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Abstract— In this paper we calculate leptons AMM, 

present some Planck type constants and discuss 

the running spacetime measurement. It is shown 

that the difference between 𝜶𝝁
𝒆𝒙𝒑

− 𝜶𝝁
𝑺𝑴 is 

explained by means of the nonlocal theory 

and existence of the photino. We establish 

exact values of the characteristic lengths 

𝒍𝒏𝒐𝒏 = 𝟏. 𝟗𝟑 × 𝟏𝟎−𝟏𝟓 𝒎  and 𝒍𝒑𝒉𝒐𝒕𝒊𝒏𝒐 = 𝟏. 𝟐𝟖 ×

𝟏𝟎−𝟐𝟓𝒎 , respectively. 

Keywords Nonlocal QED, AMM of leptons, photino, 
the Planck type constants for the universe, 
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I.  THE NONLOCAL CONTRIBUTION TO THE LEPTONS 

ANOMALOUS MAGNETIC MOMENT (AMM) 

A. The nonlocal contribution to the leptons anomalous 

magnetic moment (AMM)  

 a.  Introduction 
 

It is well known that cornerstone of ultraviolet 
divergences in the local quantum electrodynamics 
(QED) is associated with singularity of the classical 
electrodynamics. Indeed by using the Yukawa 
corresponding principle Fourier transform of the 
Coulomb potential  𝑈𝐶(𝑟):  
 

𝐷(𝒑) =
1

𝒑2
=

1

𝑒
∫ 𝑑3𝑟𝑒𝑖𝒑𝒓 (

𝑒

4𝜋

1

𝑟
)                         (1) 

 
gives the photon propagator in the static limit in the 
momentum space. In the relativistic case it takes the 
form in x-space: 

𝐷𝜇𝜈(𝑥) =
𝑖

(2𝜋)4
𝑔𝜇𝜈 ∫ 𝑑4𝑝𝑒𝑖𝑝𝑥  

1

𝑝2 + 𝑖휀
,                     

 

𝑝2 = 𝑝0
2 − 𝒑𝟐                  (2) 

 

Here  𝑈𝐶(0) = ∞ and 𝐷𝜇𝜈(0) = ∞. as it should be. 

We know that with using this photon propagator 
excellent theory of QED was developed and its 
theoretical and experimental results for various 
physical quantities coincide with enormous accuracy. 

So that this is the best theory physicists have ever 
done. 
 
In previous paper [1] we have introduced more simple 
form of changing of the Coulomb potential 

       𝑈𝐶(𝑟) ⟹ 𝑈𝐶
𝑙 (𝑟) =

𝑒

4𝜋

1

√𝑟2 + 𝑙2
.                  (3) 

and obtained its corresponding nonlocal photon 
propagator  

𝐷𝜇𝜈
𝑙 (𝑥) =

𝑖

(2𝜋)4
𝑔𝜇𝜈 ∫ 𝑑4𝑝𝑒𝑖𝑝𝑥  

𝑉𝑙(−𝑝2𝑙2)

𝑝2 + 𝑖휀
,       (4) 

 

where formfactor 𝑉𝑙(−𝑝2𝑙2)  is given by the Mellin 
representation 

𝑉𝑙(−𝑝2𝑙2)

=
1

2𝑖
∫ 𝑑휂

𝑣(휂)

sin2 𝜋휂
[𝑙2(−𝑝2]1+𝜂 ,     (5)                

−𝛽−𝑖∞

−𝛽+𝑖∞

 

(1 < 𝛽 < 2), 

𝑣(휂) =
𝜋

41+𝜂

1

Γ(1 + 휂)Γ(2 + 휂)
.        (6) 

In the nonlocal theory: 

𝑈𝐶
𝑙 (0) =

𝑒

4𝜋

1

𝑙
 

and 

𝐷𝜇𝜈
𝑙 (0) = 𝑔𝜇𝜈

1

4𝜋2𝑙2
. 

 
b. Nonlocal quantum electrodynamics 

 
Lagrangian functions of the nonlocal quantum 
electrodynamics arisen from the modification of the 
Coulomb potential at small distances have similar 
structures as the local theory. 

𝐿(𝑥) = 𝑒: �̅�(𝑥)�̂�(𝑙, 𝑥)𝜓(𝑥): +𝑒(𝑍1

− 1): �̅�(𝑥)�̂�(𝑙, 𝑥)𝜓(𝑥): − 

−𝛿𝑚: �̅�(𝑥)𝜓(𝑥): +(𝑍2 − 1): �̅�(𝑥)(𝑖�̂� − 𝑚)𝜓(𝑥): − 

                             (𝑍3 − 1)
1

4
: 𝐹𝜇𝜈(𝑥)𝐹𝜇𝜈(𝑥):,              (7) 

where  

�̂�(𝑙, 𝑥) = 𝐴𝜇(𝑙, 𝑥)𝛾𝜇 ,          �̂� = 𝛾𝜇
𝜕

𝜕𝑥𝜇
 .    

