Determining the Cosmic Distance Scale with Galaxy Clusters

Erik D. Reese University of California, Berkeley

Cast of Characters

U of Chicago NASA/MSFC John Carlstrom Marshall Joy Gil Holder Cheryl Bankston Erik Reese Sandy Patel (UAH) Sam LaRoque Daisuke Nagai Amber Miller Mike Joffre

UIUC SAO/cfa Joe Mohr Laura Grego

UC Berkeley Rutgers University Bill Holzapfel Jack Hughes

OVRO BIMA David Woody Dick Plambeck Steve Padin John Lugten Steve Scott Rick Forster

(Adapted from Sunyaev & Zel’dovich 1980 ARAA)

SZE (contours) & X-ray (colorscale) Overlay

Hubble Constant

ΔT ∝ ∫ dℓneTe ⇒ ΔT0 ∼ neTeL

S_X ∝ ∫ dℓn2eΛ ⇒ Sx0 ∼ n2eΛL

⇒ L ∝ (ΔT0)2Λ Sx0T2e with geometry of cluster L = θD_A

with z and geometry of the universe ⇒ H0 ∝ Sx0T2e (ΔT0)2Λ Independent of the distance ladder!

Analysis Method

Fit data with a spherical isothermal β-model

n_e(r) = n_{e0} ( 1 + ( r r_c )_2)−3β/2

Maximum likelihood jointfit to SZE & X-ray data

• SZE

– data fit directly in Fourier plane – β-model + point sources – Gaussian statistics • X-ray

– Snowden ESAS reduction software (R4-R7 ⇔ 0.5-2.0 keV) – β-model + background – mask point sources – Poisson statistics

(Reese et al. 2000 ApJ 533 38)

Uncertainties on H0

Statistical

T_e (H_0 ∝ T^2_e) 20% Parameter fitting 15% Metallicity 1% N_H 1%

Systematic

SZE calibration [H_0 ∝ (ΔT_0)^{−2}] ± 8% X-ray calibration ±10% N_H ± 5% Asphericity• ± 5% Isothermality ±10% Clumping −20% Undetected radio sources ±12% Kinetic SZE• ± 2% Primary CMB ± 1% Radio Halos ± 4% Primay Beam ± 3% Total +22% −30%

H_0 =

60^{+4}_{−4}^{+14}_{−19} km s^{−1} Mpc^{−1}; Ω_M=0.3, Ω_Λ=0.7 56^{+4}_{−4}^{+13}_{−17} km s^{−1} Mpc^{−1}; Ω_M=0.3, Ω_Λ=0.0 53^{+4}_{−3}^{+12}_{−17} km s^{−1} Mpc^{−1}; Ω_M=1.0, Ω_Λ=0.0

D_A Present & Future

Summary

• H0 independent of distance ladder

H_0 = 60^{+4}_{−4}^{+13}_{−18} km s^{−1} Mpc^{−1}; Ω_M, Ω_Λ = 0.3, 0.7

• Systematics are approachable

Chandra/XMM-Newton, VLA, SZE calibration, Simulations. . .

• Ready to Determine Geometry of Universe • SZE Surveys

redshift independence of SZE