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Aopun TnG OuIAiac

1. Zuvroun 1oTOopIKN avadpoun.

2. BapuTtika kuuarta orn F'evikn Oewpia ZXETIKOTNTAC.

3. ZUMBOAOLIETPIKOI QVIXVEUTEG.

4. H e€aywyn Twv XapakTnpIioTiKwv TnG nnync GW1i50914.
5. YnoAoyiIoTIKkn ZXETIKOTNTA.

6. MEBOOOGC HETPNONG TNG AKTIVAG AOTEPWV VETPOVI®WV LHECH
BaApuTIK®OV KUNATWV.

7. MpoonTikEg.



Nwc d1adideTal n BapuTikn €AEN;

1805: o Laplace npoTeive 0TI N BaApuTikn €AE&N
O01adidETAl NE NEMEPACUEVN TAXUTNTA.

Ma kivoupeva cwpata (onwg n ZeAnvn), auto
EXEl WC OUVENEIQ MIa uoTepnon TNG PaApuTikng
eAENC kal apa pia ekTponn TnG 6€ong o OXeon
LUE TNV NepinTwon TNG akapiaiag diadoonc.

O Laplace unegbeoe 0TI N TpoxIia TNG ZeAnvng Ba
uETABANOEI kaTa €vav opo Ta&Ng v/cg, ONOU vV N
TaxuTnTa TOU OWMATOC KAl Cg N TAXUTNTA
d1adoonc TNG BapuTnTacg, NPOKAAWVTAC Kia npoc
Ta €€w oneipoeldn Kivnon.

Na va un d1aAuBei n Tpoxia HECA OE HEPIKOUC
alWVEG, UNMOAOYIOE OTI Ba enpene:

cg > 7x10°c
OMNouU C N TaxuTnTa ToU PpWTOC.

TRAITE

DE

MECANIQUE CELESTE,

PAR M. LAPLACE,

u Sénat conservateur, Grand-Officier de la Légion d'honnear ,
membre de I'Institut et du Bureau des Longitudes de France; des
Sociétés royales do Londres et de Gottingue; des Académics des
Sciences de Russie, de Danemarck, d'Ttalic, etc.

TOME QUATRIEME.

A PARIS,
Chez Coumcizr, Imprimeur - Libraire pour les Mathématiques, quai
des Auvgustios, n°® 71.

AN X111 = 1805.



Hendrik Lorentz

1900: o Lorentz unoAoyioe OTI av n BapuTnTa
UMNAKOUEI OTOUG id1oUC METAOXNHUATIOHOUG ONWG
Kal 0 NAEKTpOMAYVNTIOMOG, TOTE N BAPUTIKN
eAEN d1adideTal ye TaxuTNTA TO NOAU ioN WE TNV
TaYUuTNTa TOU PWTOC, €VW N &KkTponn 6€ong
epavileTal otnv Taén (v/cq)?.

( 559 )

Physics. — “Considerations on Gravitation”. By Prof. H. A. LORENTZ.

§ 1. After all we have learned in the last twenty or thirty years
about the mechanism of electric and magnetic phenomena, it is natural
to examine in how far it is possible to account for the force of gra-
vitation by ascribing it to a certain state of the aether. A theory
of universal attraction, founded on such an assumption, would take
the simplest form if new hypotheses about the aether could be avoided,
i.e. if the two states which exist in an electric and a magnetic field,
and whose mutual connection is expressed by the well known elec-
tromagnetic equations were found sufficient for the purpose.

The special form of these terms may perhaps be modified. Yet,
what has been said is sufficient to show that gravitation may be

attributed to actions which are propagated with no greater velocity
than that of light.




BapuTika Kupara

1905: o Poincareé npoTteivel eniong, JE Baon
TOUC JETaoxnuaTiopoucg Lorentz, Tnv unapén
BapuTikwV KupaTtwyv nou diadidovTal Je TNV
TaxuTnTa TOU PWTOC.

1504 . ACADEMIE DES SCIENCES.

ELECTRICITE. — Sur la dynamique de ['électron.
Note de M. H. PoiNCARE.

Il semble au premier abord que I'aberration de la lumiére et les phéno-
ménes optiques qui s’y rattachent vont nous fournir un moyen de déter-
miner le mouvement absolu de la Terre, ou plutét son mouvement, non
par rapport aux autres astres, mais par'rapport a ’éther. Il n’en est rien;
les expériences ou l'on ne tient compte que de la premiére puissance de
I'aberration ont d’abord échoué et 'on en a aisément découvert I’expli-
cation; mais Michelsor, ayant imaginé une expérience olt l'on pouvait
“mettre en évidence les termes dépendant du carré de I’aberration, ne fut
pas plus heureux. Il semble que cette impossibilité de démontrer le mou-
vement absolu soit une loi générale de la nature.