Only in our case of the nonlocal theory, 
renormalization constants 𝑍1, 𝑍2, 𝑍3, 𝛿𝑚  are finite and 

moreover 𝑍1 = 𝑍2 due to the Ward - Takahashi 
identity. Here "chronological" pairing (or T - product) 
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of the fermionic field operators of electrons has the 
usual local form: 

𝑆(𝑥 − 𝑦) = ⟨0|𝑇[𝜓(𝑥)�̅�(𝑦)]|0⟩

=
1

(2𝜋)4

1

𝑖
∫ 𝑑4𝑝

𝑒−𝑖𝑝(𝑥−𝑦)

𝑚 − �̂� − 𝑖휀
,          (8) 

while "causal" function of the nonlocal electromagnetic 

field 𝐴𝜇(𝑙, 𝑥) in (7) takes the form due to the formula 

𝐷𝜇𝜈
𝑙 (𝑥 − 𝑦) = 𝑔𝜇𝜈𝐷𝑙(𝑥 − 𝑦)

= −
𝑔𝜇𝜈

(2𝜋)4𝑖
∫ 𝑑4𝑝𝑒−𝑖𝑝(𝑥−𝑦)

𝑉𝑙(−𝑝2𝑙2)

−𝑝2 − 𝑖휀
,    (9) 

where  𝑉𝑙(−𝑝2𝑙2) is given by formulas (4) and (5). 
 

c.  The Electron Self - Energy in NQED 
 

The complete electron propagator in NQED is given 
by the sum 

[−𝑖(2𝜋)−4𝑆′
𝑙(𝑝)]

= [−𝑖(2𝜋)−4𝑆(𝑝)]
+ [𝑖(2𝜋)−4𝑆(𝑝)][𝑖(2𝜋)4Σ𝑙(𝑝)] × 

× [−𝑖(2𝜋)−4𝑆(𝑝) + ⋯, 
where  

𝑆(𝑝) =
𝑚 + �̂�

𝑚2 − 𝑝2 − 𝑖휀
. 

The sum is trivial and gives 

𝑆′
𝑙(𝑝) = [𝑚 − �̂� − Σ𝑙 − 𝑖휀]−1. 

In lowest order there is a one-loop contribution to Σ𝑙, 
given in Fig.1: 

−𝑖: �̅�(𝑥)Σ𝑙(𝑥 − 𝑦)𝜓(𝑦):, 
where  

Σ𝑙(𝑥 − 𝑦) = −𝑖𝑒2𝛾𝜇𝑆(𝑥 − 𝑦)𝛾𝜇𝐷𝑙(𝑥 − 𝑦).             (10) 

Passing to the momentum representation and going to 
the Euclidean metric by using 𝑘0 → 𝑒𝑥𝑝(𝑖𝜋/2)𝑘4,  one 
gets 

Σ̃𝑙 =
𝑒2

(2𝜋)2
∫ 𝑑4𝑘𝐸

𝑉𝑙(𝑘𝐸
2𝑙2)

𝑘𝐸
2 𝛾𝜇

(𝐸) 𝑚 − �̂�𝐸 + �̂�𝐸

𝑚2 + (𝑝𝐸 − 𝑘𝐸)2
𝛾𝜇(𝐸). 

  
 
 

 
 
 
 

 
Fig. 1. Diagram of Self - energy of a electron in NQED 
 

Here 𝑝𝐸 = (−𝑖𝑝0, 𝒑), 𝛾(𝐸) = (−𝑖𝛾0, 𝜸) and 𝑘𝐸 = (𝑘4, 𝒌). 
Taking into account the Mellin representation (5) for 

the form factor 𝑉𝑙(𝑘𝐸
2𝑙2) and after some calculations, 

we have  

Σ̃𝑙(𝑝)

= −
𝑒2

8𝜋

1

2𝑖
∫ 𝑑휂

1

𝑠𝑖𝑛2 𝜋휂

𝑣(휂)(𝑚2𝑒2)1+𝜂

Γ(2 + 휂)
 𝐹(휂, 𝑝)  (11)   

−𝛽−𝑖∞

−𝛽+𝑖∞

 

where  

𝐹(휂, 𝑝) =
1

Γ(−휂)
∫ 𝑑𝑢 (

1 − 𝑢

𝑢
)

1+𝜂
1

0

(1 −
𝑝2

𝑚2
)

1+𝜂

(2𝑚

− �̂�𝑚)               (12) 
 

is a regular function in the half-plane 𝑅𝑒 휂 > −2. 
Assuming the value 𝑚2𝑙2 to be small, one can obtain 
(after calculation of residues at the points 휂 = −1,0) 

Σ̃𝑙(𝑝) =
𝑒2

8𝜋2
∫ 𝑑𝑢(2𝑚 − �̂�𝑢) ln (1 −

𝑝2

𝑚2
) +

1

0

 

+
𝑒2

8𝜋2
{(ln

𝑚2𝑙2

4
) (2𝑚 −

1

2
�̂�) + �̂� (

1

2
+ 𝜓(1))

− 4𝑚𝜓(1)} + 

𝑚𝑒2

32𝜋2
(𝑚2𝑙2)[𝑙𝑛2 (

𝑚2𝑙2

4
) − (ln

𝑚2𝑙2

4
) (3 + 4𝜓(1)) + 

 

+4𝜓(1)(1 + 𝜓(1)) + 2 −
1

3
𝜋2],                              (13) 

where 𝜓(1) = −𝐶;  𝐶 = 0.57721566490 …  is the 
Euler number. 
 

d. Vertex Function and Anomalous Magnetic 
Moment of Leptons in NQED 

 
Let us consider Feynman diagram shown in Figure 

2. The following matrix element corresponds to this 
diagram: 

𝑖𝑒: �̅�(𝑥)Γ𝜇
𝑙(𝑥, 𝑧/𝑦)𝜓(𝑧)𝐴𝜇(𝑦):.                              (14) 

 
 
 
 
 
 
 
 
 

 
Fig. 2. Vertex function in NQED 

 
Analogously, in the momentum space and in the 
Euclidean metric, the vertex function takes the form 

Γ̃𝜇
𝑙(𝑝1, 𝑝) = −

𝑒2

(2𝜋)4
∫ 𝑑4𝑘𝐸

𝑉𝑙((𝑝𝐸 − 𝑘𝐸)2𝑙2)

(𝑝𝐸 − 𝑘𝐸)2
𝛾𝜈 × 

                                     

