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Instruments to measure CMB:

A Anisotropies
A Signal level: milliKelvin, microKelvin

A Polarization
A Signal level: microKelvin

A Spectrum
A Signal level: Kelvin

A Galactic foregrounds
A Signal level: microKelvin - Kelvin



s ) nsmoro neaonn oé resousas snams— CIVIB measurements programs
- experiments with Brazilian participation -

A 3mm (COBE satellite DMR 90 GHz testbed):1982-1987
A ACME: 1987-1993

A ACME-Max, South Pole:1989-1994

A HACME: 1995-1997

A BEAST: 1998-2007

A WMPol: 2004-2006

A COFE: 2005-present

A ARCADE: 2005-present

A Planck satellite*: 2007-present

A GEM: 19911 present

*individual participation: Rodrigo Leonardi
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A Thyrso Villela: 1987
dipole measurement; quadrupole upper limit

A Carlos Alexandre Wuensche: 1995
intermediate-scale anisotropy

A Angélica de Oliveira Costa: 1996
topology

A Newton Figueiredo: 1997
intermediate-scale anisotropy; off-axis optics design

A Camilo Tello: 1997
1.465 GHz receiver development; foreground measurements

A Agenor Pina da Silva: 2002
intermediate-scale anisotropy

A Rodrigo Leonardi: 2006
polarimeter development; CMB polarization upper limit

A Ivan Ferreira: 2008
5 GHz polarimeter development; foreground measurements
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de Oliveira-Costa et al. 2008
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3 mm Experiment
Test bed and precursor for COBE 90 GHz DMR
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3 mm experiment T Berkeley, INPE

Noise temperature: 130 K
Bandwidth: 600 MHz

Gondola rotation period: 100 s
Beam width: 7° FWHM
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Frequency (GHz)
Experiment Amplitude (mk) 1(°) b (°)
Relikt (Strukov et al. 1987) 3.16 + 0.07 266.4+23 485%1.6
3 mm (Villela 1987) 3.44 £0.17 264.3+19 492+13

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



Pre-COBE era: Brazil, 1982
COBE-DMR (90 GHz) prototype

3 MM MAP

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



—3mK

F1G. 4. —Residual map after subtraction of the dipole. Other parameters are same as Fig. 3.

LuUBIN, VILLELA, EPSTEIN, AND SMOOT (see page L4)




Results from balloon-borne COBE Results

experiments that paved the COBE DMR - 53 GHz A+B & A-B
way for COBE
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COsmic Background Explorer - COBE

COBE 1989 (~2300 kg) COBE 1986 (~5000 kg)
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A LUCASFILM, LTD. PRODUCTION
A STEVEN SPIELBERG FILM

WS




Filoura 9 DesTRUICAC DO EXPERIMEMNTO PELA EXPEDI-
GAD DE TaAPiRAl




Ficura 10 Joio MiNERO
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insTiTuTo NAcionaL pe reseuisas eseacmis  ACME T Advanced Cosmic Microwave Explorer
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F1G. 8 —Scale drawing of gondola, including all major servo hardware and telescope elements

Meinhold et al.1993



el B S CSPHLIAES ACME 1 Advanced Cosmic Microwave Explorer
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F1G. 12—Schematic of the SIS receiver system




Wi e st vesassesmans  ACME 1 Advanced Cosmic Microwave Explorer
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F1G. 1.—Schematic drawing of the major optical elements of HACME: A: Bafile; B: Canted spinning flat mirror; C: 1 m parabolic mirror; D: Ellipsoidal
mirror; E: Dewar; F: CCD camera.

4 flights and 2 South Pole campaigns
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FiG. 9—Diagram of the interaction between all portions of the servo
system.



CBR MEASUREMENTS WITH THE UUCSB PLATFORM

Date Site Detector System Beam FWHM Sensitivity
1988Sep c.ovvvinvniinnnnnnn. Balloon (Palestine, TX) 90 GHz SIS receiver 0°5 6.5 mK s'/?
1988 Nov-1989 Jan ........ South Pole 90 GHz SIS receiver 0.5 6.1
1980 NOV .iiinnnnnnnnns Balloon (Fort Sumner, NM) MAX photometer (3, 6,9, 12 cm ™) 0.5 12, 2, 5.7, 7.1
1990 Jul ... Balloon (Palestine, TX) MAX photometer (6, 9, 12 cm ™) 0.5 07,07, 54
1990 Nov-1990 Dec . ....... South Pole 90 GHz SIS receiver 0.5 6.1
1990 Dec-1991 Jan ......... South Pole 4 Channel HEMT amp (25-35 GHz) 1.5 0.8
1991 Jun ...oooiivinnnnnnnn. Balloon (Palestine, TX) MAX photometer (6, 9, 12 cm ™ 1) 0.5 0.6, 0.6, 4.6
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DERIVED PARAMETERS FROM LIKELIHOOD ANALYSIS (+1 o)

