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First gravity wave coincidence experiment
between resonant cryogenic detectors:

Louisiana-Rome-Stanford
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Summary. The results of a coincidence search for short bursts of
gravitational radiation with cryogenic resonant-mass detectors
are reported. No significant excess of coincidences at zero time
delay were found. The data have been used to set an improved
observational upper limit on the flux of impulsive gravitational
waves that may be impinging on the Earth,
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coincidence experiment

employs a resonant capacitive transducer (Rapagnani, 1982)
matched to a d.c. SQUID amplifier (Carelli, 1985).

The performance of the three detectors during this coincidence
experiment did not reach the design goals or previously achieved
levels by the Stanford detector in either sensitivity or in non-
Gaussian disturbance level (Boughn, 1982). Despite this situation,
the limit that we are able to set on the rate of gravity wave pulses
impinging on the Earth is better than that set by any previous
observations.



Inaugurada a Astronomia de Ondas Gravitacionais com a primeira detec¢ao

|2 Selected for a Viewpoint in Physics o
PRL 116, 061102 (2016) PHYSICAL REVIEW LETTERS 12 FEBRUARY 2016

S

Observation of Gravitational Waves from a Binary Black Hole Merger

B.P. Abbott ef al.”

(LIGO Scientific Collaboration and Virgo Collaboration)
(Received 21 January 2016; published 11 February 2016)

On September 14, 2015 at 09:50:45 UTC the two detectors of the Laser Interferometer Gravitational-Wave
Observatory simultaneously observed a transient gravitational-wave signal. The signal sweeps upwards in
frequency from 35 to 250 Hz with a peak gravitational-wave strain of 1.0 x 1072!. It matches the waveform
predicted by general relativity for the inspiral and merger of a pair of black holes and the ringdown of the
resulting single black hole. The signal was observed with a matched-filter signal-to-noise ratio of 24 and a
false alarm rate estimated to be less than 1 event per 203 000 years, equivalent to a significance greater
than 5.16. The source lies at a luminosity distance 01'4]():;%) Mpc corresponding to a redshift z = 0.()9j)’.'3';’ .
In the source frame, the initial black hole masses are 3673 M, and 297} M, and the final black hole mass is
627 3M , with 3.0703 M, c? radiated in gravitational waves. All uncertainties define 90% credible intervals.
These observations demonstrate the existence of binary stellar-mass black hole systems. This is the first direct
detection of gravitational waves and the first observation of a binary black hole merger.

DOI: 10.1103/PhysRevLett.116.061102

L. INTRODUCTION The discovery of the binary pulsar system PSR B1913--16
In 1916, the year after the final formulation of the field PY Hulse and Taylor [20] and supsequent observations of
equations of general relativity, Albert Einstein predicted  1tS energy loss by Taylor and Weisberg [21] demonstrated
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GWI170817: Observation of Gravitational Waves from a Binary Neutron Star Inspiral

B.P. Abbott et al.’

(LIGO Scientific Collaboration and Virgo Collaboration)
(Received 26 September 2017; revised manuscript received 2 October 2017; published 16 October 2017)

On August 17, 2017 at 12:41:04 UTC the Advanced LIGO and Advanced Virgo gravitational-wave
detectors made their first observation of a binary neutron star inspiral. The signal, GW 170817, was detected
with a combined signal-to-noise ratio of 324 and a false-alarm-rate estimate of less than one per
8.0 x 10" years. We infer the component masses of the binary to be between (.86 and 226 M, in
agreement with masses of known neutron stars. Restricting the component spins to the range inferred in
binary neutron stars, we find the component masses to be in the range 1.17-1.60 M 5, with the total mass of
the system 2.74:8;{,",’.&! o- The source was localized within a sky region of 28 deg? (90% probability) and
had a luminosity distance of 40:?,, Mpc, the closest and most precisely localized gravitational-wave signal
yet. The association with the y-ray burst GRB 170817A, detected by Fermi-GBM 1.7 s after the
coalescence, corroborates the hy pothesis of a neutron star merger and provides the first direct evidence of a
link between these mergers and short y-ray bursts. Subsequent identification of transient counterparts
across the electromagnetic spectrum in the same location further supports the interpretation of this event as
a neutron star merger. This unprecedented joint gravitational and electromagnetic observation provides
insight into astrophysics, dense matter, gravitation, and cosmology.

