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Science Objedives:

1. Count SZ clusters; use densitiesto constrain
cosmological parameters... (and “functions’ :)

| nstrument :

2. Map ssmndary “CMB anisotropies’ at very small angular scales. (PS
and “beyond PS’)

3. Measurepolarization in the CMB

« Operate (for cosmology) fromA = 1to3 mm
« 8m diameter primary @ < 1.3' beam at 150GHz

o 1°diameter F.O.V. O can uselarge bolometer arr ays

John Ruhl, Case Western (KITP New Cosmology Conference 8/20/02)
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The South Pole Site

Superb atmospheric transmisgon and stability.
(38year reaord... typical preapitable water vapor in winter
is0.25mnt)

Geography: allows deep integrations of fields that do
not rise or set. Sun can be shielded for [® months.

(eg DAS observed CMB polarization toward two fields for 196
continuous days last austral winter season)

Excellent station and support: transportation,
communications, construction support, eledrical
power, cryogens, technica support, laboratory
space acaommodations... all in place

The South Pole: a gentle environment

e Median wind spedd: (summer =4 ms?1, winter = 6 ms?)
* 90% of months, the wind speed dces not excead 12m st

e Maximum recorded wind speed since 1958is 25 ms1,
the lowest “highest recorded wind speed” of any U.S.
Weaher Service station

* Low snow acaimulation (it's a desert). Norain.

0 Theonly “interesting” engineaing is for the ald...
otherwise, it’s avery benign environment.

John Ruhl, Case Western (KITP New Cosmology Conference 8/20/02)
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8m diameter:
To achieveat 150GHz the desired
1.3 resolutionfor SZE survey

Off-axis Gregorian: photons
To achievea wide field with " VAVAY S
no blockage

Diffraction limited:
ove [J1 deg? fidd a A=2mm

Chopping flat:
placed at image of the primary
[J] low offsets.

Telescope
Access

Overfill Guards Telescope Support

Building (DSL)

John Ruhl, Case Western (KITP New Cosmology Conference 8/20/02)
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A full ground shield will surround the telescope,
so we @an do low-level CM B observations...

SPT 10° element bolometer array

(Lee and Holzgpfel and company at UCB)

Smooth conical horns
used w/ “Lyot” stop.

One wafer, many
detedors (ala Bolocam)

15cm Note: reading ou 1000
chanrelsisn’'t easy!
Cutaway o 1027element array

John Ruhl, Case Western (KITP New Cosmology Conference 8/20/02)



Far Future Observations: SPT

Single SQUID multi plexer ucs

One SQUID per row
* AC-bias=> sum signals => demodulate
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SZE with the SPT

Cluster counting
Constraining functions waeu, may

Measuring parameters (govask o seep, Max
(skip... Hy, baryonfraction, peadliar v's...)

4000s0. deg. to AT g 010 pK witha 1.3’ beam
Mcluster >4 X 1014 Msun
Exped [20,000 clusters

John Ruhl, Case Western (KITP New Cosmology Conference 8/20/02)
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Mock Observations of Simulated Clusters
(Pryke and Mohr)

ol Clusters Add CMB

00 Optimal Filter

MassLimits from Mock Observations

Mass Limits as Function of Detector Noise Mass Limits as Function of Telescope Size
50 detection corresponds to: 50 detection (10uK noise)
4.2x10" M, (10 pK) corresponds to:
3.8x10" M, (5 pK) 4.2x10" M, (1.3 beam)
3.4x10" M, (2 pK) 6.2x10 M, (1.8 beam)
1.6x10% M,, (4.4’ beam)
(Pryke and Mohr)

John Ruhl, Case Western (KITP New Cosmology Conference 8/20/02)
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Anticipated cluster yields from SPT Survey

J. Mohr
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Thisisenough that you can start making mass
histograms as a function of redshift. ie, test that
PressSchedter “function”.
Potential Constraints on Dark Energy
0.6 [- ‘ ' ! =
- Planck South Pole 8m cluster survey
L (polarization) - M;,=4.9x10 M, over 4x10° deg?

