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Secondary CMB anisotropies

Momentum field Rees-Sciama effect
(kSZ effect) (non linear density and

o momentum field)
Gas profile in cluster

AT 14 8) (Yo, (rf)d (individual analysis of AT o T / B(7 md
Oc/( vy tSZ pressure profile) . (7, m)dn

AT x /(1 + 0)(r7)Te(rr)dr

other (lensing, beaming, ...)




Secondary CMB anisotropies

COMPLEX NON LINEAR DYNAMICS

Hand et al. 2012 (pairwise)
Lavaux et al. 2013 (template)
Planck 2015 [37] (pairwise+template)

all "LINEAR" methods




Modeling the dynamics

Going beyond the "static" analysis of LSS

1. Velocity field

_ 2. Chronocosmography
reconstruction

: Complex : Complex
(Lineszf:\r:‘mzory) (Higher order (Lingf:\r:]tpllgor ) (2LPT,
statistics) y Full N-body)

> Density field deduction
> Initial conditions inference
> Full non-linear modeling allowing cross-correlation with CMB

Joint endeavor: Jens Jasche, Florent Leclercq, Benjamin Wandelt, Mike Hudson



Modeling the dynamics

Going beyond the "static" analysis of LSS

1. Velocity field
reconstruction

2. Chronocosmography

: Complex : Complex
(Lin(?;?\tlor:gory) (Higher order (Lingf:llrtpr::or ) (2LPT,
statistics) y Full N-body)

Density field deduction
Initial conditions inference

Full non-linear modeling allowing cross-correlation with CMB
Caveat: correlations to CMB data are Work in Progress

v v v Y

Joint endeavor: Jens Jasche, Florent Leclercq, Benjamin Wandelt, Mike Hudson



Large scale structure, linear cosmic flows (1)
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Lavaux & Hudson (2011, MNRAS) http:/icosmicflows.iap.fr/

Carrick, Turnbull, Lavaux & Hudson (2015, MNRAS) http://cosmicflows.uwaterloo.cal



The 2M++ catalog
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Analysis framework

velocity field reconstruction from density

Galaxy redshift compilation (2M++)

Y

Derive distances from redshift
and velocities

Y

Apply bias, selection corrections

Increase

B

|

Compute velocity assuming beta

U x Bg

Galaxy distance compilation
(SFI++, First Amendment)

VELMOD

Liv =—2) log P(ni|mi,cz)

X2

V2= Z (21 — Zprea)”

o2+ 02

1

—P(B)

Forward likelihood

[r — dJ”]

P(r) o« exp (—

207 ) 1+ 85(r)

Carrick, Turnbull, Lavaux & Hudson (2015, MNRAS)




Analysis framework

velocity field reconstruction from density

Galaxy redshift compilation (2M++)

VELMOD

Derive distances from redshift
P> . Liv = —2 log P(n;|m;, cz;
and velocities i Z 0g P (1ifmi, czi)

Apply bias, selection corrections

Increase X

; 2 (21 — Zpred)® 4‘7)(6 )

Compute velocity assuming beta o Z 0%+ o2
v x Bg

+ Free extra bulk-flow!

Forward likelihood

+ Some calibration on N-body
[r —d?]

2(7%
a

P(r) o exp (- > [T+ 65(7)]

Galaxy distance compilation
(SFI++, First Amendment)

Carrick, Turnbull, Lavaux & Hudson (2015, MNRAS)



Results: gravity
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Carrick, Turnbull, Lavaux & Hudson (2015, MNRAS)

All measurements
mean value

fog = 0.400 + 0.005




Large scale structure calibrated map
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Summaries of results

* LG convergence as expected by LCDM

* Misalignment fluctuations within LCDM
predictions

. f0s inagreement with results from other
probes

 Bulk flow still high but in good agreement
with both observations and expectations

Calibrated velocities and maps at
http://cosmicflows.iap.fr and http://cosmicflows.uwaterloo.ca .