DOI: 10.1103/PhysRevlett.119.161101

L. INTRODUCTION will observe between one BNS merger every few years to
. 1 4 9 -+ . rork

On August 17, 2017, the LIGO-Virgo detector network bundred.s PULY e (1421} Th.l.sdetect(?r net}\()rk cureaily
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observed a gravitational-wave signal from the inspiral of 2 ;. 2 oY
3 . : . : measure spacetime strain induced by passing gravitational

two low-mass compact objects consistent with a binary : . :
: ATE waves as a varying phase difference between laser light

neutron star (BNS) merger. This discovery comes four et .
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On 2017 August 17 a binary neutron star coalescence candidate (later designated GW170817) with merger time
12:41:04 UTC was observed through gravitational waves by the Advanced LIGO and Advanced Virgo detectors. The
Fermi Gamma-ray Burst Monitor independently detected a gamma-ray burst (GRB 170817A) with a tme delay of
~1.7 s with respect to the merger time. From the gravitational-wave signal, the source was initially localized to a sky
region of 31 deg” at a luminosity distance of 40*§ Mpc and with component masses consistent with neutron stars. The
component masses were later measured to be in the range 0.86 to 226 M. An extensive observing campaign was
launched across the electromagnetic spectrum leading to the discovery of a bright optical transient (SSS17a, now with
the IAU identfication of AT 2017gfo) in NGC 4993 (at ~40 Mpc) less than 11 hours after the merger by the One-
Meter, Two Hemisphere (IM2H) team using the 1 m Swope Telescope. The optical transient was independently
detected by multiple teams within an hour. Subsequent observations targeted the object and its environment. Early
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ABSTRACT

Interferometric gravitational wave observatories recently launched a new field of gravitational wave
astronomy with the first detections of gravitational waves in 2015. The number and quality of these
detections is limited in part by thermally induced vibrations in the mirrors, which show up as noise in
these interferometers. One way to reduce this thermally induced noise is to use low temperature mirrors
made of high purity single-crystalline silicon. However, these low temperatures must be achieved with-
out increasing the mechanical vibration of the mirror surface or the vibration of any surface within dose
proximity to the mirrors. The vibration of either surface can impose a noise inducing phase shift on the
light within the interferometer or physically push the mirror through oscillating radiation pressure. This
paper proposes a system for the Laser Interferometric Gravitational-wave Observatory (LIGO) to achieve
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AssTrACT: Superconducting reentrant cavities may be used in parametric transducers for resonant-
mass gravitational wave detectors. When coupled to a spherical resonant antenna, transducers
will monitor its mechanical guadrupolar modes. workine as a mass-sprine system. In this paper
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Foram medidos fatores de qualidade
= elétrica (Q.) de wvarias cavidades
reentrantes supercondutoras a 4.2 K|
utilizando um “dewar” refrigerado a
hélio liquido. Q. tdo altos quanto
300 k foram encontrados.

e Aparato  experimental para  testar

“ cavidades reentrantes supercondutoras
el <

sdentro de um “dewar” refrigerado a

- hélio liquido.




Alumina part

| T, Fourth design
Third design

Niobium part



Fifth design




Model name: mortagemhib2

Study name: Study 9

Plot type: Frequency Displacement3
Mode Shape : 3 Value = 33996 Hz
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Fifth design



Model name: mortagemhib2

Study name: Study 9

Plot type: Frequency Displacement3
Mode Shape : 3 Value = 33996 Hz
Deformation scale: 0.00055791
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Model name: mortagemhib2

Study name: Study 9

Plot type: Frequency Displacement3
Mode Shape : 3 Value = 33996 Hz
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Desenvolvemos, em colaboracao com o grupo australiano, um oscilador de safira que opera a

77 K e vai substituir, com melhor desempenho, os de titanato de bario atualmente utilizados.




de transdutores em sala limpa do INPE
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Electric Probe

A long stainless steel

Vacuum Chamber
Cavity | D (mm) | P(mm) | f3
3 LD 39 0.02
4 2.5 4.1 0.13
1 3.0 8.0 0.04
2 3.5 10.0 0.29
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Table 2. Frequencies of eight samples that were submitted to eight successive steps of adjustment each one.

