Controlling Constraint Violation using Adiusted ADM Systems

Hisa—aki Shinkai (Osaka Institute of Technology, Japan)
Gen Yoneda (Waseda University, Japan)

Summary & Outlook Formulation Problem?
- Formulation problem of Numerical Relativity Numerical Relativity
- Longer Evolutions by Adjusted ADM Systems = Necessary for unveiling the strong nature of gravity
(ADM+Lagrange multipliers)
* Teukolsky wave, 3+1propagataion : GWs from NS-NS, BH- ?:e NS-BH m'emm
= Standard ADM x 1.5~4 life-time K Matnemzmcal feedbacks to Singularity, Exact Solutions, -
- Laboratory of Gravitational theories; Higher dimensional models.
* Trying to keep the Error at small value is better
Current Standard Formulation
e o foree the Error to zero (005 Protorive, U1, NASA, PSU, LSU, -]
retor — s
= Next Step: Develop Auto-Control system of ¢ e
Lagrange multipliers . BSSNTform_ulaf.ion . )
= Similar results must be hold either at Adjusted e Eamma-troaing Arer works, anyway. For a review, please take a look
BSSN Systems. initial data: puncture initial data Why? Alternatives? Shinkai & Yoneda, gr*qc/02091 11

Adjusted Systems

Gersaral Proceduare

1. prepare 3 set of evalution eqs B = [,
2. add constraints in RHS = "

1. choose appropriate ©(0™, il
to make the system stable evalution

How to specify F(C™, i 7
4. prepare CoNSLraint propagation eqs. B g0 B,
5. and its adjusted version B = g0 B, GlC, e

6. Fourier transform and evaluate eigenvalues act - a0 o

| 7+0) appropriate adjustments = Better Stability |
|ADM vs BSSN| | Adjusted ADM | |Adjusted BSSN|

Guidelines for Better Formulation

Eigenvalue-analysis of Constraint Propagation egs.

Conjecture on Constraint Amplification Factors (CAFs):

We see more stable evolution, if CAFs have
& Constraint &

& | - | Propagation | | {A) megative reakpast (the constraints are forced to be
Vet Matrix Fen diminished), or
: (B} mon-zero imaginary-part (the constraints are prop-
Eigenvalues = CAFs
agating away)

Adjusted ADM | [ADM vs BSSN| |Adjusted BSSN

- Standard ADM has constraint violating mode!
- Better ADM must be available = = This Work
- Better BSSN must be available

The Standard ADM Formulation
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Adjusted ADM formulation (1)

We adpust the standard ADM system sing constramts s

Adjusted ADM formulation (2)

vy = —2aky, + U, + T4, 1
... Pl TH) + g (M
iy = alf] +ak Ky = 20Ka K = U0+ (V) K + (V0 K + S Vky(3
PR S M4 V) 8 (TM), i
with constraint equations
H o= B4 K= KK
M, = T, =T
We can write the adjusted constraint propagation equations as
M - (original teems) + B2 4 HETAY)] ¢ B8 2] 4 B
HhM, = (original verms) -+ My [12)] -+ M1 2)] + Mu™[(4)] + My™ 1)) (8

HS, Yoneda, CQG 19 (2002) 1027

Numerical Tests (method)

+ Cactus-based original “GR" code

[CactusBase+CactusPUGH+GR]

+ 3+1dim, linear wave evolution
(Teukolsky wave)

+ harmonic slice
- periodic boundary, [-3,+3]
+ iterative Crank-Nicholson method
1243, 243, 483, 96"3
Towards

Mexico Numerical Relativity kasrw 2002 Patﬂdpents
CQG 21 (2004) 589-613
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Numerical Tests (Detweiler, k-adjust)
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Numerical Tests (Detweiler-type) =~ Numerical Tests (Simplified Detweiler)
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