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General relativity and the prospect of gravitation
waves by Einstien (1916)




Discovery of pulsar

@ The Nobel Prize in Physics 1974
Martin Ryle, Antony Hewish
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The Nobel Prize in Physics
1974

P

Sir Martin Ryle Antony Hewish

Prize share: 1/2 Prize share: 1/2

The Nobel Prize in Physics 1974 was awarded jointly to Sir Martin
Ryle and Antony Hewish "for their pioneering research in radio
astrophysics: Ryle for his observations and inventions, in particular
of the aperture synthesis technique, and Hewish for his decisive
role in the discovery of pulsars"

### discovery was in 1967



. f',b;_.;._ The Nobel Prize in Physics 1993

"for the discovery of a new type of pulsar, a discovery that has
opened up new possibilities for the study of gravitation”

Russell A. Hulse Joseph H. Taylor Jr.

### discovery was in 1974



Relativistic Binary Pulsar B1913+16: Thirty Years of
Observations and Analysis

1. Introduction

Pulsar B1913+4-16 was the first binary pulsar to be discovered (Hulse & Tay-
lor 1975). Thirty years of subsequent observations have enabled us to measure
numerous relativistic phenomena. We have used these measurements for funda-
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J.M. Weisberg and J.H. Taylor, ASP Conference Series, 328 (2005) 25
(arXiv:astro-ph/0407149).



1st-generation detector

~2000, those big scale detectors have started their operation

### Here, | can add remarks (from my impression after reading several reports)

- From 90’s , numerical (computing) method to calculate the Einstein equation
shows progress

- From 05~07(?), treatment of black holes etc... can be well done for this topic.



2"d-generation detector

LIGO-Austreria
in proposal

aLIGO (USA)
4km x 2 (or3)

KAGRA (JPN)

GEO-HF (GER-UK) baseline 3km

baseline 600m
Adv.VIRGO (ITA-FRA)
baseline 3km

Sensitivity and the expected event rate is more than 1 order
higher than 15t generation’s .



Direct observation of GW (2016)

PRL 116, 061102 (2016)

| & Selected for a Viewpoint in Physics

PHYSICAL REVIEW LETTERS 1 FenaUaRyb016

ig]
Observation of Gravitational Waves from a Binary Black Hole Merger

B.P. Abbott er 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 107!, Tt 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 203000 years, equivalent to a significance greater

than 5. 1¢. The source lies at a lumincsity distance of 107§ Mpe comresponding to aredshift z = 0.097007.

In the source frame, the initial black hole masses are 361’3 M, and Zﬂija,and the final black hole mass is
627iM 5. with 3.0702M o, 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 fimst direct
detection of gravitational waves and the first observation of a binary black hole merger.

DOIL: 10.1103/PhysRevLent 116.061102
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3rd-generation detector : ET (Einstein Telescope)

~2026 ? . L ~10km, undergraound, w cold temperature




GW experiments proposed in China ?

Chinese GW Mission

Chinese gravitational-wave
hunt hits crunch time

The pressureis on to choose between several proposals for space -based detectors.

BY DAVID CYRANGSKI

-Just after the LIGO’s announcement
of the first discovery in Feb. 2016,

to have a space
gravitational
mission, there

China decided to launch space GW = i

mission.

ISA phy

Chinese proposal: n me anck Institute in Flan

CHINA'S CHOICES
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Ando Group Seminar (June 8th, 2017, Tokyo)




Chinese GW Missions

-Taiji (A#R)

* Slightly longer
than LISA

* Heliocentric orbit

* Proposed by Chinese
Academy of Science

CHINA'S CHOICES

Chinese researchers have proposed several ways to detect gravitational waves in space.

TAUJI

The most ambitious proposal uses
three spacecraft in a triangle that
orbits the Sun and detects
gravitational waves from a range

of objects, like Europe’s eLISA
proposal. The spacecraft are farther
apart than in eLISA, giving Taiji
access to different frequencies.

elISA spacecraft
~2 million km apart

Earth

%

Taiji spacecraft
3 million km apart

-TianQin (%)
* ~10 times shorter
* Geocentric orbit
* Proposed by
Sun Yat-Sen University

TianQin spacecraft
~150,000 km apart

Ando Group Seminar (June 8th, 2017, Tokyo)

TIANQIN

A cheaper proposal puts three
craft in orbit around Earth, and
much closer to each other than
in Taiji. This would target the
gravitational waves emitted

by HM Cancri, a pair of white
dwarf stars.




Paper for the JC 39

[ Motivation for this selection ]

* (I want to know or ) feel interesting how to distinguish from SM tt->h

* Can we connect it with future dark matter search ?

Search for heavy Higgs bosons A /H decaying to a
top quark pair in pp collisions at Vs = 8 TeV with
the ATLAS detector

ATLAS Collaboration

A search for heavy pseudoscalar (A) and scalar (H) Higgs bosons decaying into a top quark
pair (¢7) has been performed with 20.3 fb~! of proton—proton collision data collected by the
ATLAS experiment at the Large Hadron Collider at a center-of-mass energy of 5 = 8 TeV.
Interference effects between the signal process and Standard Model «f production, which are
expected to distort the signal shape from a single peak to a peak—dip structure, are taken into
account. No significant deviation from the Standard Model prediction is observed in the
invariant mass spectrum in final states with an electron or muon, large missing transverse
momentum, and at least four jets. The results are interpreted within the context of a type-I1
two-Higgs-doublet model. Exclusion limits on the signal strength are derived as a function
of the mass my,y and the ratio of the vacuum expectation values of the two Higgs fields,
tan 3, for my > 500 GeV.

arXiv:1707.06025v1 [hep-ex] 19 Jul 2017



Quadrupole Field

* An oscillating dipole produces EM waves.
* A time varying mass-quadrupole produces GWs

+ Polarization X Polarization

y y



Gravitational-waves

GWs stretch and compress the space-time in two
directions (polarizations): ‘+ and ‘x’
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h, & h, are time-varying and their amplitude depend
on the source that is emitting GWs.



