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O Detector do Ondas
Gravitationais

Mario SCHENBERG

iniciou operacao comissionada
em 8 de Setembro de 2006.

Ele envolve uma colaboracao
entre o

INPE, USP, ITA, IFSP,
UNIFESP, UNESP,
UNICAMP, UESC, 1AE,
UFABC, PUC-Rio,
UNIPAMPA, CBPF
Leiden Cryogenics,
UWA, LSU, OCA,

e vem sendo apoiado pela







The antenna at its Sao Paulo city site
for the 2015 runs
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EPTA - European Pulsar Timing Array

http://http//www.epta.eu.org/

NANOGrav - North American Nanohertz Observatory for Gravitational Waves
http://nanograv.org/

Indian Pulsar Timing Array Project

https://inpta.qgitlab.io/profile/index.html

PPTA - Parkes Pulsar Timing Array
http://www.atnf.csiro.au/research/pulsar/ppta/
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GW Projects

LIGO
https://www.ligo.orqg
https://www.ligo.caltech.edu

Virgo _ OzGrav

https://www.virgo-gw.eu https://www.ozgrav.org

GEO600 TianQin

https://www.geo600.0rg https://en.wikipedia.org/wiki/TianQin

KAGRA _ _ Taiji Program in Space
https://gwcenter.icrr.u-tokyo.ac.jp/en/ wps-//en.wikipedia.org/wiki/Taiji_Program in Space

LIGO India = BICEP and Keck Array

https://WWV\_/.Ilqo_-lndla.ln https://en.wikipedia.org/wiki/BICEP and Keck Array

ET - The Einstein Telescope POLARBEAR - POLARIization of the Background Radiation
http://www.et-gw.eu https://en.wikipedia.org/wiki/POLARBEAR

CE - Cosmic Explorer
https://cosmicexplorer.org
LISA
https://www.elisascience.org
DECIGO
http://tamago.mtk.nao.ac.jp/spacetime/decigo e.html
BBO - Big Bang Observer
https://en.wikipedia.org/wiki/Big Bang Observer
IPTA - International Pulsar Timing Array
http://iptadgw.org

Mario Schenberg
https://en.wikipedia.org/wiki/Mario Schenberg (Gravitational Wave Detector)
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Other Important Links
GWIC - Gravitational Wave International Committee
https://gwic.ligo.org

Other GW Projects

AMIGO - Astrodynamical middle-frequency interferometric gravitational wave observatory https://arxiv.org/abs/1909.04995
Lunar Gravitational-Wave Antenna htips://arxiv.org/abs/2010.13726 htips://iopscience.iop.org/article/10.3847/1538-4357/abe5a7
Gravitational-wave Lunar Observatory for Cosmology https://iopscience.iop.org/article/10.1088/1475-7516/2021/06/044/meta
Bose-Einstein Condensates for Gravitational Wave Detection https://arxiv.org/pdf/2101.05051.pdf

MIGO - the Matter-wave Interferometric Gravitational-wave Observatory https://arxiv.org/abs/gr-qc/0312096

E-TEST https://www.etest-emr.eu

Videos
Gravitational Waves Explained https://www.youtube.com/watch?v=4GbWfNHtHRqg
The Future of Gravitational Wave Astronomy https://www.youtube.com/watch?v=jKrOy4mC4wg

Lectures
School on Gravitational Waves: from data to theory and back hitps://www.ictp-saifr.org/school-on-gravitational-waves/

Tutorials
Gravitational Wave Open Science Center htips://www.gw-openscience.org/tutorials/

Conferences

Kick off Workshop of the Einstein Telescope hitps://indico.ego-gw.it/event/240/timetable/#20210921
Dawn VI Meeting on Next Generation Observatories https://gwic.ligo.org/dawn-6/program.html
Ultra-High-Frequency Gravitational Waves http://www.ctc.cam.ac.uk/activities/UHF-GW.php
Ultra-High-Frequency GWs: A Theory and Technology Roadmap htips://indico.cern.ch/event/1074510/
Gravitational wave detection at the Moon Workshop https://indico.ego-gw.it/event/263/timetable/
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Schools
Gravitational Wave Challenges and Cosmology htips://www.iip.ufrn.br/eventsdetail.php?inf=%3D%3DQTUFVM

Job Opportunities
From the LAAC/LSC website https://wiki.ligo.org/LAAC/JobPostings

