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FIG. 1. The effective radial potential W;(R) (at the 2PN level and for v = 1/4) versus the

0.8 ko

dimensionless radial variable ¢?R/(GM) for three different values of the dimensionless angular
momentum j = cJreal/ (GMp). Note that the effective radial potential tends to one for R — oo.
The stable circular orbits are located at the minima of the effective potential and are indicated by
heavy black circles. The innermost stable circular orbit corresponds to the critical value j,. In the

case of the j; curve the orbit of a particle with energy Eg‘ = fo is an elliptical rosette.

quantity coincides (in view of our rules) with the corresponding real two-body dimensionless

angular momentum j:

= CJO _ CJreal
P=GMomo GMu

[Note that our definition of the j’s differs by a factor ¢ from the one used in the previous

i (5.17)

section.]

As usual, because of the inequality (5.10), when j and &= &o/(mg c?) are fixed, the
trajectory of a particle following a geodesic in the effective metric (5.2) can be qualitatively
read on Fig. 1. For instance, in the case illustrated for the j; curve (Ef = & line), the
orbit will be an elliptical rosette, with the radial variable oscillating between a minimum
and a maximum (solid line in Fig. 1). The stable circular orbits are located at the minima

of the effective potential (the maxima being unstable circular orbits). The innermost stable

23



N%[.)99

[ §O : REFULTS | DTS 80)
SChdi— | /, i . [ lfal | |
DLewe \‘ ‘:s-o" 4l '3‘@“4“434 :5-_;4 szz
H
Lso
, §thw
E—:—"‘ i.ngf G)/w
) ) 3PN
w
i apn 3 o dew AW :

—4.067  —lojs —1460 o d.o5  Lo75 4297 o
//—1.212 +10 1.393 +i0

€ Lo T \ WEAK RuT f
A ”"!_,,ﬂ_ - {./7':/,, | SIGNMIFICANT
M 7 & D}:/&UDE‘VCE . ’
: -~ B . AMRIGUITY PAna MmrTER Ws |
b79. M Emicicy ON The REG ¢ C, s
~e ,/"/'
b S
IN FACT: Eykh Ley (MPoRTawT Taw 7 [eK
CEFE)  Pudresoppen C BD oo)
SECAUEE. TIEN: 3PN Comizatar '(I/""“‘ "M FAEDIATIpL Ao
ozd

'”‘CP (9 Hmﬂ L
at Ty wel)”

AP‘/ %Mbu’;l/;o v/ ﬁu ;v)

1~ Vu/'llpl:‘é




N(@ é.

INCLO SToN @F SP/w E’FF@CU
(Swonr ‘04 )

o NoN-sewmns EFFeerive Obve -Bod )y

= HAmLToMAu ForR RE LA TWE o Tlo

H( e Z (GESDES(C MoTI68 IV
% H
) F) sowe G 4 Opph)
T CORRiCT(BUS
(/.Mo —)> ___x '—D’ - =
VAF—IMLG_S% fim% / /D Pp Y_DEFoRM AT v BF

SCHWARZSCHILD HETR(C

o EFFECTIVG 6VE-BODY wire SPINS

ColVEMENCE OF }-leu—rwﬂmb APPROACIE.

¢ & ¢ : ¢ ) ' L
{97y =8 1S, 89 §=st S0 634874

) - el ~ Gko : VoL S
_H(.L/ P’/ 54 Sz) P DESLC Mo TLON
EFF /- — .
g/,‘/ (M“l/ S”) - CORRELLT Ok
=
/ .
Y- D= FOAMAT . 6F FCERR MeTry

