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Dr. Erik Reese, Berkeley (KITP New Cosmology 10-15-02) Sunyaev-Zel’ dovich Effect Page 3

A2163 SZE Spectrum éfjgu

A (pm)
10* 5x10° 2x10® 10 5x10°

is independent of z

AR . 0. JEN . &

-0.08

: => Good Cosmological Probe

L
PR o T

20 50 100 200 600 1000
v (GHz)

(LaRoque, Reese, Calstrom, et al. 2001)




Dr. Erik Reese, Berkeley (KITP New Cosmology 10-15-02) Sunyaev-Zel’ dovich Effect

Page 4

Some Applications of SZE

e Distances with x-ray = Hy, q
Independent of distance ladder

e Masses and gas fractions = (2,
./'f; ~ /H = SZII/SZ\I — Sl.’u
(Myers et al. 1997; Grego et al. 2000, 2001)

e Peculiar Velocities
(Holzapfel et ol 1997)

b

e Inventory clusters in the distant
universe = geometry of

universe (w,(},), structure
formation models

*x Learn about galaxy clusters

Our Solution

Use mm array at cm wavelengths

e low noise HEMT amplifiers
Thx # 11-20 K

e good A for SZE (~ 30 GHz)
e large field-of-view 4’ and 7’

e large synthesized beams 1’-2' (~ PSF)
—arrays built for high resolution

e observe in non-ideal mm weather (summer)
Benefits of Interferometry

e stable, extremely low systematics
e produces 2-dimensional images

e measure point sources simultaneously

disentangle cluster & point source

e well defined filter
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Sunyaev—Zel'dovich Effect Image
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SZE (contours) & X-ray (colorscale) Overlay
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“Natural”
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“Natural” No Point Source
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Deconvolved With Taper
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Hubble Constant

AT /deneTe = ATO 2 neTe];

S, / dfm2A = Sy~ n2AL

(ATp)%A
SxoT2
with geometry of cluster

IJ — HDI'\

= L x

with z and geometry of the universe
Sx0Ta
(ATg)2A

Independent of the distance ladder!

=>H[)O(

Analysis Method

Fit data with a spherical isothermal S-model

Nne(r) = ngg (1 + (:L) 2) o

Maximum likelihood jointfit to SZE & X-ray
data
e SZE
data fit directly in Fourier plane
j-model + point sources
Gaussian statistics
e X-ray
Snowden ESAS reduction software
(R4-R7 < 0.5-2.0 keV)
J-model + background
mask point sources

— Poisson statistics

(Reese et al. 2000 ApJ 533 38)
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_ W - ; 60t4 12 km s ! Mpc!; €,=0.3, 2,=0.7
Uncertainties on HO Hp = {m;*; ' i km s ! xr:)(- . ,,=0.3, 2,=0.0
StfltiStngll 53'3 732 kms! Mpc™!; fly=1.0, 1,=0.0
Te (Ho x T 20% 6000 .
Parameter fitting 15% SM”“gi g’\_'{(;:’;
I\_Ivtallicit.y 1% n:r“): nir().o 4
Ny 1% | T
__4000 | -
Systematic 3
SZE calibration [H, x (ATy) 2]  + 8% = - I
X-ray calibration +10% Y
Ny + 5% 2000
Asphericity® + 5%
Isothermality +10%
Clumping —20%
Undetected radio sources +12% 0 : : . . .
Kinetic SZE® + 2% T Gedsnitty
Primary CMB + 1%
Radio Halos + 4%
Primay Beam + 3%
Total +22% —30%
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Local ST Relation Motivation
- Ay e Start with self similar virialized clus-
LY 1/2 —-1/2
s ters so that Rs o« Te' "pe
2 ‘ — e Relate Rs; and R; with the isother-
0,=0.3, (h-o.? mal 5 model
Iy=3x10""" cgs 9 (1-63)/2
I(R) = Io [1 + (R/Re) ]
’g - - ik . e Consider the region far from the core
= - AR radius, I(R) o R1-67
'ﬂs : - S ] e Therefore
Los | - I(R;) 1/(65-1)
o ot Ri=R; [—I—~]
~ ] e Combining we find
bt 33
Rj x Tg where a = — :
0.2 A Bend 6}3 e ].
. T 5(kev) 5 e For the typ](‘ﬂl b= 2/3 (Jones & Forman
e

2/3
1984), Ry ox T(,/
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Local Relation

0.04
e +0.01 T 1'09t0-04 h—l M

e Deviations from Ry Tg/ % consistent
with the trend of gas fraction with

Te (Mohr et al. 1999)

e Likely cause of trend is energy injec-
tion during galaxy formation

Evolution of the ST Relation

e Self similar model follows the evolu-
tion in the critical density, pc x E2(z),

where E(z) = H(z)/Hg
® Ry(Te, ) = Ry(Te, 0)E"(z), n = §7°5
e For 3 =2/3, n =0 = no evolution

e In principal, ST is ideal for measur-
ing distances to high-redshift clus-
ters
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Distant ST Relation

I
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Distant sample, Mohr et al. (2000), Lo-
cal relation

Distant ST Relation

e Sample of 18 distant (0.14 < z < 0.78)
galaxy clusters (ROSAT)

e Detailed 5 model analysis

X -0.51, —
o Ry = (0.53°919) (5isy) hy! Mpc

e Steeper slope suggests possible evo-
lution in the ST relation

e Require a larger sample to defini-
tively test the standard cluster evo-
lution model
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Cosmological Constraints Distances

e ST relation is not expected to evolve e e om0
with redshift

e Simple picture: D, = Riocal /eiiistant

e Determine the geometry of the uni-

verse

e Turning this around, we can study
the evolution of cluster structure if
cosmology is known

:
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18 Cluster Sample

Combined Sample

e Need larger sample so combine our
sample with Mohr et al. (2000) sam-
ple

e Combined sample of 26 clusters

0.20
1.334_’0_13 s

i +0.03 T
* Ry = (0.657g3) (6—1?37) 50

e Again, the hint of evolution in the
ST relation with redshift

e Combined sample cosmological con-
straints still weak

Mpc
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Combined Sample

Summary

e Clusters are regular structures, as
exhibited by tight correlations be-
tween observed global properties

e ST relation provides some evidence
that clusters are not evolving accord-
ing to the standard evolution model

e Cosmological constraints are weak but
can potentially be overcome with a
large sample of high redshift clusters
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Summary

e Hp independent of distance ladder
Hy =60'1"13 km s™' Mpc™!; Qu,Q2,=03,07

e Systematics are approachable
Chandra/XMM-Newton, VLA, SZE
calibration, Simulations. ..

- z (r.tilhiﬂ.) o

e Ready to Determine Geometry of Uni-
verse

e SZE Surveys
redshift independence of SZE




