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Cluster cosmology

ESA medium mission with the aim of
estimate the DE EoS measuring the
cosmological Weak Lensing and the galaxy
clustering

Launch: 2020

Galaxy clusters are “additional
cosmological probes” for Euclid

Three essential tools are required for cluster cosmological:
2 an efficient method to identify clusters over a wide redshift range

4 a robust observable estimator of the cluster mass

# a method to compute the selection function
(or equivalently the survey volume within which clusters are found)
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The Euclid mission

SURVEYS
Area (deg2) Description
Wide Survey 15,000 (required) Step and stare with 4 dither pointings per step.
20,000 (goal)
Deep Survey 40 In at least 2 patches of > 10 deg”
2 magnitudes deeper than wide survey
PAYLOAD
Telescope 1.2 m Korsch, 3 mirror anastigmat, {=24.5 m
Instrument VIS NISP
Field-of-View 0.787x0.709 deg” 0.763%0.722 deg”
Capability Visual Imaging NIR Imaging Photometry NIR Spectroscopy
Wavelength range 550— 900 nm Y (920- J(1146-1372 | H(1372- 1100-2000 nm
1 146nm), nm) 2000nm)
Sensitivity 24.5 mag 24 mag 24 mag 24 mag 310" erg cm-2 s-1
10c extended source | 5c point 5c¢ point 5c¢ point 3.5¢ unresolved line
source source source flux
Detector 36 arrays 16 arrays
Technology 4k=4k CCD 2k>2k NIR sensitive HgCdTe detectors
Pixel Size 0.1 arcsec 0.3 arcsec 0.3 arcsec
Spectral resolution R=250
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Selection function of cluster photometric survey

log(M200,c/Mo ) = 14.5
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: ,, 3ofield where o field is the rms of the field
Number Nsoo.c of cluster galaxies within rsoo. counts within the same radius, and within

the adopted 3Azp cut

These counts have been obtained integrating the
LF of Lin+03 down to the limiting magnitude Non-cluster members are all those galaxies
HAB = 24, as a function of redshift for clusters of J| that are more than 3Azp away from the mean

different masses. cluster redshift.

Euclid required accuracy of Az, =~ =
Evolution with z: no redshift evolution of ¢~ and W 4 5.1+ Euclid hot+ d-based
a. For M redshift evolution we assume a [} = (1+z,). (Buchd  phot+ground-base
passive evolution over the full cluster mass range.
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Selection function of cluster photometric survey

log(M200,c/Mo ) = 14.5
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Number of clusters

Euclid will detect

~2 10’ objects at 0.2 <z < 2,
~ 4 10" objects at z > 1
for the 50 selection function.

By lowering the detection threshold
down to 30, these numbers rise up to an
order of magnitude.

10° f 1
102 e 50 galaxy overdensity
02 04 06 08 1 1.2 14 16 1.8 2
Redshift

15000 sq deg
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Cluster number density

2141 dV (Mo
N, = AQ d dM°"
: f ? dzdQ) fM?b

f " aM (M. ) p(M*|| M) .
0
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Self — calibration method

Probability of assigning a mass Nuisance Parameters

M, toa clusterof M_. 1sa
lognormal dlStI'lbutIOIl In My;s(2) = Byo + @ In(1 + 2)
2 28
o o -1+ +2)7.
ob C‘Xpl_xz(MUh)J In M(Z) InM,O ( 4)

p(M™|M) =

f 2

2j'}"-crlnMr

Phuisance, F = ={Buo =0, =0,01num0 = 0.2,5 = 0.125}
(M) = In M°® —In My, —In M
where:  *(M7) = :
20—11] M
Sartoris+10
Lima & Hu '05
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Cluster power spectrum
N WIS
_ spectrum
J’m :(ﬁu k {] )

j:d+1 d (ﬂ,«’ HZ(Z)
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Comoving volume element

Cluster mass function convolved with the
observable mass scaling relation

i = [ dMn(M,z)[erfc(x,) — erfc(X,.)].

P(k,p,2) = (be rf+ f,uz)z D*(z) P (k) Cluster power spectrum

Majumdar & Mohr '03 Sartoris+12
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Cluster power spectrum
N WIS
_ spectrum
J’m :(ﬁu k {] )

j:d+1 d (ﬂ,«’ HZ(Z)
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Comoving volume element

without RSD 3
with RS 777

Cluster redshift space distosrtion contribution to

wO0-wa constraitns for a wide X-ray survey
(WEXT)

Pkot.2) = (bes + f1?) D*@) P(K)

Sartoris+12
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The statistical methods and the constraints on DE

Nsoo o/ ofeld = 3 Euclid photometric cluster selection

Parameter arrays: Eqs. 16 & 28 Eqs. 22 & 28  Eqgs. 20 & 28  Eqgs. 26 & 28
Constraints: FoM Awp Aw, AQ, Acg Ay A fyr AQ,
NC+PS 73 0.037 038 0.0019 0.0032 0.023 6.67 0.0015
NC+PS+known SR 291 0034 0.16  0.0011 0.0014 0.020 6.58 0.0013
NC+PS+known SR+Planck| 802 0.017 0074 0.0010 0.0012 0.015 4.93 0.0012
Nsoo.o/ o feld = 5 Euclid photometric cluster seleftion
NC+PS+known SR+Planck| 209 0034 012 0.0022 0.002 Lo ) ) i ) NC (===
| NC+PS gnoneeens
: +known SR
Ir — =Planck prior =3
. . i h N S¢
Fisher matrix: ; -
0.5 ]
5 L !
05 F f
P =1{Qn. 0g, wo. wa, i, Q. My, ns} a1 f
w(a = wy + wy(l —a) , _ , , ,
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Impact of scaling relations

Knowledge of the

observable mass

relation

05 F

-0.5 F

| Known scatter
evolution

+

Known bias
evolution

+

1 Known scaling
|L_relation at z=0

_JE Mwh
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Simple parametrization of the
nuisance parameters

In Myias(z) = Buo + @ In(1 + 2)

2 o 2 ,j
Thn(®) = Chpo = 1+ (1 +2)7
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09 We need to know the bias evolution
at 1% level
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Projected mass profiles from different analyses

X-ray Chandra archival shallow data

Weak lensing (Umetsu+14)

Strog lensing (Grillo+14)
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T T T 1
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Projected mass profiles from different analyses
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Observable- mass scaling relation calibration

Errors expected on the mean mass of clusters in bins of A log M200,c = 0.2 and Az =0.1.

