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1890: Thomas Edison quer “ouvir” as estrelas.

“Simultaneamente as perturbacoes
electromagnéticas originadas no Sol e que
sentimos, como sabem, na forma de

luz e calor, perturbacdes em comprimentos de
onda mais longos sao perfeitamente plausiveis. Se
assim for, poderiamos converté-los em som.”



1931-1935 Karl Jansky
(Bell Telephone Labs)

Estudo de estatica durante tempestades
@20MHz-

1940 Grote Reber - receptor VHF/UHF @

160 Mhz (ultra-alta freq.) — encontra

Jupiter, o Sol, the Sun e fontes radio
cosmicas
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CMBR — Cosmic Microwave

Backgrounad Radiation
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CMB and Foregrounds

Courtesy of the NASA/WMAP Science Team
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Accurate measurement of the CMB can
constrain the nature of the inflationary.
potential, at 1073> sec after Big-Bang

in particular the ratio of scalar to tensor
fluctuation amplitude r=1/S ~V1/4/mp|

and the s/ope n of the assumed power-
law spectrum P(k) of fluctuations:



Generated by Thompson
scattering off electrons in
guadrupolar motion.

Polarisation
Matrix: ‘ \
¥ Q



Perpectives
Theorist:

— B modes are fashionably great!

— Science Maximust!
Improve all other observations
Only way to see tensor modes
Already confident in E-modes predicted
— Much more Theoretical Development needed
Read - many more papers soon to be!

Experimenter: Polarization is the Frontier
— E-modes are there !

— B-modes - much more difficult and lower level
More sensitivity required
Lower systematics required
Foreground removal required
2777
G.Smoot 2004



Foregrounds: Diffuse Galactic Emission
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eSynchrotron: Cosmic-ray Relativistic
electrons gyrating in interstellar
magnetic fields

eFree-free: Thermal Bremsstrahlung
from electrons produced in interstellar

gas by the galactic UV radiation field

eDust: Emission arises from thermal re-
radiation of absorbed stellar light

oAt low frequencies (1Ghz-15GHz)
synchrotron prevails

v

eNon existent all sky synchro. maps
eNo polarization templates @ low freq.
eMinimal Faraday depol. @ 5GHz

eMaximum ~60% of polarization



Low Freguency Sky Surveys

* The Only existing Full sky map is the 408 MHz survey by Haslam
et al. (1982)

eAlthough it has a good angular resolution (0.859), zero levels
(£3K) and gain uncertainty (10%) make extrapolation to higher

frequencies lack precision

Comparable maps at a different frequencies are needed for
extrapolation that accounts for spectral index variations



Planck Surveyor ;
30-850 GHz ( Temp : 100 mK)




Planck Surveyor ;

30-850 GHz ( Temp : 100 mK)

¢ COBRAS (Mandolesi, Bersannellr,
Smoot) — 1994 (-> LFI)

¢ SAMBA (Puget et al.)- 1994 (->HFI)
¢ Merged in 1996 (COBRAS/SAMBA

P
d

nase A ESA red book (Barbosa et

.,1996 pilar for SZ WG5)

¢ It became Planck; see the legacy
effect



Planck Data Pipeline

Ground Calibrgtions
o\

20

Maps of co-added data

~ Model of

et GEM
E ol

Systematicsjsubtraction

//J;/@m'wag ePlanck foreground removal

¢ ' is an important issue
Calibrated Npe T — eNeed absolute ground

from LFI Calibrated

it Q calibrations at low

from former __

Rstecnion frequencies
eAbsolute co-added data

*GEM templates will feed
Planck data pipeline with
low frequencies absolute

A calibrations

C(l) Analysis ahd_ ‘ ! ' N - P T

Cosmelogical Miggls «GEM importance for Planck
S Survey - Working Group 2,7




GEM — Galactic Emission Mapping

eSynchrotron polarization survey @
5,10 GHz+2.3GHz I

eNorth and South Hemispheres
80% sky coverage

e Same scanning strategy of Planck
Surveyor Mission

1 rpm azimuthal rotation

-Avoid HEMT 1/f noise and
atmospheric noise drifts

eTest for spinning dust (in col.
With IAC) Cosmosomas 5,10 GHz
Perseus scan

eResolution @5GHz, 32 arc min,
<0.5 mK sensitivity

oElevation “jitter” — similar to
nutation/precession in satellites




Observation Sites




Portugal and Brazil

[

eDigital correlator receiver ePseudo correlator receiver

*9 m diameter dish (offered by 5.5 m diam. dish (extended to 9
PT) m)

eIn commissioning! eAlready first light

oFirst results expected in 2009 eoFirst results in 2008
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5 GHz Portugal and Brazil Surveys

