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§1. Introduction

A common misconception outside of the gravitational-wave research
community is that the primary purpose of observatories such as LIGO is to
detect directly gravitational waves. Although the first unambiguous direct
detection will certainly be a celebrated event, the real excitement will come
when gravitational-wave detection can be used as an observational tool for

astronomy.

(S. A. Hughes, et al., astro-ph/0110349)

Detection of gravitational WavesI

e Dynamics of strong gravitational field

e Physics in high density regions

e Black hole formations / Neutron star formations

e Proof of general relativity in the strong gravitational field
e Cosmology

e ctc.




Laser interferometers '

Ground-based detectors
LIGO (USA) http://www.ligo.caltech.edu/

The data taking has just started.

Hanford, Washington, USA Livingston, Louisiana, USA
4km, 2km 4km




VIRGO (France & Ttaly) http://www.pg.infn.it /virgo/

The operation has not started yet.

Pisa, Italy
3km




GEO600 (England & Germany)

The data taking has just started.

http://www.geo600.uni-hannover.de/

Hannover, Germany
600m




TAMAS300 (Japan) http://tamago.mtk.nao.ac.jp/

The data taking has started since summer in 1999.

Mitaka, Tokyo, Japan
300km




Space-based detectors

LISA (ESA & NASA)

It may launch in 2011.

http://www.lisa.uni-hannover.de/

\‘l

Spacecraft #1

5000000km




Targets for laser interferometers.

For ground-based detectors

. Vela SpYndown

Upper Limit

e (Coalescing compact binaries -\ Upper Limit ¥ Crab Spindown

(NS-NS, NS-BH, BH-BH)

e Oscillation of neutron stars S 10
e Rapidly rotating neutron stars gi
e Stellar core collapse (supernovae) 1
e Low-mass X-ray binaries o

e ctc.
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C. Cutler & K. S. Thorne, Proceeding of GR16

(2002), gr-qc/0204090




For space-based detector

e Short-period galactic binaries (WD-WD, WD-LMHS, Low-mass X-ray binaries)
e Inspiral and merger of supermassive black hole binaries
e Inspiral and capture of compact objects by supermassive black holes

e (Collapse of supermassive stars

e ctc.
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§2. Evolution of binary neutron stars

Inspiraling Phase Merging Phase
/\

OZO Q:Q f@)

Post-Newtonian Numerical Simulation
Approximation

Inspiraling phase I
of each NS, etc.

Blanchet, Damour, Schafer, - - -

Intermediate phase I
Initial data for merging phase, Eq. of state of each NS, etc.

Bonazzola, Gourgoulhon, Marck & K'T
Uryt, Eriguchi & Usui
Wilson, Mathews, & Marronetti, - - -

Merging phase I
Eq. of state of each NS, BH formation, etc.

Shibata
Oohara & Nakamura
Washington University group, - - -




§3. Formulation
§83.1 Basic assumptions

Quasiequilibrium I tew 1, ( 24 )5/2 (Mtot)

orb 6G Mot 4u
We assume that there exists a Killing vector:
0 0
l=— +Q—
ot Oy

Perfect fluid '
The matter stress-energy tensor:

Ty = (e+p)upus + Pguv

Synchronized and irrotational flow I
The realistic rotation state will be one.

C. S. Kochaneck, ApJ. 398, 234 (1992).
L. Bildsten & C. Cutler, ApJ. 400, 175 (1992).

Polytropic equation of state I
p=Kp?
Conformally flat spatial metric I
A simplifying assumption for the metric:

ds? = —(N2 — BiBi)dtQ — QBidtdxi + AQfZ'jdiBid:Cj

(Isenberg-Wilson-Mathews approximation)




§83.2 Basic equations

Fluid equations I

H+v—InT'g+InI' = constant

Differential eq. for the velocity potential of irrotational flow:

CHAWo + |(1 = CH)VIH + CHVB| V¥

W ?irn}

= (W' = W{)ViH + CH|[WVi(H — B) + -

Gravitational field equations.