×
𝑚 − �̂�𝐸 − �̂�𝐸

𝑚2 + (𝑘𝐸 + 𝑝𝐸)2
𝛾𝜇

𝑚 − �̂�𝐸

𝑚2 + 𝑘𝐸
2 𝛾𝜈.                           (15) 

Again passing to the Minkowski metric and using the 
generalized Feynman parameterization formula  

1

𝑎𝑛1𝑏𝑛2

=
Γ(𝑛1 + 𝑛2)

Γ(𝑛1)Γ(𝑛2)
∫ 𝑑𝑥𝑥𝑛1−1(−𝑥)𝑛2−1

1

[𝑎𝑥 + 𝑏(1 − 𝑥)]𝑛1+𝑛2
   

1

0

 

one gets 

Γ̃𝜇
𝑙(𝑝1; 𝑝)

= −
𝑒2

8𝜋

1

2𝑖
∫ 𝑑휂

𝜐(𝑛)

𝑠𝑖𝑛2 𝜋휂

(𝑚2𝑙2)1+𝜂

Γ(2 + 휂)
 𝐹𝜇(휂; 𝑝1, 𝑝),   (16)   

−𝛽−𝑖∞

−𝛽+𝑖∞

 

where  

𝐹𝜇(휂; 𝑝1, 𝑝) = 𝛾𝜇𝐹1(휂; 𝑝1, 𝑝) + 𝐹2(휂; 𝑝1, 𝑝). 

Here 
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𝐹1(휂; 𝑝1, 𝑝) =
1

Γ(−휂)
∫ ∫ ∫ 𝑑𝛼𝑑𝛽𝑑𝛾𝛿(1 − 𝛼 − 𝛽

1

0

1

0

1

0

− 𝛾)𝛼−1−𝜂𝑄1+𝜂 , 

𝐹2(휂; 𝑝1, 𝑝) =
1

Γ(−1 − 휂)
∫ ∫ ∫ 𝑑𝛼𝑑𝛽𝑑𝛾𝛿(1 − 𝛼 − 𝛽

1

0

1

0

1

0

− 𝛾)𝛼−1−𝜂𝑄𝜂 × 

×
1

𝑚2
[𝑚2𝛾𝜇 − 2𝑚𝑞𝜇 + 4𝑚(𝛽𝑞𝜇 − 𝛼𝑝𝜇) + (𝛼�̂� − 𝛽�̂�)𝛾𝜇�̂�

+ 
              +(𝛼�̂� − 𝛽�̂�)𝛾𝜇(𝛼�̂� − 𝛽�̂�)],                      (17) 

𝑄 = 𝛽 + 𝛾 − 𝛼𝛾
𝑝2

𝑚2
− 𝛽𝛾

𝑞2

𝑚2
− 𝛼𝛽

(𝑝 + 𝑞)2

𝑚2
.       (18) 

 
Let us calculate the vertex function (16) for two cases: 

first, when 𝑞 = 0 and 𝑝 has an arbitrary value; second, 
when 𝑞 is an arbitrary quantity and 𝑝; 𝑝1 are situated 
on the 𝑚-mass shell. In the first case, assuming 𝑞 = 0 
in the formula (17) and after some standard 
calculations, one gets 
 

𝐹𝜇(휂; 𝑝1, 𝑝) =  
1

Γ(−휂)
∫ 𝑑𝑢 (

1 − 𝑢

𝑢
)

1+𝜂
1

0

(1 − 𝑢
𝑝2

𝑚2
)

1+𝜂

×

× [𝑢𝛾𝜇 +
2(1 + 휂)𝑢𝑝𝜇(2𝑚 − 𝑢�̂�)

𝑚2 − 𝑢𝑝2
] .                         (19) 

     

 
Comparing this formula with the expression (12) for 
the self - energy of the electron, it is easily seen that 

𝐹𝜇(휂; 𝑝1, 𝑝) = −
𝜕

𝜕𝑝𝜇
𝐹(휂; 𝑝)                                 (20) 

From this identity, we can obtain a very important 
conclusion. In nonlocal QED constructed by using the 
modification of the Coulomb potential, the Ward - 
Takahashi identity is valid: 

Γ̃𝜇
𝑙(𝑝, 𝑝) = −

𝜕

𝜕𝑝𝜇
Σ̃𝑙(𝑝).                                  (21) 

In the second case, one can put 

�̅�(𝒑1)�̃�𝜇
𝑙(𝑝1, 𝑝)𝑢(𝒑) = �̅�(𝒑1)Λ𝜇(𝑞)𝑢(𝒑),          (22) 

 
where 𝑢(𝒑1)  and 𝑢(𝒑)  are solutions of the Dirac 
equation 

(�̂� − 𝑚)𝑢(𝒑) = 0,        �̅�(𝒑1)(�̂�1 + 𝑚) = 0. 
Substituting the vertex function (16) into (22) and 
after some transformations, we have 

          �̅�(𝒑1)𝐹𝜇(휂; 𝑝1, 𝑝)𝑢(𝒑)

= 𝑢(𝒑1)Λ𝜇(휂; 𝑞)𝑢(𝒑).                 (23) 

Here  

Λ𝜇(휂; 𝑞) = 𝛾𝜇𝑓1(휂; 𝑞2) +
𝑖

2𝑚
𝜎𝜇𝜈𝑞𝜈𝑓2(휂; 𝑞2), 

𝜎𝜇𝜈 =
1

2𝑖
(𝛾𝜇𝛾𝜈 − 𝛾𝜈𝛾𝜇), 

𝑓𝑖(휂; 𝑞2) = 

1

Γ(−휂)
∫ ∫ ∫ 𝑑𝛼𝑑𝛽𝑑𝛾𝛿(1 − 𝛼 − 𝛽 − 𝛾 )  𝛼1−𝜂𝐿𝜂  

1

0

1

0

1

0

× 𝑔𝑗(𝛼, 𝛽, 𝛾, 𝑞2),   𝑗 = 1,2, 

 

𝐿 = 휀𝛼 + (1 − 𝛼)2 − 𝛽𝛾
𝑞2

𝑚2
,                  (24) 

𝑔1(𝛼, 𝛽, 𝛾, 𝑞2) = (1 − 𝛼)2(−휂) + 2𝛼(1 + 휂)

−
𝑞2

𝑚2
[𝛽𝛾

+ (1 + 휂)(𝛼 + 𝛽)(𝛼 + 𝛾)], 
𝑔2(𝛼, 𝛽, 𝛾, 𝑞2) = 2𝛼(1 − 𝛼)(1 + 휂). 

