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e Quadratic, 2-derivatives effective action for pepiations

=» brane thermodynamics & hydrodynamics (linear) for
generalized theories of gravity

 Geometry=>» entropy density calibrated to Einstein valug
« Unitarity = preferred direction on the space of coupling




Outline
« KSSbound:7/s>1/4r

« Both 77, S couplings of 2-derivatives effective action

=>» no apparent reason for directionality of deviation
from Einstein gravity Preferred direction

‘aca 1. entropy Is-ciways a geometric quanylhe
entrop\.-aensity can be calibrated to its Einstailue

Idea 2: (non-trivial) Extensions of Einstein carlyo
Increase the number of gravitational D&

Unitarity forces increase of couplings (includin@




Hydro of generalized gravity

S= [dtdrd®x-gL(g,,.R",,.4.V4....)
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R+ AL, Expand to quadratic order in gauge
invariant fields Zand to quadratic orde
derivatives, diagonalize
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The effective gravitational coupling:
Einstein gravity
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l(} T (TE l( T (TE

(2) 1 — — X g e
'IZ?EH — E?ﬁ- h-luy T h,li — 7

—Va s v hHe +

+R" (2 he, hya




The effective gravitational coupling:
Generalized gravity

Contributions to the graviton kinetic terms muspegr
through factors of the Riemann tensor (or it denes)
In the action
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The effective gravitational coupling:
General action

Kinetic matrix, coupling constant matrix




Outline
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« Both 77, S couplings of 2-derivatives effective action
=>» no apparent reason for directionality of deviation
from Einstein gravity

Y Idea 1: Entropy is always a geometric quangky
Entropy density can always be calibrated to itsstem
value

ldea 2: (non-trivial) Extensions of Einstein camyo
Increase the number of gravitational D&

Unitarity forces increase of couplings (includin@




Wald’s entropy  waid-e3
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o Stationary BH solutions with bifurcating
Killing horizons
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Wald’s prescription picks a
specific polarization and
location - horizon

Spherically symmetric, static




Calibration of entropy density

Fixed geometry
Fixed charges

aps)

e e @lpO" between
AGp + NG A rder it

Transform to (leading order) “Einstein frame”
Can be done order by orderin
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rescale To preserve the form of leading ter
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Change the units of Gsuch that its numerical value is equal to G
The value of, = largest zero ofy}/g,,| is not changed

M largest zero of
|9,/9,,] = not change

Preferred direction determined fyonly!

* Entropy invariant to field redefinitiongSS;

e Entropy density not invariant
 Calibration possible: entroé=>»geometry
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« Both 77, S couplings of 2-derivatives effective action
=>» no apparent reason for directionality of deviation
from Einstein gravity

ldea 1: Entropy Is always a geometric quantky
Entropy density can always be calibrated to itssteim
Value

ldea 2: (non-trivial) Extensions of Einstein carlyo
Increase the number of gravitational D&

Unitarity forces increase of couplings (including




The graviton propagatqe
In Einstein gravity

Gravitons exchanged between two conserved sources
One graviton exchange approximation h's << 1

In Einstein gravity: a single massless spin-2 goavit
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Vectors do not contribute to exchanges betweenetead sources




First appearance of a preferred directio

D) =

Spectral decompositio PE (q ) IIOE (S)

q°

semiciassicalunter P Qb

=> o-(g%) can only increase towards the UV
=» Mass screening Is not allowed




The graviton propagator in

generalized gravity
e massless spin-2 gravit
e massive spin-2 gravito
 scalar gravitons

D), =

Gravitons exchanged between two conserved sources
One graviton exchange approximation h’'s << 1
Vectors do not contribute to exchanges betweenervad source



Gravitational couplings of generalized gravity ca
only increase compared to Einstein gravity
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Spectral decompositiof




The shear viscosity as a gravitational coupli

S= [dtdrd®x-gL(g,,.R",,.4.V4....)
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The shear viscosity of generalized gravity
(and its FT dual) caanly increase compared
Its Einstein gravity value
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Only spin-2 particles witig = &, W

contribute to the sum zZal




KSS bound

True also for =>infinity =AdS boundar
=» valid for FT dual of bulk theory




Example: KK model

Einstein gravity D=4# compactified on an n-torus of radiRs
Two regimes: Hawking thermal wavelength >> R T Rlk<
Hawking thermal wavelength << R TR >>1
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KK contribution dominates» n~TR ng >>n¢



Example: KK model

Entropy density
remains the same!

For TR >> 1:




Example: 5D GB gravity

L = R+12 + AGg |RupeaR™ — AR R + R?]
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On horizon (for example)
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Liin = | hay TR — hOh — 8 ( I ) (haoOR™ — h20IR})
a b

a.b

No contributions from rt gravitons => no correctidnsentropy densit




Example: 5D GB gravity

£ = R T 12 T A (—_TTE {R abed R bed IR ab R b + Rﬂ}

{x,y,z}
Xy gravitons on horizon [ Z: (1 — 8)) hoO hi}
(similarly elsewhere) o bta

Entropy density remains the same as ih Einstein
Violation of the KSS boun€=>»ghost contribution




Summary & conclusions

77 / S> 1/ 472' For extensions of Einstein

gravity and their FT duals

 Unitarity
e Entropy€=> Geometry

* IS It possible to do better?