The Galactic Emission Mapping project aims to accurately
determine the absolute intensity and polarization state of the

radiation emitted by the Milky Way at several frequencies in the
radio and Microwave spectrum

GHz




2 3 GHz Survey

GEM synchrotron simulation I 2.3GHz

eExpected north Hemisphere
coverage

2 weeks integration time

eTotal power radiometer (M.
Bersaneli)

*Mid 2009

eCurrent 2.3GHz south
hemisphere

eGEM + Rhodes

2.3 GHz GEM+Rhodes Skymap

*“A 2.3GHz map of the sky: a

new synchrotron template”,
Tello, Villela, Smoot, Bersanneli,
Barbosa, Cingoz, Ferreira, Lamb,

Perez-Becker, Smoot, Carrivan,

A&A, astro-ph




GEM synchrotron simulation I: 2.3GHz

Portugel #te flong=0.09" lot=272689

1.30=e—07 l.dte4-00 K

GEM synchrotron simulation Q: 2.3GH=

Portugel Jite (long=0.03* lot=27.E87

—S.lle—0]l MmO o mmowmw 5.50=-01 K

Single-pixel code :

Usfin Plan(f(k Simulated
reterence sky:

GEM+Planck:

@ synchro amp : 50% better

@synchro index: 3x better!

MoU with ESA !




GENM=-P coverage : I=200 (iWhm=32")
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Sensitivity: ~300uk (@5GHz)



GEM-P

eDigital correlator receiver

*9 m diameter dish (offered by PT)
eIn installation

oFirst results by 2009/2010

Corrugated Horn\
\

Dewar (LNA's inside)

Antenna Hub
Receiver—___ / //

Cryocooler—"

AR

B Faj 5 Q A C O n Ce I h O d e Vacuum System.’/
Pampilhosa da Serra

*840m altitude (RFI
tested - Fonseca et
al., 2006)



Antem&?r aulr:]%ugdatlons and

creen

eProtect from ground pick-up

eSpillover & ground shielding
(20 dB atten.)

eMechanical simulations to
check compliance with
antenna and wind
requirements

eGround Screen awaiting for
Implementation (funding)




Antenna — Site & Assembly.




Antenna - Assembly

eProblems : undesired visit of metal scrap robbers;
serious dmage+ 6-9 month delay.2nd dish assembly



Antenna - OptiCcS

Feed illumination { Subreflector edge tapper

(12 db
/
/

Waveguide Geometry

radius (mm)
a o
leNeNo)

eOptimize antenna response (G/T~40

peaseapmapmammanee | dB/K), GRASP, HFSS, Planck IDIS Level S:

eCassegrain focus configuration

-—— Cross-Pol. at ¢=45°
—— E-Plane
—— H-Plane

T T N eNew feed (corrugated horn)

-0 [

eMain dish illumination (edge taper > 20dB)
eSpillover & ground shielding (20dB)

=30 -

= 7N eGuarantee low cross-polarization.

50 = S =
-60 -45 -30 -15 0 15 30 45 60

0/ deg.
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Type
Monitor
Max i mum—-3d
Frequency

Type
Monitor
Max imum-3d
Frequency

Powerflow (peak)

power (f=5) [3(1)]1]

5119.24 VA/m™2 at -2.84 / -25.775 / -97.5303
5

Brasil : OMI

Powerflow (peak)
power (f=5) [2(1)]

2098.53 VA/m"2 at -38.8107 / 8.68125 / -320.343

5

Rui Fonseca initiated
IEEE Wireless let. (sub)
Ferreira et al.




Recelver 2.3GHz
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Done !! Instalation soon ! Tested in the field already !



