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Abstract: The Sunyaev Zel'dovich effect is expected to be one of the magor contaminants at arcminutes scales in CMB analysis. | will present a
method we developed at IAS to quantify the biases on parameter determination when any additive signal is not taken into account in the analysis. |
will then present an application of this method in order to quantify the biases induced on cosmological parameter estimation when the SZ residuals
are not properly taken into account in the analysis of the CMB. The important biases that would result from such a treatment encouraged us to
developed a joint analysis of the CMB plus SZ signal that consists in determining the cosmological parameters fitting both signals. | will compare
various methods to carry out such an analysis and will emphasize that only the coherent method that takes into account the dependency of the SZ
spectrum with all the cosmological parameters allows an unbiased determination of the parameters. | will conclude by discussing the improvement
on parameters error bars du to the extra information included in the SZ power spectrum and by pointing out the difficulties that our incomplete
understanding of the intra cluster gas physics can set.
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Context

@ Large scale temperature and polarisation CMB observations => concordance model
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= exquisite precision (a few percent) on the cosmological parameters values e.g.
ne — 0.963 = 0.014 (Dunkley =t al.. 2009)

@ Complementary experiments are observing anisotropies at small scales : excess power in
respect to primary CMB.
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Secondary anisotropies affect the primary CMB

@ Gravitationnnal effects
@ Scattering effects
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Thermal SZ main contribution at small scales and dominates over primary CMB
above ( ~ 2500
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e
How to deal with this SZ signal ?

Different approaches can be considered :

@ Fit the total signal with CFB + CFZ : f M. Douspis’ talk

@ Remove SZ contribution of detected clusters = left with residuals

| studied the 2™9 approach in order to determine if it is a valuable method.

— need for a method to calculate the biases induced on parameter values when
residuals are neglected.
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| @ Our general method for bias calculation Taburet et al, MNRAS, 2009, 392, 1153
|

|

|

! 9 Analytical calculation of the TSZ residuals
@ Detection of galaxy clusters
| @ The TSZ residuals angular power spectrum

@ Different methods to deal with SZ : the biases remain |
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€ Our general method for bias calculation Taburet ct al., MNRAS, 2009, 392, 1153
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| Biases induced by an additive signal

Dataset (C,E’ ..... C}:)zprimary signal + additive signal

@ Fitting the data Euith a model describing primary signal + additive signal
— best model ;¢
This is the fiducial model

@ Fitting the data Fith a model describing only primary signal
= best model >#
But this parameter set is shifted from the fiducial model

Bias on the values of the parameters :

b=26— 10

— We want an analytical method that can calculate biases even when neglected
signal dominates over primary one.
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Aﬂa|ytlca| pr'EdICtIOﬂ OF the bIaSES Taburet =t al., MNRAS, 2009, 392, 1153

Assumptions (similar to the widespread Fisher matrix analysis) :

@ Gaussian distribution of the associated errors to each C; data point

= To estimate the best fitting parameter set : minimise the associated 2

= Z Z C'Uk',_l( Cfx C;Y)(C,;Dx == CXmod(g))(CﬁDY _— C,Ymﬂd(ﬁ))
£ X.¥

where X.Y =TT, EE, TE.

@ covy variance-covariance matrix coefficients independant of the parameters.
function of the instrumental caracteristics

Fitting with full signal : CX™od = CXCMB | CXadd

Neglecting the additive signal : CX"’“" CX‘:“B
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Analytical prediction of the biases (2) rasuwe « . muras. 200, 302, 1253

We calculated that bias on parameter #; is :
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Advantages of our method :

@ Faster than an MCMC based study

@ Applicable for any C79“ (negligible or not).(When negligible we recover a formula
used by Zahn et al., 2005...)

@ Usable for different additive signal (systematics, point sources...)
(example : Schaefer et al. 2008. uncertainties in the evolution of matter bias)
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© Analytical calculation of the TSZ residuals
| @ Detection of galaxy clusters
@ The TSZ residuals angular power spectrum
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Analytical calculation of the TSZ residuals

Large upcoming detection of galaxy clusters =

multifrequency £ P R 1 — build up SZ cluster catalogues
typical SZ spectral R 4
surveys (Planck, l’ .
. signature
SEY-.) J ‘ SZ residuals |

Are these residuals a problem ?

