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Cosmology ...  

ÅHerman Bondi:  ñthe data in cosmology are 
so likely to be wrong that I propose to ignore 
themòé 

 

 

ÅErnest Rutherford: no one was allowed to 
use the word ñUniverseò in his labé 



Instruments to measure CMB: 
 

ÅAnisotropies 

ÅSignal level: milliKelvin, microKelvin 

 

ÅPolarization 

ÅSignal level: microKelvin 

 

ÅSpectrum 

ÅSignal level: Kelvin 

 

ÅGalactic foregrounds 

ÅSignal level: microKelvin - Kelvin 
 

 



CMB measurements programs 
- experiments with Brazilian participation - 

Å3mm (COBE satellite DMR 90 GHz testbed):1982-1987 

ÅACME: 1987-1993 

ÅACME-Max, South Pole:1989-1994 

ÅHACME: 1995-1997 

ÅBEAST: 1998-2007 

ÅWMPol: 2004-2006 

ÅCOFE: 2005-present 

ÅARCADE: 2005-present 

ÅPlanck satellite*: 2007-present  

ÅGEM: 1991 ï present 

 
*individual participation: Rodrigo Leonardi 

 

 



Theses... 

Å Thyrso Villela: 1987 
dipole measurement; quadrupole upper limit 
 
Å Carlos Alexandre Wuensche: 1995 
intermediate-scale anisotropy 
 
Å Angélica de Oliveira Costa: 1996 
topology 
 
Å Newton Figueiredo: 1997  
intermediate-scale anisotropy; off-axis optics design 
 
Å Camilo Tello: 1997  
1.465 GHz receiver development; foreground measurements 
 
Å Agenor Pina da Silva: 2002 
intermediate-scale anisotropy 
 
Å Rodrigo Leonardi: 2006 
polarimeter development; CMB polarization upper limit 
 
Å Ivan Ferreira: 2008 
5 GHz polarimeter development; foreground measurements 







de Oliveira-Costa et al. 2008 



Dipole 



3 mm Experiment 

Test bed and precursor for COBE 90 GHz DMR 



Noise temperature: 130 K 

Bandwidth: 600 MHz 

Gondola rotation period: 100 s 

Beam width: 7º FWHM 

3 mm experiment ï Berkeley, INPE 





Experiment Amplitude (mk) l(o) b (o) 

Relikt (Strukov et al. 1987) 3.16 ± 0.07 266.4 ± 2.3 48.5 ± 1.6 

3 mm (Villela 1987) 3.44 ± 0.17 264.3 ± 1.9 49.2 ± 1.3 

COBE (Smoot at al. 1991) 3.3 ± 0.1 265 ± 1 48 ± 1 

CMB dipole measurements 



Pre-COBE era: Brazil, 1982 

   COBE-DMR (90 GHz) prototype 

Lubin, Villela, Epstein & Smoot 1985; Lubin & Villela 1986; Villela 1987 







COBE 1989 (~2300 kg) COBE 1986 (~5000 kg) 

COsmic Background Explorer - COBE 



3 mm 

1985, 1987 

COBE 

1992 

WMAP 

2003 









ACME ï Advanced Cosmic Microwave Explorer 

Meinhold et al.1993 



ACME ï Advanced Cosmic Microwave Explorer 



ACME ï Advanced Cosmic Microwave Explorer 

4 flights and 2 South Pole campaigns 



ACME ï Advanced Cosmic Microwave Explorer 





ACME South Pole 



South Pole results 



 

Observations covering 1150 

square degrees near the 

stars g Ursae Minoris and a 

Leonis 

 

39, 41, 43 GHz 

 

Beam FWHM ~ 0.077 

 

Frequencies: 39 GHz 

          41 GHz  

          43 GHz 

 

Cosmic signal: < 77 microK 

Results from the HACME / ACE balloon flight 

Staren et al. 2000 

Tegmark  et al. 2000 



BEAST 
Background Emission Anisotropy Scanning Telescope 

UCSB 

INPE 

JPL/NASA 

Unifei 

Univ. Milano  

Univ. Roma  

IASF/CNR 

Caltech  

Univ. Illinois 



BEAST radiometers 

* Channels 2 and 3 are the two polarization outputs from the single feed attached to the ortho-mode transducer   

Channel-band 
(GHz) 

Tsys 
(K) 

Band width 
(GHz) 

Sensitivity  

 (mK. s 1/2) 

Beam size 
(arcmin.) 

