IV INPE Advanced Course on Astrophysics

Radio Astronomy for the 21st Century
Sao José dos Campos - SP - Brazil
September 12-16, 2011

Invited Lecturers
James Cordes - Cornell University (NY), U.S.A.
State of the art interferometry and related science

George Hobbs - Australia Telescope National Facility, CSIRO - Australia
Gravitational Wave Detection with radio pulsar timing arrays

Richard A. Perley - National Radio Astronomy Observatory (NRAO), U.S.A.
General concepts of radio interferometry and image synthesis

Paolo de Bernardis - University of Rome La Sapienza, Italy
Cosmic Microwave Background

Advisory Committee

Domingos Barbosa - Instituto de Telecomunicagdes, PT

Gordon Hurford - SSL - Berkeley University, USA

Hanumant Shankar Sawant - INPE, BR

Kyioto Shibasaki - NAOJ, JP

Marco Bersanelli - University of Rome La Sapienza, Italy

Pierre Kaufmann - CRAAM-Universidade Mackenzie, BR

Roy Booth - HartRAO, SA

Richard Manchester - Australia Telescope National Facility, CSIRO, AU
Yervant Terzian - Cornell University (NY), US.A.

Local Organizing Committee - LOC
Joaquim E. Rezende Costa(Chair)
Odylio D. Aguiar

José Carlos Neves de Araujo
Carlos Alexandre Wuensche

José R. Cecatto

José Williams S. Vilas Boas
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RATIONALE

Whether observing with a single antenna or a telescope array, Radio Astronomy has always
caused a great impact on our knowledge of the Universe. Since 1950's, radio astronomers
working on the issue of spatial resolution have been seeking for improvements in their mea-
surements through a technique known as interferometry, because otherwise the sizes needed
for the radio telescopes would be too large and, therefore, increasingly difficult to build.

That is why the 4th edition of INPE's Advanced School in Astrophysics will focus on Advanced
Radio Astronomy. Simply put, it will offer an excellent opportunity to discuss particularities of
modern radio astronomy in the realm of Astronomy: theory on modern radio interferometry,
new radio receiver technologies, modern radio facilities, either already operating or planned
for the upcoming decade. Also, potential applications are considered in the context of traditio-
nal and new scientific challenges such as the origin and evolution of the Universe, origin of
life, new planetary systems, star formation, search for extraterrestrial intelligence, molecular
synthesis, dark energy, pulsar investigations, energy storage-release processes, and gravitatio-
nal wave detection.

As in many other fields of experimental research, Radio astronomy progressed in parallel with
modern technologies, sometimes borrowing from them, sometimes pushing to a new lever.
This partnership can be clearly seen in the development of receivers, cryogenics and state-of-
-the-art electronics. The free-fall trajectory of prices of electronic components in the last 20-30
years, particularly the Low Noise Amplifiers (LNA), made possible to build extremely sensitive
receivers that allows for present measurements of physical observables that were unbelievab-
le when Karl Jansky collected the first radio data from the Galaxy, in the 1930s. On the other
hand, multibeam receivers and large area facilities are already changing the present paradigm
of data acquisition rate and expected sensitivity, with impact not only in the astrophysical
science (more data, more sources, deeper in redshift, in less observing time) but also in the
efficiency of operation. SKA, LOFAR, ALMA, EVLA and HAUCA, among others, represent the
state-of-art technology to face the pioneering scientific challenges of this new century.

The 4th INPE Advanced School in Astrophysics is an excellent opportunity for PhD students,
pos-docs and reserchers from other areas to enter the Radioastronomy world, getting
acquainted with its techniques, state-of-the-art instrumentation, operating facilities and the
wonderful science that can be accessed through it.

All the abovementioned topics will be addressed at INPE's IV Advanced School on Astrophysi-
c¢s by a team of expert lecturers:

Prof. Richard A. Perley graduated from the University of Maryland in 1977. He held a post-doc-
toral position at the VLA from 1977 through 1980, when he was appointed to the VLA's perma-
nent staff. His research work through the mid 1990s was focussed primarily on radio galaxies
and quasars, utilizing the VLA's extraordinary new capabilities for detecting and resolving
these distant objects. In the mid 1990s, he was appointed the Expanded Very Large Array
Project Scientist, and has since devoted most of his time to the development and testing of
the greatly expanded capabilities of this facility.

Prof. James Cordes research interests include radio astronomy, neutron stars, pulsars, the
interstellar medium, the search for extraterrestrial intelligence, signal processing techniques,
statistical inference, and topics in computer science. He regularly makes observations using
radio telescopes in Arecibo, Puerto Rico, the Very Large Array in New Mexico, the Parkes
telescope in Australia, and the Very Long Baseline Array, headquartered in New Mexico.
Cordes also makes infrared and optical observations using the Hale Telescope at Palomar and
has taken part in joint radio and gamma-ray observations using the Compton Gamma-ray
Observatory and X-ray Timing Explorer. He also uses the Hubble Space T elescope and the
Chandra X-ray Satellite in his multiwavelength work. He is currently planning observations
using the upgraded Arecibo Observatory and a new multiple-feed receiver system that invol-
ve deep searches for radio pulsars. He is also heavily involved in the Square Kilometer Array
project, a next-generation radio telescope.

Prof. Paolo de Bernardis teaches Astrophysics and Observational Cosmology at the University
Rome La Sapienza. He devoted his research activity, since 1982, to measurements of the
Cosmic Microwave Background anisotropy and polarization. He has developed several balloon
experiments including the very successful BOOMERanG, which detected for the first time
oscillations of the primeval plasma. . His expertise is in instrument development, including
detector technologies (bolometers and KIDs), polarization modulators, mm-wave telescopes,
calibrators, cryogenic systems. He is one of the Co-Investigators of the High Frequency Instru-
ment on the Planck CMB mission. He has been awarded the Feltrinelli Prize (2001), the Balzan
Prize (2006), the Dan David Prize (2009) and the Cocconi Prize (2011).

