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CFT duals of theories with Einstein-Hilbert gravity
AdSs necessarily have = c. Higher derivative
gravities lift this restriction. Will considerovelock
gravities with A < 0, which give rise to CFTs.

In these CFTST,,1.,1.s) satisfy a constraint which
follows from the superconformal Ward identity.
Moreover,acasual propagatiaat finite7' is equivalen
to the violation of thesnergy fluxpositivity.

One can use it as a starting point to show that ene
flux positivity = ghost free CFT
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Lovelock gravities, black holes and graviton
propagation. Acasual propagation in CFT at
T > 0.

Energy flux in CFTs.

Computing energy flux in CFTs dual to Lovelo
gravities. Holographic Weyl anomaly and77")
3-point function.

Conformal field theory. Energy flux positivity =
no ghosts in CFTs.

Conclusions.
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Gauss-Bonnet gravity Lagrangian:

6

72 | )\LQ(R2—4RabRab—|—RabcdRade)

L=R-

We will be interested in tha ~ 1 regime.

More generally, we can add terrd& R*) which are
Euler densities IRk dimensions:

2k—2 al...bk Cldl dek
)\kL 561dkR arby * R arby,

They become non-trivial for gravity theories Sy
with D > 2k.

Higher derivative gravities and AdS/CFT — p..



Special properties of Lovelock gravities

Equations of motion don’t contain 3rd order
derivativesy”’

Metric and Palatini formulations are equivalen
No ghosts around flat space
Exact black hole solutions can be found

The last property allows one to study dual CFTs a
finite temperature.
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Consider propagation of gravitons in the black hol
background:

f(r) 2 dr?
o« 0

Fourier transform:

o(t,r, z) = [ dwdgexp(—iwt + iqz)

After substitutions and coordinate transformations
get Schrodinger equation with— 1/G = T/q:

ds’=

2
| 22 (Z dzi+20(t,r, z)dw1da

_%ay?qf(y) FV@)P(y) = —50(y)
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Spectrum = states in finite T CFT.
In theq > 1 regime, there are stable states with

Ow/0q > 1in some region of the parameter space
Causality places constraints on Lovelock coupling

> [(d —2)(d - 3) + 2d(k — 1)]\a ! < 0

wherex defines the AdS radius’ ;o = L*/a and
satisfiesy ", A\r.a® = 0.

This effect is absent &t = 0; appears a®(7'/q)
correction from the tails of black hole metric.
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Defines(n) = lim, o 72 [ dtT 7,
Conjecture (e(n)) > 0.
Consider a state created BYT;;

eieliin, 1 " ((eijﬁiﬁj)2 9
. U4 .
€l d—1 €;;€Y d?—1

()1t 2L

to andt, are determined by the 2 and 3-point
functions of7 .

Fact: (T'T)y and(T'TT) in CFTs are
completely determined by 3 parameters, c.
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We computeT"T"T") by computing holographic Wey
anomaly ind = 6 CFT. Under Weyl rescaling,

g — €*?¢g, action of CFT in curved space is not
Invariant: 0,5 = /det gAy o

Ay = (Euler density) + (B — type terms) + V;J"

Fact: B-type terms are related 1
2,...,d/2+ 1 point functions of,;,. In d = 6 B-type

anomaly ish;I; + byls + bsl3 wherel;, ~ R3. Can
construct the linear map
(b17 b27 b3) — (nla na, nS) A (&, b7 C)
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Holographic Weyl anomaly

dt? Qii -+ .
ds®* = L2 ( Bt daz@daﬂ>
gij = gg-) ) pgfj1 ) p2g§]2) . Procedure: solve

Lovelock EOMs, findg§ andg,&] as functions of;"”

substitute into the Lovelock action and extragp
term. Did this for cubic Lovelock?, .. R, ..

’L]’

Results:t, = 0, constraints on Lovelock parameter
from flux positivity are the same as those from
causality at finitel’.
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Superconformal Ward identity impligés = 0.
This Is the case In Lovelock theory. Similar to
a = c In Einstein-Hilbert gravity (which was
required byN = 4 SUSY)

The exact matching between the causality an
flux positivity constraints in Lovelock theories
hints at their special role in AAS/CFT.

Both causality and flux positivity constraints
iInvolve UV physics. We will see below that the
most singular term in théI' OPE Is responsibl
for this.

Higher derivative gravities and AdS/CFT —p.1



Consider the”I' OPE

OTZab,cd(aj) 2

ZE2d | Aabcdaﬁ(aj)Ta (O) -+ ...

Tab(ZE)TC (O) ~/

Take an expectation value of both sides and Fouri
transform to arrive at two-point function. Zero
temperature result comes from the first term:

Gab,cd(k) ™~ k4 1Og kz

(index structure is completely fixed by Ward
identities)

At finite temperatureéT, ;) = Cdiag[3,1,1, 1]7*
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TT ~ T term in the OPE give®(T*/q¢*) correction,
denoted by-,; (k). But this correction contains :
pole! For example,

w2+q2
2

Gia12(k)r = Gy

w? — q

whereC; = —5(7a+2b—c)/(14a—2b—>5c¢) is precisel
the quantity which must stay positive for the ene
flux to remain positive!

Negative residue = ghost state.
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1429

implies 3 inequalities: [for”’ being tensor, vector ot
scalar with respect to residual SO(2)]

Cy, Cyp, Cs > 0.

Was matched to causality of 3 independent chann
iN Gapcq(k)r In gravity

UsingT1 OPE, the poles in 3 independent channe
in Gy cq(k)r are shown to be equal @, C,, Cs.
Energy flux positivity = absence of ghosts
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True for any state that leads (@) # 0

In theories whose operator content consist$,g
nothing can spoll the correspondence.
Presumably the case for Lovelock duals.
Tachyons are also ghosts (would be nice to ve
directly).

Lightlike poles from the OPE. Generally expet
thinly spaced guasinormal poles:= g — inT,
which form a continuum in the/T" — oo limit.
Presumably CFT computation observes the Ic
edge of this continuum. Less singular terms ir

the OPE are down by powers 61 q.
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Correpondence can be possibly spoiled by relevai
and marginal operators whose VEV violates Lorer
Invariance.

Scalars give rise t62¢22-2) and do not
contribute to the poles.

Vector: VY =0

The only possible complication may come frot
the conserved traceless symmetric spin-2
operator, other thah,,. Does the theory
decouple into the sum of noninteracting CFTs
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Exact correspondence between the positivity
energy flux and causality in Lovelock duals.

3-point functions satisfy constraint which follo
from supersymmetry.

CFT result: this is no surprise; these tachyons
must also be ghosts.
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