The trace of the spatial part of the Einstein eq. combined

with the :

Av =47 A%(E+ S) + A%2K,;; K¥ — V,vV'g3

AB = 4w A%S + 2A2Kij[{ij — %(?iuﬁiv + V,:B8V'3)
Momentum constraint equation:

AN + %W(%Nﬂ') = —16rNA%(E + p)U*

+2NA2KYV,; (38 — 4v)

H :=1Inh

h : fluid specific enthalpy

v:=InN

B :=1In(AN)

I'o : Lorentz factor between the co-

orbiting observer and the Eulerian one
I' : Lorentz factor between the fluid and
the co-orbiting observer

I'y : Lorentz factor between the fluid
and the Eulerian observer

'
Irrot. fluid 4-velocity: u = T

Scalar potential: ¥ = Wqg + f;; ngj

E = Fﬁ(e—l—p) —p

S:=3p+ (E+ p)U'iUi
N*=B"+ (22 xr)*

U? : fluid 3-velocity w.r.t. the Eulerian
observer

dln H

- dlnn




84 Numerical method §84.1 Multi-domain spectral

Spectral methods lose much of their accuracy when
b funct: 1h i method
non-smooth functions are treated because of the S. Bonazzola, E.Gourgoulhon & J.-A. Marck,

PRD 58, 104020 (1998);

so-called Gibbs phenomenon.
J. Comput. Appl. Math. 109, 433 (1999).

For a C°° function, the numerical error decreases JJ P- Grandclément, S. Bonazzola, E. Gourgoulhon
as exp(—N), where N is the number of coefficients & J.-A. Marck, J. Comput .Phys. 170, 231 (2001).
involved in the spectral expansion. On the other Physical domains and their mapping:

hand, the coeflicients of a function which is of class @ Nucleus

CP but not CPT! decrease as 1/NP? only. 0,1] x [0,7] x [0,27x] — Dy

(&0, ¢") = (r,0,¢)
r=Ro(£,0,¢), 0=0, o=
spectral method circumvents it. Intermediate domains (shell)

[—1,1] x [0, 7] x [0,2n] — Dy
(& 0", ¢") = (r,0,¢)
r= Rl(faelagol)a 0 = 0/7 Y = 90,
Compactified infinite domain
[_17 1] X [Oaﬂ-] X [0727T[ —  Dext
(£, 0", ¢") = (r,0, %)
u:=1/r=U(0,¢), 0=0, p=¢

)




Spectral expansion

|

Ny—1Ng—1 N, —1

f(&,0,0) = S: S: S: Frii X1 (£)On; (0)@r () Ny, Ng, Ny
k=0 j=0 =0

@ direction I Cp(p) =e™?  (=Ny/2<k < Np/2)
21k

6 direction '
¢ direction I

in r, 8 and ¢

Associated collocation points: O = (0<kE<N,—1)

Ne

O;(0) =cos(j0) (0<j<Ng—1) fork:even
0) =

O ( sin(j0) (1<j7< Ng—2) fork:odd
Associated collocation points: 0; = Nﬂj N (0<j< Ng—1)
) —

Nucleus

X1ii(&) = T2;(§) (0<i< N.—1) for j:even

Xiji(§) = Toi41(§) (0<i< Nr—2) forj:odd

s ()
Associated collocati ints: ; =sin( — 0<i:<N,—1
ssociated collocation points £ sm( 2N 1) (0<i< )

Intermediate and external domains
Xkji(§) =Ti(§) (0<i< Np—1)

Associated collocation points: £ = — cos <7‘(’N ! 1) (0<i<N,-—-1)
o

T, : nth degree




§84.2 Improvement on the cases of stiff EOS

If a star has a stiff EOS (v > 2), the density decreases

so rapidly that On/0r diverges at the surface.
—> Gibbs phenomenon

fr

circumvents it.