Band (uK) B (1K) (x 10719

(1) (2) (3) (4) (3)
Q-band ....... 43.1736° 1713 496%194 2.14+2:00
Ka-band...... 3057147 02399 31.9%147 1174433
Ka+0Q....... 3137143 09793 4121158 1.7715:3%

NoT1e—Cols. (2)—(3): The rms amplitude and spectral index § determined
from the likelihood analysis using a “flat” radiation power spectrum given by
C, oc (f*"¥/[£(¢ + 1)], where f* is the center frequency of channel k normal-
ized to the lowest frequency of the observation. Col. (4): The rms amplitude for
f = 0. Col. (5): CMB band power estimates for f = 0.

10

Multipole Moment - ¢
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Results from the HACME / ACE balloon flight

Observations covering 1150
square degrees near the
stars gUrsae Minoris and a
Leonis

39, 41, 43 GHz

Beam FWHM ~ 0.977

Frequencies: 39 GHz
41 GHz
43 GHz

Cosmic signal: <77 microK

Staren et al. 2000
Tegmark et al. 2000




BEAST

Background Emission Anisotropy Scanning Telescope

UCSB
INPE
JPL/NASA
Unifel

Univ. Milano
Univ. Roma
IASF/CNR
Caltech
Univ. lllinois
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BEAST radiometers

Channel-band Tsys Band width Sensitivity Beam size

(GHz) (K) (GHz) (mM<.s Y% (arcmin.)
21 Q* (3871 45) 24.3 4.54 670 23
31T Q* (3871 45) 35.8 3.72 1100 23
47 Q (3871 45 27.8 4.37 725 23
6-Ka (267 36) 35.6 5.08 970 31
7-Ka (2671 36) 23.1 4.56 810 31
8T Q (3871 45) 31.0 3.58 940 23

* Channels 2 and 3 are the two polarization outputs from the single feed attached to the ortho-mode transducer
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Cryogenic Warm Amplifiers Bandpass Filter

Feed Horns Amplifiers Coaxial Caoble Level Setting
\ Detector Diode
% JL AW %
| |
"Back—-End”
Sequencing
Vgcuum/ ‘ ; Bias Card
Window /
IR Blockers CTI
19K Stage Cooler
60K
150K
Ambient Shell

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
(Radiotelescopio gregoriano nao axial

Caracteristicas do sistema de detectores do BEAST

Tipo de Receptor Radiémetros
Bandas K. Q Parametros que definem o sistema
Frequéncias (GHz) 30 415 optico do telescopio.
La}rgura de Banda (GHz) 8 / Espelho Primério Paraboloidal
Namero de Cornetas 2 6 Distancia focal 1250,0 mm
Resolucao Angular (FWHM) 0,5 0,35° Eixo maior 2200,0 mm
TSys (K) 7 30 15 Abertura 1966,1 mm
Sensibilidade por corneta ("™ Y%) 500 250 Rugosidade (rms) <20 mm
Espelho Secundario Elipsoidal
Distancia 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 mMm

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

Figueiredo 1997
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BEAST

Gregorian off-axis telescope optical parameters
| ‘ |

L Forbobian Primary Mirror
R T e Focal distance = 1250.0 mm
2000 = e | Semi-major axis = 2200.0 mm
‘ Spinning Flot Miror Aperture 1966.1 mm
£ Secondary Mirror
N Semi-major axis | 600.0 mm
Semi-minor axis 575.4 mm
7 Focal distance 170.0 mm
Eccentricity 0,2833
. | Flat Mirror
" Diameter 2600.0 mm

|

|

|
2000 0
Yy, mm

(Figueiredo et al. 2005)






1243001_03 2m Reflector (1999)
RMS = 0.00089"
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BEAST getting ready for flight

in Fort Sumner (USA), in October 2000.
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Figure 4
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BEAST collected CMB data
from the ground at White
Mountain Research Station (USA)

(altitude ~ 3800 m)



@ BEAST Q-band CMB map
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BEAST maps: ~ 2500 square degrees
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BEAST

Q band
(40 GHz)

rms 57 N5 nK
(noise, w/o Galaxy,
smoot hed

Meinhold et al. 2005
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