http://cosmicflows.iap.fr/
http://cosmicflows.uwaterloo.ca/

kSZ map using smoothed flows

Galaxy profile assumed (see Lavaux, Afshordi & Hudson 2012)
Projection of the first 200 Mpc/h



Large scale structure, full non-linear dynamic (ll)

Algorithm for REconstruction and Bayesian Origins Reconstruction from
Sampling (ARES) Galaxies (BORG)

Jasche & Wandelt (2013), Jasche & Lavaux (2014), Lavaux & Jasche (2015, submitted)



Large scale structure, full non-linear dynamic (ll)

Algorithm for REconstruction and
Sampling (ARES)

Bayesian Origins Reconstruction from
Galaxies (BORG)

=S

Jasche & Wandelt (2013), Jasche & Lavaux (2014), Lavaux & Jasche (2015, submitted)



The analysis procedure

Catalog meta-data

Catalog data (Selection function, completeness, ...)

v

Binned galaxy distribution

'

Statistical data model
(Gaussian aka ARES, BORG model)

Ancillary parameters

Matter density field Matter Power spectrum (bias, mean density)




data model

Linear response operator (mask, radial selection)
« Mean » density of tracers bias

i, /i 2.15,F

—log P (0 :ﬁ):A"'Z ﬁRi(1+6NL,i[6]>a_Nialog(l"'éNL,i[é])"'

2P,

NGP binned data

Gaussian prior
Poisson probability

Field 8y, [0] derived from Cloud-In-Cell + 2LPT dynamics

0 sampled using Hamiltonian Monte Carlo algorithm

Jasche & Wandelt (2013)



Gaussian model vs BORG reconstruction
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Gaussian model vs BORG reconstruction
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Initial condition reconstruction

Ensemble mean density field at present time
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Producing LSS/CMB observables

Initial conditions from BORG

l Resimulations

Hard to compute non-linear dynamics

—_—

— —

Rees-Sciama effect
Momentum field Gas profile in cluster (non linear dens_ity and
(kSZ effect) (individual analysis of momentum field)

tSZ pressure profile)

AT / (14 6)(r#)v, (ri)dr AT / (14 0)(r#)T.(r)dr At / & (rYdr

— 1

Better modeling yields higher
Signal/Noise

Two examples (PRELIMINARY MAPS) ggi}/terflgin?Malllglggtsflrgom)




kSZ maps

PRELIMINARY

0.25 1K

KSZ Simulation of ONE(!) BORG sample
Full posterior available for Hierarchichal Bayesian analysis
Raytraced from 0 to 100 Mpc/h



kSZ maps
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KSZ Simulation of ONE(!) BORG sample

Full posterior available for Hierarchichal Bayesian analysis

Raytraced from 0 to 100 Mpc/h
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ISW map

PRELIMINARY

-------------------

..............................................

Galactic

| —
0.5 uK 0.5

Integrated Sachs Wolf effect, raytraced through the resimulation (0-100 Mpc/h)



Rees Sciama maps

PRELIMINARY

e N R R R R

Galactic

. N
0.5 1K 0.5

Rees-Sciama+ISW effect, raytraced through the resimulation (0-100 Mpc/h)



Only non-linear effects (RS - ISW)

PRELIMINARY
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Galactic

-0.25 1K

Pure Rees-Sciama effect, raytraced through the resimulation



; Simulations

erse

Paris:Local Univ

, J. Jasche)

600 Mpc/h, 60 Mpc/h projection, 20483 (5122 shown here) dark matter (coll. S. Peirani



Conclusion



Conclusion

« New methods of analysis of Large Scale
structures are coming online

» Offer a unigue degree of accuracy In the
reconstruction non-linear dynamics

* Methods will be applied to correlate galaxy surveys
and CMB data through kSZ/ISWIRS effect,
particularly

 PLUS will go further, investigate precise tSZ
comparison
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