Virial error for a spherical static star in Newtonian gravity

e )

Virial error

Virial error

@ V25
1 ;\\\S\&\

N
& —\é\\\‘ g\\§\
Sao . \A
-
[ &— no regularization T ©—o no regularization 7
K=1 K=1

L ---K=2 + *-°K=2 1

A —AK=3 A —AK=3

———+1 . T+ . —————
- (3) \\TZIZS T@ v=2

&\\\\&\ @—=o no regularization
i a0 i i
\
h-N
[ &— no regularization s T 7
K=1

L &=-=2K=2 . _

A~ —AK=3

o | PR M| PR
10 100 10 100

Number of radial collocation points

Number of radial collocation points

W + 3P|
14

Virial error =

W : gravitational potential energy
P : volume integral of the fluid pressure




§84.3 Iterative procedure

(1) We prepare two numerical solutions for

spherically symmetric, static, isolated

neutron stars, and

set the X coordinates of the two stellar

centers:
M o
Xc1> = — == d
Mci> + Mco>
and
Mc1>
Xco2s = d

Mci> + Mca>
(2) We demand that the

6]
a_XH = O, a = ]_, 2
(X<a>,0,0)

(3) The X-axis is translated in order for the
rotation axis to coincide with the origin of

the coordinate system:

X<a>,new = X<a> 0ld — Xrot, a=1,2
Xrot,new = 0

(4) For irrotational configurations, the velocity
potential W is obtained.

(5)

(6)

(7)

(8)

The new enthalpy field is calculated:
—>  We search for the location of H =0
(stellar surface), and change the position

of the inner domain boundary:.

The are ob-
tained via the EOS.

The gravitational field equations are
solved.

The relative difference between the en-

thalpy fields of two successive steps is

checked:
> 1H (@) = HT ()

> HT = (@)

O0H =




§5. Analytical approach and tests

In the irrotational case:

In the relativistic case '

Numerical solutions :

S. Bonazzola, E. Gourgoulhon, & J.-A. Marck,
PRL82, 892 (1999).

E. Gourgoulhon, P. Grandclément, KT, J.-A.
Marck, & S. Bonazzola, PRD63, 064029 (2001).

KT & E. Gourgoulhon, accepted to PRD, gr-
qc/0207098.

K. Uryu & Y. Eriguchi, PRD61, 124023 (2000).

K. Uryu, M. Shibata, & Y. Eriguchi, PRD62,
104015 (2000).

T Check the validity of the code

Up to now, there are no solutions !

In the Newtonian case '

Numerical solutions :

K. Urya & Y. Eriguchi, ApJS. 118, 563 (1998).

KT, E. Gourgoulhon, & S. Bonazzola, PRD64,
064012 (2001).

KT & E. Gourgoulhon, PRD65, 044027 (2002).

f Check the validity of the code

D. Lai, F. A. Rasio & S. L. Shapiro, ApJ. 420,
811 (1994).

KT & T. Nakamura,
PRD62, 044040 (2000).

PRL84, 581 (2000);




§85.1 Newtonian analytic solution

In the irrotational case:
KT & T. Nakamura, PRL84, 581 (2000); PRD62, 044040 (2000)

Background: two spherical stars
_ fo
=—,

€ : d: orbital separation,

The physical quantities are calculated upto O[(Rg/d)%]:

Equal mass: M1 = Mo = M, Polytropic index: v = 2

Total energy '
Total angular momentum '
Orbital angular velocity '

G M?>
FE =

Pc

Ro:

radius of a star for d — oo




§85.2 Comparison with analytic solution

Global quantities

Relative difference from analytic solution

[ e—e Difference in E (1.625M_)
[ =-m Difference inJ (1.625M,)
| & — - Differencein Q (1.625M_))
6 4— —a Difference in 6p, (1.625M_ )
10 E —o Difference in E (0.001M, )
- - Difference in J (0.001M,)
[ ¢ — < Difference in Q (0.001M_))
r 4~ —4 Difference in 8p, (0.001M_)
10 ¢ Line parallel to (d/R,)"
| ——- Line parallel to (d/R,)”"