Superheteredyne 5GlHz Recelver
(Base-hand Complex Correlator)

Noise Injector

Novel approach to digital correlators!
The radiometer/polarimeter gain budget:

Passive | . .. IF Pre IF
Input _ _ Output(

| 1056 |-796] 836 | 906 596 [ 36 | 16 | -2 |

28 de Novembroe
2008 29 Congresso URSI Portugal 38
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|  Conclusion : Radiometer facts

|e Tsys < 20 K; B = 200 MHz; 104 dB gain
¢ High-performance IF strip
¢ Latest RF tech+ microstrip design + MMIC
New Radioastronomy Design:

| ¢« Zero-IF Converter + I,Q modulation

¢ Digital Correlator : 4-channel, FPGA
implemented!

| ¢ Dynamic Range: Total=20dB,
Instantaneous=80dB

¢ Suitable for state of the art radioastronomy
applications.
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Mechanical Fayoeut
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L= Tf = ('Tq — Tf \Rrp + (‘Tp — Tf)GTE,:

[.y = Tf + (Tq = Tf,)RTM 2% (Tp — Tf)ETM:

Q = (T; — T5)(Rre — Bru) + (T, — Tf) (ere — €rm);
U.=0:




Results from GEM-South - Pol

Espordo Norte Regido de
Complexo de Ophiu h Cen A Nebiilosi G

OV-236
RCr A

0.00064 TS 0.009S8 K







Modelling: Inputs

Line-of-sight integration of emissivity and Faraday rotation, e.g.
synchrotron:

I(V)c | Negs Boyd]

perp

to create total and polarised intensity as well as RM maps needs:

- magnetic field model including large-scale/regular and small-
scale/random

- 3D dust emissivity model

- 3D CRE density and spectral model (galprop by Strong et al.)

3D thermal electron density model

integration code
- MCMC model selection?



Future

* Planck: full sky polarised dust and synchrotron
emission (free-free also useful);

» CBASS and GEM: full sky Stokes at 5 GHz;

« GALFACTS: RMs over Arecibo sky at 1.4 GHz;
* Extensions to IGPS (more RMs);

 Parks Galactic Meridian Survey (PGMS);



GEM Goals

eBiggest synchrotron polarization template (2.3GHz,
5GHz) -

eForeground control of CMB space probes + galactic
science (absolutely calibrated maps): Planck Surveyor
WG7 proposals, MoU (this week) with ESA

eProbe ensitivity target for ESA Cosmic Vision Polarization
Probe 2015-2025 (CMB B-mode): priority defined for next
generation of Einstein Probes (NASA Microwave Task
Force)

eCalibration of radiometers for planetary missions (JUNO-
Jupiter Polar Orbiter / NASA-JPL 2010+). Aproved !

esAcquisition/testbed of needed R&D for radioastronomy /
space science instruments : Low power digital microwave
radiometers.

eRecently: SKA testing and foreground control (Prep-SKA
FP7 member) + ARENA-Antarctica CMB exp.




Summany.

¢ Ihere is much to learn from synchrotron emission
e [races major energy component of ISM (cosmic rays)

e Major synchrotron features may. be stranger than we
thought

o Current spectral data extremely shaky.

e Major progress possible soon due to dramatic increase in
spectral range (esp. for polarization) and calibration
reliability.

¢ Synergy with y-_raY observations of diffuse
emission, especially with GLAST

o Bremsstrahlung (same electron energy as microwave
synch.)

e [nverse-Compton (~2 orders of magnitude higher

energy)
e Deflexion charts for UHECR !



Pathfinder to: :

Experiments probing the 10-20GHz
spectrum (similar to QUIJOTE - Spain)

Exploit the band (with INSCAF) 20-50GHz for
polarized foreground, with coherent receivers — In
Antarctica or high dry site.

Sub-orbital / small concept satellite for <50GHzZ
without optics : high-bandwidth 2-beam
differencing pair of radiometers in 10 years.

Inclusion on B-Pol/CMBPOI science and R&D



Juno (NASA)- launch
In 2010 to Jupiter;

MWR — probes
Jupiter athmosphere
(600MHz-30GHz)

Calibrate when MWR
sees deep space

Pls:Steve levin,Paul
Janssen

Al [+




Sky/ template fer Earth
Ohservatien/remeote Sensing

Satellites use In
thelr software
packages for
calibration.

Ex. SMOS (CMB
and galaxy account
for most of deep
space flux )




Weighting Function

NH3 Cloud

H20 Cloud

Pressure (bar) A
=
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Science Pathfinder for CMB 4th
SPace generation

Polarization needs 100x
gain in sensitivity
Thus, space Is
mandatory

On ESA, NASA future
roadmaps

—_—
om -

Specs dependent on
Planck and R&D
maturing

GEM on Foreground
WG (with IT and IST)




Estacao Radioastronémica
de Porto da Balsa
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telecomunicagdes até ja.
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