Prof. George Hobbs works as research scientist at CSIRO Astronomy and Space Science in
Sydney, Australia. George's expertise is in studying radio observations of pulsars and has
produced the standard software used Worldwide for analysing pulsar timing observations. He
currently has a leading role in the Parkes Pulsar Timing Array project which has the main goal
of making the first direct detection of gravitational waves. The project also has numerous
secondary goals including searching for irregularities in terrestrial time standards, improving
the Solar System ephemeris, studying the pulsar properties, probing the interstellar medium
and using the pulsars as deep-space navigational aids.

PN DAS v ¥
'IR.;_-- :'_J_F ¥ .JM" Divisao de Astrofisica S A B N
F *



PRELIMINARY PROGRAM

Radio Astronomy for the 21st Century

Course I: General concepts of radio interferometry and image synthesis

Lecturer: Prof. Richard A. Perley (NRAO)

email: rperley@nrao.edu

Basic Interferometry I: Fundamentals, and the relation between Brightness and Visibility
Basic Interferometry II: Application to specific Geometries, with examples.

Polarimetry.

Imaging, Deconvolution, and Self-Calibration I: The essentials with application to narrow -
-band cases.

Imaging, Deconvolution, and Self-Calibration Il: Advanced topics, wide-band applications,
and non-coplanar baselines.

Course Il: Compact Objects, the Dynamic Radio Sky, and 21st Century Radio Telescope
Facilities

Lecturer: Prof. James Cordes (Cornell University)

email: jmc33@cornell.edu

Neutron Star and Compact Object Astrophysics

Plasma Propagation Effects (relevant to pulsars, transients, and VLBI)

Precision Astrometry (pulsar distance scale and velocities, Galactic center, Hubble constant,
planet detection)

The Dynamic Radio Sky (transient and variable sources; underlying physics, detection
methods)

New Radio Arrays and their Key Science Areas

Course lll: CMB

Lecturer: Prof. Paolo de Bernardis (University of Rome La Sapienza, Italy)
email: paolo.debernardis@roma.infn.it

Polarization

Lensing,

Sunyaev and Zel'dovich effect

Instrumentation breakthrough

Course IV: Gravitational Wave Detection with radio pulsar timing arrays
Lecturer: Prof. George Hobbs (CSIRO)

email: george.hobbs@csiro.au

Radio pulsars,

PTA (theory with single antenna, noise response to a GW signal, sensitivity),
Groups and Projects (SKA and others: Nanograv, PPTA, EPTA)

SCHEDULE
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9:00-10:15 1 11 111 IV 11
10:15 - 10:45 COFFEE-BREAK
10:45 - 12:00 II III v I 11
12:00 - 14:00 LUNCH
14:00 - 15:15 II1 v I II I
15:15 - 15:45 COFFEE-BREAK
15:45 - 17:00 IV II1 II1 I IV
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LECTURES

Richard A. Perley - National Radio Astronomy Observatory (NRAO), U.S.A.
General concepts of radio interferometry and image synthesis

James Cordes
State of the art interferometry and related science

Lecture T]

ecture 3
| ecture 4
ecture 5

Paolo de Bernardis - University of Rome La Sapienza, Italy
Cosmic Microwave Background
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George Hobbs - Australia Telescope National Facility, CSIRO - Australia
Gravitational Wave Detection with radio pulsar timing arrays
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http://www.das.inpe.br/school/2011/lectures/RickPerley_Lecture1.pdf
http://www.das.inpe.br/school/2011/lectures/RickPerley_Lecture2.pdf
http://www.das.inpe.br/school/2011/lectures/RickPerley_Lecture3.pdf
http://www.das.inpe.br/school/2011/lectures/RickPerley_Lecture4.pdf
http://www.das.inpe.br/school/2011/lectures/RickPerley_Lecture5.pdf
http://www.das.inpe.br/school/2011/lectures/JimCordes_Lecture1.pdf
http://www.das.inpe.br/school/2011/lectures/JimCordes_Lecture2.pdf
http://www.das.inpe.br/school/2011/lectures/JimCordes_Lecture3.pdf
http://www.das.inpe.br/school/2011/lectures/JimCordes_Lecture4.pdf
http://www.das.inpe.br/school/2011/lectures/JimCordes_Lecture5.pdf
http://www.das.inpe.br/school/2011/lectures/PaolodeBernardis_Lecture1.pdf
http://www.das.inpe.br/school/2011/lectures/PaolodeBernardis_Lecture2.pdf
http://www.das.inpe.br/school/2011/lectures/PaolodeBernardis_Lecture3.pdf
http://www.das.inpe.br/school/2011/lectures/PaolodeBernardis_Lecture4.pdf
http://www.das.inpe.br/school/2011/lectures/PaolodeBernardis_Lecture5.pdf
http://www.das.inpe.br/school/2011/lectures/GeorgeHobbs_Lecture1.pdf
http://www.das.inpe.br/school/2011/lectures/GeorgeHobbs_Lecture2.pdf
http://www.das.inpe.br/school/2011/lectures/GeorgeHobbs_Lecture3.pdf
http://www.das.inpe.br/school/2011/lectures/GeorgeHobbs_Lecture4.pdf

IV INPE ADVANCED SCHOOL ON
ASTROPHYSICS

RADIO ASTRONOMY
for the 21" Century

¥

ot
Local Ornanizing
PROGRAM 1 Committee (LOC):
3 J. E. R. Costa (Chair)
General concepts of radio SaO IO sé dos: O. D. Aguiar
interferometry and - J. C. N. de Araujo
image synthesis C. A. Wuensche
] J. R. Cecatto
Pqu. Richard A. Peflfy I‘ W. S. Vilas Boas
National Radio Astronomy .
Observatory (NRAO) - NM / USA Scientific Organizing Committee
. (SOCQ):
State of the art interferometry Domitigos Barbosa
and related science Instituto de Telecomunicagoes
Prof. James Cordes SRl
Cornell University - NY/ USA Gordon Hurford
S SSL - Berkeley University / USA
Cosmic Microwave Background Hanumant Shankar Sawant
Prof. Paolo de Bernardis Kyl;&f}}ﬂ:;iah

