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Abstract: <span>In my talk | will discuss our recent paper

hep-th/1211.1322 where we construct a 3D conformal field theory dual to
asymptotically AdS cosmology in four dimensions. Due to the scale invariance
this dual theory allows an infinite family of instantons each of which breaks
the conformal group O(3,2) down to O(3,1). These instantons are dual to bulk
instantons responsible for nucleating an O(3,1) invariant cosmol ogical
bubble.& nbsp; Presumably they indicate an

infinite instability rate, however we are able to sum over al of them
completely. The resulting theory is manifestly stable, unitary and finite.</span>
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Introduction

* AdS/CFT is a unique theoretical laboratory to address various
fundamental conundrums, e.g. big bang singularity, canonical measure
problem, the conformal factor problem and etc.

» Cosmologies in AdS space are not realistic! They possess a negative
cosmological constant and negative space curvature. The dual theory is
only tractable at weak gauge coupling, i.e. stringy regime.

= Nevertheless, the methods developed within AdS/CFT constitute a
significant step towards tackling the above fundamental puzzles.
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Introduction

(T.Hertog, K.Maeda 04’) (T.Hertog,G.T.Horowitz 04',05’) (B.Craps,T.Hertog,N.Turok 09’)

= The “simplest” and best-defined theoretical frameworks for holographic
4d cosmology is M-theory in asymptotically AdS which can be
consistently truncated to (M.J.Duff, J.T.Liu 99’)
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* Non-supersymmetric but still asymptotically AdS boundary conditions
allow for interesting big crunch cosmologies in the bulk.
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Introduction
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= The cosmological dual is a marginal triple trace deformation of ABJM
theory, and it has been shown that at weak gauge coupling it reduces
to an O(N) vector model in three dimensions. (B.Craps,T.Hertog,N.Turok 09’)
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The CFT dual

= Construction of the dual CFT begins with the O(N) vector model on S "
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The CFT dual

= Construction of the dual CFT begins with the O(N) vector model on S 2

se= [, [L08) + K+ S,
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The CFT dual

= Construction of the dual CFT begins with the O(N) vector model on S 2
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The CFT dual

= Construction of the dual CFT begins with the O(N) vector model on S 3
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The CFT dual
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The CFT dual

* Previous studies of the model in flat space
(D.Amit, T.Appelquist, M.Bander, W.Bardeen,U.Heinz, M. Moshe, R. Pisarski,E.Rabinovici 75'-85’)
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The CFT dual
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= Gap equationson S*

=

The CFT dual
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The CFT dual

~ » Gap equations on S
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The CFT dual

» Gap equations on S’

Si=g 0" ap={xl(=V+ ;—‘) +35)" [x)

* The saddle point equations are manifestly Weyl invariant (no trace
anomaly, anomalous dimensions vanish). This allows construction of

the instantons.
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The CFT dual

n - 45, ~ g A
s(nN;a,u)= - ,NeS’, uis centre of s

~ A 'f, -~ A 2
[1+7-a+-%5A-7- )]
a’

* Weyl invariance guarantees that all these instantons possess the same
Euclidean action action S’_”w , therefore we need to sum over all of them!

el

B S g g
s s(N:a,u)=1s5(n; - ,—u) therefore to avoid double counting we restrict
a

summation over a to r, = a < oo

= For all a #+ r, each instanton, if individually continued to Lorentzian time, i.e.,
to dS, become singular.

» Each instanton spontaneously breaks conformal symmetry O(4,1) to O(4)

5 a2 ]—‘ broken generators: FP,.D. K,

a4 r= unbroken generators: L, .L,, =K, +a P,

* Instanton is dual to the bubble in the bulk which breaks O(4,1) of H , to O(4)

* Infinite number of instantons indicate Infinite instability rate?
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The CFT dual

- i 4‘\‘» - 3 A o s
s a,u) = ; , NeS’, uis centre of §

[1+7 a+

)

".‘(I f}‘f!)l"

«l

* Weyl invariance guarantees that all these instantons possess the same
Euclidean action action S’_”w , therefore we need to sum over all of them!

e

B e g
» s(N:a,u)=1s5(n; - ,—u) therefore to avoid double counting we restrict
a

summation over a to r, = a < oo

= For all a #+ r, each instanton, if individually continued to Lorentzian time, i.e.,
to dS, ,become singular.

