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Quadratic Gravity

as the EFT of gravity
[modulo field redefinitions] after field redefinitions see:

Burgess, Living Rev. Rel. 7:5,2004
Endlich et. Al, JHEP 09 (2017) 122
Cayuso, Lehner, PRD 102 (2020) 8
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Quadratic Gravity

as a fundamental theory
[perturbatively renormalizable; asymtotically free; ghost]
Stelle, PRD 16 (1977) 953-969 Avramidi, Barvinsky,

PLB 159 (1985) 269-274
Bender, Mannheim, PRL 100 (2008)
Donoghue, Menezes, PRD 104 (2021) 4
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… as a potential source for primordial black holes?



  

Part II:
Nonlinear dynamics
& stability

[benchmark simulation]
collaboration with Hyun Lim, LANL,
using Dendro-GR (Fernando et.Al. 2018),
https://github.com/paralab/Dendro-GR
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… and for Quadratic Gravity
Formal proof of existence and uniqueness

Noakes ‘83
spherical symmetry: Held, Lim, PRD 104 (2021) 8
(3+1): Held, Lim, (to appear)
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Spherical symmetry
Held, Lim, PRD 104 (2021) 8



  

Numerical Evolution of Quadratic Gravity (sph-symm)

Cartoon method to
reduce to spherical

symmetry

Alcubierre et.Al ‘01
Held, Lim, PRD 104 (2021) 8
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Cartoon method to
reduce to spherical

symmetry

Diagonalization to
quasi-linear

2nd-order form

Reduction to
1st order in time

Held, Lim, PRD 104 (2021) 8

Numerical Evolution of Quadratic Gravity (sph-symm)



  … about flat spacetime

Numerical stability ...

simulation time (nt dt)



  … about Schwarzschild spacetime

Numerical stability ...



  

(3+1) à la BSSN
Held, Lim (to appear)
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Numerical Evolution of Quadratic Gravity (3+1)
Held, Lim (ongoing)

massless spin-2 massive spin-2

massive spin-0

constraints

constraint evolution

● massive spin-0/spin-2 do not impact 
the massless spin-2 principal part

● amenable to 1st-order strong-hyperbolicity analysis
Sarbach et.Al ‘02-’04 (for GR)
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Numerical stability ...

Held, Lim (to appear)



  … in (3+1) dimensions

Physical stability ...

Held, Lim (to appear)

preliminary
comparison to
GW150914 initial data
(from EinsteinToolkit)
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Where to go from here ...

… thank you and stay tuned!
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