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Abstract: Here it is started with the proportionality between Planck’s and related gravitational parameters. Using the ratio 

between Planck mass and related minimal gravitational radius (half of Planck length) we obtain maximal radial density (kg/m) in 

gravitational field. On the other hand, minimal radial density one obtains using the ratio between Planck mass and related 

maximal radius in gravitational field. It is based on new Relativistic Alpha Field Theory (RAFT) that predicts the existence of 

minimal and maximal gravitational radius in a gravitational field. Thus, no singularity at the minimal gravitational radius and no 

infinity at the maximal gravitational radius. It is shown that the maximal radial density is constant and is valid for all amounts of 

masses. Also, minimal radial density is constant and is valid for all amounts of masses. Using Planck parameters, it is calculated 

the energy conservation constant k = 0.999934. Since this constant is less from unity and grater from zero, the minimal 

gravitational radius cannot be zero (no singularity in a gravitational field) and maximal gravitational radius cannot be infinitive 

(no infinity in gravitational field). Here quantization of a gravitational field is based on the multiplication of the minimal 

gravitational length (twice of minimal radius) by parameter n =1, 2,… The calculation of the minimum time transition between 

two quantum state for the proton gives 0.413466×10
-62

 seconds. The minimal expansion time from minimal to maximal radius of 

proton is equal to 1.253992×10
-58

 sec. This is in accordance with recently observation, revealing nano big bang: the first 

millisecond of crystal formation. The calculation of the minimum time transition between two quantum state for Universe is 

13.948503×10
9
 years. The minimal expansion time from minimal to maximal radius of Universe is equal to 422,151.136168×10

9
 

years. Previous calculation is based on the velocity equal to the speed of light. Since the real transition velocity is less than the 

speed of light, the real transition and expansion times are greater compare to the previous calculation. Following the previous 

results, one can understand why the quantum approach has only sense for the small mases i.e. particles. 
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Planks Parameters 

 

1. Introduction 

A theoretically verification that only a non-Gaussianity 

approach can create a quantum theory of gravity is presented in 

previous study [1]. Namely, this approach gives a sufficient 

signature that a gravitational field can be quantized. Further, the 

problem of the minimum time evolution between two quantum 

states is also presented and discussed [2]. The quantum 

transition, time dependent perturbation theory, Fermi-Golden 

rule and impurity scattering are presented in [3]. On the other 

hand, the time-dependent perturbation theory is explained in [4]. 

One particle transition, classical to quantum transition, 

probabilities of transition in two level state, sudden transition, 

quantum critical points, dynamical quantum phase transitions 

and quantum thermodynamics are illustrated in [5-17]. 

In some applications of quantum theory, like quantum 

computing, we want to know what is the shortest physically 

possible time for a quantum state to evolve to another one? 

This is closely linked to dynamical characterization derived 

from the time-energy uncertainty relations [2]. In order to 

develop the algorithm for solution of the mentioned problem 

in quantum dynamics, one should use the time-energy 

uncertainty relation and generalize it in the case of a 

time-dependent Hamiltonian operator [18]. In the modern 
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quantum theory, the generic Hermitian operator is used. 

For the quantitative measure of the evaluation of the quantum 

control system performance, one can use parameter η. This 

parameter is a ratio of the minimal (shortest) time (τmin) for 

transition of quantum states and the time by which this 

transition can be measured by control system (τCQS), or control 

algorithm. One of the possibilities to solve this problem is to 

employ the time-energy uncertainty relation obtained by Pfeifer 

[19]. An analytical approach to digital quantum computing 

model is the Fahri - Gutmann system which is based on a 

variation of the quantum search algorithm. This is similar to the 

well - known Grover’s algorithm [20]. This approach can be 

applied by following the presented steps procedures [21, 22].  

Recently, it is presented the unification of quantum and 

gravitational theories in 2d system [23]. In this unification the 

related matrix model is discussed by using the thermal partition 

function of Jackiw-Teitelboim (JT) gravity and asymptotically 

Euclidean AdS2 background. It is shown that the partition 

function of JT gravity is written as the expectation value of a 

macroscopic loop operator in the old matrix model of 2d gravity. 