= Each instanton spontaneously breaks conformal symmetry O(4,1) to O(4)

-1 ]—‘ broken generators: P, .D. K,

a4 r= unbroken generators: L, .L,, =K, +a P,

* Instanton is dual to the bubble in the bulk which breaks O(4,1) of H , to O(4)

* Infinite number of instantons indicate Infinite instability rate?

Pirsa: 13010111 Page 30/40



Generating functional

* For each instanton we work in the Weyl frame in which it is homogeneous

* In this frame quadratic fluctuations around a given instanton have one negative
mode — the homogeneous mode, S, and four zero modes — the | =1 harmonics
associated with 3 translations and 1 dilation in IR,

* Partition function to leading order

- NS o (5,0) 5 — — S ue (a i3S ;5 )
= Il)s])p e e A T E J'd s I I dse - iy
' =2

o i

: 1 B ~a P 5 o A
S (s,p)= QJ.( --3-;) — SO ] -+ > IrIn(—V~* + 2 4.5
* No dependence on P since it has trivial dynamics (appears algebraically)
* To ensure convergence s — is !l Imaginary partition function ???
No! Because p* =3pdp* <0 = Sp — —idp

Pirsa: 13010111 Page 31/40



Generating functional

* For each instanton we work in the Weyl frame in which it is homogeneous

* In this frame quadratic fluctuations around a given instanton have one negative
mode — the homogeneous mode, S, and four zero modes — the | =1 harmonics
associated with 3 translations and 1 dilation in IR,

* Partition function to leading order

- NS .o (5,0) < — — S e (Q U35, )
b j DsDp e s T E J'd s I I dee -~ '
1 I=2

o i

| y : [fer :
.‘)“.” (.\',[)) = /_)J.( -“?-_;"l) —_ .\'[)]—l— ’_) I'rln(—V‘ S 2

* No dependence on P since it has trivial dynamics (appears algebraically)
* To ensure convergence s — is !l Imaginary partition function ???
No! Because p* =3pdp’ <0 = Sp — —idp

Pirsa: 13010111 Page 32/40



Generating functional

* For each instanton we work in the Weyl frame in which it is homogeneous

* In this frame quaderatic fluctuations around a given instanton have one negative
mode — the homogeneous mode, S, and four zero modes — the | = 1 harmonics
associated with 3 translations and 1 dilation in IR,

* Partition function to leading order
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* No dependence on P since it has trivial dynamics (appears algebraically)
* To ensure convergence s — is !l Imaginary partition function ???
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Generating functional

* Since higher harmonics occur at least quadratically in the action, they may
consistently be set to zero to determine the integration contour for the
homogenious mode.

1 g 1 i R
- " 1 NS .o (5.p) v s o ] &6 3 L e T g - =g h
Af“:jl).sl)pc = S e o) ‘)J.[ 3 o, 4.sp)+‘)lfln(~\/ -+ 2 +5)
D Trin(=V?2 4 R =5 ) :

= Z, ~—i| d5 Ai(o5)e ? 3 o =V, Py 3

* In the large N, we have

1 V 1N 3
Mi(os) ~(as) “ cxp[ = 5 2 ]
‘% “\’f\

I
.
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Generating functional

* Since higher harmonics occur at least quadratically in the action, they may
consistently be set to zero to determine the integration contour for the
homogenious mode.
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Generating functional

* Through a straightforward computation one can evaluate the Gaussian integral
over fluctuations

192

, “ K M ~ ll M ? . >
J-(f?r[(/.\'!(’ S (2, 5,8 ) 24 ((IA) 2 Lot = _( CcO 1(]1- )) .‘-.,(-: ( I = ‘g_(‘)
=2

a’ 2(4m)’
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Generating functional

* Through a straightforward computation one can evaluate the Gaussian integral
over fluctuations

—y a2 s M coth(tM))’ y
J-d.s'l I(/.\'f(' > fine """:#-{—”" ;\*:_( - ) .,:(:(l_‘g_h]
b a 2(47m) 192

* Finally,
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2 e L) ¢ —L e ‘ah(l 192)
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Conclusions

* The dual to a 4d M-theory cosmology is constructed for weak gauge coupling,
i.e., when the bulk is in the stringy regime.

To be done:

The behavior of the holographic dual at strong gauge coupling through
understanding the bulk behavior in the Einstein gravity regime,

including perturbations.

Study the double holographic dual through the asymptotics on the dS, ,
i.e., 2d CFT defined on the past and future S~°boundaries of dS,.

Propagate information across the cosmological singularity in a unique manner.

Comparison to other boundary conditions in the bulk.
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