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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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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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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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Derrick’s argument: Gravity

e The gravitational action

Sgrav =|Sea|+HScmy]
= 1 Jmd'e|[V=gR+ 3 [op el (K — Ko)|

The boundary term is needed since the gravitational Lagrangian
density, R, contains second order derivatives of the metric tensor
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Derrick’s argument: Kerr
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Black Holes: Kerr
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Black Holes: Hairy Kerr
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Derrick’s argument: Black holes

e Let usintroduce the a new metric ansatz:
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Derrick’s argument: Black holes

e The Gibbons-Hawking-York term:
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Derrick’s argument: Black holes
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S(b = Sgra,’u + fd4w\/ _g|: i %g/ﬂ/ (Q,Néfl/ + Qfﬂ'@’l/) B U(|¢)|)]
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Black Holes: Hairy Kerr

e Numerical metric ansatz:

5 — &\ [ dbey g~ 1o (2,85 + 83,8,) - U(2))
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Black Holes: Hairy Kerr

e Numerical metric ansatz:

5* = &\ + [dio=g] - 1o (8,85 + 23,8,) ~ U(|2)
¢
g

L
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Black Holes: Hairy Kerr

e Numerical metric ansatz:

S® — &\ i fd4m\/fg[ — 2g" (D,®5 +®5B,) — U(|<I>l)]
§ J
~
[dz (r —rg)F? [;{Z (szg — F7 (w—mF‘%/))qbz

29



Toppings
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Master Identities: Hairy Kerr

e Matter part:

Vscalar = fd3x\/ _g{ ( — %i'

) Tiw — [ (1 ) T7 + N (1 + TF) + E-th]}
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Master Identities: Hairy Kerr

e Matter part:

Vscalar = fd3m\/—_g{ ( — 3;'—’”) TEW — [(1 — ;_1;1) TP + N(T? +T¢) + ;_I,iﬂt]}

v = GY — 81T =0
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Master Identities: Hairy Kerr

e Matter part:

Vscalar = fd3m\/:g{ ( i 3;‘_,H) TéW_ [(1 o ;—1;{) Iy + N(Tg +T$) + ’;_}”iﬂt]}

=Gy —8nT); =0

fd3w\/—_g{ (1-32) Bow - [(1—%%)E:+N(E3+Eg)+;—f;E§]}=o
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Master Identities: Convenient gauge

e Matter part:

Jda =g |2(T ~ T 1) + (T} ~T7) (1~ ey ) | =0

m? Fy +Fy (w?—m2F},)

The stress energy tensor is multiplication parameters is matter
dependent
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Master Identities: Convenient gauge

e Matter part:

[de y=g|2(T} - Tr —T9) + (T} - T¢) (1 -

4wF2 (w— me )

m2F; +Fy (w?—m2Fy,)

The stress energy tensor is multiplication parameters is matter

dependent
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Master Identities: Convenient gauge

e Matter part:

[de y=g|2(T} —Tr —TF) + (T} - T£) (1~

dwFy (w—mFy )

m2F; +Fy (w?—m2Fy,)

The stress energy tensor is multiplication parameters is matter

dependent

Can be seen as a generalization of Desert’s theorem as a sum of

pressures



Conclusion
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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 The identities can be recast as combinations of the equations of motion

e This has allowed us to obtain some master form identities
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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 The identities can be recast as combinations of the equations of motion

e This has allowed us to obtain some master form identities

KK]



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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