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ABSTRACT 

 

We have studied the cross-section of the reaction of micro black holes 

(MBH) formation at Large Hadron Collider in this paper. We models for 

multiple production processes at high energies for the estimation: model of 

MBH formation, the simplest parton model and a parton model for superhigh 

energies. On the basis of such a models we have made the conclusion, that the 

threshold of MBH formation by proton collisions is by 35-36 decimal orders 

larger than the energy, that was reached today at the Large Hadron Collider 

(LHC) (14 TeV). It explains the absence of MBH observations at proton 

collisions at LHC.  

We have also studied MBH formation cross-section in collisions of 

protons with nuclei 𝑃𝑏 in this paper. On the basis of hydrodynamic model of 

hN-interaction it was shown, that the threshold energy of protons in a system of 

equal speeds (S - system) is of the order of 10
35

 TeV. That corresponds to the 

energy of the order of 10
74

 TeV at laboratory system (�⃗�𝑃𝑏 = 0). Such proton 

energy can not be reached at elementary particles accelerators. 

Possibly, a calculation of quantum effects will lead to a decrease of the 

threshold energy of MBH formation.   
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  INTRODUCTION 
 

The successes of quantum field theory [6-8, 12-13, 15-17, 19, 22-31] and 

the classical theory of gravity [1-2, 9-11, 14, 18] make it possible to carry out a 

comprehensive theoretical study of the properties of singularities in solutions of 

Einstein’s equations [1], which, in particular, are black holes [2, 20-21]. We 

have valued the cross-section of the reaction of micro black holes (MBH) 

formation at Large Hadron Collider in this paper. We used models of multiple 

production processes on high energies for estimation: evristic model of MBH 

formation, simplest parton model and parton model for superhigh  energies. On 

the basis of this models we have made the conclusion, that threshold of MBH 

formation by proton collisions is larger by 35-36 decimal orders than energy, 

that was reached today at Large Hadron Collider (LHC)  (14 𝑇𝑒𝑉). That 

explains the absence of MBH observations on proton collisions at LHC. 

 We have also valued MBH formation cross-section on proton with Pb 

nucleus collisions in this paper. On the basis of hN-interaction hydrodynamic 

model it was shown, that threshold energy of protons at the system of  equal 

speeds (S-system) is the value of 10
35

 𝑇𝑒𝑉 order. That corresponds to energy of 

10
74

 𝑇𝑒𝑉 order at laboratory system (𝑝𝑃𝑏 = 0). Such an energy of protons can 

not be reached at elementary particles accelerators.  

 

I. EVRISTIC MBH FORMATION MODEL 
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The processes of black holes formation at the LHC were investigated in         

[3-5] and other papers. In work [3], potentially dangerous events in collisions of 

heavy ions at the LHC were studied. The article [4] reviews the safety of particle 

collisions at the LHC. In work [5], the astrophysical consequences of 

hypothetical stable black holes of the TeV – scale were considered. The authors 

come to the conclusion about the safety of possible processes of black hole 

formation at the LHC. 

We shall consider reaction p+p→MBH. Radius of the sphere, where 

deconfainment realizes and virtual and real particles are formed by proton  

collisions at centre of inertia system, may be estimated by formula   

 

𝑟 = √
𝜎𝑡𝑜𝑡(𝑝𝑝)

𝜋
,                                                        (1) 

 

here 𝜎𝑡𝑜𝑡(𝑝𝑝) is total cross-section of pp-interaction. Contemporary 

experimental data testify, that value of 𝜎𝑡𝑜𝑡(𝑝𝑝) is constant at great interval of 

energies. When energy is very great, 𝜎𝑡𝑜𝑡(𝑝𝑝) increases slowly with energy 

𝐸𝑝𝑝 growth (𝐸𝑝𝑝 is full protons energy at centre of inertia system). 

If 

               𝑟 ≤ 𝑟𝑔 =
2𝐺𝑀

𝑐2
  (𝑀 =

𝐸𝑝𝑝

𝑐2
),                                            (2) 

 

then second particles don᾿t form on the outside of gravitational sphere [1-2], 

which is expected, and protons under collision come to gravitational sphere, 

which is expected,  without energy loss for radiation. In that case protons pass 

full their energy 𝐸𝑝𝑝 to the volume inside of sphere  𝑟𝑔. In that case MBH with 

gravitational sphere 𝑟𝑔 and with imaginary second particles inside of 

gravitational sphere is formed. This process is represented at picture 1.  
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Picture 1.  MBH formation by proton collisions, when 𝑟 ≤ 𝑟𝑔.  