Relative difference
)

Coordinate separation / Radius of a spherical star

Difference in FE Difference in J

Jnum - Jana

Md?QKep /2

Relative difference from analytic solution

Synchronized case (y=2)

10
107 -
10° ¢ 4
@
3]
&
§ 10 3 E
=
o
= S i
£ 10 e
S
o I
107 = — Difference in E E
R Difference in J
. - - - - Difference in Q
10 = — —- Difference in op, E
| —— Line parallel to (d/RO)_9
-8 [

Coordinate separation / Radius of a spherical star

Difference in 2 Difference in dp.

Qnum - Qana

QKep |5Pc:num - 5)Oc:anal '

where Qgep = (233{\/[)1/2




Internal velocity field I

The velocity field in the co-orbiting frame:

y+0(€?) +0(e*) + O(e®) + - - -
—x+0(e3)+O0(eH) +O0(d) + - - -

O(e3)+O0(eH) +0(e®) +- -

Velocity [c]

Velocity [c]

Z—axis component of internal velocity field

2e-08

1e-08

-1e-07

-2e-07

-3e-07

Numerical
— — — Analytic

10 20

-

| —— Numerical
— — — Analytic

0 10 20
Radial direction [km]

4e-08

2e-08

(6, ¢) = (174, W4)

d=140km

—— Numerical
— - — Analytic

0 I T I
N d=70km

—2e-06 -
-4e-06 - '

—— Numerical

— — — Analytic

-6e-06 : :

0 10 20

Radial direction [km]




Velocity [c]

Velocity [c]

Z—axis component of internal velocity field

0 \
d=200km
-1e-08
-2e-08
—3e-08 —— Numerical
- — — Analytic
—-4e-08 ‘ ‘
0 10 20
0 \
d=100km |
-5e-07
—1e-06 A\
—— Numerical ‘\
- — — Analytic
-1.5e-06 ‘ : :
0 10 20

Radial direction [km]

(6, ¢) = (W4, W2)

0 \
d=140km
-1e-07 -
-2e-07 -
—— Numerical
- — — Analytic
-3e-07 : : ‘
0 10 20
0 ‘ \
d=70km
-4e-06 |-
N
-8e-06 - A
—— Numerical
- — — Analytic
-1.2e-05 ‘ : :
0 10 20

Radial direction [km]

Velocity [c]

Velocity [c]

Z—axis component of internal velocity field

0 \
I d=200km
-1e-08
-2e-08 -
-3e-08 -
—4e-08 + —— Numerical
I ——— Analytic
-5e-08 : : :
0 10 20
0 \
d=100km
-5e-07 \
\
\
\\
\
-1e-06 | \
— Numerical \.
- — — Analytic
-1.5e-06 ‘ : ‘
0 10 20

Radial direction [km]

(6, ¢) = (174, 3104)

0 \
d=140km
-1e-07
-2e-07 -
—— Numerical
- — — Analytic
-3e-07 ‘ : ‘
0 10 20
0 T T T
. d=70km
-2e-06 N\,
—4e-06 0
\\
\
—6e-06 ) N
—— Numerical
- — — Analytic
~8e-06 L
0 10 20

Radial direction [km]




§85.3 Relative error in the virial theorem

Newtonian identical mass case '

