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Nature and its laws lay hid in the night 
God said let Newton be and all was light. 

…Sir Alexander Pope 

It did not last long, the Devil howling ho 
Let Einstein be, restore Thy status quo. 

…J. C. Squire 

Thy rule was not to last long, as every physicist wailed, 
For let Heisenberg be and nothing prevailed. 

…Koustubh Ajit Kabe 
 

 
ABSTRACT      

A new formulation of the Hamiltonian formalism of general relativity is developed based on the 

adiabatic variation of the Hamiltonian constraint. This new formulation consists of complex valued 

anti-Hermitian 1-  called the  Berry gauge potentials. These are then used to develop the 

complex Berry-Einstein-Yang-Mills curvature 2- . The Berry-Yang-Mills field equations are 

then developed and interpreted in a novel manner to incorporate quantum temporal strings in the non-

perturbative formalism. This is however just highlighted in this paper and will be pursued in another 

paper. Since, the holonomy phase construed is that of Lorentz rotation we perceive a new quantum 

structure of the space-time namely that of causality. The future light cones are soldered internally to 

the tensor fields naturally so that the Berry-Ehresmann connection defines a quantum gauge field of 
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causality. This field evokes the causal structure attributed to space-time as gauge degrees of freedom 

of quantum space ― a fluid of future light cones. This symmetry being of the  gauge field type 

has three generators i.e., three gauge bosons― all heavy and therefore attracted by gravity. Thus 

causality is a local gauge degree of freedom of gravity. Once the theory is developed, the problem of 

the mass gap is considered for our  gauge field. It seems that the problem is solved in this paper. 

 
Keywords: Gauge theory, general relativity, string theory, loop quantum gravity, gravity, time, time 

asymmetry, mass gap, super symmetry (SUSY), super gravity (SUGRA), quantum field theory, 

quantum gravity 

 

 

 

 

1.  INTRODUCTION                   

 

Many models of gravity viewed as a collective phenomenon have been formulated [1]. These 

have been viewed differently by means of assuming a spin-system formalism for gravity and 

implicitly suggesting the possibility of development of new formulation of the Einstein field 

equation at its core by Sen [2]. This suggestion has been followed up by Ashtekar [3] and a 

new set of quantum mechanically viable linear polynomial Einstein field equations now 

known as the Ashtekar-Einstein equations have been developed therein. Thus was paved the 

way for a new background free (BF) formulation of quantum gravity [4]. Since, the advent of 

Cartan calculus or exterior calculus of differential forms, the equations of general relativity 

and those of other field theories have been formulated in the language of differential forms. 

Similarly, the Dirac bra-ket notation has caught on due to its simplicity and elegance. The 

present paper creates a new Yang-Mills formulation for the general theory of relativity and 

develops the corresponding equations in the language of Cartan and Dirac. The Yang-Mills 

relations therein correspond to a novel result indicating causality as a gauge degree of 

freedom of quantum geometry. This being true of the sub-Planckian domain wherein below 

Planck’s length or alternately within Planck’s time the quantum 3-geometry is a fluid of 

randomly oriented light cones in that there is isotropy of time. It is this rotational symmetry of 

time that breaks down into translational symmetry of spacetime that leads to conservation of 

momenergy, and rotational symmetry of space that leads to conservation of angular 

momentum; making the rotational symmetry group of time the Nötherian imbedding simple 

group. Thus time having a particular direction is like the magnetic phase transition where the 

dipoles are oriented in a particular direction signaling the onset of a disordered phase. Thus 
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the current state of the universe, symbolized by ever increasing entropy and the existence of 

irreversible processes, is that of disorder ― a temporal magnetic phase transition [5]. The 

Ashtekar connections are derived as the SU(2) gauge potentials and the SU(2) quantum Yang-

Mills gauge theory is exemplified as a SU(2) Ashtekar-Berry non-abelian gauge theory of 

quantum gravity (general relativity). 

