLUTE BIAS.

THIS AVOIDS COSMIC VARIANCE.
@ PROSPECTS FOR NEXT GENERATION LSS ARE FnL ~1 (EUCLID,

ADEPT) OR ~8 FOR BOSS

SLOSAR ET AL. O7
SELJAK O8, 09
MCDONALD & SELJAK O8
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SUMMARY

WE PROPOSED A NEW AND MEASURABLE OBSERVATIONAL SIGNATURE
OF PRIMORDIAL NON-GAUSSIANITY (CONSTANT FnL TYPE)

WE PROPOSED A SIMPLE AND ACCURATE FITTING FORMULA FOR THE
HALO MASS FUNCTION AS A FUNCTION OF FnL

WE SHOWED HOW TO CALCULATE PEAK STATISTICS FOR FnL
COSMOLOGIES AND IN PARTICULAR THE BIAS SHAPE

WE TESTED OUR PREDICTIONS AGAINST N-BODY SIMULATIONS AND
FUND A REMARKABLE AGREEMENT

AS A CONSEQUENCE, THE MEASURE OF THE LARGE SCALE HALO BIASES
SHOULD LEAD TO FnL CONSTRAINTS SUPERIOR TO PLANCK, I.E. FNL<
O(1)

ALL THOSE CONCLUSIONS RELY ON ONE TYPE OF “LOCAL NG”, WHAT
HAPPENS IF WE TAKE INTO ACCOUNT FnL(K) FOR EXAMPLE REMAINS TO
BE STUDIED
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OUTLINE

#DO WE LIVE IN AN INFLATIONARY UNIVERSE?

#eHow CAN WE ADDRESS THIS QUESTION WITH COMING
LARGE SCALE SURVEYS?

®BWHAT IS THE NATURE OF DARK ENERGY? IS THERE
REALLY DARK ENERGY?

@EHOW TO TEST GRAVITY ON COSMOLOGICAL SCALES?

19



DARK ENERGY: THE EVIDENCES
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KOWALSKI ET AL. O8 20
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KOMATSU ET AL. O8
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LEARNING ABOUT DARK ENERGY

® EVIDENCES FOR DARK ENERGY ARE SOLID AND DIVERSE

® GEOMETRY (SN, BAO, PEAKS OF THE CMB)
@ GROWTH OF PERTURBATIONS (GALAXY SURVEYS, CLUSTER
COUNTS, WL)

@ BUT THEORETICAL INTERPRETATION IS MORE DIFFICULT, I.E. NEW
PHYSICS

® 1s DE A NEW “SUBSTANCE”, E.G. A COSMOLOGICAL CONSTANT,
OR A QUINTESSENCE FIELD, ...?

@ IS IT A BREAKDOWN OF GRAVITY ON COSMOLOGICAL SCALES? Is
IT A MANIFESTATION OF EXTRA-DIMENSIONS (DGP) OR MORE
COMPLEX METRIC THEORY LIKE F(R) THEORIES?

@ CAN WE DISTINGUISH BOTH?

@ IT WILL REQUIRE BOTH GEOMETRY AND GROWTH... BUT IT IS
NOT THEORETICALLY GRANTED AT LINEAR ORDER (E.G.
BERTSCHINGER & ZUKIN 08)
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DEFLECTION OF LIGHT RAYS CROSSING THE UNIVERSE, EMITTED BY DISTANT GALAXIES

SIMULATION: COURTESY NIC GROUP, S. COLOMEBI, IAP.



Sk

SeOSMIC SHEAR HOLDS I'TS PROMISES
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BCFHTLS CURRENT ANALYSIS: 57 SQUARE DEGREE (3 TIMES MORE
ALREADY OBSERVED AND NOW BEING ANALYZED), DOWN TO A
MAGNITUDE 1I’=24.5

®WE ARE NOW ABLE TO MEASURE WEAK-LENSING IN THE LINEAR
REGIME, I.E. FROM 1’ UP TO 4 DEG HERE

L. FU ET AL. O7
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P ETRST (SIMPLISTIC) APPROACH

® ADDING A YUKAWA TERM TO THE USUAL NEWTONIAN POTENTIAL

® ‘“GENERIC” EXTENSION TO A LINEARIZED METRIC THEORY OF GRAVITY
Sl Obaiorle o |

d(r) = (1 —a)®(r,0) + a®(r,m) &>(k,a)=—5 ~ £ (k,a)
G/ S » FEERGI= i) — (A,

£ o e 2
®(r,m) r—I"| : 141

1.0¢

0 ] et el oy i ©v S o 1 B
AR e = o Y R ol e
k [h/Mpc]

O.D., M. MARTIG, Y. MELLIER ET AL. O7
SEALFON ET AL. O5

WHITE & KOCHANEK 91

ZHYTNIKOV & NESTER 94
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ANY DEVIATION FROM GR?