Virial error

Synchronized case

Irrotational case

10 ‘ V=3 V=3
----------- y=2.5 e Y=2.5
. E - =225 - - y=225
10 - ——-y=2 T ——-y=2
i y=1.8 i y=1.8
| \
_6 i _
107 - b + \\-.‘",_
N ]
S \=--""""77° \r-TTTTTT
th -8 \ \
< 10 - \ T \
= \ \
-10 \ \
107 ¢ \ T \
\\ \
\
N
\
12 h AN RN \ s/
10 - T== ~ \ s
N___"
1 0_14 . | . | |
2 4 6 2 4 6
d./R, d4/R,

2T + W + 3P|
W

Virial error =

T : kinetic energy

W : gravitational potential energy

P : volume integral of the fluid pres-

sure




Relativistic identical mass case '

Relative error in the virial theorem Virial error
. M/R=0.14vs.0.14, Synchronized, y=2 M/R=0.14vs.0.14, Irrotational, y=2 MADM - MKomar
10_ [ T T T T T T T T T T T
* i Mapm
VE(FUS)
I ’ Mapm
** | VE(GB) ‘
5 Mapm
L0 |
o i
=
1 —i 41/2
ADM mass : Mapm = o V'A dsS;
s
(%)
— Virial error (mass) T — Virial error (mass) 1 _;
------------ Virial error (GB) - Virial error (GB) Komar mass : MKomar = — V'NdS;
Virial error (FUS) Virial error (FUS) 47
10‘6 ! ! ‘ ‘ ! ! ‘ S
2 3 4 2 3 4 5
-12(y-1) ~12(y-1)
d, K d, K
Mapm — MKomar = 0
_ 3 3 3 od et L S oo SN
VE(FUS) = 2NA%S + —NAPK]K) + —NA(VifV'6 = VivV'y) | =0
s s
J. I’ Friedman, K. Uryd, and M. Shibata, PRD65, 064035 (2002).
3 3 Brdpi, L o e agi = i = aei
VE(GB) = 24%5 + —APK]Kj + —A(VifV'8 = VivV'v —2V,6V") | =0
s T

E. Gourgoulhon and S. Bonazzola, CQG.11, 443 (1994).




§6. Numerical results

Parameters

e Adiabatic index : v = 2
e Rotation state of the binary system : synchronized and

e Compactness of the star :
M/R = 0.12 vs. 0.12, 0.12 vs. 0.13, 0.12 vs. 0.14
M/R = 0.14 vs. 0.14, 0.14 vs. 0.15, 0.14 vs. 0.16
M/R = 0.16 vs. 0.16, 0.16 vs. 0.17, 0.16 vs. 0.18

M/R = 0.18 vs. 0.18

Polytropic unites

Rpoly = [{,1/2(’7_1)
d:=dx~1/2(v—1) Coordinate separation
Q= Qrl/20-1) Orbital angular velocity

M := Mapyk—1/200—1) ADM mass

J = Jx~ /(-1 Angular momentum




§86.1 Equilibrium configurations

Synchronized CaseI M/R = 0.14 vs. 0.14 0.14 vs. 0.15 0.14 vs. 0.16
Baryon density (y=0) Baryon density (y=0) Baryon density (y=0)

gﬂg mgo L Eﬁgo L
~°T T~ RN
T T S
I I ! L L L I I I
-2 0 2 -2 0 2 -2 0 2
X / Rygy x / Rogy x / Rogy
Irrotational case ' M/R = 0.14 vs. 0.14 0.14 vs. 0.15 0.14 vs. 0.16
Baryon density (y=0) Baryon density (y=0) Baryon density (y=0)
o~ - i o - i @
mgo i ] MEO B e Dﬂgo L
S~ S~ S~
[ o ~
| h I — |
| | | 1 1 1 | |
-2 0 2 —2 0 2 -2 0 2
x / Rpoly x / Rpoly x/ Rpoly