 

 

2.  DERIVATION OF THE NEW VARIABLES AND FORMULATION OF THE 

     EINSTEIN-YANG-MILLS-BERRY GENERAL RELATIVITY 
 

We consider the configuration space,  of pure general relativity (GR) whose cotangent 

bundle is the Hamiltonian phase space, , of the  Yang-Mills gravity gauge. Fix a 

state functional in the diffeomorphism invariant Hilbert space  corresponding to the 

phase space of pure gravitation, , so that any canonical transformation generated by the 

constraint functional of GR corresponds to the flow on the constraint surface in the 

configuration space, , of general relativity. We take  itself as the parameter space. This is 

characterized by a symplectic structure described by a set of parameters forming an n-tuple 

. This  specifies the local coordinate. At each point of , we 

consider the normalized n-th eigen state of the Hamiltonian constraint, 

,          (1) 

where, we assume that the Hamiltonian constraint is quantized into  eigenstates. The 

adoption of a Riemannian metric for the exterior curvature of a spacelike hypersurface, , 

allows for consideration of a  spinor structure.  We can thereby represent tensor fields 

 etc., by equivalent notations , etc. Suppose  changes adiabatically as a function 

of canonical time, . The Hamiltonian constraint is given by eq(1). We assume that 

the system at  is in the  eigenstate,  0,)0( Rn  where                                  

      (2) 

What happens when the Hamiltonian constraint generates the expected flow in time from the 

3-surface  wherein the Gauss constraint generates the gauge transformation 
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    0 . This, produces a Berry phase in the quantum state of gravity, viz.,  

given by 

.           (3) 

The integral appearing therein is to be known as the adiabatic integral. The theory of such an 

integral in their most general form is being worked out in considerable detail by the author 

and will be the subject of another paper.  

Since  for execution of a closed loop holonomy, the above expression seems 

to vanish. However, the integrand is not necessarily a total derivative and  may fail to 

vanish and will be referred to as the gravitational Berry phase.  

With reference to eq(1), since a quantum state  Rn,  cannot be distinguished from , 

where  is the generator of rotations of the  indices, each physical state is expressed 

by a local equivalence class R  

     (4) 

modulo its isomorphisms. Here we omit the index  since we are interested only in the  

eigenstate. In the Yang-Mills sector, this indistinguishability extends to expressibility of each 

physical state by a global equivalence class 

     (5) 

modulo its isomorphisms. At each point  of , we have a  degree of freedom and 

since  we have a  gauge degree of freedom as well and we 

therefore have a  bundle  over . The projection is given by 

. 

Fixing the gauge of R at each point  amounts to choosing a section. Let 

 be a local section over a chart of . The canonical local trivialization is given 

by  

.                  (6) 
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Now that the bundle structure is defined, we provide it with a connection. Let us define the 

gravitational Berry connection by  

     (7)                         

where  is the exterior derivative in -space. Note that  is anti-

Hermitian since 

. 

To see (7) is indeed a local form of a connection, we have to check the compatibility 

condition. Let  be a  bundle over . Let  and  be overlapping charts of  and 

let  and  be the respective local sections. For  ― 

local connection 1-  on , the transition function  is 

given by 

      (8) 

The local sections are related to the transition function as . We then find 

that 

 

.      (9) 

The set of 1-  satisfying eq (8) defines a gravitational Ehresmann connection on 

.  

The field strength  of  is the required gravitational Berry curvature and is given by 

 

  (10) 

The Einstein-Yang-Mills-Berry phase is a holonomy associated with the connection  given 

by eq (7) on the  bundle  over .  

For our  bundle, let  be a curve in , then the curve  is 

said to be a  of  if   and the tangent vector to  always 
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belongs to the . If  is the fibre at  

then  a unique in . Let in the configuration space 

 of GR now, the local co-ordinate n-tuple  describe a  loop 

 in a chart  of . Take a section  over the chart . Now, we 

can write out the  of  with respect to the connection  given by eq 

(7) as 

       (11) 

where  is taken as the unit element of . The group element  satisfies 

the following equation 

 

where,  stands for . From the fact that  we obtain 

 

which is easily integrated to yield 

 

We note that  so that R(1)R(0)  . Then  is regarded as a  

holonomy 

 

Let  be a constraint surface in , which bounded by the loop . Then, it can be shown 

that 

 

where  is the gravitational Berry curvature given by eq (10).  
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For fermion fields in a gravitational field, a tedious but straightforward calculation helps one 

to arrive at the spinor gauge potentials or the gravitational spinor potential of the gravitational 

analog of the Wu-Yang monopole.  