 
To avoid infrared divergences in the vertex function 

we have introduced here the parameter 휀 =
𝑚𝑝ℎ

2

𝑚2 , 

taking into account the "mass" of the photon. 
Finally, one gets 

Λ𝜇(𝑞) = 𝛾𝜇𝐹1(𝑞2) +
𝑖

2𝑚
𝜎𝜇𝜈𝑞𝜈𝐹2(𝑞2),        (25) 

where 

𝐹𝑖(𝑞2)

=
𝑒2

8𝜋

1

2𝑖
∫ 𝑑휂

𝑣(휂)

𝑠𝑖𝑛2𝜋휂

(𝑚2𝑙2)1+𝜂

Γ(2 + 휂)
𝑓𝑖(휂; 𝑞2)

−𝛽−𝑖∞

−𝛽+𝑖∞

.       (26) 

It is easy to verify that the vertex function Λ𝜇(𝑞) 

satisfies the gauge invariant condition: 

𝑞𝜇�̅�(𝑝1)Λ𝜇(𝑞)𝑢(𝑝) = 0.                                    (27) 

Let us write the first terms of the decomposition for 

the functions 𝐹1(𝑞2)   and 𝐹2(𝑞2) over small 

parameters 𝑚2𝑙2 and 𝑞2/𝑚2: 

𝐹2(𝑞2) = −
𝛼

2𝜋
[1 +

𝑚2𝑙2

6
(ln

𝑚2𝑙2

4
− 2𝜓(1) +

1

6
)]

+ 𝑂 (
𝑞2

𝑚2
),         (28) 

𝐹1(𝑞2) = −
𝛼

4𝜋
{3 [ln

𝑚2𝑙2

4
− 2𝜓(1) −

3

2
] + 

           +𝑚2𝑙2 [ln
𝑚2𝑙2

4
− 2𝜓(1) −

1

3
]}

+ 𝑂 (
𝑞2

𝑚2
).                           (29) 

From this first formula we can see that corrections to 
the anomalous magnetic moment (AMM) for leptons 
are given by 

Δ𝜇 =
𝛼

2𝜋
[1 +

𝑚2𝑙2

6
(ln

𝑚2𝑙2

4
+

1

6

− 2𝜓(1))].     (30) 

We seen that the first term in (30) is exactly famous 
Schwinger correction obtained in local QED. From 
errors of the experimental values of the AMM of the 
electron and muon [2-5] 

Δ𝜇𝑒𝑥𝑝
(𝑒)

=
𝜇𝑒

𝜇𝐵
− 1 =

1

2
(𝑞 − 2) 

= (1159652180.73(0.28)) ∙ 10−12           (31) 

and  

Δ𝜇𝑒𝑥𝑝
(𝜇)

=
𝜇𝜇

(𝑒ℏ/2𝑚𝜇)
− 1 =

1

2
(𝑔𝜇 − 2)

= (116592089(63)) ∙ 10−11,   (32) 

 
one gets the following restriction on the value of the 
universal parameter (or the fundamental length) 𝑙: 
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𝑙 ≤ 4 ∙ 10−13𝑚 𝑓𝑜𝑟  ∆𝜇𝑒𝑥𝑝
(𝑒)

,                (33) 

𝑙 ≤ 2 ∙ 10−15𝑚 𝑓𝑜𝑟  ∆𝜇𝑒𝑥𝑝
(𝜇)

.                   (34) 

Next by using very high accuracy experiments [6] and 
standard model (SM) calculations [7] one gets 
nonlocal contribution to the difference: 

𝑎𝜇
𝑒𝑥𝑝

− 𝑎𝜇
𝑆𝑀 = (25.1 ± 5.9)10−10 

=
𝛼

2𝜋

𝑚𝜇
2𝑙2

6
(𝑙𝑛

𝑚𝜇
2𝑙2

4
+

1

6
− 2𝜓(1))   (35) 

This gives transcendental equation for characteristic 
length 𝑙: 

𝑥𝑙𝑛𝑥 = 12.5𝑥10−6, 
where 

𝑥 ≅ 1 = 0.9369𝑚𝜇
2𝑙2. 

Solution of this equation gives 

𝑙𝑛𝑜𝑛 = 1.0331
1

𝑚𝜇
= 1.93𝑥10−15𝑚 

exactly. 
 

e. Conclusions 
 

Muon does not point like particle and has some 

innermost structure like ball with radius 𝑙𝜇 .  In other 

words, the local theory associated with the Coulomb 

potential is valid until at distance 𝑙 = 1.93𝑥10−15𝑚~ℏ/
𝑚𝜇𝑐.  Therefore, disagreement between theoretical 

calculations and experimental data for the muon AMM 
maybe solved within the nonlocal theory.   