—  ~17,000 clusters deteced

Statistica uncertaintieson w and Q.
Q:100.01
- <w>100.05
— Marginalized over og

Important factors not included:
—  Nonflat geometries
—  10% uncetainty in H, (20%
broadening)
—  Cosmic variance
—  Systematic uncertainties

Just when we thought we could test the &t) “function”, they throw in anew “parameter”!

John Ruhl, Case Western (KITP New Cosmology Conference 8/20/02)
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Survey Followup: The Importance of Cluster Redshifts
(very important)

J. Mohr
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Potential CM B targets for
the South Pole Telescope

The 8m aperture and excellent site offer incredible opportunities
for the next generation of CMB observations:

* CMB secondary anisotropies
(Ogtriker-Vishniaceffed; Gravitational lensing)
O Map the Dark Matter, Understand LSS formation

* CMB polarization
(Induced by lensing; B-mode from gravitational waves)
O Map the Dark Matter, Understand I nflation

(These observations will require receivers beyond the first array...)

John Ruhl, Case Western (KITP New Cosmology Conference 8/20/02)
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Ar(uUK)
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CMB: Secondary Anisotropies

CMB photons pass through structure in the universe
that introduces secondary anisotropies that dominate
the primaries above | ~3000

FromHu & Dodelson, Ann. Reviews 2002
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Need other frequencies (90 to 345GH?2) to deal
with dusty galaxies, etc

John Ruhl, Case Western (KITP New Cosmology Conference 8/20/02)
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Reconstruction

Dark Matter Mapping

10°x10° simulations by W. Hu

Projected Mass

with Temperature

Gravitational lensing by large scale structure imprints a signature
on the CMB, which can be used to reconstruct the projected mass.

Reconstruction
with Polarization

4’ beam, 1uK/arcmin? errorsin Temperature map

John Ruhl, Case Western (KITP New Cosmology Conference 8/20/02)
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CMB Polarization

10

A7 (UK)

From Hu & Dodelson, Ann. Reviews 2002
L R .
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Primor &l B-thodes,
finger print of I nflation!

1000 (aforeground)

arefor Planck...

0.5

Transmission

0.4

0.2

Water vapor and
atmospheric transmission

TOP: The upper plot is calculated
atmospheric transmittance at zenith .
[Pardo, Cernicharo, and Serabyn 2001].

0.6

PWV values of 0.2 mm for South Pole,
0.6 mm for Chajnantor and 0.9 mm for
Mauna Kea, corresponding to the 25t
percentile winter values at each site.

Dry Air Tau

South Pole ~-

Dry Air
Continuum Opacity

NEW: The 1.5 THz measured
transmission at the Pole exceeded 20%

0.8

0.6

0.4

0.2

Water Vapor
Pseudocontinuum Opacity

_HZO Tau Mauna Kea\ //

Chajmmto><

about half the time during July 2001.

MIDDLE AND BOTTOM PLOTS:
Plots of the calculated values of dry air
and water vapor opacity.
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John Ruhl, Case Western (KITP New Cosmology Conference 8/20/02)
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0.66

0.68

Mass

t Systematics

South Pole 8m
~17,000 clusters

4,000 deg?
0.74 . .
0.95 0.9
Wy
AlogM Q. <w> [
+25% 0.6661 -1.0000 0.9539
+10% 0.6859 -0.9991 0.9231
+5% 0.6927 -0.9998 0.9124
0% 0.700 -1.0000 1.000
-5% 0.7061 -0.9985 0.8894
-10% 0.7105 -0.9860 0.8749
-25% 0.7265 -0.9579 0.8305

Dark Energy and MassLimit Systematic Errors

Statistical Uncertainty in Mass
Estimates
— Canacourt for thisin andysis

Systematic Errorsin Mass Estimates

— What isthe effect of a @onstant
fractiona mass error with redshift?

Controlling systematic mass errorsis
primary challenge in doing precision
cosmology

M, (1051 M,)

(deg™?)

dN/dz

John Ruhl, Case Western (KITP New Cosmology Conference 8/20/02)
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