We now construct a SU(2) gauge theory of gravitation based on the Yang Mills gauge 

theory [6]. 

 

2. 1.  “CAUSALITY” GAUGE TRANSFORMATIONS 

Since we are dealing with fermion fields in gravity, for simplicity let us take R as a 2-

component state vector with spin . Under the action of the Gauss constraint we have a 

gauge transformation mentioned earlier, viz., 

          (17) 

where  is a . The soldering of the  future light 

cone structure to the tensorial-covariant/  structure of the gravitational field makes 

the  gauge a topologically natural description of causality which in turn is the reflection 

of gravity. Thus, we require all the derivatives of R  to appear in the following combination: 

         (18) 

 are the forms derived above that can be expressed as a linear combination of Hermitian and 

anti-Hermitian or self-dual and anti self-dual forms. Lorentz dilatation invariance requires that 

.                 (19) 

Combining eqs (17) and (19), we obtain the gauge transformation on  as 

.                                                   (20) 

Then as in the electroweak case we have our curvature of the fibre bundle given by eq (10) so 

that we have . It can be easily shown that  

          (21) 

under a  gauge transformation. Thus in our theory causality can be gauged out in 

quantum general relativity. 

The above lines of thought can be applied to any sub-Planckian field R  with a geometric or 

. One need only use other representations  of rotations in  space. Now, it 
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is reasonable to assume that since the Feynman path integral between two points in the space 

 of gauge equivalent connections is the same, different fields with the same total 

*,hence belonging to the same representation , interact with the same field 

. (This is analogous to the fact that the gravitational field interacts in the same way with any 

massive particle regardless of its nature. If different fields interact with different and 

independent  fields, there would be more conservation laws than simply the conservation of 

the total .)  

*Digression:  

 

We use the convention as in the electromagnetic case. We note that  and not 

 is the test for electromagnetism. Similarly, causality cannot be isolated in our 

perception of the physical world since physically our world is always causal to our 

perceptions. Einstein’s theory of relativity conceives a primordially  structure. So if 

anything of causality gauge is to be conceived,  should be taken as an acid test for 

a quantum theory of gravitation. And it is this  that can be gauged out. 

To find a more explicit form for the  and to relate the ’s corresponding to different 

representations , we proceed as follows: Eq (20) is valid for any  and its corresponding . 

Now the matrix  appearing in eq (20) is a linear combination of the 

 forms/ matrices  corresponding to the 

 of the R field we are considering. So  itself must also contain a linear 

combination of the forms/matrices . But any part of  in addition to this, say , is a scalar 

and a spin tensor combination of the ’s, and must transform by the homogeneous part of 

(20), . Such a field is extraneous; it was allowed by the very general form we 

assumed for the  field, but is irrelevant to the question of causality gauge. Thus, the relevant 

part of the  field is of the form  

.
†
                                                           (22)   

To relate the ’s corresponding to different representations  we now consider the product 

representation . The  field for the combination transforms, according to (20), by  

. 
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But the sum of and , the  fields corresponding to  and , transforms in exactly 

the same way, so that  

 

To obtain the interaction between any field R  of arbitrary acausal spin with the  field one 

therefore simply replaces the gradient of R by 

,         (23) 

where , as defined above, are the causality spin “angular momentum” matrices for the field 

R . The causality-gauge covariant quantities  are expressible in terms of , as  

,                                                (24) 

where,  

.         (25) 

 transforms like a spinor under a causal gauge (or rather an acausal gauge) transformation. 

Obviously the same  interact with all fields R  irrespective of the representation  that R  

belongs to. The corresponding transformation of  is cumbersome. One needs, however only 

study the infinitesimal causal gauge transformations, as 

.           (26) 

Then  

.            (27) 

By the way, it is this time that plays the role of order parameter when we study phase 

transitions that leads to the  of the universe [5]. 

In the original Ashtekar framework, the self-dual and anti-self-dual parts 

of the Weyl curvature play different roles. 