II. PLANCK TYPE CONSTANTS AND BEHAVIOUR OF 

RUNNING SPACETIME MEASUREMENT  

A. Introduction 

We know that physical fundamental constants 
like the velocity of light c, the Newtonian constant G, 
the Planck constant ℏ  and etc. play a vital role in 
science, technology and society. By using these 
constants units of measurement for different physical 
process and phenomena are established very high 
accuracy. In this paper we would to construct the 
Planck type fundamental constants arisen from 
cosmology and high-dimensional spacetime. Also we 
discuss some an usual way to spacetime 
measurement process.  

B. Planck type constants in cosmology 

Long time ago Planck introduced the 
fundamental length (now named his name) 

𝐿𝑃𝑙 = √
ℏ𝐺

𝑐3
=  1.616228 × 10−35 𝑚 

by using the velocity of light c, the Newtonian 
constant G and Planck’s constant ℏ . It seems that 
now this length plays a vital role in quantum 
gravitational theory. Aim of this paper is to get other 
possible fundamental constants.   

Notice that the Einstein formula  

𝐸𝑈 = 𝑀𝑈 ⋅ 𝑐2                                (36) 
is closed by a new formula: 

𝑀𝑈 =
𝑐2

𝐺
𝑅𝑈 =

𝑐3

𝐺
𝑇𝑈 ,                          (37) 

where c and G are the velocity of light and the Newton 
constant. Here  

𝑇𝑈  = (13.787 ± 0.020) × 109 𝑦𝑒𝑎𝑟𝑠              (38) 
 age of the universe and  

𝑅𝑈 = 𝑐 𝑇𝑈 = 1.3  × 1026 𝑚                   (39) 
is the radius of a sphere which includes the whole 
universe with mass 𝑀𝑈. Then mass of the universe is  

𝑀𝑈 = 1.755  × 1053 𝑘𝑔 ,                           (40) 
and its potential energy is  

𝐸𝑈 = 𝑀𝑈 ⋅ 𝑐2 = 3.8  × 1066 𝑘𝑖𝑙𝑜 𝑐𝑎𝑙𝑜𝑟𝑖𝑒 .                   (41) 
It is assumed that this new formula for the universe 
mass is arisen from the Einstein equation with the 

Schwarzschild radius 𝑟𝑠𝑐ℎ  =  2𝑅𝑈. It means that whole 
our universe maybe black hole with the radius 

𝑟ℎ𝑜𝑙𝑒   =  2𝑅𝑈 .  Finally, numerical observable mass of 
the universe is  

(𝑀𝑈)𝑜𝑏𝑠𝑒𝑟 ∼ 1.5  × 1053 𝑘𝑔                             (42) 
coinciding with the above value. Other modest and 
naïve assumption is that the equation of motion of the 
whole Galaxies accelerating moving apart from each 
other in the Universe reduced at arbitrary points of 
space in any directions in the sky is given by the 
following formula  

𝐹𝑈

=  𝑀𝑈 𝑎𝑈                            (43) 

where force 𝐹𝑈 and acceleration 𝑎𝑈 are  

𝐹𝑈 =  
𝑐4

𝐺
= 1.21 × 1044𝑁,

     𝑎𝑈 =
𝑐

𝑇𝑈

= 6.89 × 10−10 
𝑚

sec2
              (44)

 

 
This drift force 𝐹𝑈  maybe arisen from the Big Bang 
process and played a vital role in the phenomenon of 
inertia. Moreover, we call this driven force  𝐹𝑈 vacuum 
force which is responsible for expanding universe. 
 

C.  Modification of the Newtonian and Coulomb laws 
in high-dimensional spacetime 

 
It turns out that the Newtonian potential and its 
corresponding force between two bodies with masses 
𝑀1  and 𝑀2  depend on number of spacetime 
dimensions D: 

𝑈𝐷
𝑁(𝑟𝐷) = −𝐺 ∙ 𝐴𝐷−4

𝑀1

𝑟𝐷
𝐷−3,  

�⃗�𝐷
𝑁(𝑟𝐷) = 𝐺𝐴𝐷−4  

𝑀1 ∙ 𝑀2

𝑟𝐷
𝐷−2 �⃗⃗�  

Here point of view of dimensional argument and 
conserving invariant form of these two formulas there 
exists one unique universal parameter named the 
Planck length. Thus, summation of all contributions to 
the Newtonian potential due to any spacetime 
dimensions is given by the formula: 

𝑈𝑓𝑢𝑙𝑙
𝑁  (𝑟) = −

𝐺

4𝜋

1

𝑟
∑ (

𝐿𝑃𝑙

𝑟
)

𝑛

=  −
𝐺

4𝜋

1

𝑟

1

1 − 𝐿𝑃𝑙/𝑟

∞

𝑛=0

= −
𝐺

4𝜋

1

𝑟 − 𝐿𝑃𝑙
 

From this formula, we see that singularity of the 
Newtonian potential at the point r=0 is changed to the 
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point 𝑟 = 𝐿𝑃𝑙  and therefore after Planck area the 
attractive nature of the Newtonian law becomes 
repulsive one. From this potential form we conclude 
remarkable assumption that the black hole singularity 
arising from the Schwarzschild solution of the Einstein 
equation is disappeared at the distance r=0.   

