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cluster physics probe
Cosmological probe




Planck all sky map e

- A

‘- "

Perseus S s kL RS

credit: da Silva, Valente & Aghanim, CLEF
Page 5/47

a3 . et N N [ w3 g O (.



Page 6/47

B | R L o

SZ as cosmological probe
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SZ as cosmological probe

* Use individual clusters

“» Use maps/timelines
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é— SZ cluster catalogs
f'i * number counts / scaling Relations
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problem with selection function & source extraction
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o SZ as cosmologzgical probe

Completeness

o 1.0f | Tl
2 | :
‘Use maps/timelines = u *;
-8 5 0.6F ]
- — SZcluster catalogs S ;
ey © 04r -
* number counts / scaling F3 = N :
o Y.er ]
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problem with selection funcz .t
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Y simulated [arcmin’]

—

Matched multifilter on patches,
Planck WG5S challenge, Herranz et al,
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SZ as cosmological probe

* Use individual clusters

i -

“* Use maps/timelines
~ — SZcluster catalogs
= * number counts / scaling Relations

problem with selection function & source extraction

' Use the power spectrum

- — Already used in previous/current CMB analyses
. = CBI, VSA, ACBAR, BIMA, SZA, WMAP, ...
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How to take into account this
contaminantsignal and use its
cosmological information at the
same time ?

(continued)

in the Planck Power Spectrum context




Fitting cosmological
Prarameters with CIVIE
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|-

P 8% Data: Cl
— Planck (+ CBI, SZA, ACBAR, ACT, APEX, QUAD, SPT, ACT ..)

- — Gaussian (+ non Gaussian)

* Theoretical spectrum depending on cosmology

olquc

— more tricky
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_‘ sz contaminant for CI1
estimation

' Remove detected clusters
. — undetected clusters dominate at small scales

I —selection function
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SZ contam inant foxr C1
estimation

'* Remove detected clusters
— undetected clusters dominate at small scales
— selection function
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SZ contaminant foxr CI
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CosmoMC + residuals from Planck WG2 challenge component separation

Le o s B i D =, 7 R
i (H ] r

e component separation

Page 15/47



Approach

 Fit the observed power spectrum with

C* = CSMB(6) + C34(6)

» Total SZ signa

@

2 e

=4

=

:‘j i- eady used in analyses of:
Bl (Readhead et al. 04, Bond et al. 2005, Sievers et al. 09,

VSA{Rebolo et al. 04)

ACBAR(KUO et al. 07, Reichardtet al. 08)

MAP (Spergel 03, Dunkley et al. 08)

: A (Dawson et al. 06)
» - mblned (Douspis et al. 06)

1.
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Theoretical spectrum

~* Analytical computation

. Numerlcal simulations

‘ ‘21'? mixed approach eg Majumdar



Numerical simulation:

~* Better and Better simulations.
» Allows to see the effects of Gas physics.

- — cooling and feedback ...
. da Silva, Pfrommer, Majumdar, Babul, Cao, Bond, Zhang et al.
& In near future, lot of efforts will pin down the scatte
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: - :.'-'-'-.-- 1000
» Allows to see the
Q2 o~
o S 100
Ko E
* * Pbof resolution = o
§ boxsize : large T
Ly e =
“‘:- ~ — smoothing lengt
e : 0.1
- ® Gas physics

- }Z ~00 ing and feed 100



Analytical modeling

A natural approach is to model the SZ Power spectrur
- by keeping the cosmological parameter dependency
C/(SZ) = 1,2 / dM

2 I\ M, 2 y
0 dz '*Irnin aM y ( )

’ g_ Poissonian: Komatsu & Seljak 02
# SZemission of a single cluster for a hot gas
~distribution (j profile)

& Choose a mass function to compute the cluster

. _number counts on the sky (dn/dM sheth & Tormen 99)

'Enmr ~d‘./'*\[mur dﬂ(\f:)
\

siitutd :’-:.ai.'rppliysique ,_‘.'J ._-aﬂal;e-ﬁ,;-_._m. |

> Included in a CAMB module to ease MCMC
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Parametrizations

: "CMB observations fitting:

13 Cp' = CMP(O) + C§Z-(-§ )

b e

2 C = CMB(D) + o] (h) Ci(6o)

 0'pstrophiysique Spatiales

L C = C7M(0) + As2C(Bo)
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Method 3
CP* = CSMB() + C34(0)

A natural approach is to model the SZ Power spectrur
- by keeping the cosmological parameter dependency

jatialen i

3 Q-eMore constraints on parameters
~ -Also coherence between scales (eg &)

* Jakes full cosmological * Not so fast to compute
dependency * Depends on gas properties
gkess heavy than numerical and cuts

Simulations

L0 Astropliysiques

fised in Komatsu & Seljak 02, Douspi s et al. 07, Taburet et al. 08, 09, Sievegsgtal. 09
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Method =
CP* = CEMP(@) + o (h) C(Bo)

' Choose your favorite description of C’'(SZ) as
- template assuming one cosmology (0,)

- — from numerical simulations

 — from analytical modelling

jaliale s

*» use partial cosmological dependency of SZ signa

* No shape variation with

iast to compute once one Cl
cosmology

i.’ 2

“available

L ysed in Dawson et al. 06, Dunkley et al ., Sievers etal. 09
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Method 3
CP =™ o)+ C3 (0

A natural approach is to model the SZ Power spectrur
by keeping the cosmological parameter dependency

patiale ..