[evikn Oswpia ZxeTikoTnNTa (MBOX)

1915: O Einstein meptypdadet Tn Baplnta wg

LA KQUTTUAwOoT ToU 4-01a0TATOU XWPOXPOVOU.

Ol PUOLKEC ATIOOTACELC HETPWVTAL UE TN

BonBela evoc UeTPIKOU TAVUOTH.

( goo(Z:i) gor(zi) go2(i)
Quv = gio(zi) gn(zi) gz(x:)

T g20(mi)  g21(mi)  goa(w:)
\930 (i) ga1(zi) gsa2(zi)

go3 (mi)\
913(x;)
923(z:)
933(z;) )

O e&lowoelc Tou Einstein cuvdéouv TN
KAUTIUAWON TOU XWPOXPOVOoU HE TNV

TIUKVOTNTA EVEPYELAG, TNV OPUN Kal TNV TAON

(G

c?

Gap =

Tws




BapuTika Kupara

1916: O Einstein nepleypawe Ta BapuTika KUKATA OTa nAdiola Tng
O wC ypauuikes 01aTapaxec Tou UETPIKOU TAVUOTI):

Juv = Nuv T h,uu }hw/‘ <1

onou Nuv €ival o eninedo¢ Xwpoxpovoc TnG EidikNg Oswpiag
> xeTikoTnTac (Minkowski).

[papuIKONOIWVTAC TOV TavuoThn Riemann npokUNTEl N KUPATIKN
eEiowon:

hag =0

onou:

D::VQ—E?E

0 KUNATIKOG TEAEOTNG. Ta BapuTika kKupaTa otn MO €ival eykapaoia.



NMoAwon BapuTikwv Kupatwy

O 4-51a0TATOC METPIKOC TAVUOTNG €ival GUPMETPIKOC
-> 10 ouvIOTWOEC
- 4 Aoyw eAeubepiac Babuidac Tnc NG
- 4 AOYW YPAUMIKWV HETAOXNUATIOHWYV

=> 2 ave€apTnTeC NOAWOEIC BAPUTIKWV KUNATWV

NMAPAAEIMMA: cninedo BapuTiko kKUpa nou d1adideTal kata Tov
agova z e KUKAIKN ouxvoTnTa w:

OO0 O O
Ohy hy O
hgz Oh:: —i:LO cos [w(t — 2)]

00 0 O



NMoAwon BapuTikwv Kupatwy

«* 0.,
+ noAwon: ': :'
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> XETIKN MeTaBoAn Mnkouc

5Ny O

wt =7/2 wt = 371/2

[a KUua Je + TIOAWOT, TO MNKOG KaTa Tov agova x eivat:

:/\/gngdmz/\/1+h+dx

H oxetikn uetaBoAn unkouc Kkata tov agtova x eivat:

jALN1h
L 2 °F




Napaywyn Baputikwv Kupdatwyv

BapuTtika KUpaTa rmapayovTal arno NUL-TIEPLOOIKEC TIAPAUOP DI OELG
(LE TOUAQXLOTOV TETPATIOALKN TIapapopdpwon). MNapadeiypata:




KUplecg MNnyecg Baputikwv Kupatwyv

>uyxwveuon Aotepwv Netpoviwv

>uyxwveuon Mehavov Oniwv Meplotpedpouevol Aotepeg NeTpoviwv



AINAO ZuoTnua MeAavwv Onwv

H cuyxwveuon evog dIm\oU CUOoTNHATOG HEAAVWY OTIWV EapTdaTal
aro CUVOALKA 17 MapauETPOUG.
/A\observer




BapuTika Kupara

TavuoTncg TeTpanoAiknG ponng:

~

M = / &5 T% (1, 5) y'y/

MAarn:
.o .o 5/3 2/3 0
My —M 4 M |
hy = & 22 = c ¥ oS cos(2wt)
r r
v 5/3 2/3
2M AM " w .
hy = 12 _ < coS ¢ sin(2wt)
r r
ornou:
3/5 3
M, = (mimo)3/ _ ¢ iﬂ_8/3f—11/3]'c 33
(my +m)> G |96



Ioxuc BapuTtikwv Kupatwv

Ioxuc:

dE(GW) r? J0 <hTThTT>

dt T 32

[

ra oinAo ovornua:

dE(GW) 32 G4 ,LL2 M3

dt 5 ¢ a?
5

= Gs) (B

MeyioTn xapakTnpIoTIKN TIMI):

c®/G = 3.63 x 10°Y ergs™!