Here the spacetime interval 𝑑𝑠2 takes the form  

𝑑𝑠2 = (𝑐2 −
2𝐺𝑚

𝑟 − 𝐿𝑃𝑙
) 𝑑𝑡2 − 𝑟2(sin2 휃𝑑𝜑2 + 𝑑휃2)

−
𝑑𝑟2

1 −
2𝐺𝑚

𝑐2(𝑟 − 𝐿𝑃𝑙)

 

Notice that similar situations are valid for the Coulomb 
law due to any dimensional spacetime and its 
potential form takes the form 

𝑈𝑓𝑢𝑙𝑙
𝐶  (𝑟) =

𝑒

4𝜋

1

𝑟
∑ (

𝐿𝑃𝑙

𝑟
)

𝑛

=  
𝑒

4𝜋

1

𝑟 − 𝐿𝑃𝑙
              

∞

𝑛=0

 

We also propose an empirical formula  

𝐹𝑃𝑁 =  
𝐺ℏ

𝑐

𝑀

𝑟3
                         (45) 

and call it a Planck-Newtonian force.  
For ten (the string theory) and eleven (M theory) 
dimensions instead of the formula (45) we have  

𝐹𝑠𝑡 =  
𝐺5ℏ2

𝑐10

𝑀4

𝑟8
 

and  

𝐹𝑀𝑡 =  
𝐺6ℏ2

𝑐12

𝑀5

𝑟9
 

respectively. True nature of these forces do not 
depend on number of spacetime dimensions and 
therefore  

𝐹𝑠𝑡 = 𝐹𝑀𝑡 
from which one gets remarkable relation (37) where 

𝑟 = 𝑅𝑈. 
 

D. Behaviour of the running spacetime measurement 
process 

 
Second remark is concering to our spacetime 
measurement process. If we assume that spacetime 
is initiated from Big Bang process than our 
measurement of time and space is given by the 
following equivalent series: 

𝑇1 = 1 + 1 + 1 + ⋯
𝑜𝑟
𝑇 2

= 1 + 2 + 3 + ⋯
} 𝑦𝑒𝑎𝑟𝑠

= (13.787 ± 0.020) × 109𝑦𝑒𝑎𝑟𝑠)  
+ ⋯                                             (46) 

and  
𝑆1 = 1 + 1 + 1 + ⋯

𝑜𝑟
𝑆 2

= 1 + 2 + 3 + ⋯
} 𝑚𝑒𝑡𝑒𝑟𝑠

= 1.3 × 1026 𝑚 + ⋯                  (47) 
These series do not depend on the choice of 
measurement units like second, minute, clock, year, 
cantimeter, meter and kilometer and so on and only 
one can required that units will be homogeneous one 
in series (46) and (47). 
Here we choose years and meters as a units of time 
and space.  The following question is arisen: 

these two equivalent series are finite or infinite in the 
future. For answer, we use the Riemann zeta function  

휁(𝑠) =  ∑
1

𝑛𝑠

∞

𝑛=1

                       𝑅𝑒 𝑠 > 0.               (48) 

Let us consider analytic continuation of the zeta 
function.  
Consider the definition of the gamma function 

Γ(𝑠) =  ∫ 𝑑𝑡 𝑒−𝑡 𝑡𝑠−1 .
∞

0
 Let  𝑡 → 𝑛𝑡  in this integral, and 

use the resulting equation to prove that [8]: 

Γ(𝑠)휁(𝑠) = ∫ 𝑑𝑡
𝑡𝑠−1

𝑒𝑡 − 1
,       𝑅𝑒 (𝑠) > 1.              (49) 

∞

0

  

Further, using the expansion   
1

𝑒𝑡 − 1
=

1

𝑡
−

1

2
+

𝑡

12
+ Ο(𝑡2).                    (50) 

One gets 

Γ(𝑠)휁(𝑠) = ∫ 𝑑𝑡 𝑡𝑠−1 (
1

𝑒𝑡 − 1
−

1

𝑡
+

1

2
−

𝑡

12
) +

1

𝑠 − 1

1

0

−
1

2𝑠
+

1

12(𝑠 + 1)
+ ∫ 𝑑𝑡

𝑡𝑠−1

𝑒𝑡 − 1
 .

∞

1

 (51)   

For  𝑅𝑒 (𝑠) > 0 we have  

Γ(𝑧) = ∫ 𝑑𝑡 𝑡𝑧−1 (𝑒−𝑡 − ∑
(−𝑡)𝑛

𝑛!

𝑁

𝑛=0

) + ∑
(−1)𝑛

𝑛!

𝑁

𝑛=0

1

𝑧 + 𝑛

1

0

+ ∫ 𝑑𝑡 𝑒−𝑡𝑡𝑧−1 .

∞

1

       (52) 

Thus, this pole structure of Γ(𝑠) gives  

𝑆1 = 𝑇1 =  휁(0) =  −
1

2
                         (53) 

and  

𝑆2 = 𝑇2 =  휁(−1) =  −
1

12
                     (54) 

These two remarkable properties prove that if 
spacetime has the beginning then it exactly is finite in 
the future:  

𝑆𝑓𝑖𝑛𝑖𝑡𝑒 = 𝑇𝑓𝑖𝑛𝑖𝑡𝑒

= ∑ {
1 + 1 + 1 + ⋯
1 + 2 + 3 + ⋯

} (
𝑚𝑒𝑡𝑒𝑟𝑠
𝑦𝑒𝑎𝑟𝑠 )

𝑁

𝑛=1

      (55)      

 

E. Conclusions 

It turs out that these series are finite in any units of 

spacetime measurement, where 𝑁 is a very enormous 
large finite number. This mathematical proof means 
that time may be shut down in very far future and 
therefore our expanding universe steps down slowly. 
 

III. PHOTINO CONTRIBUTION TO THE MUON 

ANOMALOUS MAGNETIC MOMENT (AMM)  

A. Introduction 

Recently disagreement between analytic calculations 
and experimental data for the anamolous magnetic 
moment of the muon gives rise many problems and 
even more one says beyondscope of the standard 
model. It turns out that this problem is solved 
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elementarily using concept of a nonlocal or extended 
object with a size or characteristic length l. In previous 
paper [9], we have used the Yukawa corresponding 
principle for an extended charge of rigid string like 
stick (dipole see Figure 3) with the following potential 
form 

𝑉(𝑟) =
1

4𝜋휀0

1

𝑟
(1 +

2𝑙

𝑟
),    휀0 = 1      (56)                    

and obtained propagator 

𝐷𝜇𝜈
𝑙 (𝑥) =

−𝑖

(2𝜋)4
𝑔𝜇𝜈 ∫ 𝑑4𝑝𝑒𝑖𝑝𝑥 [

1

𝑝2 − 𝑖휀

+ 𝜋𝑙 
√𝑝2 − 𝑖휀

𝑝2 − 𝑖휀
],         (57) 

which consists photon and photino propagators. 
It was easily to construct nonlocal theory and 
calculate its primitive Feynman diagrams. 