Facebook sites
Gravitational Wave Astronomy https://www.facebook.com/search/top?g=gravitational%20wave%?20astronomy
Graviton (Mario Schenberg Detector) https://www.facebook.com/groups/MarioSchenberg

Wikipedia sites
Gravitational-wave astronomy https://en.wikipedia.org/wiki/Gravitational-wave astronomy

Other important sites

European Gravitational Observatory htips://www.ego-gw.it

IGrav https://www.igrav.org

Gravitational Wave Detectors and Sources hitp://gwplotter.com

Gravitational Wave Open Science Center https://www.gw-openscience.org/about/

LSC Academic Advisory Committee (LAAC) htips://wiki.ligo.org/LAAC/EducationalResources
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The BICEPZ detector array under a microscope
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POLARBEAR

at Atacama Desert
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NANOGrav -
Internatlonal Pulsar
Timing Array (IPTA)

= NANOGrav
= Parkes Pulsar Timing Array (PPTA)
(See talk by Joris Verbiest)

= European Pulsar Timing Array (EPTA)
(See talk by Robert Ferdman)

All members of GWIC

Indian Pulsar Timing Array Project

Fredrick A. Jenet
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Interferometers
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Black Hole Mergers far above Noise’
» 105 Mg BH binary merger at z=5 |
 |In Red: Pathfinder instrumental noise
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Black Hole Merger far above Noise -

« 10° Mg BH binary merger at z=5
 |n Red: Pathfinder instrumental noise
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LISA: LIGO Event Predicted 10 Years [
®,

in Advance!
* Accurate to seconds and within a square-degree!
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Gravitational Wave Astronomy Bands

There are also frequency bands above 10 kHz, they are called HFGW. There are many small groups trying them.

Ground long Interferometers B-mode
base in Space Pulsar Timing polarization of
Interferometers .- Arrays the Cosmic
dand : | with . J.,J ground
. Spheres _ Radiotelescopes § : LRadiation S

td
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On September 14, 2015 at 09:50:45 UTC
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Barry C. Barish (Caltech) Kip 5 Thorne {Caltech) Rainer Weiss (M1

2017 Nobel Prize in Phy
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Gravitational-Wave Transient Catalog
Detections from 2015-2020 of compact binaries with black holes & neutron stars
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Figure 1. Localization of the gravitational-wave, gamma-ray, and optical signals. The left panel shows an orthographic projection of the 90% credible regions from
LIGO (190 deg?; light green), the initial LIGO-Virgo localization (31 deg®; dark green), IPN triangulation from the time delay between Fermi and INTEGRAL (light
blue), and Fermi-GBEM (dark blue). The inset shows the location of the apparent host galaxy NGC 4993 in the Swope optical discovery image at 109 hr after the
merger (top rght) and the DLT40 pre-discovery image from 2005 days prior to merger (bottom rght). The reticle marks the position of the transient in both images,

https:/ /doi.org /10.3847/2041-821 3 /2a91 9
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ASTROFISICA MULTIMENSAGEIRA:
Busca simultanea com instrumentos da janela eletromagnética

Menos de dois anos apos a
estréia da astronomia de
ondas gravitacionais,
GW170817

marca o inicio de uma nova
era de descoberta.
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x-rays
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This still from a NASA animation shows the aftermath of a collision of two neutron stars, which merged

into an objected called GW170817. Gravitational waves from the collision were detected on Aug. 17,
2017.

Credit: NASA's Goddard Space Flight Center/Cl Lab
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Gravitational Wave Observatories
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[ Presented at Amaldi12 by Sheila Rowan
http://www.amaldi12.org/talks

* KAGRA is located in Kamioka mine underground
-220km away from Tokyo 1 £
- 360m altitude

- Big laboratory area
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Third-generation gravitational-wave detectors
Status and Plans
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INPE

Credit: Evan Hall (LIGO, MIT)
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3G R&D
the current Istatus of R&D
Foreseeable requirements

Paths towards these'goals
Cmordinatimﬁn réquirements

. .
https:ﬁgwicﬁa.ﬂrgﬂﬁsubmm m/docu mEntEIGWIC
_3G_R_D_SubCommittee_report_July_2019.pdf
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Facilities & Infrastructures
Core Optics