[Mpc]

1,/m

10.0

[Mpc]

1615 8

1/m

Bhdl; ¢ CFHTLS — Wide

0.2 0.4 0.6

WE DO NOT FIND ANY EVIDENCE FROM DEV
O0.4H/MPC AND <10 H/MPC

BECAUSE OF PROJECTION EFFECTS AND SH
PERFORMS MUCH BETTER

10.0 ¢

1.0

0.1¢

SDSS

=0.2 0.0 0.4 0.6

-0.4

IATION FROM GR ON SCALES >

EER VOLUME DIFFERENCE, SDSS

A COMBINED LIMIT ON M IS : M>67.6MPC (95%CL), THAT IS M<9.4 1032 Ev
SIMPLE PARAMETRIC APPROACH, ONLY A FORETASTE OF WHAT IS TO COME

CONCLUSIONS ARE LIMITED TO THE PARAM

ETRIZATION WE CHOOSE

A MORE PROMISING APPROACH MIGHT CONSIST IN TESTING GR DIRECTLY

THROUGH A SET OF CONSISTENCY RELATIONS

O.D., M. MARTIG, Y. MELLIER ET AL. O7
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A NATURAL EXTENSION

GIVEN THE THEORETICAL UNCERTAINTIES, I.E. THE LARGE FREEDOM IN
THE CHOICE OF THEORIES TO TEST, IT SEEMS MORE SENSIBLE TO
DEVELOP A MODEL INDEPENDENT APPROACHES

A PROMISING PROGRAM CONSISTS IN DEVELOPING A SET OF SELF-
CONSISTENCY COSMOLOGICAL TESTS FOR GR

AS A FIRST STEP IN DEVELOPING THIS PROGRAM, WE STUDY HOW TO USE
JOINTLY GALAXY AND WEAK GRAVITATIONAL SURVEYS

THIS STARTS FROM THE SIMPLE FACT THAT ANY WEAK-LENSING SURVEY
IS ALSO A GALAXY COUNT SURVEY

IN PARTICULAR, WE SHOW HOW TO PREDICT THE WEAK GRAVITATIONAL
LENSING SIGNAL FROM A GALAXY SURVEY

WE WILL COMBINE PROBES OF Oy AND OF V(W-®) To TEST BOTH THE
POISSON EQUATION AND THE ANISOTROPIC STRESS CONSTRAINTS

Y.-S. SONG & O.D. 08
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A SIMPLE TEST

T

SDSS

WE COMPARE THE CONTINUOUS INTEGRAL OF THE LENSING KERNEL TO
A DISCRETIZED VERSION BUILD WITH GALAXY TEMPLATES
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PREDICTING THE WEAK GRAVITATIONAL LENSING
FROM GALAXY DENSITY

@ QUASI-STATIC EVOLUTION OF PERTURBATIONS, I.E. PERTURBATIONS

CONSTANT WITHIN A REDSHIFT SHELL
® FROM THE GALAXY PROJECTED DENSITY, WE CAN BUILD A TEMPLATE FOR

THE LENSING SIGNAL

| 3
Ci 99 i 275/2) AD; D;W9(D;)W9(D;) Ass(ai, k)
o 4(D, — D;)?

Sldide . )
EjADD Apao(a;, k
% T i+1/24 D2D? 22 (%, k)

@ DISCRETIZED FORM OF POISSON EQUATION
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i ()2 Hg
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MEASURING THE BIAS

@ USING GALAXY-LENSING CORRELATION

SN2l 5 idhs
( ) Z Z fsky 25+1)(C o
BE lmln 9_|_N )(Cgsds _i_NEisds)
z; | 005 0.55] 1.05] 1.55| 2.05 8250 NENN
(S/N); 160| 430 300| 170 88| 35| 6.6
Ab; /b;(%)| 0.63] 0.23| 0.33[ 0.58| 1.1 2RHEEIE
@ USING VELOCITY OR GALAXY VELOCITY MEASUREMENTS
@ BIAS NOT DEGENERATE WITH OTHER COSMOLOGICAL
PARAMETERS LIKE Wo AND W,
Zjuteo|oue0405 5 50.55 | 1 1.05 5 1:55¢12.055 §2.55 SIS

S2(%)| 075 037 033 038 045 053 057
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A POWERFUL METHOD

— I I I I I I I I I I I I I I I I | I I I I |
s z=1.0-| ¢—— MEAN SOURCE Z
yo I SR & £ o TR s R TR b ]
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< i et S - rouingl
0 [| e 1
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=l z—Sliy
NN SR ey at s triserdiiy 5 8 Sk b REIOR 1
Yl - |eFULL SKY
-(U_)N 7//____-.__—.::::.T..—..____::..._.f.f.T..‘...T..T..._..T..T..._...‘..T.T.T.T.._...—...T...—..T:.— ® Ng = Sx1 0_3 (H/M PC)3
>3 A .
o ¢ 1 |*Az =o0.1
l - | I | | | | | | | | | | | | | | | I | | | | | | 1 .GZ=O'03

100 200 300 400 500

@ STATISTICAL ERRORS ONLY
®@ PROMISING RESULTS BUT THERE ARE COMPLICATIONS
@ PROMISING... IF ACCURATE
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® WHEN PROJECTING THE GALAXY OVER-DENSITY, INACCURACY IN
PHOTO-Z INTRODUCES AN EXTRA BIAS, ALMOST LINEAR
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PREDICTING THE WEAK

GRAVITATIONAL SIGNAL

((i+1)C3e/2m
101 10= 101007 FO=C N

|_|_|T|'|T|'| IIIII|'|T| IIIIII|T| T TTTDH

((i+1)C34 /27
10-1110-1010-2 108

_|_|-|T|T|'| IIIII|T|'| IIIIII|T| IIII/I' ‘

SOURCE ZMEAN ~O.2, 1.0, 3.0

Cdd (Corrected)

100 200 300 400 500

ACdd/Cdd %

AC3d/Cad %
=10

=79

A’Illll

/
\
!

