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A NEW APPROACH TO QUANTUM GRAVITY

We are probably asking the wrong questions at the moment, Nevertheless it is impossible to resist the temptation to try. After all, the other fundamental forces – except gravity – fit very neatly with quantum mechanics.

BALUNGI FRANCIS
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​CHAPTER1: New Physics. Regularization and Physics Beyond the Standard Model
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History tells us that if we hit upon some obstacle, even if it looks like a pure formality or just a technical complication, it should be carefully scrutinized. Nature might be telling us something, and we should find out what it is (G. t Hooft, 1997).

[image: The Solvay Conference, probably the most intelligent picture ever taken, 1927 (1).jpg]
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In physics, one of the ultimate goals is to unify the fundamental forces of nature. Today physicists have been able to unify three of the four known fundamental forces (the electromagnetic, the strong and the weak nuclear forces in a single quantum ﬁeld theory-the standard model). The fourth fundamental force, gravity, on the other hand is described by the general theory of relativity. Because the other fundamental interactions are quantized, it therefore seems natural that in a grand uniﬁed theory, a theory of all the fundamental forces, gravity is quantized as well into perhaps Quantum gravity. 

A theory of quantum gravity is needed to describe things that are very small but also very heavy, like black holes or the early universe. However, the development of a quantum theory of gravity seems difficult on grounds that, in general relativity all physical qualities have definite values, whereas in quantum mechanics they do not as shown in Heisenberg’s uncertainty principle.

The problems in General Relativity arise from trying to deal with a universe that is zero in size (infinite densities). But quantum mechanics suggests that there may be no such thing in nature as a point in space-time, implying that space-time is always smeared out, occupying some minimum region. The minimum smeared-out volume of space-time is a profound property in any quantized theory of gravity and such an outcome lies in a widespread expectation that singularities will be resolved in a quantum theory of gravity. 

However, Prof Brian Dolan at the Department of Theoretical Physics, NUI Maynooth, is quick to point out that there is not yet any set agreement on what a theory of quantum gravity should look like, or even on the exact problem it is trying to solve.“There is no accepted theory of quantum gravity,” he says. “There are currently a number of contenders, and by far the most popular is superstring theory. Many physicists find superstring theory compelling due to its internal elegance, but despite decades of intense research it has not produced a single experimentally testable result.” He suspects that trying to unite general relativity and quantum mechanics may be the wrong way to go, and that any future breakthrough may come from a completely unexpected direction; perhaps from some young mind with a fresh perspective.

This chapter employees new ideas towards the development of a quantum theory of gravity in a bid to solve the following unsolved problems in physics;

(i) Is it true that at every spatial dimension, there exists new physics and that it is the work of Physicists to find out? What is the method or procedure through which new physics can be found? Does this require extra dimensions?

(ii) Does nature have more than four space-time dimensions? If so, what is their size? Are dimensions a fundamental property of the universe or an emergent result of other physical laws? Can we experimentally observe evidence of higher spatial dimensions?

(iv) Can the singularities that plague the General theory of Relativity be resolved in any quantum theory of Gravity?

The Standard Model is inconsistent with that of general relativity, to the point that one or both theories break down under certain conditions (for example within known spacetime singularities like the Big Bang and the centers of black holes beyond the event horizon).

The appearance of singularities in any physical theory is an indication that something is wrong and that there is a need for new physics. Singularities can be avoided in GR and any field theory through the introduction of an efficient regularization procedure as this book directs. 

Regularization is a method of modifying observables which have singularities in order to make them finite by the introduction of a suitable parameter called regulator. The regulator, also known as a "cutoff", models our lack of knowledge about physics at unobserved scales (e.g. scales of small size or large energy levels). It compensates for the possibility that "new physics" (beyond the SM) may be discovered at those scales which the present theory is unable to model, while enabling the current theory to give accurate predictions as an "effective theory" within its intended scale of use.

The need for regularization terms in any quantum field theory of quantum gravity is a major motivation for Physics beyond the standard model. Infinities of the non-gravitational forces in QFT can be controlled via renormalization only but additional regularization  and hence new physics is required uniquely for gravity. The regularizers model, and work around, the breakdown of QFT at small scales and thus show clearly the need for some other theory to come into play beyond QFT at these scales. A. Zee (Quantum Field Theory in a Nutshell, 2003) considers this to be a benefit of the regularization framework, theories can work well in their intended domains but also contain information about their own limitations and point clearly to where new physics is needed.

Therefore the main objective of this section is to discover new physics at those scales (or extra dimensions) which the General relativity theory and Quantum mechanics is unable to model. The section also sets out to prove that due to quantum gravitational effects, there is a minimum distance beyond which the force of gravity no longer continues to increase (operate) as the distance between the masses become shorter.

General Theory

During the years, strong evidence has appeared that the acceleration of any physical object cannot be arbitrarily large, but it should be superiorly limited. For example in string theory, it was derived that string acceleration must be less than some critical value, determined by the string tension and its mass. From the classical point of view (as Wheeler suggested), if we consider an extended object in rotating motion, we have the acceleration [image: image] and it follows that a, must be at least limited by  [image: image] . However to differ from the classical Newtonian mechanics and Einstein's General relativity theory we introduce a regulator "Cutoff" [image: image] ,where [image: image] is the gravitational coupling constant, R is the distance between two masses and n is a positive number (extra dimension number), then the acceleration must be limited by [image: image] (i), (Assuming a diameter of 2R).

