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Primordial weirdness: Did the early universe
have 1 dimension?

April 20 2011

(PhysOrg.com) -- Did the early universe have just one spatial
dimension? That's the mind-boggling concept at the heart of a theory
that University at Buffalo physicist Dejan Stojkovic and colleagues
proposed in 2010.

They suggested that the early universe -- which exploded from a single
point and was very, very small at first -- was one-dimensional (like a
straight line) before expanding to include two dimensions (like a plane)
and then three (like the world in which we live today).

The theory, if valid, would address important problems in particle
physics.

Now, in a new paper in Physical Review Letters, Stojkovic and Loyola
Marymount University physicist Jonas Mureika describe a test that could
prove or disprove the "vanishing dimensions" hypothesis.

Because it takes time for light and other waves to travel to Earth,
telescopes peering out into space can, essentially, look back into time as
they probe the universe's outer reaches.

Gravitational waves can't exist in one- or two-dimensional space. So
Stojkovic and Mureika have reasoned that the Laser Interferometer
Space Antenna (LISA), a planned international gravitational observatory,
should not detect any gravitational waves emanating from the lower-
dimensional epochs of the early universe.

1/4


https://phys.org/tags/early+universe/
https://phys.org/tags/physical+review+letters/
https://phys.org/tags/gravitational+waves/
https://phys.org/tags/laser+interferometer+space+antenna/
https://phys.org/tags/laser+interferometer+space+antenna/

PHYS 19X

Stojkovic, an assistant professor of physics, says the theory of evolving
dimensions represents a radical shift from the way we think about the
cosmos -- about how our universe came to be.

The core idea is that the dimensionality of space depends on the size of
the space we're observing, with smaller spaces associated with fewer
dimensions. That means that a fourth dimension will open up -- if it
hasn't already -- as the universe continues to expand.

The theory also suggests that space has fewer dimensions at very high
energies of the kind associated with the early, post-big bang universe.

If Stojkovic and his colleagues are right, they will be helping to address
fundamental problems with the standard model of particle physics,
including the following:

* The incompatibility between quantum mechanics and general
relativity. Quantum mechanics and general relativity are
mathematical frameworks that describe the physics of the
universe. Quantum mechanics is good at describing the universe
at very small scales, while relativity is good at describing the
universe at large scales. Currently, the two theories are
considered incompatible; but if the universe, at its smallest levels,
had fewer dimensions, mathematical discrepancies between the
two frameworks would disappear.

* The mystery of the universe's accelerating expansion. Physicists
have observed that the expansion of the universe is speeding up,
and they don't know why. The addition of new dimensions as the
universe grows would explain this acceleration. (Stojkovic says a
fourth dimension may have already opened at large, cosmological
scales.)

* The need to alter the mass of the Higgs boson. The standard
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model of particle physics predicts the existence of an as yet
undiscovered elementary particle called the Higgs boson. For
equations in the standard model to accurately describe the
observed physics of the real world, however, researchers must
artificially adjust the mass of the Higgs boson for interactions
between particles that take place at high energies. If space has
fewer dimensions at high energies, the need for this kind of
"tuning" disappears.

"What we're proposing here is a shift in paradigm," Stojkovic said.
"Physicists have struggled with the same problems for 10, 20, 30 years,
and straight-forward extensions of extensions of the existing ideas are
unlikely to solve them."

"We have to take into account the possibility that something is
systematically wrong with our ideas," he continued. "We need something
radical and new, and this is something radical and new."

Because the planned deployment of LISA is still years away, it may be a
long time before Stojkovic and his colleagues are able to test their ideas
this way.

However, some experimental evidence already points to the possible
existence of lower-dimensional space.

Specifically, scientists have observed that the main energy flux of
cosmic ray particles with energies exceeding 1 teraelectron volt -- the
kind of high energy associated with the very early universe -- are aligned
along a two-dimensional plane.

If high energies do correspond with lower-dimensional space, as the
"vanishing dimensions" theory proposes, researchers working with the

Large Hadron Collider particle accelerator in Europe should see planar
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scattering at such energies.

Stojkovic says the observation of such events would be "a very exciting,
independent test of our proposed ideas."

More information: Detecting Vanishing Dimensions via Primordial
Gravitational Wave Astronomy, Phys. Rev. Lett. 106, 101101 (2011) [4
pages] DOI:10.1103/PhysRevl.ett.106.101101

Abstract

Lower dimensionality at higher energies has manifold theoretical
advantages as recently pointed out by Anchordoqui et al.
[arXiv:1003.5914]. Moreover, it appears that experimental evidence may
already exist for it: A statistically significant planar alignment of events
with energies higher than TeV has been observed in some earlier cosmic
ray experiments. We propose a robust and independent test for this new
paradigm. Since (2+1)-dimensional spacetimes have no gravitational
degrees of freedom, gravity waves cannot be produced in that epoch.
This places a universal maximum frequency at which primordial waves
can propagate, marked by the transition between dimensions. We show
that this cutoff frequency may be accessible to future gravitational wave
detectors such as the Laser Interferometer Space Antenna.
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