KoouoAoyikn EpuBpoueTatwnion

Mapayovracg epuBpoueTarwniong Aoyw 01acToAnc Tou
Zuunavrog:
AN  Hy

—~ —D
© A c

ZuxvoTnTa BAapuTiK®WV KULHATWV:

f=Jfo/(1+2)
Madla psAavwv onwyv:
m = (1 + z)mg
MAaroc:
darog |

h _
*D



3+1 AlaXwpIONOC TOU XWPOXPOVOoU

XWPIKEG
UNEPENIPAVEIEC

1+dt

GUVTETAYHEVOC
~ .| Xxpovog

[




3+1 AlaXwpIONOC TOU XWPOXPOVOoU
t'=an +p°

ZuvapTnon Xpovikou ZuvapTnon XwWpPIKAGg

aAparog \ ‘ L HETATONIONG
Xn

A t

[

[+ol

-



EEwTEPIKN KAPNUAOTNTA

EEwTEPIKN KAUNUAOTNTA:

A

R:=y"R,

atpry=n, R=0, K=0

~— et
A l
\
/%
. \ I ¢ ‘ n -
"‘;\: \Y "] | " 4
n 7 ‘h i | n v
, — — - :
n n ‘
e
< "
X v

otpryem, R=0,  K=1/r owHpy>m, R=2/t% K=-2/r

s



>uoTnua €Elowoswv 3+1

Me OeDOUEVEC ApPXIKEC CUVONKEC, N XPOVIKN €EEAIEN
kKaBopileTal ano eva unepPoAiko cuoTnua 17 sEicwocwv:

atyab:_zo(I<ab—|_Daﬂb_|_Dbﬁa

0/ [\—(l() — _Du DI)(‘ T (l(Ruh + [\—I\—uh T 2]\,(1('[\—(.1))
+“"))(‘D('[\'ub + [\'u('Dbf‘))(. + I\'I)('Du ,“’))(.

— 8T v |}S,,], — A/;I) (S' - /)IC)] .

O (pu'ay) = —Dy(pu’ ay/7).
07" = Lzj"+ a2K" + 68 K)j" — Dy(aS) — ppD"a.

i 1 5 . i
dpr = Lapr+ aKpp — =Dy(a2") + ak S
()

>€ 3 XWPIKEC OlAOTACEIC: AaoTAOEC !



MeBodoc BSSN-NOK

90 s Nakamura, Oohara, Kojima / Shibata, Nakamura / Baumgarte, Shapiro

Oplwopol

;ijze_élqb'yij

e4¢>= ,yl/3E det( Yij) l/3|

Ap=e 4, = :
i i Aij—Kij_g%‘jK«.
_ ikt Tij
=y =",
“1+log” ouvOnKkn XPOVIKOU GAMXTOG
0,0 =—-204
9,4=0K

SuvOnkn petaromong ‘Gamma-driver”

,p" =B’

3 _ .
d,B' = Zaatr‘l —e B’

EELOWOELG XPOVLIKNG €EEALENG
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2000:

PHYSICAL REVIEW D, VOLUME 62, 044034

Towards a stable numerical evolution of strongly gravitating systems in general relativity:
The conformal treatments

Miguel Alcubierre,' Bernd Briigmann,I Thomas Dramlitsch,' José A. Font,2 Philippos Papadopoulos ,3 Edward Seidel,]’4

Nikolaos Stergioulas,'” and Ryoji Takahashi'

'Max-Planck-Institut fiir Gravitationsphysik, Am Miihlenberg 1, D-14476 Golm, Germany

>Max-Planck-Institut fur Astrophysik, Karl-Schwarzschild-Str. 1, D-85740 Garching, Germany
3School of Computer Science and Maths, University of Portsmouth, Portsmouth PO1 2EG, United Kingdom
*National Center for Supercomputing Applications, Beckman Institute, 405 N. Mathews Ave., Urbana, Illinois 61801
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[MTpWTEC NPOCOPOIWTEIC cuyxwveuonc M.O.