Universita degli Studi di
Roma "La Sapienza" - Italy
° -
Gravitational Wave Detedfion
with radio pulsar timing arrays

Marco Bersanelli
> INEN / Italy

. Pierre Kaufmann
CRAAM - Universidade Mackenzie
Brazil

Prof. George Hobbs : ” : Roy Booth
Australia Telescope National Facility HartRAO / USA

CSIRO LA httpy/www.das.inpe.br/school/ e

Australia Telescope National
Facility -CSIRO / Australia

== = = Mikstrio di BR;‘?‘.SIL Yervant_ Ter_zian
Arte: Douglas Barzon / LIT-INP 8 Ciéncia e Tecnologia s e e et s Comell u?;;jrszty o)




Sao José dos Campos (SJC)

With an estimated population of almost 700.000, Séo José dos Campos (SJC) is presently the
4th largest city in the state of Sao Paulo, and the largest and most important in the Paraiba
Valley. Its area was first occupied in 1590 by a cattle farm, where today is the borderline
between SJC and Jacarei cities. It received the status of town in April 22, 1864 and received
its present name in 1871.

SJCis one of the largest industrial and technological centers of the country and the home of
well known research centers, such as the Instituto Nacional de Pesquisas Espaciais (INPE),

the Comando-Geral de Tecnologia Aeroespacial (DCTA), the Instituto Tecnolégico da Aero -
nautica (ITA), the Universidade do Vale do Paraiba (UNIVAP), and the Universidade Estadual
Paulista "Julio de Mesquita Filho" (UNESP). Sdo José dos Campos is also the home of EMBRA -
ER (Empresa Brasileira de Aerondutica), the 3rd largest aircraft company in the world, the
largest and second oldest GM (General Motors) plant in Brazil, started 1958, and many other
technological and electronics industries, totaling more than 700 companies.

Due to its privileged geographical position, between the mountain chains of Mantiqueira
and Serra do Mar, SJC is very close to excellent leisure opportunities at the beach or up in
the mountains. It is located between the metropolitan areas of Rio de Janeiro (330 km
North), in Rio de Janeiro state, and Sao Paulo (80 km South), the two largest Brazilian cities.

How to get to SJC from Sao Paulo International Airport (Guarulhos)

By Car

From Sao Paulo International Airport to Sao José dos Campos take the Rodovia Presidente
Dutra (Highway Sao Paulo-Rio de Janeiro. Distance: 79 Km = 50 Miles) or take the Rodovia
Ayrton Senna (Rodovia dos Trabalhadores), drive 65 km and then merge to Rodovia Presi -
dente Dutra driving more 23 km until Sdo José dos Campos-SP (total of 88 km).

By Bus - Company Passaro Marrom

Telephone numbers: (011) 6445-2505, 6445-3783 and 6445-3811
(012) 3921-9892

Site: www.passaromarron.com.br

Place: Terminal of Passengers 1 - wing A - Arrival Floor
Terminal of Passengers 2 - wing D - Arrival Floor

Schedules of exits from the Airport to Sao José dos Campos:
08:00 - 13:00 - 17:15 - 22:00

Schedules of exits from Sao José dos Campos to the Airport:
06:30 - 10:30 - 15:30 - 20:00
Service: 24h00.

Estimated Price: RS 200,00 = US$ 90,00

By Taxi - Special Taxis
Telephone Number: (011) 6440-7070.

Place: Terminal of Passengers 1 - wing B - Arrival Floor
Terminal of Passengers 2 - wing C - Arrival Floor

Service: 24h00.
Estimated Price: RS 200,00 = US$ 90,00

See the road maps

Region Main Attractions

Sao José dos Campos

Parque da Cidade (City Park)

Former house of the Olivio Gomes family. The architectonic design is signed by Rino Levi

and landscaping is by Roberto Burle Marx. The park has a great nature area, lake and artifi -
cial island, besides tracks for hiking.

Santos Dummont Park

Located in the neighborhood of Vila Adyana, close to downtown Sao José dos Campos, the
park has fish-breeding lakes and lots of birds and has 2 elementary schools. The park
houses a unit of the third prototype of the Bandeirante airplane, used by the old National
Aeronautics and Space Commission, presently, INPE - National Institute for Space Research.
Its located on Rua Eng. Prudente Meirelles de Moraes, 1000.

Banhado (Marsh)
The marshes of Sao José dos Campos are one of the most beautiful sights of the city, a true
postcard. Its green area can be seen form many sites. Locals like to enjoy sunsets there.

Campos do Jordao

Parque Estadual de Campos do Jordao (Campos do Jordao State Park) Created in 1941, the
park, also known as "Horto Florestal', offers tracks to hiking, snack-bar, ice-cream parlor,
chapel, greenhouse, gymnastics area and picnic areas, restaurant, and souvenir shop. Open
daily (from 8 a.m. to 8 p.m.). Address: Av. Pedro Paulo.

Ticket Price: RS 15,00 = USS$ 7,00
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HOTELS

he prices below have been quoted in May 26th. Please confirm the values at the booking.
The event has no arrangement with any hotel.

Hotel Faro

Address: Rua Siria, 25 - Jd. Oswaldo Cruz - Sao José dos Campos - SP
Phone: +55 12 3512-9600

E-mail:

Single room: R$ 119,00

Double room: R$ 155,00

Plus 5% tax; Breakfast, parking and Internet included.

Hotel Ibis

Address: Av. Dr. Jorge Zarur, 81 - Tour | - Jardim Apolo - S.J. Campos
Phone: +55 12 3904-2400

E-mail: h6035-re@accor.com.br

Single room: R$ 119,00

Double room: RS 119,00

Internet WiFi available, Breakfast: RS 13,00/day and Parking: RS 7,00/day

Hotel Lareira

Address: Rua Ademar Guedes de Oliveira, 193 - Vila Piratininga (proximo a Rodoviaria Nova)
Phone: +55 12 3921-9829

Single room: R$ 59,00

Double room: R$ 88,00

Triple room: R$ 120,00

Breakfast, parking and Internet included.

