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Telescope and InstrumentTelescope and Instrument

●  12-m on-axis ALMA prototype

●  Located at the Chilean altiplano, 
      elevation 5100 m

●  1 arcmin reolution @ 150 GHz
      0.4 deg FoV

●  Surface accuracy 18 μm
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Telescope and InstrumentTelescope and Instrument

●    PI instrument on APEX, commissioned 
     Spring 2007, approx 300 hours of data
●  Demonstrates new technologies for SZ 
     experiments:

  - TES bolometers
  - Multiplexed readout electronics
  - Pulse tube cooler (no cryogen loss)

●  Can track sources in RA-Dec, powerful
     camera for targeted cluster observation
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The beauty of the SZ EffectThe beauty of the SZ Effect

Thermal SZE is a small (<1 mK) distortion in the CMB caused by inverse
Compton scattering of the CMB photons 

Total cluster flux density is independent of redshift!

Nord, Basu, Pacaud et al, 2009

Carlstrom et al.
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Results from the APEX-SZ ExperimentResults from the APEX-SZ Experiment

The Bullet cluster  (1E 0657-56)
Halverson, Lanting et al. (arXiv:0807.4208v1)

X-ray image with APEX-SZ 
(white contours) and weak-

lensing (green contours)

23 sigma detection, 10.7 ± 0.8 keV

Beta model fit               residual map
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Results from the APEX-SZ ExperimentResults from the APEX-SZ Experiment

APEX-SZ + LABOCA imaging of Abell 2163
Nord, Basu, Pacaud et al. 
(arXiv:0902.2131v1)

With new data

APEX-SZ

LABOCA (345 GHz)

Non-parametric
Temperature
modeling
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Results from the APEX-SZ ExperimentResults from the APEX-SZ Experiment
150 GHz Power Spectrum
Reichardt, Zahn et al. 
(arXiv:0904.3939v1)

● Map 0.8 sq degrees with 1' resolution, 
10 nights in AugSep 2007

● 12 μK rms noise per 1' pixel

● Total anisotropy < 105 μK2 at 95% CL

● σ
8 
< 1.15 at 95%

● Power at 150 GHz dominated by dusty 
submm galaxies

● Power from radio sources 20 times less

● Prediction of point source power (in 
absence of clustering) agrees well 
with APEXSZ measurement  
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Upcoming science highlightsUpcoming science highlights

Cosmology from X-ray gas mass fraction, Allen et al. 2009

Cluster SZE scaling 
relations (Bender et al.)

XMMLSS map analysis
(Pacaud et al.)

XLSSC-006 (T
X
=5 keV)             T

X
~4 keV

Cluster SZ/XRay comparison (Kneissl et al.)
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Upcoming science highlightsUpcoming science highlights

z=1.39 cluster XMM J2235 (Johnson et al.)

Modeling merging systems
(Johansson/Kennedy et al.)
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ICM temperature de-projectionICM temperature de-projection

Abell 2204:
Prototypical relaxed

Cluster

X-ray image with
SZ contours

SZ image with
X-ray contours

Abell 2204, Basu, Zhang, Nord et al.

X-ray

SZE
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ICM temperature de-projectionICM temperature de-projection

Abell 2204:
Prototypical relaxed

Cluster

X-ray image with
SZ contours

SZ image with
X-ray contours

Abell 2204, Basu, Zhang, Nord et al.

Direct de-projection
of density and 
temperature  with 
Abel's inversion

No parametric
modeling!
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ICM temperature de-projectionICM temperature de-projection

de-projected
Pressure profile

fit < 6'

Projected SZE-derived
temperature profile

88 ks Chandra
re-calibrated

Suzaku observation
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Mass and Entropy profilesMass and Entropy profiles

Abell 2204 
Basu, Zhang, Nord et al.

Gas in hydrostatic equilibrium inside the 
dark matter potential well

WMAP
stacking

Isothermal

Cosmic  f
b

Lensing

X-ray

gas mass
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Mass and Entropy profilesMass and Entropy profiles

Entropy is a fundamental property of the 
ICM, describing its history of heating and cooling

Slope of the entropy profile near the cluster center 
determines the extent of non-gravitational heating

Low entropy near the virial radius indicates missing
baryons from the ICM!

Abell 2204, Basu, Zhang, Nord et al. Cavagnolo et al. 2009

Abell 2163

Chandra 80 ks
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What's next for APEX-SZ?What's next for APEX-SZ?

APEX-SZ is on its 
way home for upgrade!

(before)

(Apr 2009)

● 40% improvement in bandwidth 
has been achieved

● Full array upgrade by Dec 2009, 
factor 4 improvement in 
mapping speed

● Dual array: half detectors at 150 
GHz, half at 90 GHz
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SummarySummary

First results from APEX-SZ are coming out, many more at works!

Couple of dozen clusters already detected, and also deep 
  exposure of XMM-LSS and COSMOS sub-fields

Possible to reconstruct gas density and temperature profiles
  in combination with X-ray imaging data

Current systematics limit the ability to reach the virial radius
  (will be widening scans), but  temperature and mass constraints 
  at r

500
 are already comparable to X-ray and lensing results

Aiming to combine with Suzaku imaging data, as well as perform
  stacking analysis of relaxed clusters



APEX-SZ Results (Marseille)  18


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18

