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Introduction: Virial Theorem

e The virial theorem relates the average kinetic and potential energy

o It allows the average kinetic energy to be calculated even for very
complicated systems

e The theorem has found applications in several areas
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Virial identity

e Integral identities that are virial-like

e In field theory rather than particle mechanics

e Itis obtained from scaling arguments

e Computed independently from the equations of motion
o Applicable to stationary spacetimes

e We present an approach for curved spacetimes
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Ingredients:
e Action§
e Metricansatz g
y74%
e Matter ansatz

e Gibbons-Hawking-York term (gravity)

Material:
e Derrick’s scaling argument
e Hamilton’s principle

e Love and patience
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e The gravitational action
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Black Holes: Hairy Kerr
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Black Holes: Hairy Kerr
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Black Holes: Hairy Kerr

e Numerical metric ansatz:
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Black Holes: Hairy Kerr

e Numerical metric ansatz:

S* = 39" (@85 + @59, )—U(|<I>I)]
J
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sin? 6

Ip = —%sin

et Fo (—2”,.«32’0 (2((r—ra) (Fy + F!' + F}) + F} + (r —ru)F}?) + Fy (2(r — r&) Fy + 3) + 2(r — rg) F* + F))

+ 225 (2 (r(r —rg) (Fy + F{ + F}) +r(r —rg) P2 + (3r — 2rg) ) — F§ (—2r(r — rg)Fy — dr + 1) + 21':'0 +2r(r —rg)F + 2150
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Black Holes: Hairy Kerr

e Numerical metric ansatz:
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Convenient metric
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Ergosphere

F

Derrick’s argument: Black holes

e Let usintroduce the a new metric ansatz:

ds® = —F()dt2 + ]‘T[F‘ld’l"2 + P(r)FldeQ + Fy (d‘p — Fwdt)2

ﬁ)

Event hoD
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Derrick’s argument: Black holes
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Ergosphe
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Derrick’s argument: Black holes

Let us introduce the a new metric ansatz:
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Derrick’s argument: Black holes
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Ergosphe

Derrick’s argument: Black holes

Let us introduce the a new metric ansatz:

ds® = —F()dt2 + HFld'r2 + 12d02 + Fy (d(p — Fwdt)2

Sgrav — SEH =+ SG’HY

P
coomoOK
| L /

e

o VenthOD foﬂ db fr—;oo drIp = Iogy = 0
G
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Black Holes: Hairy Kerr

e Numerical metric ansatz:

S* = Spaw + [ day/=g| — 19 (9,95 + 83,8,) - U(|2))
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Black Holes: Hairy Kerr

e Numerical metric ansatz:
§* = &XY t+ fd4f”\/_9[ — 59" (Pu®) + Pu®,) - U(|<I>|)]

a - Y
ooKBoO\’\
!

&
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Black Holes: Hairy Kerr

e Numerical metric ansatz:

5* = &\ + dtey=g| - 1g" (8,8, +93,8,) — U(9)
¢
g

L
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Black Holes: Hairy Kerr

e Numerical metric ansatz:

S(I, — % -+ fd4$\/—g|: — -;-g‘w (‘b,,u,q):kl/ + (pr,é,l/) N U(lq)l)]
\ J
~
[dz (r —rg)F? [;{Z (szg — F7 (w—mFﬁ,))qﬁz
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Dessert

de Sitter
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Derrick’s argument: Black hole

e Inthe presence of an horizon

r—7=rg+Ar—rg)
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Derrick’s argument: de Sitter
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Derrick’s argument: Schwarzschild-de Sitter

e Inthe presence of a cosmological horizon
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Derrick’s argument: Gravitational action

e The gravitational action

ds? =|—o ()N (r)dt? ]g’;)
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Summary

e We presented a generic recipe to compute virial identities in field
theory

e The GHY term is required due to the presence of second-order
derivatives of the metric

e One noticed that, for a generic metric, relations are too complex

e There is a special "gauge" choice that trivializes the gravitational
contribution

e In the presence of a second boundary, an alternative radial
transformation is necessary.
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Conclusion

Virial identities are a helpful tool that can be used to have a better insight
into the models

Virial Insight
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