Hotel Lisboa

Address: Rua Major Anténio Domingues n° 344 - Centro
Phone: +55 12 3921-8155 - +55 12 3921-3564

E-mail: hotelisboa@hotellisboa.net

Single room: R$ 70,00

Double room: R$ 95,00

Triple room: R$ 125,00

Breakfast, parking and Internet included.

Hotel Mercure

Address: Av. Dr. Jorge Zarur, 81 - Tour Il - Jardim Apolo - S.J. Campos
Phone: +55 12 3904-2300

E-mail: h5168-re@accor.com.br

Single room: R$ 194,00 + 5%

Double room: R$ 214,00 + 5%

Internet WiFi available

Parking: R$ 7,00/day

Breakfast: R$ 20,00/day

Hotel Othon Intervale

Address: Rua Lupércio Antonio dos Santos, 31 - VI Bethania - Sao José dos Campos - SP
Phone: +55 12 3925-5500

E-mail:

Single room: R$ 144,00

Double room: R$ 166,00

Triple room: R$ 196,00

Plus 5% tax; Breakfast, parking and Internet included.

Hotel Plaza

Address: Rua Presidente Bernardes, 33 - Jardim Paulista
Phone: +55 12 3947-7669

Single room: R$ 74,00

Double room: R$ 94,00

Triple room: R$ 114,00

Breakfast, parking and Internet included.

Hotel Pousada Bandeirante

Address: Avenida dos Astronautas, 1021 - Jardim da Granja (esta localizado na mesma avenida
do INPE)

Phone: +55 12 3922-7506

Single room: R$ 30,00

Double room: R$ 50,00

Triple room: RS 75,00

Breakfast, parking included.

Hotel San Marco

Address: Avenida Dr. Adhemar de Barros, 457 - Vila Adyana
Phone: +55 12 3922-5244

Single room: R$ 80,00

Double room: R$ 105,00

Breakfast, parking and Internet included.

Shelton Inn Hotel

Address: Av. Dr. Joao Guilhermino, 287 - Centro - Sao José dos Campos - SP
Phone: +55 12 3941-8588

Single room: R$ 130,00

Double room: R$ 145,50

Triple room: R$ 170,00

Breakfast, parking and Internet included.

Hotel Urupema

Address: Avenida Nove de Julho, 1037 - Vila Adyana
Phone: +55 12 3921-1599

E-mail: hotelurupema@hotelurupema.com.br

Single room: R$ 95,00

Double room: R$ 120,00

Triple room: R$ 150,00

Plus 5% tax; Breakfast, parking and Internet included.

Hotel Varanda

Address: Rua Itorord, 206 - Jardim Paulista (proximo a Rodoviaria Nova)
Phone: +55 12 3922-3676

Single room: R$ 59,00

Double room: R$ 88,00

Triple room: R$ 120,00

Breakfast, parking and Internet included.
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Lectures Participants Poster
Photos Travel Info

INPE Advanced Course - 11
Compact Objects

September 10-14, 2007
Sao José dos Campos, SP Brazil

Invited Lecturers

Brian Warner
Cataclysmic variables

Kostas D. Kokkotas
Generation mechanisms of gravitational waves

Feryal Ozel
Compact objects

Ronald A. Remillard

Accretion processes in neutron stars and black holes
Advisory Committee

N. Andersson - University of Southampton - United Kingdom

L. Bildsten - University of California at Santa Barbara - USA

D. Blair - University of Western Australia - Australia

A. Bruch - Laboratorio Nacional de Astrofisica - Brazil

M. Coleman Miller - University of Maryland - USA

V. Ferrari - Universita di Roma “La Sapienza” & INFN/Roma - Italy
J.A. de Freitas Pacheco - Observatoire de la Cote d'Azur - France
C. Hellier - Keele University - United Kingdom

J. Horvath - University of Sdo Paulo - Brazil

J. McClintock - Harvard-Smithsonian Center for Astrophysics - USA
R. Rothschild - University of California at San Diego - USA

R. Sunyaev - Max Planck Institute for Astrophysics - Garching - Germany

Local Organizing Committee

0. D. Aguiar, J. C. N. de Araujo, J. Braga, F. D'Amico, F. J. Jablonski, O. D. Miranda, C. V. Rodrigues

< Previous Edition
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Email - school@das.inpe.br
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DIVISAO DE ASTROFISICA - DAS

ASTROSTATISTICS

III INPE Advanced Course on Astrophysics

Astrostatistics
Si; %0 Josi;'s dos Campos - SP - Brazil
September 14 -18, 2009

Invited Lecturers

Tom Loredo - Cornell University
Bayesian Statistics: a primer

Hedibert Lopes - University of Chicago

Bayesian Statistics: techniques and implementation

Eric Feigelson - Pennsylvania State
The Frequentist Approach for Astrostatistics

Esther Salazar - Universidade Federal do Rio de Janeiro
Hands-on Activities

Advisory Committee

Dani Gamerman- IM-UFRJ - Brazil

David Weinberg - The Ohio State University - USA
Devinder S. Sivia - St.John's College Oxford - UK

Jogesh Babu - Pennsylvania State - USA

Laerte Sodri;! Jr - IAG - University of Si; %o Paulo - Brazil

Local Organizing Committee

Carlos Alexandre Wuensche
Fli Y4vio D'Amico

Francisco Jablonski

Josiy % Carlos Neves de Araujo

DAS

Divisdao de Astrofisica

Email - school@das.inpe.br
Phone - +55 (12) 3945 7200

Copyright 2009 iZ2 INPE - Instituto Nacional de Pesquisas Espaciais. All rights reserved.