It is happened in the background where infinitely many 

couplings are turned on in a specific way. New discretization of 

gravitational field is presented in the previous study [27]. 
Further it is discussed the possibility that positive gravitational 

force could be source of dark energy [28]. The tension between 

Planck’s and other observations is also analyzed [29]. The loss 

of dark matter since the birth of the universe is elaborated in detail [30]. 
Laser test of the potential of the diffraction pattern is employed in order 

to prove of Einstein’s Theory of Relativity [33]. 
Here it is considered the minimum time evolution between 

two quantum states in gravitational field. This approach is 

based on new Relativistic Alpha Field Theory (RAFT) [24-26]. 

In this theory each mass can be in the state of the minimal 

gravitational radius, as well as, in in the state of the maximal 

gravitational radius. Thus, the minimal gravitational radius 

can be the initial point for quantization of gravitational field 

and the maximal gravitational radius can be the final point of 

quantization of gravitational field. It is shown that the 

quantum approach in gravitational field has only sense for the 

small mases i.e. particles. The minimal expansion time of 

proton from minimal to maximal radius (for the expansion 

velocity equal to the speed of light) is equal to 1.253992×10
-58

 

sec. On the other hand, the minimal expansion time of 

Universe from minimal to maximal radius (for the expansion 

velocity equal to the speed of light) is equal to 

422,151.136168×10
9
 years. Since the real expansion velocity 

is less than the speed of light, the minimal expansion time for 

proton and Universe is greater compare to the previous 

calculations. 

2. Gravitational Parameters as Functions 

of Planck’s Parameters and Solution of 

Energy Conservation Constant 

New Relativistic Alpha Field Theory (RAFT) [24-26] 

extends GR to the extremally strong gravitational field, 

including Planck scale. In RAF theory Energy Momentum 

Tensor (EMT) of gravitational field is generated from the left 

side of field equations [32]. Further, in RAF theory minimal 

gravitational length, or minimal gravitational diameter, for 

Planck mass is equal to Planck length. This means that the 

minimal gravitational radius of Planck mass is equal to half of 

Planck length for spherically symmetric mass. Further, the 

ratio of Planck mass and Planck length is constant, 

Mp/Lp=c
2
/G. In gravitational field, the ratio of mass M and 

minimal gravitational length Lg is also constant M/Lg=c
2
/G, 

and is equal to the ratio of Planck’s mass and length. 

Following this consideration, the gravitational length, time, 

energy and temperature can be presented as the function of the 

Planck length, time, energy and temperature, respectively 

[31]: 
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Here Lg, M, G, tg, Eg, and Tg are gravitational length, mass, 

constant, time, energy and temperature, while Lp, Mp, ћ, tp, Ep 

and Tp are Planck’s length, mass, constant, time, energy and 

temperature, respectively. The amounts of the Planck’s 

parameters are given in the relations: 

35 8

34 2 1 44

9 32

1 616255 10 2 176435 10

10 5 391245 10

1 956 10 1 416

1 054571

808 10

p p

p

p p

L . m,M . kg,

m kg s , t . s,

E , J ,T .

ћ .

K .

− −

− − −=

= ⋅ = ⋅

⋅ = ⋅

= ⋅ = ⋅

  (2) 

Following (1) we can introduce factor of proportionality (Kp) 

equal to Kp=M/Mp. Appling (1) to proton in gravitational field, 

we obtain the related proton parameters: 
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Generally, following the relations (1), (2) and (3), one can 

conclude that the gravitational parameters (at the minimal 

radius) for the masses less than Planck mass are smaller than 

the related Planck’s parameters. On the contrary, the 

gravitational parameters for the masses greater than Planck 

mass are larger than the related Planck’s parameters. 