VM QUELY baTERMvEY AT LOWEST ORDER w_S," /Sz

. A PRADLL RELIAGLe VLY FoR JSMALL SPILS

o BuT VERY FLEXWLE: WNEED WNEW (WPUTS ( ~rwen
AUALyCAL or NUMERICAL) TO BE7ERMWE (T b5Try

oONG . . ; 3
LONG . TEeM : ,_A_{EEQ wwaryric [avT A/VKEIZ(C-F/TT&)

e —

H(xp E:f;) 70 COVEL R Pmc—Jm(e



NG ENERSY OF Toe Last Staeve Senewiert Cewir S’Ergw

2 SPNIN "
(w”mg 6 B LALE HOLES (3 PN spimaivs E08 )

LSo
e
A5ty o0
wwherl
"3
e ' 4 ' O-—l['tg )S"* |
251 |- \ H
USES SPilb-MD P!Flép/ Padesy :
- E
PEa— am»m(.- | NCREASES
WHEN SPDS ARE ~ PARALLE L

AR RPy [1-22 #128% 270 aqlv)?;“l

SVG6ESTS THRAT FlRST DETB(,Tl(;UJ WLL LArVoLVE

~ PARALLE L Seinvg



Nie 4.22

1011 “000T 10 12 IFIRK ‘p661 H00D -+ -+

10I0Q ‘Q[XL[X[T ‘100T ‘Iv 12 JUWR[OpURIL) - — —
1040D ‘OZX[ZXEE ‘1007 ‘1P J2 JudWQ[OpuURIy) —r

10100 ‘05c="e ﬁmocmm GO s
10105 ‘L9'p="e “oped €OH ——
10100  ‘0="e ﬁmocmm TOT oo

joa11 00T v 12 moure( ‘L9p="e *oped OH - - - |

douanbas © uore A31aud Surpurg

00
Z
=
=
i
c100- X
k4
<
=
10°0-



Nia §.21,
TNSPRAL VLUNGE  any Mercer

s
VIA E OB ForuarisM

BUO{'%O%[DC
o Eas oF MOTION C&UA—XI‘—CNLCUM:L ﬂLmU)
Y e ™
 E OBk
El': =0 ){'(r’ ribe] H’AMI,L(;OA’;:D;M.D)
A TP e
%—fgz_‘w: 9 }/([';Fr,f’(e) J’{:é\/m“z?[\/;«_{r)ﬂ;—e%——‘*g

EFFscrve M Etic CoeFr

1)

7&\—/' RDB/«R-?Z-:S’UKALE)
LF

)
D Ry /A/‘ o )4
Apr
X
RAbyetion eacriw = AV6-Hou- Logs

2l - ?MCV/PT,PQ/
T
¢
Tom22y0oh) 105 Grany)

or
T - D 4-. l/3
o USE fome }\(JT, ’;l"[x/ V3 T Esrihars G u/n@f:ﬁtzp /ol

—> NATCH To Rwg-dDown G fi16vay
RADE @QF Q@UAJ- NORMAL MODES

C ‘% .)av{; ﬂ”‘%&”«‘ P/zw PQ(’Q lq 7/)



g6’
RESULTS AT 2.5 PN Nizey )

%

RESOUMMED RABIATIBV REACT (o [FOR CiRCuULAR OREB(7S
=

LeT \U - GHco)_; - 28

¥ 56 w / 2
‘\ Cosimcreurg befizuw)

on Y
INVARANT FuweTiow BUT / ey, Ulz(")‘—‘ — 1247 35y
bAD B CAUSC J wvo a"u" 36 2
. 8.l TH
= NIKT I#F0 THAF L #as a SimbLe PoLe AT VU el
4 e el LR vz
A
=  Newv Fowcypu . T e
?’: '— v’:{?})* 7( :--'[44‘\.7-# \)?+...]