§86.2 ADM mass

Synchronized case

0.2708

0.2706

0.2704

0.2702

***ADM **

0.27

0.2698
0.04

0.2768

0.2766

0.2764

0.2762

0.276

‘ _‘ 0.‘12
Q K%% K

ADM mass (Synchronized case)
M/R=0.14 vs. 0.14

M/R=0.14 vs. 0.15

0.2814

0.2818

0.2816

0.2822

0.282

004 9,%_1)0 12

M/R=0.14 vs. 0.16

004 %@_1)0 12

'**ADM

0.2708

0.2704

0.27

0.2696

Irrotational case

M/R=0.14 vs. 0.14

0.2692

0.2768

ADM mass (Irrotational case)

M/R=0.14 vs. 0.15

0.2764

0.276

0.2756

0.04

08 012
Q KM(§ Y

0.2814

0.281

004 ml)o 12

0.2822

MR=0.14 vs. 0.16

0.2818




§86.3 End points of sequences

Different mass binary systems

Identical mass binary systems

Synchronized case, y=2 Irrotational case, y=2 Synchronized case, y=2 Irrotational case, y=2
1 " " " T " T 1 " " " T
0.8 r
i
i
0.6 i ]
il
i
i
i
04 + /! ]
— M/R=0.14vs.0.14 — M/R=0.14vs.0.14
0.2 - M/R=0.12vs.0.12" -+ M/R=0.12vs.0.12" - 0.2 - . M/R=0.14vs.0.15: less massive star | === M/R=0.14vs.0.15: less massive star |
"""""" M/R=0.14vs.0.14 = M/R=0.14vs.0.14 ----- M/R=0.14vs.0.15: massive star ----- M/R=0.14vs.0.15: massive star
M/R=0.16vs.0.16 | M/R=0.16vs.0.16 | t == M/R=0.14vs.0.16: less massive star L == M/R=0.14vs.0.16: less massive star
— —- M/R=0.18vs.0.18 — —- M/R=0.18vs.0.18 —— M/R=0.14vs.0.16: massive star — = M/R=0.14vs.0.16: massive star
O L 1 L 1 L 1 L 1 L 0 1 L 1 L 1 L 1
1 1.5 2 25 1 1.5 2 25 1 1.5 2 25 1 1.5 2 25
bl J J J
d/(a,+a,’) d/(a,+a,) d/(a,+a,) d/(a,+a,)
(OH/Or)e
. .. q,comp
Indicator for limit : y := ’

d

Indicator for contact limit ;: ———
a1 + a




§86.4 Central energy density

As a function of the orbital separation As a function of y

Synchronized case, y=2 Irrotational case, y=2 Synchronized case, y=2 Irrotational case, y=2
0 ‘ \ ‘ \ 0 0 — ‘ — 0
—— M/R=0.14vs.0.14
|- M/R=0.14vs.0.16: less massive star
— — M/R=0.14vs.0.16: massive star
- —-0.0025 |-
-0.02 -
-0.05 -0.005
-0.005
-0.04 -
| -01 F -0.01
g -0.0075 g
3] 0)0
L _0.06 - =
~ ~
g -0.01 - S _oq 1
qi) qi) -0.15 -0.015
Do —008 [ Q)O
N r L
~ -0.0125 |- O—OM/R=0.12v5.0.12 G—OMR=0.12v5.0.12
e e M/R=0.12vs.0.14: less massive star | | ==eeses M/R=0.12vs.0.14: less massive star
------- M/R=0.12vs.0.14: massive star eeeeeee M/R=0.12vs.0.14: massive star
—0.2 |- B—oMR=0.14vs0.14 —0.02 F 3—8MR=0.14vs.0.14
_O 1 L M/R=0.14vs.0.16: less massive star M/R=0.14vs.0.16: less massive star
) _001 5 [ M/R=0.14vs.0.16: massive star M/R=0.14vs.0.16: massive star
S— M/R=0.16vs.0.16 &—© M/R=0.16vs.0.16
— M/R=0.14vs.0.14 . [ — = M/R=0.16vs.0.18: less massive star [ —- M/R:().16:/:0.l8: less massive star
e M/R=0.14vs.0.16: less massive star == = M/R=0.16vs.0.18: massive star = = M/R=0.16vs.0.18: massive star
= = M/R=0.14vs.0.16: massive star A—AM/R=0.18vs.0.18 A—AM/R=0.18vs.0.18
-0.12 -0.0175 : : -0.25 = b e L 0,025 e e e e
2 ?/ 4 0 02 04 06 038 02 04 06 038
d —12(y-1)
s K X X
. . . €c — €c,0
Relative change in central energy density : de :=