Thus to avoid the infinity but while retaining the point nature of the particle would be to postulate a small additional dimension n over which the particle could 'spread out' rather than over 3D space.

For example, in the Unruh temperature we can only and only deduce both the Hawking temperature and maximal temperature (Sakharov Temperature) under the assumption of  the existence of a maximal acceleration given in formula (i) above as,

The Unruh temperature is given as,

[image: image]

Since the acceleration is known from (i) above,  then the temperature will reduce to,

[image: image]

For a Schwarzschild Black hole of radius [image: image] , the temperature reduces to

[image: image]

Since the gravitational coupling constant has a formula [image: image], taking values of n=0,1,2,..............,N.  Then the Hawking temperature will become a result of n=0 extra spatial dimensions  as, [image: image].  Also the maximum temperature ( Sakharov temperature) is deduced at n=1/2 as ,[image: image].

Therefore the temperature of a black hole increases as a black hole loses mass in Hawking Black hole evaporations. The  analysis given above is a clear indication that the temperature doesn't increase exponentially as it has been known from Hawking's original proposals, there is a maximum temperature, a limit on temperature that screens (resolves) the classical singularity. It is therefore true that the radiation spectrum contains all Standard Model particles, which are emitted on our brane, as well as gravitons, which are also emitted into the extra dimensions. It is expected that most of the initial energy is emitted during this phase in Standard Model particles. Therefore we recommend the applications of a factor [image: image] in situations involving the examination and experimentation of quantum gravitational phenomenon. We shall see in the coming chapters that such a factor when used in loop quantum cosmology it reproduces  both the results of loop quantum gravity and string theory.

The idea of including extra dimensions, to achieve the goal of unifying physics, is not a new one. Already the year before Einstein in 1915 introduced his theory of general relativity, Gunnar Nordstrom suggested a uniﬁcation of gravity and electromagnetism with the introduction of a ﬁfth dimension. These forces were the two only forms of interaction known at that time. But this idea was forgotten for some time with the eruption of the First World War. But in April 1919 Theodor Kaluza introduced independently, in a letter to Einstein, a ﬁfth dimension in an attempt to unify Einstein’s theory of gravity and Maxwell’s theory of light. Oskar Klein (1926) contributed, in this quest, with his assumption that the extra dimension was compactiﬁed. The Kaluza-Klein theory was a fact. This theory includes an extra space dimension that is rolled up into a tiny circle, i.e. compactiﬁed. And in this ﬁve dimensional theory, there is only one underlying force, gravity. But in the four-dimensional spacetime observed at great distances, it appears to be three kinds of forces, among these a gravitational and an electromagnetic force. This topic was initially a popular topic for research, but lost much of its interest with the introduction of quantum mechanics.

In recent years the topic of extra dimensions has experienced a renewed interest. This renewed interest is also due to the exciting possibility of observing new and spectacular physical phenomena at far lower energy scales than otherwise. Even at energies available in the not so distant future, these phenomena could appear. Among these is the creation of higher dimensional semi-classical microscopic black holes. The possibility of observing these objects, is viewed as an opportunity to perhaps discover new intriguing physics.

Therefore from (i) using Einstein's equivalence principle we get the minimum distance beyond which the force of gravity no longer continues to increase as; [image: image] (ii). Where [image: image]  is the Schwarzschild radius.

We therefore conclude that; 

(i) At n=0 extra spatial dimension, we have a physical theory of General relativity at a length scale of [image: image]- the Schwarzschild radius. 

(ii) At n=1/2 extra dimension, we have the quantum theory of gravity (New physics) at the Planck length scale [image: image] . 

(iii) At n=1 extra dimension, we have the theory of Quantum mechanics at the Compton wavelength scale of [image: image].  

(iv) Lastly at n=2 we have new physics at a length scale [image: image] and the journey continues.

According to the Standard Model of particle physics, the world is governed by four fundamental forces: gravity, electromagnetism, and the weak and strong nuclear forces. Although things act a bit "spooky" down on the quantum level, science has managed to generally describe all of these forces at both the macro and quantum scales – except gravity.

Gravity is the weakest of the fundamental forces, and it's been suggested that this is because some gravitons (the hypothetical particles) that carry the gravitational force  tend to escape into extra dimensions. We're simply too big to travel through or even notice these other dimensions. 

So, to study whether these extra dimensions are lurking in extremely tiny spaces, the researchers from Osaka, Kyushu and Nagoya Universities set out to test gravity on the sub nanometer scale. To do so, they used the world's highest intensity neutron beam, which is housed at the Japan Proton Accelerator Research Complex (J-PARC).

The team found that the results matched predictions based on the known laws of physics, which indicates that Newton's law still applies as expected down to a scale of less than 0.1 nanometers. No unexplained force ie, another dimension is acting on these particles at this scale.

That doesn't mean those extra dimensions aren't there, just that they may be hiding at even smaller scales still. The researchers are currently working to further improve the sensitivity of the equipment, which
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