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((@)% Einstein’s Theory of Gravitation

Gravity is a manifestation of spacetime curvature induced by mass-energy

' 1 “Spagetime tells-matter how to move; matter |
bl[S'spacetime how to curve”
". ) Atehibald Wheeler)




Gravitational Waves
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((@)};;g Gravitational \Waves

Comparison with electromagnetic waves

Horizontal Vertical
polarization polarization

Cross NN
polarization

Plus
polarization

The so-called “electromagnetic theory of light” has not helped us hitherto . .

it seems to me that it is rather a backward step . . . the one thing about it that seems
intelligible to me, | do not think is admissible . . That there should be an electric
displacement perpendicular to the line of propagation’ Lord Kelvin
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Una immagine di Joseph Weber,
pioniere della ricerca delle onde
We be r gravitlazionali, intento ad incollare
le ceramiche piezoelettriche su
una delle prime antenne a
"lemperatura ambiente.
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Auriga, LNL



Roma 1988



Some perspective: 50 years of attempts at detection:

Since the pioneering work of Joseph
Weber in the ‘60, the search for
Gravitational Waves has never
stopped, with an increasing effort of
manpower and ingenuity:

-

UNIVERSITY OF MARYLAND

60°: Joe Weber #3
pioneering work F
90’: Cryogenic Bars

- - (NA\K\ |

1997: GWIC was formed 2000’ - : Large Interferometers






((@)} Global Network of Detectors
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((@)% GW150914.: the signal

Top row left — Hanford

* Top row right — Livingston
p g g Hanford, Washington (H1) Livingston, Louisiana (L1)

* Time difference ~ 6.9 ms | | | | | |

with Livingston first o
0.0
0.5+

September 14th, 2015 at 09:50:45 UTC

e Second row — calculated

: -1.0+ — H = L1 observed ‘— B -
GW Strain using |S : : : “ - H1 obser\:/ed (shifted, |n\Eerted) : :
. . . — 1.0}
Numerical Relativity £ 05)
Waveforms for quoted (B 0.0 e

0.5+
pa ram ete rscom pa rEd to -1.0 <‘ — Numerical relativity - ' — Numerical relativity ]

Reconstructed (wavelet) Reconstructed (wavelet)
reconstructed waveforms

B Reconstructed (template) B Reconstructed (template)
T T T T

| |

05F T T T T F T T T ™

(Shaded) 0.0 |t Py M ot A gl
e Third Row —residuals - 512 .
L 256 .
e Bottom row —time 5 128 4
frequency plot showing g o 2

. . 32

freq uency increases with 030 035 040  0.45 030 035 040 045 °

time (chirp) > | Time (s) Time (s)

Normalized amplitude



((@))} GW150914: Estimated Strain Amplitude £

B (mymy)3/® _ é D __8/3p-11/3; 0
S +mp)s G [96” d f] I I T T
Inspiral Merger Ring-
* Numerical relativity models ~ h_ down
of black hole horizons f (— ' e .
during coalescence _. J )
* Effective black hole 1o
separation in units of n ' A
Schwarzschild radius '3 0.5 ]
(R=2GM,,,/c*>=210km); Z 0.0 J\[‘~—
and effective relative £-05 .
velocme.s given by post- -1.0 F—Numerical relativity ' 7]
Newtonian pa rameter V/C = I Reconstructed (template) | |
(G'I\/ItotJ-l:fGW/C?’)l/3 : : T T o
_— m
L£0.6 - 14 =
Binary Black Hole System > 0.5 L = Black hole separation -3 S
« M1=236+5/-4 M, 'g 0'4 === Black hole relative velocity 412 =
° IV!2 = 29 +/' 4 MSO| g’ 0.3 B — 1 g
« Final Mass = 62 +/- 4 M, ' ; : : =0 g
. distance=410 +160/-180 MPc 0.30 0.35 0.40 0.45
(redshift z = 0.09) Time (s)
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G S GRAN SASSO
SCIENCE INSTITUTE




www.gssi.infn.it

GRAN SASSO
SCIENCE INSTITUTE

CENTER FOR ADVANCED STUDIES
Istituto Nazionale di Fisica Nucleare

The international PhD school Gran Sasso Science
Institute has started its educational and scientific
activities in 2013, and is now at the end of its third
year of life.

4 courses:

» Astroparticle Physics

 Mathematics in Natural, Social and Life Science

« Computer Science

» Urban Studies

36 PhD students selected in the first year 2013-2014

40 PhD students selected for the second year 2014-2015

40 PhD students selected for the third year 2015-2016

Also appointed: 28 Post-docs with two-years research grants

Director: E. Coccia
Coordinators: F. Vissani (INFN), P. Marcati (L'Aquila), R. De Nicola (IMT) , A. Calafati (Ancona).

Scientific Committee: F. Barca (MEF, Italy, Chair); R. Barbieri (SNS, Italy); B. Barish (Caltech,
USA); S. lammarino (London School of Economics, UK); A. Quarteroni (Politech. Losanna, CH);

A. Sangiovanni Vincentelli (Berkley, USA).



Contact US

Phone Book

G S GRAN SASSO
SCIENCE INSTITUTE

g 1 t -~
CENTER FOR ADVANCED STUDIES J y ;
I Istituto Nazionale di Fisica Nucleare : & N S
An international PhD school and a center for advanced studies in phys%l;bematics, computer science and social sciences. % |
m INSTITUTE EDUCATION RESEARCH PEOPLE SEMINARS COMMUNICATION Search...
OLDER NEWS >

WWW.gssi.it

La Vie Lumiere: science, culture
and cinema in a film festival

500 Applicants for 12
Postdoctoral positions at the GSSI

Eugenio Coccia appointed among
CEPR experts

GSS| Professor top-cited author
Open Doors at the GSSI

Forum L'Aquila del futuro.
Progetti per la cultura, la scienza,

la societa.

La vie Lumiére - Spettacolo-dialogo "l ragazzi di via Panisperna"

Mercoledi 6 Maggio, ore 20:30 sala rossa del GSSI. Spettacolo-dialogo "I ragazzi di via Panisperna". Con l'ausilio di

sequenze del film di Gianni Amelio, verra raccontata la storia del gruppo di giovani fisici le cui ricerche, negli anni ‘30 del

secolo scorso, sotto la guida di Enrico Fermi, ebbero una straordinaria influenza sulla Fisica italiana e mondiale.

ANNOUNCEMENTS PhD call for applications 2015/16 - Deadline May 15,2015 »

SEMINARS&EVENTS >
Regularity of free boundaries in Measurement-based Performance Control of Partial Differential Equations
anisotropic capillarity problems and the Problem Detection and Diagnosis @GSssl

validity of the Young's law Dr. André van Hoorn, University of Stuttgart, = many speakers

Guido De Philippis Germany April 22-24 - GSS|

April 16, 3 pm - Main Lecture Hall Tuesday April 21,2015 11 a.m. - Main Lecture Hall This meeting is aimed to offer an updated view of the
Local volume-constrained minimizers in anisotropic AbstractApplication performance monitoring (APM) current research of interest to the GDRE CONEDP to
capillarity problems develop free boundaries on the is getting more and more common in practice. The the large and active community operating at GSSI and
walls of their containers. We prove the regularity of APM data obtained from the monitored application to...

the free boundary outside a small set, showing in... systems - ranging from aggregated response time and

resource utilization...
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ASTROPARTICLE MATHEMATICS COMPUTER SCIENCE URBAN STUDIES






