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SO, 7—1) TR D [E A E (amplification factor)
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Einstein eq.® hyperbolic reduction
U e Ef) 5 A2
Bpua = JY, (u)Bug + Ka(u)

(1) J*OEEEN2EBE: weakly hyp.
(2) J! N EX AL EE: strongly hyp.
(3) J! NIV I — NTHI: symmetric hyp.
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A-system

FEE) FREAD B 2 R B RN 5
constraint @ decay & HfEL /= system
JHZ2: Brodbeck et al (JMP40(1999), 909) FAESER 7 L

1. dynamical 28D sym. hyp. & &

Oiu = Ju' + K
2. constraint C(u)~ 0DFE 6;C = DC' + EC
3. AN B ANMIEIEIA = 0 THREIX

oA =aC — B (a #0,8 > 0)
4. ZZTCoull A’g)}ﬁﬁli%ﬁi‘\(\sym. hyp. A-system

Uu J "F)\(u Uu

3= o 3]+ (3]

5. constraint DB EFHIEINTW S
0;C = DC' + EC + G\ + HX

6. 7 — 1) TZHE, A& C DHFREIFHE

A e A
tWC) ™ |\-Gkk +iHk iDk+E|\C
At ie. BEEEDETMN ISR S K DI,
Maxwell & Einstein(Ashtekar) C B A fEAAT, ZUEZE
_s Shinkai-YG, PRD 60 (1999), 101502.
YG-Shinkai, CQG 18(2001), 441.
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adjusted system

system FEEE (DB

1. dynamical 28D FE & T HEZ
Oiu = Ju' + K

2. constraint C(u)~ 0 DFEFE % constraint T <
0;C = DC’' + EC

3. dynamical B D IR T HENAG L %, constraint ™
Z D5 CHEIE
Oiu = Ju' + K + k1C + koC’

4. constraint DB FHIESNTWS
0;C = FC" +GC'+ HC

5. 7 — V) TZHMR, #EALL T, FEAEERD D
— "amplification factor”
Z DEHNAIZR D K DI K1,k 2N,
constraintld decay L T\ <,

Maxwell & Ashtekar & /X — 1., system e, [EHA4E

FRAT. BUEZEIE YG-Shinkai, CQG 18(2001), 441.




ADMIC adjusted system

Oyi; = —2aK;; + V0 + V;0;

+P,H + Qi My, + p* i (D) + ¢ (D M)
adjusted term

8,Kij = aR) + aKK;; — 2aKy,K*; — V;V,a

+(Vzﬁk)Kk3 + (ViB°)Kyi + BV K

+Ri;H + Skiij + ’rkz'j(Dk’H) + sklij(Dle)

adjusted term

system 0/(no adjust)

OH = B (9;H) — 2277 (I;M;) + 2aKH
+a(Ymk) (2™ — 4™ M,
_4'7”(8 a)Mza

IM; = —(1/2)a(8;H) + B (9;M;) + a KM,
—(8;0)H — B4 (Bivie) M
+(8iBr)Y™ M.
strongly hyp
Amplification Factor = (0, 0, £/ —k?)



system |

adjust term to O¢K;;
= k1o H + K285 My,
(k1,k2) = (0,0) T standard ADM
(K1, k2) = (—1/4,0) T original ADM
Amplification Factor = (0, 0, ::J—k‘2(1 + 4K1))

constraint propagation 0D X
esymhyp: k1 = 3/2 and kg = 0,
o strongly hyp : a?~H(1 + 4k1) + n%(,@l)z > 0,
k1 # —1/4,
o weakly hyp: a2+ (1 4 4k1) + k2(8H2 > 0.
standard ADM T %
Amplification Factor = (O, 0, ﬁ, @) “C strong hyp.

original ADM T X
Amplification Factor = (0, 0, 0, 0) € weakly hyp.



system Il| (Detweiler, PRD 35(1987),1095)

adjust term to O¢v;; = —La?"y?;j’H

adjust term to O¢K;;

— ——La?’(Kij — (1/3)K'yz'j)’H
--La2[3(3(7:0ﬂ)5k) — (812) ;7 M,

+La’ [ (z (1/3)7zg7kl](Dle)
Ampllflcatlon Factor

= (—(L/2)k*, —(L/2)k?,
—(4L/3)Kk? £ \k2(—1 + (4/9)L2k2)).
L > 0 — Amplification Factor = (—, —, —, —)

Detweiler's adjustments
on Minkowskii spacetime
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system Il

adjust term to O¢v;; = —Lay;;H
Amplification Factor

= (0,0, —Lk* + Jk‘z(—l + L2k2))
L > 0 — Awplification Factor = (0,0, —, —)

Simplified Detweiler's adjustments
on Minkowskii spacetime
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CT-ADM

Shibata and Nakamura, PRD 52(1995), 5428.
Baumgarte and Shapiro, PRD 59(1999), 024007.