Coatings

Cryogenics

Newtonian Noise

Light Sources

Quantum Enhancements
SAS & SUS

Auxilliary Optics
Simulation and Controls
Calibration
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SAGO - South American Gravitational
wave Observatory
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LSC/GWINPE: 6 members; LSC/IIP/JUFRN: 2 members; LSC/AEI: Marina Neri (Brazil);

LSC/USA: Claudia Moreno (Mexico); Virgol/ltaly: lara Tosta e Melo (Brazil); Virgo/Belgium: Elvis C. Ferreira (Brazil);
Virgo/Netherlands: Enzo Tapia (Chile), Virgo/Brazil: Edison Santos (Brazil);

KAGRA: Fabian Pefa Arellano (Peru). TOTAL : 15+ We will need about 100 or more for a successful proposal.
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A Astronomia de Ondas Gravitacionais (AOG) vai revolucionar o
nosso conhecimento da fisica e astrofisica e, provavelmente, nos
ajudar a responder as principais questbes da atualidade: a
mateéria escura, a energia escura e como o Universo teve inicio.

Gravitational Wave Astronomy (AOG) will revolutionize our
knowledge of physics and astrophysics and will probably help us
to answer main current questions: dark matter, dark energy and
how the Universe got started.
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DUAS VISOES DO PRINCIPID

Em nosso Universo em expansao, as galédxias se afastam rapldamente umas das outras, a umavelocidade proporcional & disténcia entre elas: duas
galéxias separadas poruma disténcla de SO0 milhdes de anos-luz se afastam a uma velocidade duas vezes malor do que duas galdxias separadas por
uma distancia de 250 milhbes de anos-luz. Por isso, todas as galdxlas que vemaos devem ter se originado em um mMesmao ponta & 0 mesmo tempo — o
Big Bang. A conclusao é valida mesmao quando a expansio cismica passou por perfodos de aceleragdo e desaceleracan; em diagramas de espago-
tempo [abaixo], as galéxias seguem trajetdrias sinuosas gue a5 levam para dentro e para fora da regiao observével do espago [tridngulo amarelo). Na
entanto, a situacio torna-se incerta o instante exato e que as trajetonias das galdxias [ou suas predecessoras ] comecaram a divergir,

; Limite da
2Ar Universo
e phsepsavel

Na cosmologia do Big Bang convencional, gue se baseia nateona da relatividade Nos modelos mals sofisticados, que incluem efeitos quanticos, qualsquer
geral de Einstein, a distancia entre quaisquer duas galdxias era zero hd um duas galixias devem ter surgldo a uma certa dist&ncia minima uma da
tempo finito. D tempo perde significado antes desse instante. outra. Esses modelos abrem a possibilidade de urm Unlverso pré-Big Bang,



Cabriele Veneriano, 2004

EFEITO DE FUNDO

Observar o Universo pré-Big Bang pode parecer uma tarefa sem futuro, mas uma forma de
radiagao poderia sobreviver desde aquela época: a radiag@o gravitacional. Essas variages
periddicas na campo gravitacional poderiam ser detectadas indiretamente, por seu efeito na
polarizagao do fundo cosmico de microondas vista simulada, abaixo], ou diretamente, em
observatarios terrestres. Os cendrios pré-Big Bang e ecpirdtico prevéem mais ondas
gravitacionais de alta freqliéncia e menos de baixa
fregliéncia do que os modelos convencionais de
inflagdo [oboixo). Medidas existentes de
varios fendmenos astrondmicos nao
conseguem fazer a distingao entre esses
modelos, mas futuras cbservagdes do satélite
Planck, assim como dos observatorios LIGO e
VIRGO, devem ser capazes disso.
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Gravitational Wave Astronomy

A new window for the observation of the universe that will
revolutionize our knowledge of it.



www.gov.br/mcti @ ()@ ® /mctic

Thanks for your attention!




Gravitational Waves are ripples in the spacetime that travel |, cz0pn 1P PATRIA AMADA
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Pulsar Timing Arrays as Gravitational Wave Detectors Slide from D. Champion
Pulsar timing
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Before asking money for a proposal, we
need to ask fellowships and research money
in order to create a critical mass of
researchers 1n Latin America
with knowledge on the 3G technology. So,
we need to involve Latin American
students and post-docs 1n the present
projects (LIGO, Virgo, KAGRA, LIGO
India, ET, and Cosmic Explorer) and attract
them and foreign post-docs with knowledge
on 3G to form groups in Latin America.



