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Trans-Planckian Problem

o Success of inflation: At early times scales are inside
the Hubble radius — causal generation mechanism is
possible.

o Problem: If time period of inflation is slightly more than
the minimal length it must have, then the wavelength is
smaller than the Planck length at the beginning of
inflation
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o In models of inflation, the energy scale of at which
inflation takes place is close to the limiting scale for the
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berger

o The current cosmological paradigm has serious
Gostelogy conceptual problems.

Fr. work

o We need a new paradigm of very early universe
et cosmology.
ation

String gas o With a little help from a friend - the string theorist!

conelsons o New cosmological model motivated by superstring
theory: String Gas Cosmology (SGC) [R.B. and C.
Vafa, 1989].

@ New structure formation scenario emerges from SGC
[A. Nayeri, R.B. and C. Vafa, 2006].
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String Gas Cosmology makes testable predictions for
cosmological observations

Cosmology
Fr work
, @ Blue tilt in the spectrum of gravitational waves [R.B., A.
Inflation Nayeri, S. Patil and C. Vafa, 2006]

S o Line discontinuities in CMB anisotropy maps [N. Kaiser

S and A. Stebbins, 1984]

o Line discontinuities can be detected using the CANNY
edge detection algorithm [S. Amsel, J. Berger and R.B.,
2007, R. Danos and R.B., 2008, 2009]
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L me‘vf‘?vm o String theory unifies all forces of nature.

Inf‘latio‘r!‘ ' o Basic objects: elementary strings. Compared to

String gas elementary point particles.

conclusions o String theory is mathematically consistent only in 10

space-time dimensions.
o Thus, string theory predicts extra spatial dimensions.

Note: string theory is “in development".
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R. Branden- Idea: make use of the new symmetries and new degrees of

berger

freedom which string theory provides to construct a new
Cosmology theory of the very early universe.
Framework Assumption: Matter is a gas of fundamental strings
: Assumption: Space is compact, e.g. a torus.
Inflation Key pOIntS
SIGIIES
Conclusions @ New degrees of freedom: string oscillatory modes.

o Leads to a maximal temperature for a gas of strings,
the Hagedorn temperature.

@ New degrees of freedom: string winding modes.

o Leads to a new symmetry: physics at large R is
equivalent to physics at small R.
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o @ Momentum modes: E, = n/R
St eEE o Winding modes: E;, = mR
Conclusions Q Duallty R N 1/R (n’ m) — (m7 n)

@ Mass spectrum of string states unchanged
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large spatial dimensions.
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fluctuations.
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flation o Paradigm 2: Inflationary Universe scenario - current

S paradigm.

Conclusions @ In both Paradigms 1 and 2 there was a Big Bang
singularity.

o Paradigm 2 has conceptual problems — motivates the
search for an improved paradigm.

o Superstring theory may provide a new paradigm.

@ Superstring cosmology may resolve the Big Bang
singularity.

o It is possible to observationally probe string cosmology.
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Status of the “Big Bang"

Early Universe

We know that going back in time 13 billion years there

R. Branden-

berger was a very hot early phase, a primordial fireball.
Gosmology o If this is what you mean by “Big Bang": then there WAS
Fr. k a “Big Bang".
, @ We do not know if there was a “Big Bang singularity", a
Inflation beginning of time.

Snages @ Our current paradigms of early universe cosmology

predict a beginning of time.

o But only if we extrapolate the models beyond where
they can be used.

o Superstring theory may lead to a cosmology without a
beginning of time.

o If this is true then there may not have been a “Big
Bang" (singularity).

Conclusions
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