Stock Mass

(Optimal NFW Filter)
—ee

0.20
- M200.c/Mo =3.x 10"

0.15}
M200.c/Mo =2.x 10"

0.10

Error

0.05

0.00l

0.5 1.0 1.5 2.0 .
Redshift At lower mass systems because their

larger number compensates for
their lower individual S/N
measurements.
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Observable- mass scaling relation calibration

Number of cluster galaxies with spectroscopic
redshifts available in stacks of clusters in bins of A

log M = 0.2 and Az = 0.1, as a function of redshift.

The estimate is done only for clusters

with a mass limit above that required for a
minimum of 5 members with

redshift. — This requirement stops the red curve

The statistical noise in the velocity
dispersion estimate of a sample of ~ 500
cluster members translates into a 30%
statistical noise in the mass estimate.
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Impact of selection function
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Impact of high redshift clusters

Relative FoM for number counts in the 3¢ Euclid photometric cluster selection, as a
function of the limiting redshift zmax of the survey, i.e. the ratio between the FoM evaluated

over 0.2< z < zmax and the FoM evaluated over 0.2< z< 2.0.
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Constraints on deviation from GR

Nsoo o/ ofeld = 3 Euclid photometric cluster selection

Parameter arrays: Eqs. 16 & 28 Eqs. 22 & 28 | Eqgs. 20 & 28  Eqgs. 26 & 28
Constraints: FoM Awp Aw, AQ, Acg Ay A fyr AQ,
NC+PS 73 0.037 038 00019 0.0032 0.023 6.67 0.0015
NC+PS+known SR 291 0.034 0.16 00011 0.0014 0.020 6.58 0.0013
NC+PS+known SR+Planck 802  0.017 0.074 0.0010 0.0012 0.015 4.93 0.0012

Nsoo.c/ ofeld = 5 Euclid photometric cluster seleftion

NC+PS+known SR+Planck 209 0.034 0.12 0.0022  0.0026 0.034 6.74 0.0020
0.845 . . : :
; NC+PS £ ]
P =1{Qn. 8. wy. wa, Q. Q. Hy. ns, v} ; +known SR ]
0.84 | +Planck prior C— -
[ ho ]
dln D(a) _ O () Jas b __
dlna : N N .
I W, W )
c 083 f Tl NN ™ .
0825 |
0.82 t ]
Phuisance.F = HBMD =0,a = 0-(TlnM.D - 02;8 - 0125= 0.815 L : - ' : :
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Parameter ;
Constraints

NC+PS
NC+PS+k
NC+PS+k

NC+PS+k

Pnuisance. F
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0.815

NC+PS

+known SR
+Planck prior

FIX WO,wa e
FREE w0,wa ——

0.48

0.56
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Constraints on Non-Gaussianity

Nsoo o/ ofeld = 3 Euclid photometric cluster selection

Parameter arrays: Eqs. 16 & 28 Eqs. 22 & 28 | Eqgs. 20 & 28 |Eqgs. 26 & 28
Constraints: FoM Awp Aw, AQ, Acg Ay A fyr AQ,
NC+PS 73 0.037 038 00019 0.0032 0.023 6.67 0.0015
NC+PS+known SR 291 0.034 0.16 00011 0.0014 0.020 6.58 0.0013
NC+PS+known SR+Planck 802  0.017 0.074 0.0010 0.0012 0.015 4.93 0.0012

Nsoo.o/ ofeld = 5 Euclid photometric cluster selection

NC+PS+known SR+Planck 209 0.034 0.12 0.0022  0.0026 0.034 6.74 0.0020
0.84 E i L et sy
[ | ' PS £
P = {Qm, 078, o, Wa, Qu, Qp, Ho, s, I} | NE-PS o
: +knowin SE
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_ 2 2 8351 R T
O =D+ AL ({I)G - ({I)G)) | | 5o
& 083 i | i ]
i AN i
0.825 | E -
Phuisance, F = iBM.[I =0, =0,0npm = OZ;B = UlZSI 0.82 .E,. ,.,:,
0

-30 -20 -10 0 1 20 30

Barbara Sartoris+ arXiv:1505.02165



Constraints on Neutrino mass

Nsoo.o/ o feld = 3 Euclid photometric cluster selection
Parameter arrays: Eqs. 16 & 28 Eqs. 22 & 28  Eqgs. 20 & 28| Eqgs. 26 & 28
Constraints: FoM Awnp Aw, AQ Acg Ay A fyr AQ,
NC+PS 73 0.037 038 0.0019 0.0032 0.023 6.67 0.0015
NC+PS+known SR 291 0.034 0.16  0.0011 0.0014 0.020 6.58 0.0013
NC+PS+known SR+Planck 802  0.017 0074 0.0010 0.0012 0.015 4.93 0.0012
Nooo o/ ofield = 5 Euclid photometric cluster selection
NC+PS+known SR+Planck 209 0034 0.12 0.0022 0.0026 0.034 6.74 0.0020
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