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Abstract: <p>I will discuss recent work on big crunch singularities produced in asymptotic AdS cosmologies using gauge/gravity duality. The dual
description consists of a constant mass deformation of ABJM theory on de Sitter space and is well-defined and stable for small deformations.</p>

<p> Thereisacritica deformation where the theory becomes unstable at weak and at strong coupling. | will discuss afield theory diagnostic of this
instability as well as boundary two-point correlators calculated via the geodesic approximation. Near the critical deformation a second saddle point
contribution enters, in which the spacelike geodesics probe the high curvature region near the singularity. Its contribution strongly enhances the
long-distance correlations. This has a natural interpretation in the weakly coupled boundary theory where the critical point corresponds to a massless
limit.</p>
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Plan:

e The stage is set: a regular instanton geometry evolves into a cosmological singularity in
the bulk, and is dual to a deformation of ABJM - a strongly coupled massive scalar on a
de Sitter space boundary.

¢ How do we extract information about the singularity?

1.

Compute an effective potential for the deformation operator VEV. Notice an
instability in the theory. For intuition, we will compare these results with
analogous calculations in the free theory.

Compute two-point correlation function for heavy operators in the boundary
theory using the geodesic method. Signature of the singularity corresponds to the
massless limit in the free boundary theory.
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Free scalar on 4S5

® All correlators only depend on the de Sitter
invariant distance: Z = n,, AX"AX"

. cos D for D<r,
z { cosh(D-7m) forD>rm.

* Two-point function
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Free scalar on dS;

All correlators only depend on the de Sitter
mvariant distance: Z = 7, AX"AX"

" cos D or DS,
& { cosh(D - m) -

Two-point function

sin (/1 = HB urcsin )
Ga(2) = ( : ) R
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One-point function \
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Compare

10(0.)

Free theory 3

Strong coupling
- corresponding to regular instantons
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Quantum effective action

. . Bt
The effective potential for (¥°), (i.e. &) can be computed from the standard quantum
effective action. Where the external source is given by the 3;, i.e. the possible instanton

deformations -
ol

We are interested in a theory with fixed von Neumann boundary conditions. We deform the
theory by some fixed source S, resulting in a shift of the quantum effective action:

s(@) =To(e) - [d'ey=%s [ Bac(a)da

The effective potential for « is obtained from the quantum effective action via the definition:

['s(a) = —Voly,Veg(a), resulting in:
Vea(@) =~ | BiaMda+ [ Bac(a)da

The extrema of this potential are in one-to-one correspondence with the regular solutions
(either in the free theory or the regular instanton solutions) that obey the von Neumann
boundary conditions.

Page 6/15



Compare

Free theory |
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Effective Potential

Free theory

« Stable for 8 > B!" = -3/8
* No stable vacua for tachyonic scalars

Strong coupling

« Stable for 8 > . ~ —2.12

» Regime of with a metastable minimum
corresponding to the first saddle point,
and an unstable maxima corresponding
to the second saddle point and no overall
stable vacuum.

» No (meta)stable vacua for large
deformations
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Geodesic approximation

(Y|Oa(z)Oa(z) 1Y) = Z w;e BLrex (XX

(1| 1is the state of the boundary theory
A>1

w; is a weighting, given by the Euclidean action, relevant in the case of multiple saddle
points

L:eg is the regularised length of a geodesic connecting boundary points x and x’
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Geodesics in crunching AdS

Geodesics do not enter the region ¢t > £,,,.x, Where tnax 1S defined by a(tnax) = QGmax -
As the boundary separation of the endpoints is taken to infinity, the geodesic lies along
the surface t = ¢,

- This has been used to argue that boundary corre

singularity because geodesics don’t get close to it. We do not find this to be the case.

Geodesic length can only depend on the de Sitter invariant distance (Z) between the
boundary points

Geodesics with small boundary separations only probe the near boundary region -
asymptotically AdS region

- 5 2

L(Z - 17) = 210g a(peur) +log (2(1 — 2)) — Z-(1 - Z) + O(1 - 2)

Regularisation removes the universal volume divergence

Lreg = lim (L —2pcut) — log(af) with a=a1e’ +a-1e7° +0O(e 2”)

Peut —* 00
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Geodesics in crunching AdS

In the IR limit the length diverges logarithmically in the de Sitter invariant distance:

L(Z = —00)reg = amux(B)log (=22) + O(27)
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Weight saddle points via the Euclidean action

1 for 8> 8.,
or e S B<8..

* Weights are given by: w; = {

I S

e When the second saddle point
enters, it has a less negative
Euclidean action, and is therefore
subdominant

- reminiscent of Maldacena’s
eternal BH in AdS story
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Geodesics in crunching AdS

In the IR limit the length diverges logarithmically in the de Sitter invariant distance:

C(‘Z ’ 'X')rn‘.'. - ".1...-.(-”]('1:( 2Z) 4 C’{Z”]
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Comparison with free theory: ¢g < 1

Free theory

* To compare to the geodesic approximation we need
to compute the two-point function for a heavy
operator.

Ony/a =: ;‘\ :

(On/2(2)On/2(2')) = NIGN(2)

Focusing on the IR, we expand the two point
function around Z — oo. Additionally, the ¢y < 1
limit corresponds to small 3

(Oa04)tree % [(=22)72 - 4A(-22)* log(-22)8]
+ O(8%) + subleading

Strong coupling

®* |n the near AdS limit we can solve the bulk
perturbatively in 3, we find:

* Plugging into the IR expansion of the holographic
two point function we find

e The Z-dependence matches the free theory,
nowever, the \LLT’.C.ILZZ."“.:_’ \_“.‘:'WC.".LIL'.".CL‘ enters at a
ifferent order in 3
MdllGl GLIL ViIJUGL add ’
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Conclusions

e Signatures of the bulk cosmological singularity correspond to the massless, minimally
coupled scalar field on de Sitter space

Y |

- The onset of instability in the boundary theory indicated by V_ ; ; (¢*)

- The IR tail of the two point function comes from geodesics which come arbitrarily close
to the singularity

- The functional dependence on boundary separation of the correlation function in the IR
matches that of the free theory in the massless limit

* Ongoing investigation:

- convexity of the effective potential

- Hints of an instanton expansion in the limit of singular geometry

- Scalar field fluctuations, beyond the geodesic approximation
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