IV Escola Avancada em Astrofisica do INPE

Radioastronomia para o Século XXI

Sao José dos Campos - SP - Brasil
12 a 16 de setembro de 2011

Palestrantes Convidados
James Cordes - Cornell University (NY), U.S.A.
Estado da arte da interferometria e aplicagdes cientificas

George Hobbs - Australia Telescope National Facility, CSIRO - Australia
Detec¢do de ondas gravitationais usando arranjos para medicao de pulsares

Richard A. Perley - National Radio Astronomy Observatory (NRAO), U.S.A.
Conceitos gerais de interferometria e imageamento por sintese de abertura

Paolo de Bernardis - University of Rome La Sapienza, Italy
Radiacdo Césmica de fundo em microondas (CMB)

Comite Organizador Cientifico

Domingos Barbosa - Instituto de Telecomunicagdes, PT

Gordon Hurford - SSL - Berkeley University, USA

Hanumant Shankar Sawant - INPE, BR

Kyioto Shibasaki - NAOJ, JP

Marco Bersanelli - Universita degli Studi di Milano, Italy

Pierre Kaufmann - CRAAM-Universidade Mackenzie, BR

Roy Booth - HartRAO, SA

Richard Manchester - Australia Telescope National Facility, CSIRO - AU
Yervant Terzian - Cornell University (NY), U.S.A.

Comissao Organizadora Local

Joaquim E. Rezende Costa
Odylio D. Aguiar

José Carlos Neves de Araujo
Carlos Alexandre Wuensche
José R. Cecatto

José Williams S. Vilas Boas
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ESCOPO

Seja pelo uso de uma antena ou de um arranjo de antenas, a Radioastronomia sempre causou
grande impacto em nosso conhecimento do Universo. Desde os anos 50, os radioastronomos
que trabalham na questao da resolucao espacial tém buscado por melhorias em suas medi-
¢oes usando a técnica conhecida por interferometria, pois do contrario os tamanhos necessa-
rios dos radiotelescopios deveriam ser excessivamente grandes e, portanto, cada vez mais
dificeis de construir.

Esta é a razdo pela qual a 42 edicdo da Escola Avancada em Astrofisica vai tratar de Radioastro-
nomia Avancada. De forma simples, vai oferecer uma excelente oportunidade para discussoes
sobre as particularidades da Radioastronomia moderna no contexto da Astronomia: teoria da
moderna interferometria radio, novas tecnologias de receptores radio, instrumentos radio
modernos, tanto aqueles em operacdo quanto os que se encontram em projeto para a proxi-
ma década. Além disso, sdo consideradas as potenciais aplicacées no contexto dos desafios
cientificos tradicionais e dos novos, tais como: origem e evolu¢do do Universo, origem da vida,
novos sistemas planetarios, formacao estelar, busca de vida extraterrestre, sintese molecular,
energia escura, investigacao de pulsares, processos de armazenamento-liberacao de energia,
e deteccao de ondas gravitacionais.

Como em muitos outros campos da pesquisa experimental, a Radioastronomia progrediu em
paralelo com as tecnologias modernas, as vezes fazendo uso delas, outras vezes conduzindo-
-as a um nivel mais avancado. Esta associacao pode ser vista claramente no desenvolvimento
de receptores, criogenia e eletronica de vanguarda.

A tendéncia de grande queda dos precos de componentes eletronicos nos ultimos 20-30 anos,
particularmente Amplificadores de Baixo Ruido (LNA), tornou possivel a construcdo de recep-
tores extremamente sensiveis que hoje permitem medi¢des de grandezas fisicas de uma
forma inimagindvel quando Karl Jansky registrou os primeiros dados de radio provenientes da
Galaxia, ha cerca de 70 anos. Por outro lado, receptores multi-feixe e instrumentos de grande
area ja estao mudando os paradigmas atuais de taxa de aquisicao de dados e limite de sensi-
bilidade, com impacto tanto na ciéncia astrofisica (mais dados, mais fontes, "redshifts" maio-
res, num menor tempo observacional) quanto na eficiéncia operacional. Os instrumentos SKA,
LOFAR, ALMA, EVLA e HAUCA, entre outros, representam a vanguarda tecnoldgica para
enfrentar os novos desafios cientificos deste século.

A 42 edicao da Escola Avancada em Astrofisica do INPE é uma excelente oportunidade para
estudantes de Doutorado, Pés-Doutores e Pesquisadores de outras areas para ingressar no
mundo da Radioastronomia, familiarizando-se com suas técnicas, instrumentacao de vanguar-
da em operacao e a ciéncia de exceléncia que pode ser feita.

Todos os tépicos mencionados acima serdao ministrados na IV Escola Avancada em Astrofisica
do INPE por uma equipe de palestrantes de alto nivel:

Prof. Richard A. Perley - Se graduou pela Universidade de Maryland em 1977. De 1977 a 1980,
esteve engajado no programa de P6s-Doc do VLA, e no final daquele periodo foi promovido a
funcionario do VLA. Seu trabalho de pesquisa até meados da década de 90 estava direcionado
principalmente a rddio galaxias e quasares, fazendo uso da excelente capacidade do VLA para
deteccdo e imageamento destes objetos distantes. Em meados da década de 90, foi indicado a
posicao de Cientista do Projeto do VLA expandido, e desde entao tem dedicado a quase
exclusivamente ao desenvolvimento e testes das caracteristicas amplamente expandidas
deste instrumento.

Prof. James Cordes - Seu trabalho de pesquisa inclui radioastronomia, estrelas de néutrons,
pulsares, meio interestelar, busca de vida extra-terrestre, técnicas de processamento de sinais,
inferéncia estatistica, e topicos de ciéncia da computacao. Realiza observagdes regulares
usando os radiotelescopios de Arecibo, em Porto Rico, VLA, no Novo México, e Parkes, na
Austrdlia, e o VLBA, sediado no Novo México. O Prof. Cordes também realiza observacdes no
Optico e infravermelho usando o telescépio Hale em Palomar e participou de observacoes
conjuntas radio e raios-gama usando os satélites Compton Gamma-Ray Observatory e o X-ray
Timing Explorer. Em seu trabalho multi-espectral também usou o telescépio Espacial Hubble e
o satélite de raios-X Chandra. Atualmente, esta planejando observac¢des usando o Observaté-
rio Arecibo renovado e o novo sistema receptor multi-alimentador que envolve um grande
levantamento de pulsares radio. Também se encontra bem envolvido no projeto Square
Kilometer Array, a préxima geracao de radiotelescépios.