2005: Pretorius / Campanelli, Lusto et al.
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Fig. 8.5: First numerical simulations of gravitational waves generated by two merging
Schwarzschild black holes of equal mass. Left panel: Pretorius’s first waveform simulation in 2005
[330] showing all three phases in Fig. 8.4. Right panel: Orbital evolution of a similar simulation by
the UT Brownsville group in 2006 [332]. Filled circles show position of the two black holes every
2.5 74, and black and red ovals show their “apparent” horizons (surfaces in the simulation where it
is apparent that light cannot escape and which are always inside the true event horizon). Eventually,
a single common horizon forms for both holes (green curve). The largest amplitude waves then are
emitted, followed by a rapid ringdown as the merger product relaxes into a spherical state by emit-
ting more gravitational radiation. Figures reprinted with permission; copyright (2005, 2006) by the
American Physical Society (APS).
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Advanced LIGO @ Hanford, WA




Advanced VIRGO @ Pisa, Italy




Epyaociec avaBaduionc Tou Advanced VIRGO

> UMMETOXN OTO EToTnuoviko
> UPBOUALO
Virgo-Ego Scientific Forum (VESF)




AvixveuTtnc Advanced LIGO
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OnTIKa OTOoIXEIa

AlWPEVO KaBapo kal opgoyeveg O10&<idio Tou nupiTiou (SiO?)
(fused silica).
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EvepynTikO cuoTnua anoppopnonc Kpadaouwv
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> wANvec kevou 1 pPa
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Abbot et al. (2016)

Strain (107%%)
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Abbot et al. (2016)

Strain (107%%)
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>TATIOTIKN avaAuon TnG avixveuonc

20 30 4-10 >5.10

20 30 405.10 >5.10

mmm Search Result
— Search Background
— Background excluding GW150914

i

GW150914

Number of events
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Detection statistic O S/N

Abbot et al. (2016)



>TATIOTIKN avaAuon TnG avixveuonc

20 30 4-10 >5.10

20 30 405.10 >5.10

mmm Search Result
— Search Background

0f — Background excluding GW150914
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>TATIOTIKN avaAuon TnG avixveuonc

20 30 4-10 >5.10

20 30 405.10 >5.10

mmm Search Result
— Search Background

0f — Background excluding GW150914
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XapakTnpIoTIKA TNG NNyng

Primary black hole mass 36 M
Secondary black hole mass 29 M o
Final black hole mass 62 M
Final black hole spin 0.671 5
Luminosity distance 410f11868 Mpc
Source redshift z 0.091007

(Me Tnv unoBson eninsdou kKoouoAoyikou uovreAou NACDM, ue
Qm= 0.3 kai oraBepa Hubble Ho = 69.5 km s MpcL.)



YnoAoyiopoc Tov palwv

— Qverall
— IMRPhenom

Abbot et al. (2016)
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YnoAoylopocg TeAIkNG padac kal oaTpoPpopunc
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YnoAoylopocg TeAIkNG padac kal oaTpoPpopunc

0.85
— Qverall
0.80 - — IMRPhenom
—— EOBNR
0.75
0.70 -
5 0.65 -
MeTaTponn
060 Hf= = = =
+0.5 2
1_| v
Q 0.55 o€ BApuTIKn
~ | akTivoBoAial
© 0.50 - 1
4 |
)
g 0.45 . —
< 50 55 60 65 70

source
MO /M



[epioxn evroniopou TNG nnync GW150914

+
Xpoviko diaoTnua avdueoa oTig duo avixvevoeig: 6.97 ) 4 ms.

8h

Abbot et al. (2016)
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NapaTtnpnoscic oto H/M ¢paopa

2TIC 16 ZenTeufBpiou 2015 g10onoinbnkav 25 d1aPOPETIKEG
oHAdEC NOU Ekavav naparnpnoeic o oAo ro H/M paoua
OIAdpKEIAc NUEPWV £WC uNvwv (Ta anoTeAéouara
avaugvovrai).

Initial GW Initial Updated GCN Circular Final
Burst Recovery GCN Circular (identified as BBH candidate) sky map
[ u n )
Fermi GBM, LAT, MAXI, Swift Swift Fermi LAT,
IPN, INTEGRAL (archival) XRT XRT MAXI (ongoing)
i |
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Avw OpIO OTNV EKNOUMNN VETPIVO:
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ACTPOPUOIKA CUNNEPACHATA
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'EAEyX0C TNC TaxuTnTac 01adoaonc

Av 1a Bapurtovia Exouv pala, Ta BapuTtika kupara 6a
diradidovral pe taxurnrta v<c (nou Ba &apraral kai ano Tn
ouxvornra). NpokunTtel gia ouvoAIKn METATONIoN OTNh
paon Tou BAapuTiKoU KULATOC.

Ano Tnv naparnpnon tnc nnync GW150914 npokunrei:
m, < 1.2 x 107 eV/c*

AUTO 1O OpIo €ivalr 1000 opPEC Nio auoTnpo, ano o,TI
nponyoulEva Neipapara o€ oiniAa ouvornuara naiAoap.