In order to calculate the energy conservation constant κ , 

one can use Planck mass and Planck length: 
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The all spherically symmetric particles (bodies) in a 

gravitational field, with mass M, have maximal and minimal 

radial density at the minimal and maximal gravitational 

radiuses, respectively [21]: 

2
27
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23
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M ( )c
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Here rmin and rmax are minimal and maximal radiuses of 

mass M, c is a speed of light in vacuum, G is gravitational 

constant, and κ  is energy conservation constant from (4) 

(see [27]). Further, ρr max and ρr min are maximal and minimal 

radial density in a gravitational field valid for all amounts of 

masses. 

Gravitational quantum effect for masses less than the 

Plank’s mass is dominant in the region between Lmin and 2Lmin.. 

Therefore, quantization of gravitational field shood be 

determined in the following region: 
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Here Ld is the minimal distance between two quantum 

points. 

3. Minimum Transition Time Between 

Two Quantum States in Gravitational 

Field 

Let T∆ is the shortest time during which the average value 

of a certain physical quantity is changed by an amount equal to 

the standard deviation. Thus T∆ can be called standard 

deviation, or uncertainty of time. This time should satisfy the 

following relation: 
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Here ∆H
^
 is the energy uncertainty. In the relation (7) 

quantum dynamical evolution is starting from a generic state 

|ψ⟩ and is finishing in the related orthogonal state. The 

quantitative measure of temporal quantum state transfer 

efficiency ηt is given by: 
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Here mint is the shortest physically possible time to obtain 

the quantum transition between two quantum states. 

Parameter CQS
τ  can be stated as the time, effectively spent by 

the controlled system or control algorithm. Parameter 

ψ ψτ → ⊥ is the shortest physically possible time that is spent 

for the transition to the orthogonal state ψ ⊥ . This is the 

minimum transition time between two quantum points. For 

determination of the minimal time in quantum dynamical 

evolution, one should use time depended Hamiltonian. In that 

case, the time-energy uncertainty relation, obtained by Pfeifer 

[19], can be used. 

For application of the previous theory to the quantum 

system one can start with the minimal distance between two 

quantum states Ld given by (6). Let the transition velocity 

between two quantum points is denoted by v. In that case 

distance between two quantum points, Ld, can be determined 

by the relation: 

dL .v ψ ψτ → ⊥=                 (9) 

The most minimal distance between two quantum points, 

one obtains if the transition velocity between two quantum 

points is equal to the speed of light. In that case the most 

minimal distance between two quantum points can be 

calculated by the relation: 

d minv c L c .ψ ψτ → ⊥= → =          (10) 

Following the previous relations one can calculated the 

maximal number of quantum points in the region 2Lmin-Lmin: 
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From (6) and (11) one obtains the maximal number of 

quantum points in the region 2Lmin-Lmin as function of the 

gravitational mass: 
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Thus, in gravitational field the maximal number of quantum 

points in the region 2Lmin-Lmin are given by the relation: 
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As it can be seen from (13), the maximal number of 

quantum points is proportional to the gravitational mass. 
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Further, including only equality relations in (7) and (8), one 

can obtain the following equation: 
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Applying proton mass (3) to the relation (14) we obtain the 

numerical relation valid for proton: 
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4. Comparison of Minimum Time in 

Quantum States Transitions Between 

Proton and Universe 

Now, including Universe mass into the relation (14) one 

obtains the following relation: 
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Farther, taking parameter κ from (4) and including into (16) 

we obtain the maximal number of quantum points in one 

minimal gravitational length Lmin of the Universe: 

180 439879 10
max

.
.n sec

ψ ψτ → ⊥
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Using n = 1 and including parameter κ from (4) one obtains 

the minimal transition time of Universe (16) from the minimal 

radius to the radius rc ≅ 2rmin: 

913 948503 10Universe : . e .y arsψ ψτ → ⊥ = ⋅     (18) 

Thus, the present age of Universe is close to the age that 

belongs to the radius (rc ≅2rmin). On the other hand, the present 

Universe acceleration is close to the point (rc ≅2rmin) where it 

will change to the deceleration. 

Farther, using parameter κ from (4) and n =1 we obtain, 

from (14), the minimal transition time for proton from 

minimal radius to the radius (rc≅2rmin): 

620 413466 10Pr oton : . sec .ψ ψτ −
→ ⊥ = ⋅      (19) 

Comparing (18) and (19) one can understand why the 

quantum approach has only sense for the small mases i.e. 

particles. 