Prof. Paolo de Bernardis - Leciona Cosmologia Observacional e Astrofisica na La Sapienza da
Universidade de Roma. Desde 1982, dedica seu trabalho de pesquisa a medidas de anisotropia
e polarizacao da Radiacao Césmica de Fundo em Microondas. Desenvolveu varios experimen-
tos em baldo incluindo o bem sucedido BOOMERang, que detectou em carater inédito as
oscilacées do plasma primordial. E especialista em desenvolvimento instrumental, incluindo
tecnologias de detectores (bolémetros e KIDs), moduladores de polarizacao, telescopios de
ondas milimétricas, calibradores, e sistemas criogénicos. E um dos co-investigadores do
instrumento de alta freqiiéncia da missao Planck CMB. Foi agraciado com os Prémios Feltrinelli
(2001), Balzan (2006), Dan David (2009) e Cocconi (2011).

Prof. George Hobbs - Trabalha como pesquisador de Astronomia e Ciéncia Espacial no CSIRO,
em Sidney, Australia. Sua especialidade é na investigacao de observacdes radio de pulsares,
tendo criado o "software" padrao usado mundialmente para andlise de observacbes do perio-
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PROGRAMA PRELIMINAR

Radioastronomia para o Século 21

Curso I: Conceitos gerais de interferometria e imageamento por sintese de abertura
Palestrante:Prof. Richard A. Perley (NRAO)

email: rperley@nrao.edu

Conceitos Basicos de Interferometria I: Fundamentos e a relacao entre brilho e campo visual.
Conceitos Basicos de Interferometria Il: Aplicacdes para gemometrias especificas, com exem-
plos.

Polarimetria.

Imageamento, Deconvolucao e Auto-Calibracao I: O essencial com aplicacdes para caso de
banda estreita.

Imageamento, Deconvolugado e Auto-Calibracao Il: Tépicos avancados, aplicagées avancadas,
aplicacbes em banda larga e linhas de base nao coplanares.

Course lI: Objetos Compactos, Dinamica do céu em Radio, Radiotelescépios do século XXI
Lecturer: Prof. James Cordes (Cornell University)

email: jmc33@cornell.edu

Estrelas de Neutrons e Astrofisica de Objetos Compactos

Efeitos de Propagacao no Plasma (relevantes para pulsares, transientes, e VLBI)
Astrometria de Precisdo (escala de distancias e velocidades de pulsares, centro Galactico,
constante de Hubble, deteccdo de planetas)

Dinamica do céu em Radio (fontes transientes e variaveis; fisica fundamental, métodos de
deteccao)

Novos Arranjos em Radio e principais areas cientificas

Curso lll: Ruido césmico de fundo em microondas

Palestrante: Prof. Paolo de Bernardis (University of Rome La Sapienza, Italy)
email: paolo.debernardis@romar.infn.it

Polarizacao

Lentes Gravitacionais

Efeito Sunyaev and Zel'dovich

Instrumentacao

Curso IV: Deteccao de ondas gravitationais usando arranjos para medicao de pulsares
Palestrante: Prof. George Hobbs (ATNF - CSIRO)

email: george.hobbs@csiro.au

Radio pulsares,

Arranjos para medicao de pulsares-PTA (teoria com Unica antena, ruido de resposta a um sinal
de onda gravitacional, sensibilidade),

Projetos e grupos (SKA e outros: nanograv, PPTA, Europar)

CRONOGRAMA
N =y [Ty [y e
9:00-10:15
10:15 - 10:45 CAFE
10:45 - 12:00 II II v I II
12:00 - 14:00 ALMOGCO
14:00 - 15:15 III IV I II I
15:15 - 15:45 CAFE
15:45 - 17:00 v II Il I IV
o ---NH x
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LECTURES

AULAS

Richard A. Perley - National Radio Astronomy Observatory (NRAO), U.S.A.
Conceitos gerais de interferometria e imageamento por sintese de abertura Aula 1

Aula 2
Aula 3
Aula 4
Aula 5

James Cordes
Estado da arte da interferometria e aplicacées cientificas

Aula 1
Aula 2
Aula 3
Aula 4
Aula 5

Paolo de Bernardis - Universita degli Studi di Milano, Italy
Radiacdao Césmica de fundo em microondas (CMB)

Aula 1
Aula 2
Aula 3
Aula 4
Aula 5

George Hobbs - Australia Telescope National Facility, CSIRO - Australia
Deteccao de ondas gravitationais usando arranjos para medicao de pulsares

Aula 1
Aula 2
Aula 3
Aula 4
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IV INPE ADVANCED SCHOOL ON
ASTROPHYSICS

RADIO ASTRONOMY
for the 21" Century

ot
Local Ornanizing
Committee (LOC):
R J. E. R. Costa (Chair)

General concepts of radio SaO IO sé dos: O. D. Aguiar

interferometry and - J. C. N. de Araujo
image synthesis C. A. Wuensche

] J. R. Cecatto

Prof. Richard A. Perley J. W. 8. Vilas Boas
National Radio Astronomy .