=4 T T e e -
cr(w;;t_’)_ 5‘6v - — 1+cc»)u-
i]”‘(v) "4'5““-7 =
A+ S»v

1+ G
L 1 +C;(v/ v

Damour ,I)pp,&'lba P‘u}?—osh ’9 &




(RESUMnED) EFFECTIVE ONE B0y DYNAHICS M5
+ RESI}“M ED RA’D IAﬂDN REA{TIOA) (aém[‘ar«:vl‘/e DQSI}_J\
(:i,.‘yll;f,p‘\ (MITIAL D)’”A“CU*’L DATA (?xq), P f;',) 1

= 0 Ll AT BEGInNIVG - PLUMGE o 'y
pst @7 el Suwsws. 0F PLVMEE: D)6 ongiv Le
L i FT
o | N
\ | Gooy w ViEw’ gfF STATE e 7xe ART
. NoMERICAL $IMVLATIONS Cpre,’tou‘u; 05—)
\
\
20 , \\\. .. 5 : . 1.00 .‘
© ———- r=LSO v=1/4 ] 0.90 .\\ v=1/4
0.80 \\\
10
0.70 \\\
5 060 ‘\\
a5 0 050 | \\\ ----- p,’/B(r)
| 040 \\\ s p:/r’
\
ok i “AZimyTHa L
e T KNETI :
18k on| \RADIAL - !'-‘- '.Y_
I T AU ol SEINETIe EMG Sy
-20 -15 -10 -5 0 5 10 15 20 730 50 70 9.0 1.0 130 150
/ ¥ T ? g
/
,/
LILhT. Lso
/ [ XLVS
{ L T e’
‘ -

REMA )N VAL C
@_‘/ Flest ESTimATE o F $ OVAILCIRLYLAR
FULL WAwE FORK ; DVR(MG THE WHOLE PLUNGE

& W “ ¥/, T
En'—> "3m"~ uerseR



%?a%é@@&éf%w_ 355 a _oaorgl
Fo.rp g@ﬁm hgpma, s i S.&mxai a - =
83%& -Ndnm‘ g‘% o M T\, .‘r\ 7 \\\, Yy¢ r.b.\.-\...riuﬁwim‘m Jw;»..,,u i \.\ “. ).‘. .\o
VOLLYHIXOVJd~ LIwT7 317D , > .
\¢ 00} 0 00— ooml
Wo - o e == 8Y'0~
-_— T 1
T.N.w g
OST-© P
0ST-1@ 1 8€0
PIT= & 0ST-1¢
L osT-'H ] 82'0—
GZM\( i e ” , 0S'T 240U .
IINIT4 Im3eT | W= umop—-8urs + 1810w — - — .
Gua3d M5 N . ﬁ\- a3umyd + pndsul 1 810-
AING | | =
1 80°0- pat
1200
nmog-4 i
ot .
9 o L9 T AN
(cawvoizaq-a) 3aL 1Y .- .
gt - MY WL v/ 1zz0
,ﬁ}ﬁ m :‘Esv ” i .
L n L L | L L L I Lo L L L 1 i 1 L n L L 1 L 1 3
ey He w93 v “ | et wIn g ) T
o =
10 2aovl - 1Ay - IW0L) HhT ¥ & * (11

Cawvc-1svF] 0L 9amrdd

w04 IAVM A2 1537 |

N



ST 1HomAs
26

EOB TREDICTION FOR Tte FINAL SP/N

OF Tue HOLE FoRME> BY Tue (0ALES(EMCE OF -TwO SPIMDG Holeg

(jqana-r ’0!)
ART - PARAUGL Spyws § PARALLEL SP/VS
1 3 A d‘ 1 0'3 \ N &-_: jp"
| 2,
2 =+ ©1 0,87 |
S‘ = SZ To8
m, = M [
| [l 2 "(9-6 3PN
e FOR NoA/-STI'NM'NG Holes . a,'ﬁ:;’ Oo 8
. . Yedoreus ' 05
[C\)RKE{fl NUMERICAL RSSULTS {pﬂd O 7 Ba,‘ker 0{.“0 Io{]

~

o MAXIMUM SPIU  For gn _S,_ 03 ; a/g”;;’ 0'87 <1
M n«

o SENSITVITY/ FLEXIBILITY .
ONg CAN FIT HioHer-PN coa/r_munb 7o E6B
BY CoMPARING 70 MNuMCRCAL RESULTS