Yij = e Py (detd;; = 1)

I~

Ajj = _4¢(Kzg — (1/3)vi; K),
I = 1%47F,
g’ = I‘z + 847" additional constraint
R

(dt/d)$ = (~1/6)ak,
(dt/d)%;; = —2Ajj,
(dt/d)K
= a(l — k))R® + a(1 — k1)K? 4+ ak,A;; AV
+(1/3)ak K? — 49(V,;V;a),
(dt/d) Ay
— —e_4¢(V,~Vja)TF—|—e_4¢aRz(?)
20(1/3)7i;(1 — k) R® + a(K A;; — 24, A%))
+e Y a(1/3)7yks[— A A + (2/3) K2,

—2(8;a) AY — (4/3)kaa(9; K)7Y + 126,00 AT ()
—20 A7 (9;7%) — 2K.aT%; A7

—2(1 — K)a(0; Akl)7 R34 2a(1 — ko) AL TY

—9; (B* A — M (8B") — 7™ (aB) + (2/3)77 (eB"))
standard ADM : (K1, k2, k3) = (0,0, 0)

Baumgarte and Shapiro : (K1, k2, k3) = (1,1, 0)



Constraint propagation

OH
= B (0;H) — 2ae 79 (9; M, ) + 2aKH
—20e™ (94 M; — 4ae *(9;0)7 M,
—46_4¢5/ij(8ja)Mi + 2Kk9e” 4¢(8 o)y ng
42Kk, 4 (Bf)/ij)M 4 2K.e” % ~Z3(8 M)
+16Kky0e™*?(0;0) 7' M; — (4/3) k1 KH,
oM,
= —(1/2)a(dH) + B (9;M;) + aKM; — (8;0)H
—43 (8;0) M + B*¥ (0 7u) M; + (8;8r) e **FH M,
+(1/3)(2Kk1 4+ K3)(Oia)H + (1/3)(2K1 + K3)x(OiH)
—chzaﬁjiMj — (1/3)m3agj:yjﬂ-t + 2k30(0;0)H,
3G = 2A%,G7 + 2k907 M.

weakly hyperbolic

& (1 —k2)(1 —(4/3)k1 — (2/3)k3) 2 0,
strongly hyperbolic

< (1—k2) =(1—(4/3)k1 — (2/3)k3) =0,

or (1 — k2)(1 — (4/3)k1 — (2/3)k3) > 0,

symmetric hyperbolic

& (=1 +ka) = (1 — (4/3)k1 — (2/3)Ks3).
Amplification Factor

= (0,0,0,0,0,
£\ —k2(1 — K2)(1 — (4/3)k1 — (2/3)K3))
standard ADM : (0, 0, 0, 0, 0, ::\/—7162), strongly hyp
Baumgarte and Shapiro : (0, 0,0,0,0,0, 0), weakly hyp




Our criteria vs Detweller’s criteria

Detweiler, PRD 35(1987),1095 TlX. constraint L2 norm
D HEIFFmAHEZ HIgL TW5
Detweiler’s criteria
& 8t/CpCp dV < 0 V non zero Cp
& Bt/C'pCp dV < 0 V non zero Cp
& [(APT 4+ AP 4 9,GP7)CpCo dV < O
YV non zero é'p where Bté'p — Apaé'g
&> eigenvalues of (A + AT) are all negative Vk
(when static backgroud)

= eigenvalues of A are all negative V&
& Our criteria

example

A= (_01 —al) where |a| > V2



HR=Z &

o HEH) HFEN A% constraint Tadjust U 720 5 |
Amplification Factor Z&IC$ B Z & T, asymptoti-
cally constrainediC /2%, EWOHHRREL =,

e ADM % adjust L 72/ & . SR PERRATT
Amplification Factor 2 IRD =,

o Maxwell Ashtekar TDEIFIC A T. ADM % FiC
Amplification Factor = (0,0, —, —) & 72 % system,
Amplification Factor = (—, —, —, —) & 722 % system
2BV, EOREEBUESEGEL =,

e our criteria & Detweiler criteria O EEH5

time-reversal invariant(TRI)ICDOWTa X2k

Einistein eq. I TRIA 3 & DT, Amplification Factor
MIEM IR AT eV, adjustic K-> T, TRI%
fi>TCZ%. " Amplification Factor V& WMEN S, B
A& system | D adjust

adjust term to Oy K5 = K1 @ 7vij H

(=) (<) (+) () ()
Li TRI %%OT A E) o (Ampliﬁcation Factor Li‘ﬁ‘ D @ i i o )
adjust term to QE vij = —L o vi; H
(=) (+) (+) (1) (H)

‘(\\\ TRI %Eﬁj‘( " \E) o (7":\:75\ I\Q” Ampliﬁcation Factoriﬁﬁ\”
WENT=,) CT-ADMDAHIEE TRIZ fR-> TWE,