 
 
Fig. 3. One dimensional extended charge configuration 
consisting of three charges with different signs (two plus 
charges and one minus charge and vice versa.) 

 
The interaction Lagrangian and its S-matrix are 
constructed by using usual formulas [for detail, see 
[9]]: 

𝐿𝑖𝑛 = 𝑖𝑒�̅�(𝑥) 𝛾𝜇𝐴𝜇(𝑥) 𝜓(𝑥) 

and 

𝑆 = 𝑇 exp{𝑖 ∫ 𝑑4𝑥 𝐿𝑖𝑛 𝑥} 

Here  

⟨0|T {Aμ(x)Aν (y)}|0⟩  =  Dμν (x −  y)         (58) 

is the Green or causal function of photon and photino 
together which is given by formula (57) and 

⟨0|T {�̅�(x)𝜓(𝑦)}|0⟩  =  S (x −  y)       (59) 

is the usual spinor propagator.  
 
Further, by using the perturbation theory one can 
calculate S- matrix elements up to any order of the 

fine structure constant 𝛼 = 𝑒2/4𝜋. Here we calculate 
some primative Feynman diagrams with using 
propagators (58) and (59). 

B. Vacuum polarization 

  Since in our scheme the spinor propagator (59) does 
not changed and therefore the diagrams of the 
vacuum polarization i.e., closed spinor propagators of 
leptons in the nonlocal QED are studied by the same 
way as in the local theory  

 
Fig. 4. The one loop diagram for the vacuum polarization in 

the nonlocal QED arisen from an extended charge 

C.  Electron self-energy in the nonlocal QED 

The matrix element of an one-loop contribution to Σ𝑙 is 
given by formula (Figure 5) 

: �̅�(𝑥)Σ𝑙(𝑥 − 𝑦)𝜓(𝑦):  
where 

Σ𝑙(𝑥 − 𝑦) = − − 𝑖𝑒2𝐷𝑙(𝑥 − 𝑦)𝜸𝝁𝑆(𝑥 − 𝑦)𝛾𝜇 

 

Fig. 5. The one loop diagram for the electron self-energy 
function in NQED. 

 
In the momentum space takes the form 

Σ𝑙(𝑞) =  
𝑖𝑒2

(2𝜋)4
∫ 𝑑4𝑝 [

1

𝑝2 − 𝑖휀
+ 

𝜋𝑙

√𝑝2 − 𝑖휀
]

× [
𝛾𝜌(−𝑖�̂� + 𝑖�̂� + 𝑚)𝛾𝜌

(𝑞 − 𝑝)2 + 𝑚2 − 𝑖휀
],         (60) 

Next we go to the Wick rotation and using the d-
dimensional regularization procedure we obtain 

Σ𝑙(𝑞) =  
𝑒𝜋

𝑑
2Γ2(𝑑/2)

(2𝜋)4
∫ 𝑑𝑥

1

0

 [−𝑖(2 − 𝑑)(1 − 𝑥)�̂� + 𝑚𝑑]

× {Γ (2 −
𝑑

2
) [𝑞2𝑥(1 − 𝑥) + 𝑚2𝑥]

𝑑
2

−2      (61)

+
𝜋𝑙

2

Γ (
3
2

−
𝑑
2

)

Γ (
3
2

) √1 − 𝑥
[𝑞2𝑥(1 − 𝑥) + 𝑚2𝑥]

𝑑
2

−
3
2} = Σ𝑙𝑜𝑐𝑎𝑙(𝑞) + Σ′𝑙(𝑞)             (61)

 

 
Here 

Σ𝑙𝑜𝑐𝑎𝑙(𝑞) =  −
2𝑒2𝜋2

(2𝜋)4
∫ 𝑑𝑥

1

0

 {2
1 − 𝑥2

𝑥
(𝑖�̂� + 𝑚)

+ (𝑖�̂�(1 − 𝑥)

+ 2𝑚) ln
𝑚2𝑥2

𝑞2𝑥(1 − 𝑥) + 𝑚2𝑥
}       (62)   

And  

Σ′𝑙(𝑞) = −
2𝑒2𝜋2

(2𝜋)4
∫ 𝑑𝑥

1

0

(𝑖𝑞 ̂(1 − 𝑥) + 2𝑚)(−2𝜋𝑙)

×  
1

√𝑥(1 − 𝑥)

1

√𝑞2(1 − 𝑥) + 𝑚2
      (63)  

 
Now we use the integral 
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∫ 𝑥𝜆−1(1 − 𝑥)𝜇−1 (1 − 𝛽𝑥)−𝜈𝑑𝑥

1

0

= 𝐵(𝜆, 𝜇)2𝐹1(𝜈, 𝜆; 𝜆 + 𝜇; 𝛽) 

and obtain the hypergeometric form of Σ′𝑙(𝑞): 

Σ′𝑙(𝑞) =
𝑒2𝑙

2
 

1

√𝑚2 + 𝑞2
[

𝑖

4
�̂�2𝐹1 (

1

2
,
1

2
; 2; 𝛽)

+ 𝑚2𝐹1 (
1

2
,
1

2
; 1; 𝛽)]         (64)  

 
where 

𝛽 =
𝑞2

𝑚2 + 𝑞2
,            𝑞2 ≠ −𝑚2 

 