Cavity Frequencies [GHz]

Sample
stepl | step2 | step3 | step4d | stepS | step6 | step7 | step 8

1 12.76 | 12.88 | 9.52 | 952 | 952 | 952 | 952 | 9.52
2 1244 | 1232 | 952 | 952 | 952 | 952 | 952 | 9.52
3 13.40 | 13.88 | 13.36 | 13.16 | 12.76 | 12.32 | 12.06 | 11.08
4 1096 | 1092 | 9.88 | 988 | 988 | 988 | 9.88 | 9.88
5 13.12 | 13.28 | 13.00 | 12.76 | 12.64 | 11.92 | 11.56 | 10.54
6

7

8

12.64 | 13.20 | 12.36 | 12.00 | 11.74 | 12.52 | 12.20 | 12.13
976 | 976 | 976 | 9.76 | 9.76 | 9.76 | 9.76 | 9.76
11.28 | 11.28 | 10.60 | 10.08 | 9.48 | 948 | 9.48 | 948

Figure 4. Frequency measurements in the vector network analyzer. The measurements were accomplished
by transmission by inserting two probes into the cavity. A table for micrometric adjustment was also used in

order to improve the accuracy in the probe position.



A antena no sitio de Sao Paulo durante as

corridas em 2015
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A esfera sendo removida do sitio do IFUSP em 2016



E colocada em caminhdo do INPE para transporte até Sao José dos Campos
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a) Strain noise spectral density of the Schenberg detector
for the case with the gap of 30 microns (80 MHz/micron)

S.

‘L_l‘19 £ T T T L T T T 3

107 P, T
a N 3
- 10" L N .-'f_,_/" 4
:':r. ) \_I.-..'_._\A .f‘_;“.'. —
& R = " -
Ti | [l."l' E \"| _— ~ |'.“ - e
g VN N
;r‘— { Yo \
o F | ¥, \
2 gBL \4 A iy ]
- 3 —— WA R
< Shackarciion ! |
= T ———SSeres |
L a4 |

10 1 SPhase I 3

-| ——— SBrawnian
F Soma
10 I 1 I 1 ' . L : .
3100 3120 3140 31e0 3130 3200 3220 3240 320 3z20 3310

frequency (Hz)

b) Strain noise spectral density of the Schenberg detector
for the case with the gap of 3 microns (800 MHz/micron)

Strain noise spectral density of the Schenberg detector for a gap of 30 um (80 MHz/uum) and

3 um (800 MHz/um). For both cases, we used the thermodynamic temperature of S0mK, Q ~ 1 x 106,
P;, ~ 1 x 10710 Watts, phase noise of —130dBc/Hz@3,2 kHz.



Projeto dentro da colaboracao cientifica LIGO (LSC) :,
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Figure 4: Conceptual noise budget for Voyager (BNS range of 1.3 Gpc). The technology as-
sumed for these curves includes cryogenic operation at 123K, silicon optics, AlGaAs coatings,
and 1550nm laser wavelength, and 8dB of frequency dependent squeezing. The Advanced
LIGO and A+ sensitivities are shown in gray for reference.
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In order to do measurements in vacuum and at low temperatures, we ordered a special chamber
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“\ The serpentine
X,d X section has
’& Kapton tape in
the inside and
superinsulation
at the outside in
- order to improve
- the radiative heat
~ transfer to the

. experiment and
 better thermally
insulate it from
the chamber
walls, which are

| at ~300KK.
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We ran the
experiment
with a
~0,000
liter
external
tank

supplying




Publicacoes da CEA em revistas
cientificas em 2017:

136 publicacoes em revistas cientificas,
das quais 31 (23%) foram do grupo

experimental de ondas gravitacionais,
oracas a participacao dele na L.SC.



Junte-se a nos
para
participar de novas
descobertas
revolucionarias na
astrofisica utilizando
ondas gravitacionais



