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Conclusions

We derived , a new formulation of the EFE with striking properties:
& Olivares et al., PRD, June 2022

For NR applications: From a theoretical viewpoint:
» fully first-order > derived in terms of differential forms
» flux-balanced form > related to gauge theories
» allowing for exact suppression of > striking resemblance with EM equations

constraint violations
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Introduction Ty i,

/) and Applications

EM equations as an IVBP — evolution equations + constraint equations (V - B = 0)

What about GR?
Well-established methods to handle

T . » we have the Hamiltonian and
constraint violations numerically:

] ) momentum constraints
» divergence cleaning

(+ formulation-specific ones)
(Dedner’s method pedner et t, 2002)

> “divergence cleaning” (Z4 family of

> Yee algorithm pree, 1966, formulations)

constrained-transport schemes

. >
(staggered grids) (evans and Hawiey, 19887

(An attempt in [Meier, 2003])

Federico Maria Guercilena - TIFPA, Trento

2/13



Introduction

Not enough to guess were to store fields
& Write Egs. in terms of and integrate on
the desired emerge!

Example: the wave equation. Take a scalar field (0-form) with exterior derivative J = d¢,

The wave equation: Recovering evolution equations:

—%xld%xJ=0.
J has to satisfy constraints of the form O = —dp,
‘ dJ=dd¢ =0, 8t*J:d<s,~j~kjidxj/\dxk) .
i.e.  0;0;¢ = 9;0;¢.
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Introduction

O = —dp, Orxd=d (s,jkji dx/ A dxk) :=dF.

We are evolving a 1-form (3-form): itis a

on curves (volumes).
Applying to the RHS, we
evaluate a 0-form (2-form) on the
of the curve (volume).
Adjacent elements contribute with the

: conservation is built into the

scheme!
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The dGREM formulation



Derivation
Start from the Sparling equation

( ):
duG - tg + kTa

— project along/perpendicularly ton,,
get evolution egs. dy /7D = ...
Conservation of matter+gravity

energy-momentum is

ddug = d(t, + kT4) = 0

— geteqs. dy/Ypg = -+ and Oy /FPg = -+ -.
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Need egs. for other quantities — need to
choose a connection. We choose the
spin-connection.

— getegs. 8tA§ =

Because ddA = dF = 0 get further evolution
eqs. Oy /4B = - -

Finally: add an evolution eq. for /7 (for
convenience).
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Final system

First Cartan structure equatlons
atAl 8ﬂ’ = —OéEI — EIkB[BIk

First Bianchi identities

atﬁBak
+ai\ﬁ(05€ijkE?‘ _ ﬂ'B&k + ﬂkB&i) -0

Einstein evolution equations

c‘%ﬁDé — 6i\ﬁ(aekifH@,- + ﬂiDé{ — /BkDé;) =
_ﬁoka + ’QJka)

Federico Maria Guercilena - TIFPA, Trento

Conservation of gravitational
energy-momentum

de\/APa + Oi/Al's = —K\/TQa

Conservation of ‘matter’ energy-momentum

de\/TPa + 014 5 = /1Qa

Auxiliary evolution equation for , /7

Oe\/7 — /A8 = Sy /ADf
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Correspondence with EM mmmn

and Applications

i - General relativity
A Potential Electromagnetism A Tetrad 1-form basis

Constitutive relations . Spin connection
g F' Field strength =——————————— w Field excitation S Fh Commutation Y w; Nester-Witten
= o coefficients P,
T 8 orm
| :
2 i
d 5 Homogeneous Inhomogeneous (3} 5 . . . . .

& Maxwell equations Maxwell equations E .FlrSt .B.l anchi Sparh_ng (Einstein)
k=] dF 0 o identities equations
= = — i
5 du = xJ ] dF" = duy =t; + kT
jo l 40-)'
= w®
4} H 1

A Charge conservation v Energy-momentum

dxJ =0 conservation

d(t; +KT;) =0
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A possible CT scheme

Evolved Auxiliary Boundary

(@) s (5.

)

|
I\(H;J) 172,541/

417241724172

QA —dfl = & 9Ds—dHs = —Ta.
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Further developments

What’s missing?

» Proof of hyperbolicity
( Upcoming paper by Ilya Peshkov)

» Proof of linear degeneracy (i.e. no shock waves)
» Conversion to and from ADM variables (o, 5/, 7 and Kj)

> & Implementation in a code and numerical tests
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The TEONGRAV specific initiative at INFN



The TEONGRAV initiative

TEONGRAV
Theory of Gravitational Wave Sources

Firenze (Luca Del Zanna)
Milano-Bicocca (Bruno Giacomazzo)
Napoli (Mariafelicia De Laurentis)
Padova (Michela Mapelli)

Romal (Leonardo Gualtieri)

TIFPA (Albino Perego)

vV vV vV vV VvV VY

Trieste (Enrico Barausse)
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The TEONGRAV initiative

» GW sources modelling via
semi-analytical and numerical methods;

» Extract information (with theory and
observations) on the EOS of NS;

» Study of the dynamics of BH formation;

[Ascenzi et al., 2021]

> Study of electromagnetic counterparts
of GW signals;

Credit: NASA > Study of modified gravity theories.
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The TEONGRAV initiative Ty B

\/

Numerical/computational techniques in HPC are a big part of our work,
in particular large scale DNS of BBH/BNS/BHNS
(agreement between INFN and CINECA, have access to CINECA HPC resources)

We work on improved realism... ... and increasing performance/efficiency:
> general relativistic gravitation > “better” algorithmse.g. rhis work
» magnetohydrodynamicseg. fcipotietta et at, 2021 » more efficient parallelism
» Microphysics and EQSeg. jioffredo et at, 20221 > leveraging cutting edge technology
> neutrino transporte.. jadice etal, 2022 (e.g. GPUs!)
> etc.
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Thank you for your attention!
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