2 ï Q*     (38 ï 45) 24.3 4.54 670 23 

3 ï Q*     (38 ï 45) 35.8 3.72 1100 23 

4 ï Q      (38 ï 45) 27.8 4.37 725 23 

6 - Ka     (26 ï 36) 35.6 5.08 970 31 

7 - Ka     (26 ï 36) 23.1 4.56 810 31 

8 ï Q      (38 ï 45) 31.0 3.58 940 23 



BEAST radiometer 

CMB radiation enters through the vacuum window terminating into scalar feed horns. 

Cryogenic low noise amplifiers boost signal which is then sent to warm amplification 

stages via coaxial cable. After warm amplification, bandpass is defined and signal 

level is adjusted before termination onto the detector diode.  

(Childers et al. 2005) 



O Experimento BEAST  
(Radiotelescópio gregoriano não axial) 

Características do sistema de detectores do BEAST 
 
 

 

Tipo de Receptor Radiômetros 
Bandas Ka Q 
Freqüências (GHz) 30 41,5 
Largura de Banda (GHz) 8 7 
Número de Cornetas 2 6 
Resolução Angular (FWHM) 0,5  ̄ 0,35° 

Tsys (K) 30 15 

Sensibilidade por corneta (
sKm

)  500 250 

Parâmetros que definem o sistema  
óptico do telescópio. 

 

Espelho Primário Paraboloidal 
Distância focal 1250,0 mm 
Eixo maior 2200,0 mm 
Abertura 1966,1 mm 
Rugosidade (rms) < 20 mm 
  

Espelho Secundário Elipsoidal 
Distância Focal 170,0 mm 
Semi-eixo maior 600,0 mm  
Semi-eixo menor 575,4 mm 
Abertura 800,0 mm 
Excentricidade 0,2833 
Rugosidade (rms) < 20 mm 
  

Espelho Plano 
Diâmetro 2600,0 mm 
Rugosidade (rms) < 100 mm 

 

Figueiredo 1997 



BEAST  

Gregorian off-axis telescope optical parameters 

Primary Mirror

Focal distance 1250.0 mm

Semi-major axis 2200.0 mm

Aperture 1966.1 mm

Secondary Mirror

Semi-major axis 600.0 mm

Semi-minor axis 575.4 mm

Focal distance 170.0 mm

Eccentricity 0,2833

Flat Mirror

Diameter 2600.0 mm

(Figueiredo et al. 2005) 





Error plot of primary reflector used for all BEAST campaigns.  The 2.2-

meter parabolic reflector has less than .001ò rms error from the desired 

surface 

 











BEAST getting ready for flight  

in Fort Sumner (USA), in October 2000.  

Figure 4 



BEAST collected CMB data  

      from the ground at White  

        Mountain Research Station (USA) 

(altitude ~ 3800 m) 



WMAP 

BEAST Q-band CMB map 



BEAST maps: 

33º ¢  ŭ ¢ 42º 

0 h ¢ a ¢ 24 h 

~ 2500 square degrees 

Ka band: 30ô FWHM 

Q band:  23ô FWHM 

Childers et al. 2005, ApJ 

Figueiredo et al. 2005, ApJ  

Mejía et al. 2005, ApJ  

Meinhold et al. 2005, ApJ 

OôDwyer et al. 2005, ApJ 



BEAST 

Q band 
(40 GHz) 

rms: 57 Ñ 5 mK  

(noise, w/o Galaxy, 

 smoothed 30ô) 

 

Cosmic signal: 30 Ñ 3 mK 

 
Meinhold et al. 2005 



WMAP  

BEAST 



WMAP 

BEAST 