Now, one can ask how many quantum transition times are 

there between minimal and maximal radius of a mass? The 

velocity equation for each mass expansion has two zeros. The 

first zero is at the minimal radius and second one is at the 

maximal radius [24-26]: 
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Following (14) and (20), the maximal number of quantum 

transition times between minimal and maximal gravitational 

radiuses can be calculated by the relation: 
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Including mass of the proton, parameter κ from (4) and 

( )ψ ψτ → ⊥ from (19), one obtains the following result: 

30 328 788max proton( n ) , .=             (22) 

On the other hand, including mass of Universe, parameter

κ from (4) and 
( )ψ ψτ → ⊥ from (18), one obtains the 

maximal number of transition times between minimal and 

maximal radiuses of Universe: 

30 264 991max universe( n ) , .=            (23) 

From the previous analysis one can conclude that the ratio 

of the maximal transition times for the Universe and proton is 

constant and is equal to unity. Numerically it is close to unity: 
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Thus, the maximal number of the quantum transition times 

from the minimal to the maximal radiuses of the related mass 

is the same for all quantity of masses. But, the quantity of the 

one quantum transition time for the proton is some parts of the 

seconds, while for the Universe it is close to 14 billion years. 

Now, using (1) we can calculate maximal length of the 

Universe at the maximal gravitational radius: 
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The minimal expansion time of Universe from minimal to 

the maximal radius (for the expansion velocity equal to the 

speed of light) is: 
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9422 151 136168 10min .exp .univ maxt n , . years.ψ ψτ → ⊥= = ⋅  (26) 

Since the expansion velocity is less than the speed of light, 

the expansion time of Universe is greater of tmin.exp in (26). 

The minimal expansion time of proton from minimal to the 

maximal radius (for the expansion velocity equal to the speed 

of light) is: 

581 253992 10min .exp .prot. maxt n . sec .ψ ψτ →
−

⊥= = ⋅     (27) 

This is extremally small expansion time of proton that can 

be neglected in quantum calculation. Further, this is in 

accordance with recently observation [34] where the scientists 

were revealing nano big bang with the first millisecond of 

crystal formation. 

Now, we are interested about maximal radial velocity in a 

gravitational field. In that sense, one can start from the relations 

of radial velocity and acceleration in gravitational field [29]: 
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As we know, the maximal radial expansion velocity in 

gravitational field is at point where the radial acceleration is 

equal to zero. Including this condition into (28) and taking κ
from (4), one obtains the following result: 
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Previous condition is occurred at the point where the 

gravitational radius is close to twice of the minimal radius 

(rc≅2rmin). 

5. Conclusion 

Here quantization of a gravitational field is based on the 

multiplication of the minimal gravitational length (twice of 

minimal radius). The calculation of the minimum time 

transition between two quantum state for the proton gives 

0.413466×10
-62

 seconds. On the other hand, the minimal 

expansion time from minimal to maximal radius of proton is 

equal to 1.253992×10
-58

 sec. This is in accordance with 

recently observation, revealing nano big bang: the first 

millisecond of crystal formation. For the comparison, the 

calculation of the minimum time transition between two 

quantum state for Universe is 13.948503×10
9
 years. The 

minimal expansion time from minimal to maximal radius of 

Universe is equal to 422,151.136168×10
9
 years. Previous 

calculation is based on the velocity equal to the speed of light. 

But the real transition velocity is less than the speed of light. 

Therefore, the real transition and expansion times are greater 

compare to the previous calculation. Following the previous 

results, one can understand why the quantum approach has 

only sense for the small mases i.e. particles. This article is 

based on new Relativistic Alpha Field Theory (RAFT). This 

theory predicts that there exist minimal and maximal 

gravitational radius in a gravitational field. Thus, no 

singularity at the minimal gravitational radius and no infinity 

at the maximal gravitational radius. This is consequence of 

existence of the energy conservation constant that here is 

calculated for obtaining a numerical amount. 
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