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Moving punctures workMoving punctures work
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MethodsMethods

Usual conformal decomposition: Usual conformal decomposition: ggijij==ψψ44γγijij==ee44φφγγijij
Initial BowenInitial Bowen--York puncture data: York puncture data: 
ψψ=1+0.5=1+0.5mm11/r/r11+0.5+0.5mm22/r/r22++uu
BSSN evolution: BSSN evolution: γγijij, , φφ, , ΓΓii, , AAijij, , KK
Gauge: 1+log slicing, GammaGauge: 1+log slicing, Gamma--driver shift allowed driver shift allowed 
to be nonto be non--vanishing at the puncturevanishing at the puncture
44thth order order RungeRunge--KuttaKutta, 4, 4thth order spatial order spatial 
differencing*, 5differencing*, 5thth order interpolation at interfaces.order interpolation at interfaces.
Adaptive mesh refinement: finest around Adaptive mesh refinement: finest around bhbh’’ss..
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GaugeGauge
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Gauge testGauge test
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ApplicationsApplications

EqualEqual--mass, various separationsmass, various separations
Baker et al, Baker et al, BruegmannBruegmann et al, et al, CampanelliCampanelli et alet al

NonNon--equal mass, recoil computationequal mass, recoil computation
Baker et al, Gonzalez et al, Herrmann et al Baker et al, Gonzalez et al, Herrmann et al 

Spins, aligned and antiSpins, aligned and anti--alignedaligned
CampanelliCampanelli et alet al
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EqualEqual--mass, various separationsmass, various separations
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NonNon--equalequal--mass, mass, radiativeradiative recoilrecoil
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Equal mass, 8Equal mass, 8--orbit runorbit run
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GW frequency compared with PNGW frequency compared with PN
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h+ compared with PNh+ compared with PN
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Hamiltonian convergenceHamiltonian convergence
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Note on L1 and L2 normsNote on L1 and L2 norms
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Notes on puncture differencingNotes on puncture differencing
So far, punctures have been confined to a plane So far, punctures have been confined to a plane 
between grid points.between grid points.
If error doesnIf error doesn’’t propagate from the puncture t propagate from the puncture 
(e.g. via gauge mode) then it(e.g. via gauge mode) then it’’s not a concern.s not a concern.
For differencing error within distance of For differencing error within distance of OO((hh) ) 
from the puncture to be from the puncture to be OO((hh44), fields must be ), fields must be CC44..
Regarding the conformal factor variable:Regarding the conformal factor variable:
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A modified BSSN formulationA modified BSSN formulation
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Modified BSSN testModified BSSN test
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Recap and open questionsRecap and open questions

Moving punctures yield stable and accurate Moving punctures yield stable and accurate 
evolutions in a variety of cases.evolutions in a variety of cases.
Does error ever propagate from punctures?  Does error ever propagate from punctures?  
What is the best lapse condition? What is the best lapse condition? 

Asymptotic behavior near punctureAsymptotic behavior near puncture
Gauge speedGauge speed

What is the best variant of BSSN?What is the best variant of BSSN?
χχ==ψψ--nn ??
DensitizeDensitize other variables to make other variables to make CC44 ??
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