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CBI Interferometer

Array of 13 Radio Telescopes

0.9 m diameter of each antenna
Detect signals between 26 - 36 GHz
10 Channels of 1 GHz.

Designed to observe and to image the Cosmic
Microwave Background Radiation (CMBR)

Located in llano de Chajnantor, Chile at 5080 msete
In the Andes.

Operates since late 1999

Reconfigured to detect polarization of CMBR from
September 2002.



Number of baselines
N=n-(n-1)/2

N : total baselines
N : number of antenna

If Nn=13, therN =78
different baselines !

d : baseline length Is
sensitive to multipoles
| ~ 2nd/A

CBI measures the
spectrum between
300 <I < 3500
at this configuration



.. adding 10 channels
per baseline,
then CBI has

780 interferometers !
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CBI Antenna Conflguratlons

Open (Total |nten3|ty) - Compact (Polarization) -
-+ 2000-2001, - . -+ 2002-2004

.Longer baselines* -+ -~ . Shorter baselines
Higher angular resolution .~ Lower angular resolution

' .P_c_SIarizatio'n.Upg_rad'e d_one: fr_orn February to Septe@b@2
L | . h . T I ] . . ) —. - .
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. .CMBR fluctuations. COBE and WMAP
2725 K +/- ~ 30 uK rms, beant 7 -




Intrinsic fields

S_ynchroti'on mép Ka band.frE)m WMAP




2000 fields
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Extended intrinsic fields observed by CBI in 200D 2,
02", 08,140, 20" fields. Angular-resolution of ~ 5 arcmin,

. covering ~ 90 de?gn the sky




‘Power Spectrum.

— ACDM model
& WMAP
- CBl 200042001

—

CBI: higher resolution

Standard Co'smological model,: WMAP, and. CBI IZOOO{IZOO



- Power Spectrum

ACDM model
WMAP

CBlI 2000+2001
ACBAR

Is it real? Possible explanations:
- SZE in clusters
- SZE due to Population III stars a z~20 -
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Combining with highl-results from-BIMA and ACBAR we-detect power iin egs of
that expected from pnmary anlsotropy at.98% camnfize:
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Cosmological Parameters obtained from

Total Intensity observations 2000+2001

Parameter WMAP only CBI + WMAP  CBI + ALL
Qph? 0.024310001¢  0.023275-007%  0.0228F-0070
Qch? 0.12370- %% 0.113% 1) 0.118T 000
Qp NG 0.7415 00 IR
e 0.184Fg 02 0.152717-0%% USRI e
ns 1.017002 0.98% 0 0a 0.9679 05
10194 27.7127 24.2152 229152

Ho (PR 72.9% 70.513:¢

Age (Gyr) 13.3%03 RG] ISNGHEY

O 0.297 5 0% 0.267 5 0 0.297 0




Polari'zation of CMB

. Atz ~ 1100, the photon-baryon plasma decolipledadinded
‘photons to stream freely. Surface of last scatgerin

CMB polarization IS ge‘nerated by Thomson scattering

ntensity of-polarized emission are expressed Byokes
' harameters, Q; U, andV. We ignorev.

—roml Q, andU we.can generateT, EE BB, TE, TB andEB
power spectral: Total IntensityE: Grad,B: Curl components
of linear polarizationk is the component 0° or 90° from the
wave vector.(or.interferometer baseling)s.+45°, -

Density perturbations generdenly. B can be generated by
tensor perturbations or by gravitational lensing-of -




Polari'zation of CMB

In inflation modelsB-modes should be much weaker ti&an
. .modes. Confirmation th&B is.much smaller thaBE is a very
|mportant check of the model. :

The dominant source of_ttEemode IS caused by velocity effects
in the acoustic waves at the surface of last stagteintroducing
‘a shift of one-half cycle in phase between the maxn theTI'
"andEE spectra.

“Each CBI receéiver is sensitive to rigiR)r left (L) circular
polarization.-Co-polar baselinER or LL are sensitive to Stokes
| + V= |. Cross-polaRL orLR are sensitive to linear polarization, ..

StokesQ + 1U.

Polarization spectrum is no more than 10% than kotnsity,

T -,
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- CMB Polarization Angular Spectrum
- CBI Observations 2002-2004

O CBITT Spectrum ]
FPredicted CEIl Yalues




Comparlson of EE measurements from
.CBI, DASI, and CAPI\/IAP
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Cosmological Parameters obtained from

Polarization observations2002+2004 -
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" Conclusions — Total _Intéhsity_

Two years of CMBR observations with the CBI haverbe
“‘combined to give a sensitive, high-tesolution aagpbwer
spectrum over the range 400 < | <-3500.

- CBI 2000+2001 observations combined WWMAP gives the
. most precise cosmological parameters ever publjshed

- These'results are consistent W|th the key predistaf structure -
formation and inflationary theories.

A'marginal detection of a running of the-scalarcsize index.

Detection of an excess of power of that expectem fiorimary
anisotropy at > 2000 with a 98 % confidence..




-Conclusions — Polarization

High sign'n;icant detection of the:-mode p_olarization..Firs't to
. detect and measure thef and"3 peaks in thdE 'spectrum.

Determined a T-EE pha{sé-shift oft, as expected if-acoustic
waves.are.the origin of the features in THeandEE spéctra.

~Powerful co'n'firmati.on of the standard model of'cokrgy:

-'Dark energy (~75%) and non-baryonic “cold darktevit
(~20%) are the dominant constituents of the Univers
~5% are conventional “baryonic™ matter.

- Geometry Is close to flat (Euclidean).
- Primordial density fluctuations are predomlnaratdyabatlc

We expect by the end of 2005 to have more thanlddube data
set, decreasing by a factor of P the uncertanmtliés
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Science Target: CMB Polarization B-modes
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Primordial B-modes, fingerprint of Inflation.

(Shown for T/S = 0.1, a high value)
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http://www.astro.caltech.edu/~tjp/CE