Observatory (NRAO) - NM / USA Scientific Organizing Committee

. (SOC):
State of the artmtel:ferometry Domitigos Barbosa
and related science Instituto de Telecomunicagoes
Prof. James Cordes SRl

Cornell University - NY/ USA Gordon Hurford
S SSL - Berkeley University / USA
Cosmic Microwave Background Hanumant Shankar Sawant

INPE / Brazil
(@.%1:)]
Prof. Paolo de Bernardis Kyl;&f}}ﬂ:;iah

Universita degli Studi di
Roma "La Sapienza" - Italy
° -
Gravitational Wave Detedfion
with radio pulsar timing arrays

Marco Bersanelli
> INEN / Italy

. Pierre Kaufmann
CRAAM - Universidade Mackenzie

< Brazil
Prof. George Hobbs e— : Roy Booth
A R anengi (oY http/fwww.das.inpe.br/school/ Rii:;“:;’;f::m
Australia Telescope National

Facility -CSIRO / Australia

Yervant Terzian

Arte: Douglas Barzon / LIT-INP Ciéncia e Tecnologia IL Cornell University (NY)
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Sao José dos Campos (SJC)

Com uma populagao estimada de cerca de 700.000 habitantes, a cidade de Sao José dos
Campos (SJC) é a 42 maior cidade do estado de Sao Paulo, e a maior e mais importante do Vale
do Paraiba. Inicialmente, sua area foi ocupada em 1590 por uma fazenda de gado, onde hoje se
encontra a divisa entre as cidades de SJC e Jacarei. Tornou-se municipio em 22 de Abril de
1864, tendo recebido o nome atual em 1871.

SJC é um dos maiores centros industriais e tecnoldgicos do pais e sede de grandes centros de
pesquisa, tais como o Instituto Nacional de Pesquisas Espaciais (INPE), o Comando-Geral de
Tecnologia Aeroespacial (DCTA), o Instituto Tecnologico da Aeronautica (ITA), a Universidade do
Vale do Paraiba (UNIVAP), e a Universidade Estadual Paulista "Julio de Mesquita Filho" (UNESP).
Sao José dos Campos também é sede da EMBRAER (Empresa Brasileira de Aeronautica), a 32
maior indUstria aeronautica do planeta, da maior e segunda mais antiga fabrica da GM (General
Motors) do Brasil, instalada em 1958, e de muitas outras industrias de eletronica e tecnologia,
totalizando mais do que 700 companhias.

Em virtude de sua localizacdao geografica privilegiada, entre as cadeias de montanhas da Serra
da Mantiqueira e da Serra do Mar, SJC esta muito proximo de excelentes oportunidades de
lazer tanto na praia quanto nas montanhas. Esta localizada entre as dreas metropolitanas do
Rio de Janeiro (330 km Nordeste), no estado do Rio de Janeiro, e Sao Paulo (80 km a Sudoeste),
as duas maiores cidades brasileiras.

Como ir a Sao José dos Campos a partir do Aeroporto Internacional de Sao Paulo (Guarulhos)
De Carro

Do Aeroporto internacional de Sao Paulo a Sao José dos Campos toma-se a Rodovia Presidente
Dutra (Estrada Sao Paulo-Rio de Janeiro-Sao Paulo. Distancia: 79 kmm = 50 milhas) ou toma-se a
Rodovia Ayrton Senna (Rodovia dos Trabalhadores), dirige-se 65 km e entao toma-se a Rodovia
Presidente Dutra e dirige-se mais 23 km até Sao José dos Campos-SP (total de 88 km =55
milhas).

De 6nibus - Companhia Passaro Marrom
Numeros telefone: (011) 6445-2505, 6445-3783 and 6445-3811
(012) 3921-9892

Site: www.passaromarron.com.br

Local: Terminal de Passageiros 1 - Asa A - Desembarque no Térreo
Terminal de Passageiros 2 - Asa D - Desembarque no Térreo

Horarios do Aeroporto a Sao José dos Campos:
08:00 - 13:00 - 17:15 - 22:00

Horarios de Sao José dos Campos ao Aeroporto:
06:30 - 10:30 - 15:30 - 20:00

Preco do bilhete: RS 17,00 = USS 10,00
De Taxi - Taxis especiais
NuUmero de telefone: (011) 6440-7070.

Local: Terminal de Passageiros 1 - Asa B - Desembarque no Térreo
Terminal of Passageiros 2 - Asa C - Desembarque no Térreo

Servico: 24h00.
Preco estimado: RS 200,00 = USS$ 130,00

Veja os mapas de rodovias

Principais atracoes da regiao

Sao José dos Campos

Parque da cidade (City Park)

Primeira residéncia da familia de Olivo Gomes. A arquitetura é de Rino Levi e o paisagismo de
Roberto Burle Marx. O parque tem uma grande area de natureza, lago e ilha artificial, além de
trilhas para caminhada.

Parque Santos Dumont

Localizado nas vizinhancas da Vila Adyana préximo ao centro de Sao José dos Campos, o
parque tem lagos com peixes ornamentais e muitos passaros além de 2 escolas de educacgao
infantil. O parque abriga uma unidade do terceiro protétipo do avido bandeirante, usado pela
antiga Comité Nacional de Atividades Espaciais, atualmente INPE - Instituto Nacional de Pesqui-
sas Espaciais. Esta localizado na Rua Eng. Prudente Meirelles de Moraes, 1000.

Banhado (Marsh)

O banhado de Sao José dos Campos é uma das mais belas vistas da cidade, um perfeito cartao
postal. Sua 4rea verde pode ser vista de muitos locais. E nesse local que os moradores costu-
mam apreciar o por de Sol.

Campos do Jordao

Parque estadual de Campos do Jordao (Campos do Jordao State Park)

Criado em 1941, o parque, também conhecido como "Horto Florestal", oferece trilhas de cami-
nhada, lanchonete, sorveteria, capela, estufa, areas para piquenique e pratica de exercicios,
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HOTEIS

Os precos abaixo foram tomados em 26 de maio. Por gentileza, confirme os valores na reserva.
O evento nao tem acordo com qualquer dos hotéis listados.