From formulas (1) and (2) we have:  

 

𝐸𝑝𝑝
2 ≥

𝑐8𝜎𝑡𝑜𝑡(𝑝𝑝)

4𝜋𝐺2
 .                                                          (3) 

        

Values of  𝜎𝑡𝑜𝑡(𝑝𝑝)  are represented at table 1.  

 

Table 1.  Values of  𝜎𝑡𝑜𝑡(𝑝𝑝). 

𝑬𝒑𝒑, 𝑻𝒆𝑽 𝝈𝒕𝒐𝒕(𝒑𝒑), mb 

 

1,0 

7,0 

10,0 

60,0 

 

67 

95,35 

107 

144 (extrapolation) 

 

We approximate 𝜎𝑡𝑜𝑡(𝑝𝑝) by formula  

𝜎𝑡𝑜𝑡 (𝑝𝑝) = 𝑎0 + 𝑎1𝑙𝑔𝑥 + 𝑎2(𝑙𝑔𝑥)2,                                  (4) 

𝑥 =
𝐸𝑝𝑝

2𝑚𝑁𝑐2
 , 

here 

                      a0 = 77,3515 mb, 

  a1= –32,2941 mb,  

a2=10,4550 mb. 

 

On such an approximation inequality (3) admits a solution  

𝐸𝑝𝑝 ≥ 𝐸𝑝𝑝𝑡ℎ = 8,32 ∙ 1036  𝑇𝑒𝑉. 
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It is estimation of protons energy at centre of inertia system, when MBH begin 

to form. But protons energy at centre of inertia system, which was reached at 

LHC, is only 14 TeV. That explains the absence of MBH observations on proton 

collisions at LHC.  

If  𝑟 > 𝑟𝑔 =
2𝐺𝑀

𝑐2
(𝑀 =

𝐸𝑝𝑝

𝑐2
), then MBH don᾿t form.  It is illustrated by 

picture 2. Shaded domain with radius r is domain of virtual and real particles 

intensive formation. Real particles take away energy from shaded domain. So 

far as 𝑟 > 𝑟𝑔, then radiation of energy by share of shaded domain, which is 

disposed on the outside of expected gravitational sphere 𝑟𝑔, decreases initial 

energy of protons 𝐸𝑝𝑝 and only energy 𝐸𝑝𝑝1 < 𝐸𝑝𝑝 comes to sphere 𝑟𝑔. Energy 

𝐸𝑝𝑝1 is not enough for MBH formation with gravitational sphere 𝑟𝑔. Because of 

that we decrease radius of expected gravitational sphere to   𝑟1 =
2𝐺𝑀1

𝑐2 (𝑀1 =

𝐸𝑝𝑝1

𝑐2 ).  But share of shaded domain between spheres 𝑟𝑔1 and 𝑟𝑔 also radiates 

energy. Because of that only energy 𝐸𝑝𝑝2 < 𝐸𝑝𝑝1 comes to sphere 𝑟𝑔1. Energy 

𝐸𝑝𝑝2 is not enough for MBH formation with gravitational sphere 𝑟𝑔1, because of 

that we decrease radius of gravitational sphere of expected MBH to 𝑟𝑔2 =

2𝐺𝑀2

𝑐2 (𝑀2 =
𝐸𝑝𝑝2

𝑐2 ). But share of shaded domain between spheres  𝑟𝑔2 and 𝑟𝑔1 

also radiates energy. Because of that only energy 𝐸𝑝𝑝3 < 𝐸𝑝𝑝2 comes to sphere  

𝑟𝑔2. Energy 𝐸𝑝𝑝3 is not enough for MBH formation with gravitational                  

sphere 𝑟𝑔2, because of that we decrease radius of  gravitational sphere of 

expected MBH to 𝑟𝑔3 =
2𝐺𝑀3

𝑐2
(𝑀3 =

𝐸𝑝𝑝3

𝑐2
) and so on.  It will last like that until 

radius of gravitational sphere of probable MBH will turn into zero.  

So, gravitational sphere of expected MBH decreases continuously, when 

shaded domain radiates the energy; particles, which find oneself inside of given 

sphere, have not enough energy for formation of MBH, which has given sphere 

as its gravitational sphere.  
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So, if 𝑟 > 𝑟𝑔, then MBH don᾿t form, if one assume, that radiation of 

energy realizes continuously from the whole domaine of virtual and real 

particles formation.  

Cross-section of MBH formation on two protons collisions at centre of 

inertia system may be estimated in such a way:  

                               𝜎 ≈ 𝜋(2𝑟𝑔)
2

=
16 ∙ 𝜋 ∙ 𝐺2

𝑐8
∙ 𝐸𝑝𝑝

2 .                                                 (5) 

Cross-section of MBH formation on threshold energy is equal to  

𝜎𝑡ℎ = 𝜎(𝐸𝑝𝑝𝑡ℎ) = 6,09 ∙ 104 𝑚𝑏. 