This may seem strange, from the physical point of view, because there is no evidence of any 

left/right asymmetry in the gravitational field, and there is certainly none in the standard 

Einstein theory of general relativity. As far as I can see, we can take two different attitudes to 

this question. On the one hand, we might regard the asymmetry as an unimportant feature of 

the particular mathematics that just happens to be useful in simplifying the 

Hamiltonian. On the other, we may take the position that there is something 
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deeply left/right-asymmetrical about Nature, and the asymmetrical formalism is probing this 

in some way. In fact, we know that Nature is left/right asymmetrical, as is clearly manifested 

in weak interactions. 

I claim the former. That quantum gravity is asymmetrical. The weak force is responsible for 

decay of almost every particle. Certain particles however don’t decay as quickly as others 

because their lifetime is relatively longer. 

The acausality or causality being the gauge degree of quantum gravity, is responsible for this 

decay.( Even we as humans decay with time and finally die. The flowers and plants wither 

away. Similarly, quantum particles with short lifetimes decay quickly.) In fact the gauge 

connection  tells us that quantum particles are created and annihilated because light cones 

are created and annihilated continuously. 

The  bosons are heavy and hence, near a mass the future light cones get polarized. The 

gauge connection  tells that the weak force belong to square root general relativity. 

 

2. 2. FIELD EQUATIONS 

To write out the explicit form of the field equations for the  field, we clearly only want to 

use causalitic gauge invariant quantities. In analogy with the work of Yang and Mills and also 

with the electromagnetic case, we write out the explicit Lagrangian density: 

 

Since, we are dealing with the fermion field in gravity with acausality quantum number , we 

shall use the Lagrangian density  given by 

     (28)  

We obtain from this the following equations of motion: 

              (29-a) 

and  

 ,             (29-b) 

where   

 .         (30) 

The divergence of  does not vanish. Instead it can easily be shown from (30) that  

 .                                                                       (31) 
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If we define for our purpose, however that  

 ,         (32) 

then eqs (29) lead to the equation of continuity, 

 .          (33) 

Here  are the components of the causality spin current and causality spin density of the 

system. Since we are formulating gravity as the physical system here, the causally densitized 

system is the fluid of light cones whose continuity follows from eq (33). The equation of 

continuity guarantees that the total causality spin, 

  

is independent of time since time itself is the generator of causality and is the quantum system 

here as will be seen in the next section. It is also independent of a Lorentz transformation. It is 

also important that  like  does not transform like spinors under causal space 

rotations. But the total causality spin, 

 ,  

is the total integral of the divergence of , which transforms like a true spinor under 

causality spin space rotations. Hence, under a general causality gauge transformation, 

 on an infinitely large sphere,  would transform like a causality spinor.  Equation 

(32) shows that causality spin arises both from the fermion field and from the  field itself. 

This is indeed the case of the Yang-Mills non-linear non abelian gauge field as the field  is 

self coupled.     

To complete the equations of motion (29) and (30) we must let our system meet the 

supplementary condition, 

,                                          (34) 

which serves to eliminate the scalar part of the field in . This clearly imposes a condition on 

the possible causality gauge transformations so that consequently the infinitesimal causality 

gauge transformation     

must satisfy the following condition: 

 .     (35) 
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2. 3.  QUANTIZATION OF THE CAUSALITY FIELD  

To quantize (see [7] and references therein), it is not convenient to use the causality gauge 

invariant Lagrangian density (28). Going by the conventional and customary Yang-Mills 

Lagrangian density, we construct the one that is not obviously gauge invariant, as 

 (36) 

The equations of motion that result from this Lagrangian density can easily be shown to imply 

that  

  

Thus if, consistent with (34), we put on one space-like surface  together with time 

invariance of this divergence then, it follows that  at all times. This means that 

causality as a gauge degree of freedom provides indeed a solenoidal field. Using this 

supplementary condition, it can easily be proven that the field equations resulting from the 

Lagrangian densities (36) and (28) are identical. 

