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The iISW effect in one equation (and two images)
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Classical approach : CMB-galaxy y-correlation

Author CMB LSS Tracer Wavelength  Method Claimed
Detection
XRB Xray D2 No
D2 2.70
XRB/NVSS Xray/Radic D2 Tentative’ (23 0)
SDSS DR1 D2 20 (low z)
3.60 (high z)
SDSS DR4 Optical D2 >20
SDSS DR6 D2 2.20
SDSS DR5 D2 “marginal’
SDSS DRT T [ fon]
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2MASS NIR D1
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hd D3
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Combination Combination

Dupé et al., A&A, 2011
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A shift in perspective

Idea : CMB stacking at superstructures locations

Granett et al. (2008) catalogue (SDSS DR4 LRG)
50 superclusters / 50 supervoids (~ 100 Mpc.h™!, 0.4 < z < 0.7)

Clusters Voids (Clusters-Voids)
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Focus on voids :
@ Aperture photometry (at 4°) : ~ -10.8 uK
@ Significance (w.r.t. null hypothesis) : ~ 3.3 ¢
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ACDM in danger ?
@ Significant signal...
@ ...but amplitude claimed to be too high for ACDM :
N-body simulations, analytical calculations,...

@ Lower significance with other catalogues : lli¢ et al. (2013),
Cai et al. (2014), Hotchkiss et al. (2014),...

However :
@ Predictions not always representative
@ Limited sample
@ Fortuitous signal ?
@ Selection effects ?
@ Wrong identification ?

Before any conclusion : need for full, exact
computation of expected signal from such
structures
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Objectives ?
@ Model a single structure and its evolution
@ Compute its iSW impact on CMB

Tools ?
@ Gravity & photons — General Relativity
@ Spherical structure — Lemaitre-Tolman-Bondi (LTB) metric

FLRW

Q
0
0

 ———

Working hypothesis : compensated structures
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Reproducing Granett et al. voids

Inputs to LTB metric
@ Two free functions : M(r) and K(r)
@ Translatable into p(r) and v(r) at given time

Granett et al. voids
@ (Relatively) Limited information
@ Redshift z
@ Density contrasts : dmin, (0)s<0
o Effective radiii

We can reproduce these properties with arbitrary
precision
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Evolution of a LTB void
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Photons crossing a LTB void

Solving geodesic equations
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Photons crossing a LTB void

Solving geodesic equations
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Photons crossing a LTB void

Solving geodesic equations

iSW shift (uK)
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Simulating the “iISW sky”

Map of iSW shift
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Stéphane Iué (IRAP)

iSW shift (1K)

Predicted stacked temperature
Predicted stacked photometry
o Mesured stacked photometry

Impact of superstructures in the CMB
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Assessing the CMB contamination

Map of iSW shift (Gaussian) CMB realisation
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Assessing the CMB contamination

Map of iSW shift (Gaussian) CMB realisation
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Assessing the CMB contamination

@ 10,000 CMB realisations
@ 10,000 simulated photometry
@ Where does the data stand ?

e ~ 1.70 from expected photometry at 4°
e x%, of whole photometry ~ 1
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Conclusions

Granett et al. voids

@ Signal compatible with ACDM
@ Mixture of iSW and primordial CMB
@ Detection of iSW is tricky !
LTB framework
@ Powerful and versatile tool for predictions
@ Optimisation of detection (future surveys)
@ Can help answer : is stacking a viable probe of iSW ?
Going futher :
@ Benefits from increasing knowledge of voids
@ Non-compensated voids
@ Non-spherical voids
@ Other cosmologies
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More on profiles
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Specifying LTB models

a density profile p;(r) is given at time ¢;

a velocity profile (R;)(r) is given at time ¢; ,

the bang time is simultaneous,

the crunch time is simultaneous,

the time of maximum expansion is simultaneous,

only growing modes are present,
only decaying modes are present,
a velocity profile (R ;)(r) is given at late times,

o

°

°

°

°

@ the model becomes homogeneous at late times,

°

°

°

@ atime-scaled density profile t3p(M) is given at late times.
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ISW approximation
oT o
(T Disw =2fdtc—2
® @~ 4nGp,L%6

@ &~d/t, A-dom=1~H"
() fdt ~LJc
oT
(T)iSW ~ 8nGL*cHp,,6

@ pu = Qupe = Q,(3H3/87G)

@ H = HyvOrot

@ Ry =c/Hy
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Compensation test
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Photons crossing a void
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Large scale structures

Linear perturbation theory :
@ Describes time-evolution of 6 = p/{p) —1 (for 6 < 1)
@ 6(t) < D(t) — growth function
@ Poisson : A® = 471{p)Ga*6 = @ o D(t)/a(t)

Consequences
@ In flat matter-dominated Universe : D(t) « a(t) = ® is constant
@ In any other case : d®/dt # 0
@ In ACDM : @ decays with time
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LTB theory

2
dSz = —dtz #E()dr + Rz(r t)dQZ (1)
R, = 2E(r) + 2G]I\f(r) - %ARZ )
amp() = 2. @
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Photon in LTB theory

dr  NITZE

@R, @
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with k¥ = dy/dA (x =t,1,0)
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