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Historic Background

Three first Brazilian doctorate thesis on GW:
Aguiar (LSU (USA), 1990)
Velloso (VIRGO (Italy) & USP (Brazil), 1992)
Magalhaes (USP (Brazil), 1992)

2000 à Schenberg project started
2008 à Cesar Costa joined LSC 
2011 à INPE joined LSC
2015 à last runs of  Schenberg at USP
2018 à Schenberg to be assembled at INPE



In the past 20 years (1998-2017), at INPE:

- 15 doctorate programs concluded:

Herman, Kilder, Andrade, José Melo, César, Sérgio, Márcio Alves, 
Dennis, Cláudio Brandão, Eduardo, Edgard, Pedro, Carlos Eduardo, 
Enrique e Márcio Constâncio Jr. (LSC));

- 7 Master programs concluded by other students:

Carla, Emílio, Cláudio, Natália, Patrick, Luiz Augusto, Fabrícia and 
Elvis (LSC).

In yellow, thesis related to experimental themes.



I started a Ph.D. 
program at LSU in 
August 1984

Joined the LSU 
gravitational wave 
group in July 1986

LSU (ALLEGRO)

2nd bar generation

4.2 K

http://www.phys.lsu.edu/



30 authors from 9 institutions



1988 à Warren Johnson (LSU) started 
to revive Forward’s and Paik & Wagoner’s 
idea of  a resonant spherical antenna;

1990 à Warren involved Stephen 
Merkowitz in this study;

1990 à I finished my Ph.D. at LSU.
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The Mario SCHENBERG
Gravitational Wave Detector

(Brazil)
started commissioning operation

in the 8th of September, 2006.
It involves a 
collaboration between 
INPE, USP, ITA, 
PUC-Rio, IFSP,
UNICAMP, CBPF, 
UNIFESP, UNESP, 
UFABC, IAE, 
UNIPAMPA, UESC,
Leiden University, 
UWA, LSU, OCA,
and  it has been 
supported by

GRAVITON GROUP





Computer/gps data acquisition system 
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The three initial
transducers:

Qe ~ 104

First design



Measurements of  the mechanical resonant frequencies 
of  three transducers.

Silicon membranes with niobium deposited by sputtering.



Electrical quality factors (Qe) of
several superconducting reentrant
cavities at 4.2 K were measured using
a liquid helium cooled dewar. Qe as
high as 300 k were found.

Experimental apparatus for testing
superconducting reentrant cavities
within a liquid helium cooled dewar.



Fourth design
Third design

Alumina part

Niobium part



Fifth design



Fifth design



Fifth design



Fifth design



The eight niobium transducers.



We have developed, in collaboration with the Australian group, a sapphire oscillator that 
operates at 77 K and will replace, with better performance, those of  barium titanate currently 
used.



INPE Clean Room Transducer Assembly







Measuring the microwave resonant frequency of the transducer cavity.















The antenna at the São Paulo (USP) site
during the 2015 runs

h~10-20 Hz-1/2



9
The input microwave pumps and the output amplifiers



10Data acquisition and processing system



11

The output signal of  the seven transducers in the 2015 Oct/Nov run



The sphere being removed from the USP site in 2016



And placed in a truck to be transported to INPE in São José dos Campos



We are going to use these three integrated pulse tubing
to cool the sphere down









A Laser Interferometer Gravitational Observatory in South America

Since 2011 we have been participating in the LIGO Scientific 
Collaboration (LSC) working on aLIGO detection and characterization 
and LIGO Voyager R&D. And we want to increase this participation in 
the various possible areas of  contribution for the LSC.

In parallel with the activities on LSC and Schenberg we have plans in 
Brazil to mobilize the Latin American community towards the 
construction of  a 3G laser interferometer in South America by 2035-40. 

In this challenge, we will strongly need help from the other projects, 
mainly expertise (knowledge and experience on laser interferometers 
hardware and data analysis).
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The Brazilian program on gravitational wave detection has three main lines of  action. The first 
one is to participate in the various possible areas of  contribution for the LIGO Scientific 
Collaboration (LSC). Presently we are working on aLIGO detection and characterization and 
LIGO Voyager R&D. The second is to reassemble the gravitational wave antenna Mario 
Schenberg (formerly at the Institute of  Physics of  the University of  São Paulo in São Paulo), now 
at the National Institute for Space Research (INPE) in São José dos Campos, and their 
improvement, to leave it with sufficient sensibility for detection/observation. The third is to 
construct a third generation laser interferometer observatory in South America.



Thanks 
for your attention !