.
~

- -More constraints on parameters
~ -Also coherence between scales (eg c3)

* [akes full cosmological * Not so fast to compute
dependency * Depends on gas properties
gkess heavy than numerical and cuts

L 0 Astropliysique

.

ised in Komatsu & Seljak 02, Douspi s et al. 07, Taburet et al. 08, 09, Sievggsgtal. 09
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Method =
CP' = C;MP(0) + o (Quh)” Ci(60)

" template assuming one cosmology (Qp)

¥ from numerical simulations
 — from analytical modelling

gligle wanin

* use partial cosmological dependency of SZ signa

* No shape variation with
cosmology

st to compute once one (i

L ' Astrophiysiques
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Method 1
CP™ = CFMB(0) + AszC(6o)

=
=X
s
I
o

st to compute once one CI = No cosmological dependency
yvailable * Decorrelate large/small scales
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B usedin WMAP 1 & 3, Sieversetal. 09
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Tests in Planck case e

¢ Simulate a set of “observed” Cs including some
. SZ signal (with Planck 100GHz noise properties)

Try to retrieve cosmological parameters with the
3 methods (3, 2, 1)

Study Biases and Confidence intervals on
.+ cosmological parameters of 3 methods

- ﬂalem*m_ |

G We use Monte Carlo Markov Chain approach

*- CosmoMC (Lewis & Bridle 02 + Dunkley et al. 05)

i= = — CAMB module
1 ongoing work in Taburet et al. 09&:5s00n

B T s ot s B



Pessimistic case

The SZ signal is not really known
(wrong gas description)

3 _- * “Data”simulated from C,(0, T, [,)
& * Method 1: C,(SZ) = A C,(6,, T,, B,) or ...
~ * Method 2: C,(SZ) = 5, (Q,1")* C,(6,, T, B,) or ...

i

= test Method 3 with 3=0.7 and $=0.8
= | (instead of 0.66)



Pessimistic case

The SZ Sign" :-1-- e —l'i- : |j__'_7_____

 “Data”simulatedfr © | |
s Method 1: C,(SZ)=/ . |
e Method 2: C,(SZ)=¢

* Method 3: C,(SZ) = (

pkes Method 3 with T change of -7%
_ 3st Method 3 with $=0.7 and $=0.8
mtead of 0.66)

) Astrophysigue Spatiales
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“Wrong assumptions on gas properties introduce

biases of few ¢ on some C.P.
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“Wrong assumptions on gas properties introduce
biases of few ¢ on some C.P.
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Middle case

The SZ signal is not perfectly known

(wrong template : wrong cosmology)

5

-?"’Data” simulated from C,(6,) [or C,(NS)]
» Method 1: C,(SZ) =A C,(6.)
'+ Method 2:C(s2) = 0, QN AN

athod 3: C,(S2) =C, (")
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Mol 1 e—
- Nah, 7 ———
1.05 Meth. 3

1t ”
1.00 i 1 h} ;
0.95 | -
I L L L L L i 1 ;

Obh2 Odmh2 tau ns lambda Om sigma8 HO

od 2 slighlty biased (highly for 6g) unlike M3
L * M1 less biased but bigger error bars...
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Optimistic case

The SZ signal is perfectly known
(good Cosmology and gaz physics template)

E:i-‘f"’Data” simulated from C,(6,) [or C,(NS)]
L+ Method 1: C,(SZ) = AC ¢(60)



viously no bias
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» Different intervals on cosmological parameters
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Different intervals on cosmological parameters,



Intervals: Q,u-hz

Qoun*+0.7%
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CMB degeneracies broken by SZ
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Interwvals: Q i

Qo +0.7% CMB _only Noun*+0.7%
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Intervals: Qm-hz

Qo +0.7%

3

KE+1)Cy/ (2m) in pakc?
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Simple approach allows to use SZ as
cosmological probe
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~ Biases and error bars differences quantified in Taburet et al. 09b



Cosmolosy &
foregrounds

Description
* CMBOK

e SZ~0OK with
limitations
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Cosmolosy &

foregrounds
% Description
- « CMB OK
= « SZ ~OK with
‘3 limitations

* Point sources !!

* Huge effort in CBI,
SZA, SPT ...
* Potentially
cosmological

information toe--
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Conclusions

: ‘-5_-' Taking full cosmology dependency of SZ power
- spectrum allows better determination of
- cosmological parameters

, Next step is point sources (should depend on
' cosmology too)
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