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Why to do simulation?
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Theory , Simulation and Observation
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Quasi-universal relation.
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How to do the simulation?

Lorene + Einteintoolkit Public!
Lorene: To calculate the initial data for simulation.

Einteintoolkit: Read the initial data and solve the evolution problem of by Whisky
code.




Lorene

Download: https://lorene.obspm.fr

A very useful document:

| L/ i etdocs/] 2/29/GT 2018 WG Initial T ].

h Instructions for Loren X.pdf

Alternatives BosonStar Kerr2
App_hor Cvs Mag_eos_star
Bin_BH Einstein Magnetstar
Bin_BH_mass_diff Ernst Magstar
Bin_hor Ernstbbh Nrotstar
Bin_ns_bh Evol_BH Rot_star
Bin_star GraVaStar Sfluide
Bin_star_ncp HiggsMonopole Spectral
Bin_star_xcts Isol_hor Test
Binary_star Kerr Tutorial

Lorene/Codes



https://docs.einsteintoolkit.org/etdocs/images/2/29/GT_2018_WG_Initial_Data_with_Instructions_for_Lorene.docx.pdf

Nrotstar

par_eos.d: EOS table

par_rot.d: configuration for various parameters(physical, computational, multi-grid)
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Result

Bargon mass : 1.542902951 M sol

Uniformly rotating star

Omega : 4498.76068 rad/s f : 716 Hz

Rotation period : 1.396648845 ms

Relativistic star

Compactness G M_g /(c*2 R_circ) : ©8.1711066882
Central N*phi/Omega : 0.457732919

Error on the virial identity GRV2 : 1.368957617e-85
Star_rot::grv3 : gravitational term : -9.6149181783
Star_rot::grv3 : matter term : 0.6149087475
Error on the virial identity GRV3 : -2.326842438e-06

uadrupole moment : 9.07327583855 10738 kg m*2
g 7 (M F_cz'rc’ﬂ s 0.01803476394 i

ch4 Q / (G*2 M*3) : 0.615994013

Angular momentum J : 8.7236749219 G M_sol*2 / ¢
W
Mgﬂgn; ;f ;ng;;;g: 1.415979833 10438 kg mAh2
Ratio T/W : ©.03483279983

Circumferential equatorial radius R_circ : 12.08106007 km
Surface area : 1700.6208525 km*2
Mean radius : 11.63318879 km
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Binary_star

par_eos1.d par_eos2.d

par_init.d, par_grid1.d; par_grid2.d (

# Physical parameters the binary initial conditions
B R R R R R B R R R R R R R B R R R B R B R R B R R R B BB EREEE
<- coordinate distance between the two stellar centers [km)
<- 1nitial central enthalpy of star

<- rotational state of star - = irrotational, = corotating
<- initial central enthalpy of star
<- rotational state of star = irrotational, = corotating
conformally flat metric, © otherwise.

par_coal.d ( )

-> resu.d

X [km]




Einstein toolkit

Download: l
Cactus
Thorns
ActiveThorns = *Time MolL"
ActiveThorns = *Coordbase CartGrid3d Boundary StaticConformal®
ActiveThorns = *SymBase ADMBase TmunuBase HydroBase InitBase ADMCoupling ADMMacros"
ActiveThorns = *"IOUtil Formaline*
ActiveThorns = *SpaceMask CoordGauge Constants LocalReduce aeilocalinterp
LoopControl*

ActiveThorns = *Carpet CarpetLib CarpetReduce CarpetRegrid2 CarpetInterp*
ActiveThorns = "CarpetIOASCII CarpetlIOScalar CarpetIOHDFS CarpetlIOBasic"

ActiveThorns = *ML_ADMConstraints NaNChecker"



https://einsteintoolkit.org/download.html

About Thorns

Cactus/arrangements or Cactus/repos

interface.ccl : the Cactus interface, which defines the grid functions, variables, etc.

param.ccl : the parameters introduced by this thorn, and the parameters needed
from other thorns.

schedule.ccl : scheduling information for routines called by the flesh.

configuration.ccl : configuration options for the thorn.




Simfactory

Build and submit your simulation.

--remote an useful choice to build and run in supercomputer

Initial data: resu.d

Parameter file: active the throns and choose the paramters to do simulation
(Cactus/par)

]
# Orid
']
Grid::avoid_origin = "no*
Grid::domain - "full*

Grid::type = “coordbase*

ReflectionSymmetry::reflection_x - *"mo*
ReflectionSymmetry::reflection_y = *mo*
ReflectionSymmetry::reflection_z = “yes*
ReflectionSymmetry::avoid_origin_x - "yos
ReflectionSymmetry: :avoid origin_y = *yos*
ReflectionSymmetry::avoid_origin_z = “yes

CoordBase: ixmin = 1024
CoordBase: : xmax = 1024
CoordBase: tymin - ~1024
CooroBase: tymax » 104
CoordBase: izmin -0

CooraBase: i zmax . 1024

CoordBase: ispacing = *"numcells*”
CoorcBase::ncells x - 128
CoordBase:incells y = 128
CoordBase:incells_z = 04




Result

Gravitational waves

Mass Density evolution
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Future

Combined with Pycbc code to do parameter estimation
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Construct more relations to connect observable quantities with microphysics




Thank you!