Can we neglect them ?

To answer this question :
@ consider an experiment = Planck
@ calculate the TSZ residuals

Qur approach :
& Build up a theoretical selection function

& Compute the residual TSZ angular power spectrum for various
detection thresholds

@ (Calculate biases on the values of cosmological parameteres when this residual

is neglected.
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| The theoretical SZ selection function

Galaxy cluster detected if : (following Bartelmann, 2002)

@ its beam-convolved Compton parameter emerges from the confusion noise, y¥(¢) > Ay,

@ its integrated signal is above the instrumental limit, simultaneously in the 3 channels of
interest (100, 143 and 353 GHz) :

AF() =log(v) | 7(6)dD > Tog(1)AVisem

Sl ol i Tt Clusters detected by Planck per redshift slices :
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i The TSZ residuals angular power spectrum

For each multipole ¢ 2 contributions :

@ poisson contribution

@ the correlation between the clusters (negligible at / > 300 - Komatsu & Kitayama, 1999)

The poissonian contribution to the TSZ angular power spectrum writes (Komatsu & Seljak, 2002) :

Zdec dv [ dn( M.
G = ﬁz/ dz—/ dMuf_‘;{M z)|%
Jo dz Jm dM

min

It thus depends on the cosmology and the distribution of the intra-cluster gas.

@ isothermal J-model to describe the hot intra-cluster gas
@ Sheth & Tormen mass function

M - | (from selection function) to calculate the residuzl TSZ angular power
spectrum
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residuals after 3 - detection

Massive and low z clusters removed
quite a lot of residuals.
What is their impact ?
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| @ Different methods to deal with SZ : the biases remain !
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residuals after 3 - detection

Relative contribution of the TSZ residual

Massive and low z clusters removed : the signal @100GHz fora 1, 3and 5 o

quite a lot of residuals.

What is their impact ? the C; (dot-dashed line).
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e Different methods to deal with SZ : the biases remain !
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Biases on cosmological
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parameters due to [SZ residuals
*CMB : TT, EE and TE. Planck @ 100 GHz

*SZ : Neglect polarisation induced by galaxy cluste

(Lius ex al. 2005)
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68.3% joint confidence regions.
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Biases on cosmological parameters due to TSZ residuals
bias({2a )~ 0.1x precision({2,)
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68.3% joint confidence regions. Black : reference model, Red and r==n : biases
induced by the TSZ residuals after 3 17 and 5+ detection threshold.

Pirsa: 09040048 Page 20/26

TR T — 30 April 2000 S




| Biases on cosmological parameters due to TSZ residuals

Important biases on og, {1y and to a higher extent on n. and 7.
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— Problem due to TSZ residual contribution.

| a solution ? Do not use TT data with £ > 1000. (Zahn <t al. 2005, context of reionisation)

@ Expect lower biases on cosmological parameters

| @ What about the accuracy of parameter estimation ?
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Cut TT spectrum at £ = 1000 for parameter estimation /
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68.3% joint confidence regions. Black :
the TSZ residuals after a 30 detection. Red : biases and accuracy degradation
induced by the TSZ residuals after a 37 detection and cut TT at /
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@ Component separation to remove SZ contribution. problem : not perfect :
still residuals (filaments...)

CasmoMC + residuals from Planck WG2 challenge component separation
from f-A Rubino-Martin
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Let's suppose component separation allows to remove all TSZ.

== still have point sources, kSZ...
217 GHz, biases induced by kSZ only
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Biases on inflation related parameters ns and og.
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Conclusions :

@ Exact and analvtical method to calculate biases induced by any additive
signal (astrophysical or systematics)

@ residuals in CMB analysis — significant biases on 2, and particulary n.
and 7
Planck : several times the expected accuracy on these parameters!

@ Cut TT at £ = 1000 : some parameters are still biased + degraded accuracy
@ 217 GHz : kSZ (+ other foregrounds) = biases.

Ongoing work :
@ SZ not only a contaminant : use it to constrain gas physics

@ consistent analysis CMB + secondary anisotropies (cf M. Douspis’ talk)
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