We then follow the canonical method of quantization with the Lagrangian density (36). We 

therefore define the momentum  canonically conjugate to , as 

 , 

and thereby obtain the commutation rule 

     (37) 

Naturally, these commutations are Lorentz covariant. The Hamiltonian derived from (36) is 

identical with the one from (28) , in virtue of the supplementary condition. The corresponding 

Hamiltonian density is  

  

where 

 ,    (38) 

and 

 

      (39) 

Likewise the supplementary conditions can be quantized. 
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2. 4.  PROPERTIES OF THE CAUSALITY QUANTA  

The quanta of the , by the law of conservation of spin angular momentum 

apparently have spin unity. The acausality quantum number on two of them should be  and 

. So that one interacts with a particle and the other with its antiparticle counterpart. The 

fermion can move ergodically in the phase space of general relativity by interacting with its 

anti-partner through the acausality boson. Beyond the velocity of light this fermion transforms 

physically into its anti-particle counterpart and therefore starts describing an oppositely 

directed trajectory. It is the disturbance provided by the detectors through the electromagnetic 

fields that enables one to detect the backward directed flow in time of the antiparticle. Since 

the force has a limited range and interacts globally through the entanglement of the light 

cones these fields are massive and hence are short ranged. These light cones are the 

gravitational version of the magnetic dipoles of the  electrodynamic theory. Now, 

we choose the causality gauge along say, the x-axis in . Then for the fermions, 

 , 

and for the quanta 

 . 

 The interaction ( 23) fixes the electric charge upto an additive constant for all fields 

with any causality spin or acausality quantum number , as 

 .       (40) 

The constants  for two charge conjugate fields must be equal but have opposite signs. As to 

the mass of the , there is one satisfactory answer if the time independent 

Yukawa type potential well given by 

 .       (41) 

Only here the range is taken as the Planck length, . For such 

cases, the mass of the  quantum works out as the Planck mass, . 

Thus these weak bosons have two different masses in two different eras and are massless 

during one era ―that of “graviweak” unification. We thus have an anomalous behavior of 

mass as we reach the Planck domain in the early universe. The three bosons generate causality 

in each of the three directions. They are identical in usual quantum numbers. The fermions 

and bosons interacting with these field have a new quantum property which we just proposed 
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viz., acausality spin or simply acausality quantum number. Also causality at any point violates 

mirror symmetry or parity. The expansion of the universe is considered as a global 

consequential aspect of causality. However, there can be natural states violating the 

. So, for matter with acausality , there should be a blueshift 

relative to a fundamental observer. Also, since all the three bosons mediating causality are 

heavy, gravity should affect causality. Thus, light, which is a measure of causality in the 

Minkowski format, or the future light cones must be stretched towards the massive 

distributions in space. The Yukawa type time independent potential,  is justifiably associated 

with the Hamitonian constraint since this constraint is temporally gauged and plays the same 

role as the causality bosons. The Kronecker symbol being defined as  

 

with the ’s are the Kronecker delta’s, the dual of the curvature  in d=3 space is the 

Hodge star induced : 

 .       (42) 

 

 

 

 

 

 

 

 

 

 

Figure 1. Elementary vertices for . Dotted lines refer to the ,solid lines  

refer to the light cone containing the fermion field. 
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For the d=3 space, , the dimension of the  of 2-forms or gauge equivalent 

curvature forms on , has  dimensions same as that of the space of 

dimensions. Indeed the space of , viz.,  is a space of the 

same dimension and hence is isomorphic to a section of . The presence of the variable turns 

this isomorphism into a canonical one.  

 

2. 5.  THE PROBLEM OF THE MASS GAP AND PROOF OF THE EXISTENCE OF 

         THE SU(2) MASS GAP 

Without loss of generality, we now forego the condition of eq. (34) as follows: for two 

separate “poles” of causality viz., causality and acausality, and with no background metric, 

one can have a causal monopole. Pure gravitation , on its own, as a gauge theory, is a theory 

of light cones and hence light cone connections, and not of curvature and its defining metric 

tensor . The curvature is a phenomenon that arises from a stress on the coarse graining     

continuum     structure. We now proceed to prove the       mass gap con ecture. 

Statement:                                                                            

mass gap . 

Proof : We need a little trick to do this. Firstly, we consider for our first part of the proof, a 

test local abelian Newtonian sector of the Einstein gravity i.e., not SU(2). Next, we forego our 

condition (34), viz.,  and modify it to 

        (43) 

Thus, by the  auss    strogradsky formula, 

        (44) 

By the abelian nature of the gauge theory considered, is not irrotational, i.e., so 

that 

       (45) 

Now, we make a “Dirac analysis” of this integral. Consider the left hand side of this equation. 

