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the role of boundary conditions

Gravitational radiation makes the definition of energy ambiguous
This ambiguity is commonly fixed by imposing Dirichlet b.c.
- Asymptotically flat — ADM
 Quasilocal — BY

Analogy with thermodynamics:

» Dirichlet = isothermal — internal energy
- Neumann = adiabatic — free energy

How about gravity? What happens to energy if we use different types of
boundary conditions?
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[Wald, Zupas ’00]

covariant phase space
» Start with the Einstein-Hilbert Lagrangian
L = Re
. Arbitrary variation gives 6L = G,08" €+ do="
O = 5 (K,,09" — 26K ) e +d9 —p SLE 3 0

. Need boundary Lagrangian L = L*" + df
. Now @ := 0" + 657 — dI

» Improved Noether charge prescription

—~$ 0~ 0
“ ) [Freidel, Geiller, Pranzetti, *20]

[Harlow, Wu, *18]
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Symplectic potential 0 := 0" + 57 — d9 in its most basic form is given by pdg

« Boundary conditions in their most basic form are given by dg=0

DIRICHLET: oq =0 | - DIFFERENT POLARIZATIONS OF THE PHASE SPACE
NEUMAN: sp =0
MIXED: aodq + boép = 0

(g = 0 FOR DIFFERENT DEF OF ()

The pullback of the EH symplectic potential to the boundary
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DIRICHLET be require the Gibbong-Hawking-York boundary lagrangian
NEUMANN be require NO boundary lagrangian
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York’s mixed boundary conditions

« One particular choice of mixed bc that is geometrically motivated

—1/3

. Fixed conformal induced metric: ¢g,, := ¢~ "’¢q,, and the trace of

extrinsic curvature 0g,, = 0 = 0K

« The pullback of the EH symplectic potential to the boundary
o gt 11k 5L 2
O+ = (K OgH — 251() ex + d9™ = s5q, ST d x + d9™" = = P64, = 35K —6(Ksg)

DIRICHLET be require the Gibbong-Hawking-York boundary lagrangian

NEUMANN be require NO boundary lagrangian
YORK be require York boundary Lagrangian



All these cases can be parametrized by a real parameter b

L = LE 4 g¢?
0 := L1 + 5¢° — d9FEH

(always with the same corner symplectic potential)

boundary conditions | quantity fized on boundary | value of b
Dirichlet G 2
York (G, K) 2/3
Neumann [T+ 0
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finally
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conclusions

boundary conditions | quantity held fixed | value of b | quasi-local energy | Kerr (renormalized)
Dirichlet quv 2 k M

York g, 28 k—2K/3 2M /3
Neumann 112 0 k— K M/2

The dependence of the charges on boundary conditions was anticipated by lyer&Wald ‘95

The same results can be obtained by canonical methods based on the generalized trace-K
action — additional support for the improved Noether charge prescription

Are there gravitational systems described by non-Dirichlet boundary conditions? Can we
find an application for the new charges?