Hotel Faro

Endereco: Rua Siria, 25 - Jd. Oswaldo Cruz - Sao José dos Campos - SP
Fone: (12) 3512-9600

E-mail:

Didria solteiro: RS 119,00

Diaria duplo: RS 155,00

Inclui café da manha, estacionamento e Internet. Impostos e taxas: +5%

Hotel Ibis

Endereco: Av. Dr. Jorge Zarur, 81 - Tour | - Jardim Apolo - S.J. Campos - SP
Fone: (12) 3904-2400

E-mail: h6035-re@accor.com.br

Diaria solteiro: R$ 119,00

Diaria duplo: RS 119,00

Incluso Internet, Café da manha: R$ 13,00/dia e estacionamento: RS 7,00/dia

Hotel Lareira

Endereco: Rua Ademar Guedes de Oliveira, 193 - Vila Piratininga (proximo a Rodoviaria Nova)
Fone: (12) 3921-9829

Didria solteiro: RS

Didria duplo: RS

Didria triplo: RS

Hotel Lisboa

Endereco: Rua Major Anténio Domingues n° 344 - Centro
Fone: (12)3921-8155 - (12)3921-3564

E-mail: hotelisboa@hotellisboa.net

Diaria solteiro: R$ 70,00

Diaria duplo: RS 95,00

Diaria triplo: RS 125,00

Inclui café da manha, estacionamento e Internet.

Hotel Mercure

Endereco: Av. Dr. Jorge Zarur, 81 -Tour Il - Jardim Apolo - S.J. Campos
Fone: (12)12 3904-2300

E-mail: h5168-re@accor.com.br

Diaria solteiro: RS 194,00 + 5%

Diaria duplo: RS 214,00 + 5%

Internet WiFi available

Parking: RS 7,00/day

Breakfast: R$ 20,00/day

Hotel Othon Intervale

Endereco: Rua Lupércio Antonio dos Santos, 31 - VI Bethania - Sao José dos Campos - SP
Fone: (12) 3925-5500

E-mail:

Diaria solteiro: RS 144,00

Diaria duplo: RS 166,00

Diaria triplo: RS 196,00

Inclui café da manha, estacionamento e Internet. Impostos e taxas: +5%

Hotel Plaza

Endereco: Rua Presidente Bernardes, 33 - Jardim Paulista
Fone: (12) 3947-7669

Diaria solteiro: R$ 74,00

Diaria duplo: RS 94,00

Diaria triplo: R$ 114,00

Inclui café da manha, estacionamento e Internet.

Hotel Pousada Bandeirante

Endereco: Avenida dos Astronautas, 1021 - Jardim da Granja (esta localizado na mesma avenida
do INPE)

Fone: (12) 3922-7506

Didria solteiro: RS 30,00

Diaria duplo: RS 50,00

Diaria triplo: RS 75,00

Inclui café da manha, estacionamento e Internet.
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ln IImmr of Prof. Jayme Tiomno

= September 12-16, 2005
Sao José dos Campos, SP Brazil -
www.das.inpe.br/school t“

invited Lecturers
Dr. Robert Caldwell

Dr. ScottDodelson
Dr. Piero'Madau
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INPE Advanced Course - 11
Compact Objects

September 10-14, 2007
Sao José dos Campos, SP Brazil

Invited Lecturers

Brian Warner
Cataclysmic variables

Kostas D. Kokkotas
Generation mechanisms of gravitational waves

Feryal Ozel
Compact objects

Ronald A. Remillard

Accretion processes in neutron stars and black holes
Advisory Committee

N. Andersson - University of Southampton - United Kingdom

L. Bildsten - University of California at Santa Barbara - USA

D. Blair - University of Western Australia - Australia

A. Bruch - Laboratorio Nacional de Astrofisica - Brazil

M. Coleman Miller - University of Maryland - USA

V. Ferrari - Universita di Roma “La Sapienza” & INFN/Roma - Italy
J.A. de Freitas Pacheco - Observatoire de la Cote d'Azur - France
C. Hellier - Keele University - United Kingdom

J. Horvath - University of Sdo Paulo - Brazil

J. McClintock - Harvard-Smithsonian Center for Astrophysics - USA
R. Rothschild - University of California at San Diego - USA

R. Sunyaev - Max Planck Institute for Astrophysics - Garching - Germany

Local Organizing Committee

0. D. Aguiar, J. C. N. de Araujo, J. Braga, F. D'Amico, F. J. Jablonski, O. D. Miranda, C. V. Rodrigues

< Previous Edition
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DIVISAO DE ASTROFISICA - DAS

ASTROSTATISTICS

III INPE Advanced Course on Astrophysics

Astrostatistics
Si; %0 Josi;'s dos Campos - SP - Brazil
September 14 -18, 2009

Invited Lecturers

Tom Loredo - Cornell University
Bayesian Statistics: a primer

Hedibert Lopes - University of Chicago

Bayesian Statistics: techniques and implementation

Eric Feigelson - Pennsylvania State
The Frequentist Approach for Astrostatistics

Esther Salazar - Universidade Federal do Rio de Janeiro
Hands-on Activities

Advisory Committee

Dani Gamerman- IM-UFR] - Brazil

David Weinberg - The Ohio State University - USA
Devinder S. Sivia - St.John's College Oxford - UK

Jogesh Babu - Pennsylvania State - USA

Laerte Sodri;! Jr - IAG - University of Si; %40 Paulo - Brazil

Local Organizing Committee

Carlos Alexandre Wuensche
Fli; Y4vio D'Amico

Francisco Jablonski

Josiy % Carlos Neves de Araujo

Email - school@das.inpe.br
Phone - +55 (12) 3945 7200

Copyright 2009 iZ2 INPE - Instituto Nacional de Pesquisas Espaciais. All rights reserved.




AULAS

Richard A. Perley - National Radio Astronomy Observatory (NRAO), U.S.A.
Conceitos gerais de interferometria e imageamento por sintese de abertura Aula 1

Aula 2
Aula 3
Aula 4
Aula 5

James Cordes
Estado da arte da interferometria e aplicagdes cientificas

Aula 1
Aula 2
Aula 3
Aula 4
Aula 5

Paolo de Bernardis - Universita degli Studi di Milano, Italy
Radiacdao Césmica de fundo em microondas (CMB)

Aula 1
Aula 2
Aula 3
Aula 4
Aula 5

George Hobbs - Australia Telescope National Facility, CSIRO - Australia
Deteccao de ondas gravitationais usando arranjos para medicao de pulsares

Aula 1
Aula 2
Aula 3
Aula 4