We can evaluate the integral of over a closed spherical surface, with the monopole at 

its centre, by first evaluating it over an open surface as follows. Imaginatively, cut a patch of 

small circle of radius  of the sphere. Now let . By  tokes’ theorem, 
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i.e., the integral of over this “opened” spherical surface equals the integral of around 

the small circle, given by eq (46). 

If is free of singularities, then approaches some constant as  approaches zero. The right 

hand side of (46) then reduces to  which is zero, i.e., 

         (47) 

which contradicts eq (45). 

If the Einstein Field Equations are right, then eq(45) should also hold for the abelian case. 

Thus, on any closed surface surrounding a Dirac   Einstein   ang    ills monopole,  at least 

one point such that      is singular in such a way that the path integral of  around the 

singularity gives  as  Now, if we imagine the monopole to be 

surrounded by a sequence of concentric spherical surfaces of increasing radius, we recognize 

that the singular points  on these surfaces form a line extending from the monopole to 

infinity; in the case of electromagnetism, it is called the Dirac string of the monopole. The 

monopole mass is thus an upper bound    a supremum on the mass.  

For the second part of the proof, we make a transition to nonabelian gauge theories. While the 

singularities stay, the situation clearly becomes inside out.  The mathematical reasoning made 

above for the abelian case would have been difficult to be made directly for the nonabelian 

case. Also, the situation would have been difficult to imagine or understand; hence we chose 

to take the abelian case as our test system. The string now extends to a finite value and the 

mon                                                                                   

positive mass theorem of general relativity, is positive . Now, for the case of      , the group 

manifold is a three dimensional smooth compact manifold. By the  amilton   Perelman   

Poincaré theorem this is diffeomerphic to a 3-sphere. Thus, a direct transition can be made 

between the SU(2) group manifold and the above three sphere. The lower bound on mass in 

the case of the sphere therefore corresponds to that of SU(2) quantum gauge theory, be it the 

one that we built on in this paper or the weak isospin gauge theory. 

Thus,  a mass gap  in       and in general in any nonabelian  ang    ills 

gauge theory.     Q.E.D. 
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Incidentally, in the proof, we not only prove the e istence of a mass gap but also the e istence 

of a  ang    ills   Dirac monopole for each such  ang    ills nonabelian gauge theory.  

Thus, we have constructed a finite  ang    ills gauge theory of quantum general relativity and 

thereby deduced the positive SU(2) mass gap. 

We now estimate the mass gap i.e., the mass  the causal ball. Now, we have seen above that 

the mass of the causalons is approximately . So, the mass of a causal ball is the 

reduced mass  the three: ,  equivalent energy being 

. So the mass gap estimate for the SU(2) gauge theory  gravitation 

is  

 

or 

. 

This is much smaller than the Planck energy. Thus, these entities     the causal balls e isted in 

the Standard Model even after the Planck epoch. This signifies something significant and of 

extreme importance in particle physics and cosmology both, classical and quantum. It is 

possible that these causal balls were responsible for inflation by creating the so called false 

vacuum.  

 

2. 6. RENORMALIZATION AND STRINGS OF TIME 

We go around the problem of infinities by two methods. One is the standard procedure of 

renormalization due to Dyson. This is done by transforming into the interaction representation 

in which the state vector R satisfies the Hamiltonian constraint, with the  in eq (1) 

given by the  given by (39). The scattering matrix elements can then be evaluated in 

terms of aid from Feynman-Dyson diagrams. These diagrams have three elementary types of 

vertices illustrated in Fig. 1, apparently instead of only one type as in quantum 

electrodynamics. The primitive divergences are still finite in number and are similar to those 

listed in fig. 2 of [6]. Of these, the one labeled  is the one that effects the propagation 

function or the Feynman-Green kernel of the  quantum, and whose singularity determines 

the mass of the  quantum.   