7 
 

 

 



8 
 

The dependence  𝜎(𝐸𝑝𝑝) is adduced at picture 3. 

 

 

 

 

Picture 3. The graph of dependence of MBH formation cross-section 𝜎 on 

full energy of protons, which are colliding, 𝐸𝑝𝑝. 

MBH life time at vacuum is equal to  

∆𝑡 =
5120 ∙  𝜋 ∙ 𝐺2 ∙ 𝑀3 

ћ ∙ 𝑐4
, 𝑀 =

𝐸𝑝𝑝

𝑐2
 .                            (6) 

The indeterminacy of MBH formation energy is equal to 

∆𝐸𝑝𝑝 ≈
ћ

∆𝑡
=

ћ2 ∙ с10

5120 ∙ 𝜋 ∙ 𝐺2 ∙ 𝐸𝑝𝑝
3 .                                              (7) 

The indeterminacy of MBH formation energy decreases, when protons energy 

𝐸𝑝𝑝 increases. On threshold energy 

∆𝐸𝑝𝑝𝑡ℎ = 2,40 ∙ 10−51 𝑇𝑒𝑉. 

The adduced estimations are approximate ones because we combined 

mechanically quantum theory formulas with formulas from general relativity. 

For carefully investigation of MBH formation one have to use quantum theory 

of gravitation; but such a theory is not worked out enough today. Besides that, 

we don᾿t know whether approximation (4) is correct on very high energies.  
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II. PARTON MODEL 

 

We shall consider reaction p+p→MBH+X at centre of inertia system of 

protons, which collide. Scheme of pp-interaction process in parton model is 

adduced at picture 4.  

 

Picture 4. Scheme of pp-interaction process in parton model.   

In accordance with parton model free proton a dissociates virtually to 

system of partons until slow parton with impulse  

𝑝𝑞 =
𝑝𝑎

2𝑛
≈< 𝑚𝑞 ⟘ >                                                   (8) 

will form; such a parton may to interact with slow parton from other proton b. 

We use mark 𝑚𝑞⟘
= (𝑘𝑞⟘

2 + 𝑚𝑞
2)1/2.   At simplest parton model they suppose  

< 𝑚𝑞⟘
>≈ 𝑚𝑁. From formula (8) we have  

𝑛 =
𝑙𝑛(𝑝𝑎/< 𝑚𝑞⟘

>)

𝑙𝑛2
. 

The dimension of parton fluctuation in diametrical direction is 

 

|�⃗⃗�| ≈< 𝑚𝑞⟘
>−1∙ √𝑛 =< 𝑚𝑞⟘

>−1 .  (
𝑙𝑛(𝑝𝑎/< 𝑚𝑞⟘

>)

𝑙𝑛2
)

1/2

. 

 

It is hadron disk radius. Slow parton is disposed at the border of the disk.  
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One may estimate radius of domain, where real and virtual particles form 

on pp – interaction, in such a way: 𝑟 ≈ 2|�⃗⃗�|. The condition of MBH formation is  

𝑟 ≤ 𝑟𝑔 ; 

2

< 𝑚𝑞⟘
>

∙ (
𝑙𝑛(𝑝𝑎/< 𝑚𝑞⟘

>)

𝑙𝑛2
)

1/2

≤ 2𝐺 𝐸𝑝𝑝. 

 

For usual units we have inequality  

 

2ћ

𝑚𝑁 ∙ 𝑐
(

𝑙𝑛(𝐸𝑝𝑝/2𝑚𝑁𝑐2)

𝑙𝑛2
)

1/2

≤  
2𝐺 𝐸𝑝𝑝

𝑐4
.  

 

This inequality admits the solution  

𝐸𝑝𝑝 ≥ 𝐸𝑝𝑝𝑡ℎ = 1,81 ∙ 1036  𝑇𝑒𝑉. 

So, reaction p+p→MBH+X threshold is larger by 35 decimal orders than energy, 

that was reached today at LHC (14 𝑇𝑒𝑉).  

Cross-section of MBH formation reaction, when threshold of reaction is 

reached, determines by formula (5). At threshold of reaction cross-section is 

equal to  

𝜎𝑡ℎ = 𝜎(𝐸𝑝𝑝𝑡ℎ) = 2,88 ∙ 103 𝑚𝑏. 

 

Indeterminacy of MBH formation energy determines by formula (7). At 

threshold of reaction indeterminacy of energy is equal to  

∆𝐸𝑝𝑝𝑡ℎ = 2,34 ∙ 10−49 𝑇𝑒𝑉. 