D. Anomalous magnetic moments of the leptons 

 
In the nonlocal QED, one-loop graph (Figure 6) gives 
the following matrix element 

Γ𝑙
𝜇(𝑝′, 𝑝)

= ∫ 𝑑4𝑘[𝑒𝛾𝜌(2𝜋)4] [
−𝑖

(2𝜋)4

−𝑖(�̂�′ − �̂�) + 𝑚

(𝑝′ − 𝑘)2 + 𝑚2 − 𝑖휀
]

× [𝛾𝜇[[
−𝑖

(2𝜋)4

−𝑖(�̂� − �̂�) + 𝑚

(𝑝 − 𝑘)2 + 𝑚2 − 𝑖휀
] [𝑒𝛾𝜌(2𝜋)4]

× [
−𝑖

(2𝜋)4
(

1

𝑘2 − 𝑖휀
+ 𝜋𝑙

1

√𝑘2 − 𝑖휀
)]       (65) 

 
 

Fig. 6. One-loop diagram for the (nonlocal) photons-lepton  
vertex function Γμ in NQED. 

 

General form of this vertex function is 

�̅�(𝑝′)Γ𝑙
μ(𝑝′, 𝑝)𝑢(𝑝)

= �̅�(𝑝′) [𝛾𝜇𝐹𝑙(𝑞2)

−
𝑖

2𝑚
(𝑝 + 𝑝′)𝜇𝐺𝑙(𝑞2)] 𝑢(𝑝)         (66) 

Here we have interested in second term 

𝐺𝑙(𝑞2) = 𝐺𝑙𝑜𝑐𝑎𝑙(𝑞2) + 𝐺1𝑙(𝑞2)             (67) 
where  

𝐺𝑙𝑜𝑐𝑎𝑙(𝑞2)

= −
𝑒2 𝑚2

4𝜋2
∫ 𝑑𝑥

1

0

∫ 𝑑𝑦
𝑥(1 − 𝑥)

𝑚2𝑥2 + 𝑞2𝑦(𝑥 − 𝑦)

𝑥

0

     (68) 

and  

𝐺1𝑙(𝑞2) = −
𝑒2 𝑚2

4𝜋2
𝑙 ∫ 𝑑𝑥

1

√1 − 𝑥

1

0

  

× ∫ 𝑑𝑦
𝑥(1 − 𝑥)

√𝑚2𝑥2 + 𝑞2𝑦(𝑥 − 𝑦)

𝑥

0

                        (69)          

Last two terms are finite and leading to AMM of 
leptons: 

𝜇𝑙 =
𝑒

2𝑚
[1 − 𝐺𝑙𝑜𝑐𝑎𝑙(0) − 𝐺1𝑙(0)]            (70) 

where  

−𝐺𝑙𝑜𝑐𝑎𝑙(0) =
𝛼

2𝜋
                  (71) 

−𝐺1𝑙(0) =
4

15
𝛼𝑙𝑚                  (72) 

The contribution (71) is the famous α/2π correction 
first obtained by Schwinger and the second term (72) 
is due to photino contribution to AMM of leptons. 
The present experimental values of the anomalous 
magnetic moment of the electron and muon (Carey 
et.al., 1999 [10], Particle Data Group,2002 [11]; 
Barger et.al.,2005 [12]; Yao, 2006 [13] are given by 
expressions  

Δ𝜇𝑒𝑥𝑝
(𝑒)

=
𝜇𝑒

𝜇𝐵
− 1 =

1

2
(𝑞 − 2)

= (1159652180.73(0.28)) ∙ 10−12      
and  

Δ𝜇𝑒𝑥𝑝
(𝜇)

=
𝜇𝜇

(𝑒ℏ/2𝑚𝜇)
− 1 =

1

2
(𝑔𝜇 − 2)

= (116592089(63)) ∙ 10−11, 

(see, for example, Heinemeyer et al., 2004 [14]). 
Using errors of these experimental data and the 
calculated photino contribution (72) one 
can establish the following restrictions on a scale of 
the characteristic length or size of the rigid string stick: 

𝑙 ≤ {
2.96 ∙ 10−27𝑚 𝑓𝑜𝑟  𝑒,

3.22 ∙ 10−26𝑚 𝑓𝑜𝑟  𝜇
                (73) 

Recent very high accuracy experimental result [6] for 
measuring the anomalous magnetic moment of muon 

𝑎𝜇(𝐹𝑁𝐴𝐿) = 11659055 (24)𝑥10−11 (0.20 𝑝𝑝𝑚) 

and 

𝑎𝜇(𝑒𝑥𝑝) = 11659059 (22)𝑥10−11 (0.19 𝑝𝑝𝑚) 

allows us to compare with Standart Model (SM) 
calculation [7] 

𝑎𝜇
𝑆𝑀(𝑡ℎ𝑒𝑜𝑟𝑦) = 116591810 (43)𝑥10−11. 

As a result difference of these two values is 

Δ = 𝑎𝜇
𝑒𝑥𝑝

− 𝑎𝜇
𝑆𝑀 = (25.1 ± 5.9)10−10. 

From the formula (72) we see that this difference is 
given by the following formula 

Δ =
4

15
𝜶𝑚𝜇𝑙. 

E. Conclusion  

Thus the characteristic length of the nonlocal theory 
with photino arisen from the extended electric charge 
is given by value 

𝑙𝑝ℎ𝑜𝑡 = 1.28𝑥10−25𝑚 

exactly. 
We notice that disagreement between theoretical 
calculations in SM and experimental data for the 
muon AMM can be easily solved in the framework of 
extended charge which radiates photon and photino 
simulatanuosly. 
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