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Spacetime singularities

Understanding the, physicss off spacetime: singularities; s a
major challenge for theoretical physics,

Big Bang/Big Crunch
Peginning or endl of time, the origin of the Universe?

Black holes
l0ss of infermation?



String| theoery: and spacetime
singularities

It 1S generally’ believed thati Understanding| spacetime
Singularties reguires; ar quantum theoxky. ol gravity.

String theory Is thus) the natural framework to address
this problem.

One hopes that string theory: will lead to ai detailed
theory: off the Bigi Bang whichiin' turnsileads to
experimentall tests, ofi string theory.



Static example 1: Orbifolds
(X9, X5) ~ (X5, X5) 2d cone

X5 /

(XJ/ XD Az X4) 37 (-XJ/ Ay A -X4) ’41 Singularity

Classical general relativity is singular at the tip of the cone.



String theory: on erbifiolds

Tihe extended natlreé off stringl theory introduces
additional degrees of fireedom |ocalized at the tip) of
thE CONE: LWISLEHSECIONS:

twisted sectors

Including the twisted sectors, sting S-matix IS
UnItary, and physics'is completely: smooth in
perturbation theory.



Static example 2: Conifold

General relativity. is singular.
Perturbative string theory. Is singuiar:

By including the noen-perturbative degrees of freedom
(D-branes wrappingl the vanishing three; cycle)rat the tip
of the cone, the Stringl S-matrd Isiadaln SImpoLh.




Lessons

Stringl theory. Intreduces MEW! AEGFEES O
FEEEO

Stringl S-matiiX isicompletely: Smo L.



Cosmological singularities

Possibilities:

= BEgINnING off times need initiall conditions, wave fUnctions

of the Universe etc.
s lime has no BegInnng o5 end: Need toer understand Now.

to pass! through' the singularity.

New: Challenges:
= What are the right olservables?

= What are the right degrees of ieedom?



From Big Crunch te Big Bang: is it possible?

(A lower: dimensional Tioy Model)

e Exact string background.

e The Universe contracts and
expands through a singularity.

time

e One can compute the S-marix
firom one cone to the other.

e Same singularity in certain black
holes (a closely related problem).



Results fremi sting perturbation theoky.

[For special kinematics the string amplittides
GIVERGE:

Tihe energy: off an Incoming particle is biue
shifted ter IninIcty: by, the contraction; at the
SiRguIarity, WRICh generates infinitely large
gravitational fieldiand CIStos the GECIELY.



REsUIES freml sting pertlrbation thEeoky.

String; perturdative expamnsion Breaks
GOWR asfa result of large: backreaction.

ihe; same; conclusion applies to other
singular time-dependent backgrounads.


http://www.arxiv.org/find/hep-th/1/au:+Berkooz_M/0/1/0/all/0/1
http://www.arxiv.org/find/hep-th/1/au:+Craps_B/0/1/0/all/0/1
http://www.arxiv.org/find/hep-th/1/au:+Kutasov_D/0/1/0/all/0/1
http://www.arxiv.org/find/hep-th/1/au:+Rajesh_G/0/1/0/all/0/1

[lessens and IMplications

Perturbativerstring theory is generically.
Singular aticosmoloegical singularkities.

One needs al fullf non-pertirbative
frameworik tor deal with: the backreaction.

NG clear evidence fromi string theory: so. far
al nem-singular BOUNCEe;Is possibie.



Nonperturbative approaches

AdS/CET

BESS, Matrix: Theory.

In these formulations, spacetime is no longer
fixed from the beginning, rather it is dynamically
generated. One only needs to specify the
asymptotic geometry.



Schwarzschild black holes in AdS

Quantum gravity in this black hole background is described by an SU(N)
Super Yang-Mills at finite temperature on S3.

Classical gravity corresponds to large N and large t'Hooft coupling limit
of Yang-Mills theory.



Understanding| Black hole singularity: from finite
temperature Yang-Mills; 2

Find the manifestation of the black hole; singularity in the
large Nrand large t" Hooft imit off Yang-Millsitheory.

Unaderstand how.

= finiterN (quanttm| gravitational)

« " Hooft coupling (stringy)

effects resolve! it.



Challenges

Tfhe singularities are hiddenr benind the
NOKIZONS.

Need to decode the black ole geometry
fremi boundany: Yang-Mills theory.



Mapping off physical guantities

Gauge invariant Field @ in AdS
operator O

Dimension . Particle mass m

Finite temperature two- Free propagator of ¢ in

point functions the Hartle-Hawking

of O vacuum of the AdS black

hole background

The boundary theory has a continuous spectrum in the
large N limitdespite being on a compact space.



Llarge dimension limit

\We consider'the foellowing large operator
dimension limit off the boundary Wightman
function G, (@) InrMomentum| space.

VS et . O =l

G, (W) — 2 » e¥?



Relation with bulk geodesics

Z (U)IIs given by the; Legendre transfiormr ol the
Proper distancerof a bulk geedesic with initial
Velocity,

E=1iu

ihe geodesic starts and emnds at the boundary.
and IS specified by al turning point:

e (U)



Mapping ofi the boundary mementum space
to bulk geemetry

r. (U) maps

the boundary
momentum space
to the black hole
spacetime




Yang-Mills theory: at finite N

At finite; N, nermatter hew:large, Yang-Mills

theory has al discrete spectrum 6n a compact
SPACE.

This implies that G, (w) has the form
G, (w) =% 0(w-w)

with w, real.



Summary

Certain statlc singularities in GR are; resplved in
PErGUIHIaLIVE SHHNE thEeeR, Wihllejothiersiare

iesolved by Inveking nen-perturbative degrees
of fireedom,

Understanding the;cesmoloegicall singularities is
a big challenge for stringl theory.

Non-perturbative framework like the AcS/CElr
CONESPONEENCE dIVES PromISing avenue; fior
attacking the preblem.
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