\

100 200 300 400

SLICES WITH AZz=0.1, FULL SKY, Oz = 0.03, N¢c = 5Xx103 (H/MPC)3
SOURCE DISTRIBUTION AT 0.2, 1.0, 3.0
A FEW PERCENT ACCURACY SEEMS POSSIBLE WHEN CORRECTED FOR VARIOUS
OBSERVATIONAL ARTIFACTS
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WHAT DO WE LEARN?

N|

Il

-

[AV]
[0

AC34/Cd4 %

———

I/I"l-I‘IIIII ‘I\III

ACd4/Cdd %

}T[-lllllll'

ACd4/Cad %

B

100 200 300 400 500

SEVERAL ORDER IMPROVEMENT IN CONSTRAINTS OF F(R) THEORIES
CURRENT CONSTRAINTS ON Bo<1 (SONG ET AL. O6), BLUE CURVE HERE
CORRESPONDS TO Bo~105

MORE GENERALLY A TEST OF POISSON EQUATION AND OF THE LACK OF SHEAR
STRESS

ONLY ONE STEP IN A MORE GENERAL PROGRAM TO BE DEVELOPED
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REDSHIFT DISTORTIONS

@ ON LINEAR SCALES

- .

KAISER 87

0 — 00, (1 + fu?/b)
Pobs () = | Py (k) + 2L Py, () + 252 Po,0, (k)| F (K20, (2) 22

@ ON NON-LINEAR SCALES, “FINGER OF GOD EFFECT”

VIRIALIZED
‘ MOTIONS .
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MEASURING VELOCITI

E'S VT

ECTROSCOPIC SURVENSS
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® UNBIASED PROBE OF Oy
® LIMITED BY NON-LINEAR EFFECTS FOR K>0.2 H/MPC
® REQUIRED LARGE VOLUME SPECTROSCOPIC SURVEY

2
Bt

SONG AND PERCIVAL 08, MCDONALD & SELJAK O8, WHITE ET AL. O8
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A CLOSED WEB OF RELATIONS

[Metric Perturbationsj Energy-Momentum
Fluctuations

Poisson equatlon -

Anisotropy Continuity eq.

- Euler equation m

IF WE COULD PROBE INDEPENDENTLY EACH SIDE OF EACH EQUATIONS, THEN
WE ARE DE FACTO TESTING GR
BREAKING ANY ONE WOULD HINT AT DIFFERENT TYPE OF NEW PHYSICS

CAN WE DO IT IN PRACTICE?
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WHAT ARE THE PROBES AVAILABLE?

111

111

2 ProBING V:

® VELOCITIES THROUGH LARGE SCALE REDSHIFT
DISTORTIONS

® PROBING Oy
® VELOCITIES THROUGH REDSHIFT DISTORTIONS
B GALAXY SURVEYS, BUT BEWARE OF BIAS, REDSHIFT
DISTORTIONS (NON-LINEAR) AND PHOTOMETRIC
REDSHIFT UNCERTAINTIES

® ProBING V(W-OD)
® WEAK GRAVITATIONAL LENSING

® DE CLUSTERING, DARK SECTOR INTERACTIONS, DGP,
F(R) WILL ALTER SIGNIFICANTLY THESE RELATIONS

37



SUMMARY

FUTURE GENERATION SURVEYS (LSST, BOSS, ETC.) HOLD

EXCITING PROMISES

@ WE WILL LEARN ABOUT DE AND ITS VARIOUS PARAMETRIZATION

@ WE WILL ALSO BE ABLE TO CONSTRUCT VARIOUS SELF-
CONSISTENCY TESTS OF GR. THIS IS PROBABLY UNDER-
EMPHASIZED SO FAR AND SHOULD BE AS IMPORTANT

WE PRESENTED ONE EXAMPLE, BASED ON TESTING THE POISSON
EQUATION AND THE LACK OF ANISOTROPIC STRESS ON LARGE
SCALES USING GALAXIES TO PREDICT THE LENSING SIGNAL

AFTER HAVING STUDIED VARIOUS POSSIBLE CONTAMINATION OF
THIS TEST, IT SEEMS PRACTICAL AND WE PLAN TO APPLY IT TO
CURRENT DATA, E.G. CFHTLS

ONLY A FIRST STEP AND LARGE PROGRAM OF SELF-CONSISTENCY
TEST OF GR NEEDS TO BE DEVELOPED
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