AoTtepec NeTpoviwv

Ol aoTeEpeC VETpOViwV napatnpouvTal edw kal 50 xpovia. 'Ouwc,
akoun 0€ yvwpiloupe TNV KaTaoraon TnS UANG oTov nupnva Touc!

Aev €XOUME AKPIPBEIC HETPROEIC TNC aKTivac!

Artist’s view

Source: Wikipedia

Optical image X-ray image _
Source: NASAVESA Source: NASAVESA e —_
gamma ray

2600

2400 f il

mullg " “

=aul Tl o L

o ULl Sl b W L el |

2200 EESEU Rt .1‘[ o LI W L LBt S Sy Ul
= L I I M‘!h._l_\ AR LER B By
e bt s s
0.0 ms 13.5 ms 33.7 ms

Time

Number of gamma rays




AnoTeAeouaTa PE O1APOPEC KATAOTATIKEC EEICWOEIC
Bauswein, Janka, Hebeler & Schwenk (2012)
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>UYXWVEUON AOTEPWYV VETPOVIWV

H nio mBavn pala YeTa Tn oCUyXwWVEUON £ivai:
24M@ < Mot < SM@
Eneidn yvwpiCoupe o1t M.y > 2Mg Yia PN NEPICTPEPOUEVOUG A.V.,

Ba dnuioupynBei evac Bapu aoTtepac nou Ba €niBIwoEl yia
TouAaxiotov T >10 ms.

O aoTEPAC PETA TN CUYXWVEUON €ival 0€ NpoowpIvn Icopponia Aoyw
TNG O1aPOpPIKNG NEPICTPOPNG NOU EXEI.



[1POCOUOIWOEIC JE UMOAOYIOTIKIN OXETIKOTNTA
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TaAavTWOEIC UETA TN CUYXWVEUON

Stergioulas, Bauswein, Zagkouris, Janka (2011)
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GRAVITATIONAL
WAVE SPECTRUM

I=m=0
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radial mode
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YNoAOYIONOG TNC AKTIVacC
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YNoAOYIONOG TNC AKTIVacC

Bauswein, Stergioulas, Janka (2014)
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TPEIG BACIKEG OUXVOTNTEG

Bauswein, Stergioulas (2015)
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AvaAuon BacikwVv CUVIOTWOWYV

MNpwTn epappoyn TS peBodou Principal component analysis (PCA)
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H néBodog autn pag enetTpePe va ¢taocoupue oto 90% Tou HEYIOTOU
MAAGTOUC, XWPIC TNV avdykn Aenropepouc povreAlomoinong.

EAaTTOOauE KATA TIOAAEG TAEEIC HEYEBOUC TO UTIOAOYIOTIKO KOOTOG
yla TNV JETPNON TNG AKTivac arnod ouyXwveUOoELC A0TEPWV
VETPOVIWV.



[aykoouio OIKTUO

>UvTtoua, OAol ol cupBoAopeTPLKOL avixveuTec Ba AettoupyoUv weg
eva evialo rneipaua, To oroio Ba eTUTPETEL TOV EVTOMMOUO BE0NC TWV
OlaPOpwWV TNYWV.




lWON EVEPYNTIKNCG Aanoofeonc Kpadaouwyv
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BapuTika KupaTa
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BeATiwon BepuIkNG CUPNEPIPOPAC
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Einstein Telescope
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Article available at hitp://www.europhysicsnews.org or hitp://dx.doi.org/10.1051/epn/2013201
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VESF - The Virgo-EGO Scientific Forum

Home Documents Events Fellowships Schools Members

The Virgo Collaboration and the CNRS/INFN EGO Consortium have set-up a Forum where participating
astrophysicists and theorists contribute to the further development of scientific knowledge around Virgo.

It is the purpose of the Virgo-EGO Scientific Forum (VESF) to enlarge the research community around the present
Virgo collaboration by providing individual participants and institutions interested with scientific opportunities of
stimulating research, publications, and all other scientific activities.

The VESF includes the members of the Virgo Collaboration and scientists interested in gravitational wave research
from other laboratories, observatories and institutions.

The VESF scope, functions and organization are detailed in its Charter.
As foreseen in the Charter, the VESF governing body is its Council.
The Council elects the members of the Executive Board which, in turn, appoints the VESF Coordinator.

The Executive Board (EB) is currently formed by:

Luigi Stella, VESF Coordinator, chairs the EB
Toni Font, Member

Andrea Possenti, Member

Nikolaos Stergioulas, Member

Guglielmo Tino, Member

Virgo spokesperson (Fulvio Ricci), Member
EGO Director (Federico Ferrini), Member



https://www.ego-gw.it/public/vesf/vesf.aspx