€c,c0




§86.5 Axial ratios

0.9

a,/a, or a,/a,
o
[00]

.
\I

0.6

Synchronized case,

Identical mass binary systems

y=2

Irrotational case, y=2

—— M/R=0.12vs.0.12: a /a, —— M/R=0.12vs.0.12: a /a,
----------- M/R=0.12vs.0.12: a,/a, == M/R=0.12vs.0.12: a./a,
---- M/R=0.16vs.0.16: a /a, ---- M/R=0.16vs.0.16: a /a,
— —- M/R=0.16vs.0.16: a./a, — —- M/R=0.16vs.0.16: a./a,
I | I | I | I | I I | I | I | I | I
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§86.6 Turning point

Synchronized case I

Synchronized case, y=2
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Irrotational case (
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§86.8 Explanation of the difference in y

We consider the binary in Newtonian gravity.

Synchronized case

Irrotational case

1 0.5
0.8 r 04 -
0.6 - 03 |

=<

=<
04 -

0.2 -

0.2 - — Synchronized case .
- ——- Irrotational case 01 +

0 1 1

2 4 6 8

d/a, 0,

2.

1 22 23 24 252

2.1

22 23 24 25




(OH/Or)eq,comp
(8H/8T)pole

X =

v 2 d
synch __ _(8:101 Jeq,comp + 7 (—5 + a1)
* B (2
azl pole
o 2 d e
irrot __ —( myl Jeq,comp + €2 (_5 + a1>_§ Oxq

(6\110 - Ws)2 |eq,cornp

_(E?Tyl)pole
where W, := Q(—yl, T, 0)

Difference in y along a sequence I

Difference in X

y=2
0.05 ‘ ‘ ‘ ‘

dX

-0.05

-0.1

At small separation, the difference in the grav-
itational force plus centrifugal force is smaller
than that in the force related to the internal

fAow.




Evaluation of the force related to the internal flow '

Fi= et 0 (Suy W= -0 (4w 4 Y AR
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where we assume the form for ﬁ\lfoz

611IO - Q(f(daxlaylazl)a g(d,xl,yl,Z:[), h(daxlaylazl))

Then the surface value at (z1,y1,21) = (a1,0,0) becomes
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al 0x1
a 0
(ii) 9(a1) <1 and —g(a1) >1 = x:decrease

ail 0x1




Y—axis component of grad(¥,) toward (6, $)=(1v2, 0)
Irrotational case (y=2), d/R,=2.851
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§7. Summary

Constant baryon number sequences of binary neutron stars in quasiequilibrium have been computed in
both cases of synchronized and irrotational motion and in both cases of and different mass

systems.

We have performed a general relativistic treatment, with in the Isenberg-Wilson-Mathews

approximation (conformally flat spatial metric).
We have used a with an adiabatic index v = 2.

(1) Turning point of the ADM mass
e for irrotational binary systems : no turning point

e for synchronized binary systems : turning point
e is more difficult to be seen for different mass binaries

(2) End point of the sequences

e for synchronized identical star binaries : contact
e for the other types of sequences (synchronized different star binaries,
irrotational identical and different star binaries) :

(3) Decrease of the central energy density

e depends on the compactness of the star
e does not depend on that of its companion

(4) Deformation of the star
e is determined by the orbital separation and the mass ratio

e is not affected much by its compactness (in particular for synchronized cases)