Now, the second method of going around the infinity without renormalization is the one 

outlined as follows: consider the time interval between any two consecutive ticks of a clock. 
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At normal or Galilean regimes, this interval is normal. However, when subjected to 

relativistic effects or to the effects of general relativity (relativistic gravity), it stretches and 

we consider this model as the string model of time wherein the tension in the string is 

proportional to the gravitational force i.e., the mass-energy distribution through which the 

clock passes. Now, just as a thermometer is used for measuring heat, the clock is just the most 

accurate possible device for measuring time and nothing more than that. There exists a 

quantum theory of heat radiation and also a string theory of heat and entropy. In our case, 

time may be modeled into a string with tension . For a certain tension  i.e., a certain 

gravitational force, the string can be made to vibrate in the transverse modes relative to the 

longitudinal gravitational tension acting on it. Now, how do we get rid of renormalization in 

this model? The answer is simple, the string being an extended object; no infinities arise here 

since the Dirac delta function doesn’t figure in the wave equations as we approach the string 

(an extended object).      

As is well known the generators of SUSY deliver a Poincare Boost in the Lorentz space. The 

same is done by the action of the Hamiltonian constraint. Thus, the causality field improvises 

the concept of constrained Hamiltonian dynamics (cHd) by placing an equivalence between 

cHd and SUSY as will be seen in another paper (details of this work will be considered 

elsewhere). 

 

2. 7. ONE MORE PREDICTION ON QUANTUM CAUSALITY: CRITICAL  

        CAUSALESCENCE 

Consider a “ ” of two distinct  domains with 

corresponding two distinct arrows of time. There will be a definite   

 

 

 

 

 

 

 

Figure 2. Temporal Magnetic Domains 
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between the two domains. If there is some way of extrapolating this situation to high energy 

say Planck energy,  or beyond or correspondingly to the Planck temperature or 

more, one would observe fluctuations which would increase to a greater degree, the greater 

we extrapolate it backwards in time and the two domains would mix completely. When this 

system is allowed to cool slowly, at a certain point, perhaps the Planck temperature itself, 

there would be complete “ ” as to the direction of the “temporal magnets”. These 

time magnets would characterize an isotropy in time which I claim is the Nötherian symmetry 

group behind the simpler triplet of homogeneity and isotropy of space and the homogeneity of 

time. The cooling of this causality-acausality binary mixture further first brings causal clarity 

to the mixture, which signifies the onset of isotropy and homogeneity of space and 

homogeneity of time or in simpler words, the breaking of the spatio-temporal isotropy, and 

slowly retrieves the meniscus between the two domains. The Planck temperature characterizes 

the miscibility transition of the temporal magnetic domains in the causality-acausality-binary-

liquid system and the orientational “whitishness” of the temporal magnets is critical 

causalescence. Thus criticality is the inherent characteristic of temporal magnetism. 

 

2. 8.  EFFECT OF GRAVITATION ON CAUSALITY 

The bosons that transmit causality are heavy; naturally the effect of gravity on causality is an 

attractive one. The future light cones at every point will bend towards the heavy mass. The 

quantum causality due to its own mass will attract the heavy mass in turn. Thus causality is 

gravitationally active. Consider a bath of  (  means  in german ― the 

bosons of causality. These will form a pattern of net acausality spin zero. Immerse a gas of 

matter and energy in this bath; the zeitons of positive acausality will gather towards the 

corresponding matter particles and  the whole gaseous ensemble will definitely condense 

under the action of the Hamiltonian constraint and so will the matter. The antimatter if any 

will annihilate its matter counterpart; the positive acausality charged zeitons will play the 

opposite role outside the range of the gas and cause repulsion between such matter clusters. 

This net condensation will produce a clumping effect in classical space-time. Thus quantum 

causality is the true reason for the formation of the large scale structure of space-time. For 

absolutely nothing in the background the causality field is the main reason for the building up 

of the universe.        
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2. 9.  FINALLY, THE QUANTUM STRUCTURE OF SPACE 

We shall call (closed) edge any subspace in  which is homeomorphic to the interval 

 with the induced topology. Indicating the edge by , and by  the 

homeomorphism, the points  and  will be the  of the edge. We define 

conventionally a topological  as a topological space defined in the following 

way:  

(A) The  consisting of the points of a union of edges 

satisfying the condition that the intersection of any two edges is either Ø 

or one common node/vertex; thus paving way for non-planar or 

topological graphs; 

(B) The  are the subsets  whose intersection with each edge is open in 

that edge. 