, _ — Nie .27
WAVE FpR M FROM FPRECEIWG BMARIIRS OF

SPINNING LA HoLes |, Usie EOB

Buomamno d\tzm)auo»

0.8 L l T I 1 l 1 l LI I LI | ) &) ' ; I I Ll L l T 1 I
g | E
0.6 —— generic-up I !
O .. |
-— + non-spinning | E
" generic-down I i
: :
1
1
|

;‘
50-135-120-105 -90 -75 -60 -45 -30 -15 0 15

t/M

_O.%lllllllllllllllllllllllllllll



S T o Mt
PossigLe TESTS /|MPRovenrots  OF .0 srpponcy 28

FITS To B/WDING ENBRSY oF WAVELey  Aups:- STATOWARY
BNakRy BLAk HOLES
o MNEER (WAVEL-ESJ " PATA Cd fa Gou/gouﬂwm Jaﬂ./ /"M"‘“"”J
IS?*LUj & Wilsn Mathou )

® pQ‘;D N()N-(_Q’UFORMA—LU/ AT M,-{-rm‘[(}

o NEED ARRITRARY SPIU

o CAN W rp.mc:pte/ CHECK /LER T0 HODIFICATIOR / DETERAW g NEW
PARMMETGLS (A SPINMING EOR  HAMILTDMIAL

o COWPARISON wiTh EO0B WAVEFORM

— CompAEson FOR PLyoNGWe TesT.Masses /v B HOLES

HOoPE Yo LEARN By (BAPARILG AUAL:/T;(A.L/ A/vusfz_a,‘r,AL

. COMPARIION FOR COMPAMRLE-MAS (oA LEScV 6 R HOLES

TROBLEM oF IMITIAL DATA
CURLGUT DATA  ARE NEITHER ‘WAVELES’ w0k CILCULAR
: i A : X
CorpafLioN 6}“" w 07 o a""",, 0.8 is EVCOVRATING
CVRKEVNT M| mitll i ) e B
e < L L LL e e
v B IRDLAT oS SOGGEST LA'RGER(\'}E._“ dé%#—'g;“"“‘w '14 /o

' ' ‘ e W 1
© COMPAKLSPN OF R ECO\L ESTMATES v E;p”'%,g:‘,:_g+.1,4;/‘
X | . sROE ’ °
LAL e VAR (0 RESOLTS o A)prerical 30— 300 hn/s ™ 3¢/
Hermam 04 -Gﬁ—plu.”{ 05 < [o
ANALY 1AL . B O — 2.50 ks
Damat Gopakwese /06 Blandhat QVAY/ 05

VERY SEWSITIVE 70 DETAILS oF G W EMSiGe



STTuomAs

CON CLUSTONS e

o P sNE CAN Joagspoy MATCH/FL(T
A SUITARLY [CXTENDED EOB ANALYYICAL D ESLRPHO
oF G W Warprns 7o SolTARLY I1MPROVED AN UMERICAL
RESULTS , OWE Wi wmve AN EFFICENT S M| -PigabmeunLoGic)

WhY OF BOWPWNG  MULT|-Paramerer BANKS pF (TEMLATES'

o EXISTING THEORETICAL TO0LS ( thGH-PERTURSATIV-DR-DER
. - C
CALCULATIONS + RESUVMMATION A LA P«»pg’+1-:—og,)
ARE S UNDER CONTRON FOR LATE (WSPRAL AND TRAUSITI00
T0 PLoM 1\
Lower (" converoguce o0 G SimiLAR m{(z) )

¢ WoULY BEUSEFUL To HAVE THLORGT(CAL TooLS To UNDERSTAWD
The (MERGER !+ TRAVSTOM TO QAN RINGw G 6F DEFORMED
BLALK Hole (R~ 3M) For Commmawe-MaS B Y dwae (i