Since the edges are homeomorphic to  with the induced topology and not with the quotient 

topology, no isolated one vertex bubbles like the one shown here should occur. We know that 

knots are defined as subspaces in  homeomorphic to the circle . So, absence of bubbles 

means that no knots are parts of graphs. If, however, planar graph is replaced by a topological 

graph may endorse a loop. In fact two intersecting graphs or overlapping may considered as 

knots. A simple case is a Reidemeister move generated with the help of two non-planar / 

topological graphs.  Now, consider a fibre bundle whose structure and curvature is  

.         (48) 

Also, the  öbius product of (48) with  yields a Cherns-Simons form provided that the value 

of . Thus we have arrived at the possible value through the Chern-Simons form so that 

the acausality can be split one-third-two-thirds way provided the Chern-Simons action 

integral describes a physically realistic description of quantum geometry. Also, all the points 

within and on the future light cone including the vertex may be connected to some or all the 

points within or on the future light cones with some other vertex. This is shown below:   

Consider this as a solid state lattice that is diffeomorphism invariant in nature. Then the graph 

is a connected one representing the quantum state of gravity; and, upon excitation this lattice 

vibrates with the points as the lattice centres. Although we have drawn visible light cones, the 

quantal structure of the causality mediating bosonic gas is a blurred one ― dominated by the 
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 eisenberg uncertainty principle ― more like a set of  a causality cloud.  uch clouds overlap. 

The perturbation of the  leads to the formation of perturbative patterns in histories 

of the zeit clouds. This perturbative phenomenon may be consulted on the lines of Smolin 

(see [6] and references therein) to yield extended topologically relational e tended ob ects ― 

the quantum strings. This conclusion will be derived in more detail elsewhere and therein will 

we discuss the further results that can be conceived. 

 

 

3.  CONCLUSIONS  

  

It has been shown that a more fundamental structure than  of general relativity 

exists and this structure is deep inside the Berry-Ehresmann  connection. This structure 

is relational and causality appears as the gauge degree of freedom of quantal gravitation. Just 

as there is particle inside a particle ― a Russian doll inside a doll model, so in the current 

paper, we have shown a similar structure to exist for space-time “continuum”. The 

fundamental structure dominating the sub-Planckian scale is that of a fluid of light cones tied 

down by a topological graph theoretic algorithm. The (sub-)Planck scale isotropy of 

 due to their random orientation, is an inherent characteristic of the 

quantum theory of gravitation. These magnets are oriented along a preferred direction above 

the Planckian regime or in the coarse graining limit and we have oriented domains just as in 

the theory of magnetic phase transitions. We perceive a “entropy reinforcing” universe in  

which singularly is an onset for disorder and chaos in our part of the universe. There are also 

domains with temporal orientations different from that of ours. The concept of forward 

directed time and its backward directed counterpart is just one of the many possibilities from a 

monstrous garden of myriad and multiply connected domains arising from the isotropy of 

magnetic time within the Planck scale. Thus, for antiparticle dominated domain of the 

universe, time should go backwards and there should be a  observed by a test 

 in our domain for the galaxies made of antimatter. Quantum effects 

coupled with gravity leave no proper sharply boundaried (bounded) light cones. Rather one 

would get light clouds or causal clouds just as electron clouds in QED. The Hamiltonian 

constraint which generates flows in time depends upon  which in turn depends upon the 

causality quantum gauge field . Thus, flows in time depends upon the causality generators: 
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. These bosons are identical in all respects except that they are distinguished 

by their acausalities . The field  is nonlinear. As is seen from, Fig. 1., we allow two of the 

bosons to have  and the third to have . The  boson corresponds to the 

events appearing stationary to an observer travelling at the velocity of light. 

The  boson generates forward flow in time. Finally, the  being the acausality 

boson, generates oppositely directed flows in time. All this happens in screened gauge fields, 

except gravity.  

We conclude by proposing the existence of an entropy damping force in the Planckian and 

pre-Planckian epochs. The SSB causes this force to disappear at some point in time. 
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