 

If energy is very high, then in a multitude of fluctuations the particular 

fluctuation may realizes. For particular fluctuation development of parton 

picture until slow parton formations will be carried out, in the main, in one 

direction at plane of sighting parameters. In that case effective diametrical 

dimension of parton fluctuation is equal to  
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|�⃗⃗�|
𝑒𝑓𝑓

≈< 𝑚𝑞⟘
>−1∙ 𝑛 =< 𝑚𝑞⟘

>−1
𝑙𝑛 (𝑝𝑎/< 𝑚𝑞⟘

>)

𝑙𝑛2
 . 

The condition of MBH formation is  

𝑟 ≈ 2|�⃗⃗�|
𝑒𝑓𝑓

≤ 𝑟𝑔 

or for usual units 

                                     
2ћ

𝑚𝑁 ∙ 𝑐
 
𝑙𝑛(𝐸𝑝𝑝/2𝑚𝑁𝑐2)

𝑙𝑛2
≤  

2𝐺 𝐸𝑝𝑝

𝑐4
.                                     (9) 

 

The inequality (9) solution is  

𝐸𝑝𝑝 ≥ 𝐸𝑝𝑝𝑡ℎ = 2,11 ∙ 1037  𝑇𝑒𝑉. 

 

So, reaction threshold 𝐸𝑝𝑝𝑡ℎ on superhigh energies is larger by 36 decimal 

orders than energy, that was reached today at LHC.  

From formulas (5) and (7) we obtain reaction cross-section at threshold of 

reaction and MBH formation energy indeterminacy at threshold of reaction:  

 

𝜎𝑡ℎ = 𝜎(𝐸𝑝𝑝𝑡ℎ) = 3,93 ∙ 105 𝑚𝑏; 

∆𝐸𝑝𝑝𝑡ℎ = 1,46 ∙ 10−52 𝑇𝑒𝑉. 

 

For three considered models values of threshold energy 𝐸𝑝𝑝𝑡ℎ , cross-

section at threshold 𝜎𝑡ℎ and MBH formation energy indeterminacy at threshold 

of reaction p+p→MBH+X   ∆𝐸𝑝𝑝𝑡ℎ  are adduced at table 2.   

Table 2. Values of  𝐸𝑝𝑝𝑡ℎ,  𝜎𝑡ℎ  and ∆𝐸𝑝𝑝𝑡ℎ for different models at centre 

of inertia system of protons, which collide.  

 

Model 𝑬𝒑𝒑𝒕𝒉 , 𝑻𝒆𝑽 𝝈𝒕𝒉, mb ∆𝑬𝒑𝒑𝒕𝒉 , 𝑻𝒆𝑽 

1.Evristic MBH 

formation model. 

 

8,32 ∙ 1036 

 

6,09 ∙ 104 

 

2,40 ∙ 10−51 
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2.Simplest parton 

model. 

 

1,81 ∙ 1036 

 

2,88 ∙ 103 

 

2,34 ∙ 10−49 

3.Parton model for 

superhigh 

energies. 

 

2,11 ∙ 1037 

 

3,93 ∙ 105 

 

1,46 ∙ 10−52 

 

So, different fenomenological models lead to essentially different values 

of  𝐸𝑝𝑝𝑡ℎ,  𝜎𝑡ℎ  and   ∆𝐸𝑝𝑝𝑡ℎ ,  but all models testify, that  𝐸𝑝𝑝𝑡ℎ  is essentially 

larger, than energy, which was reached today at LHC. That explains the absence 

of MBH observations on proton collisions at LHC. 

 

III. MBH FORMATION ON PROTONS WITH PB 

NUCLEUSES COLLISIONS 

 

We shall consider reaction p+Pb→MBH+X   at the system of equal speeds 

(S - system). In accordance with hN – interaction hydrodynamic model the 

collision of hadron with nucleus leads to the tube with radius  𝑟𝑜 = 𝑚𝜋
−1   

formation. The length of this tube is equal to longitudinal dimension of nucleus. 

At first stage of multiple production process two disks come into contact, after 

that to both sides from plane of contact blow waves begin to spread through 

hadron liquid with speed D. When blow wave comes to hadron “border”, hadron 

substance between fronts of waves is resting and has mass  𝑀 ≈  2𝐸. Here 𝐸 is 

hadron energy at S – system. Just at that moment one have to expect for 

singularity surface formation around of hadron substance between fronts of 

waves, if such a surface had not formed still earlier.  
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Picture 5. Moment of hadron with nucleus interaction, when blow wave 

have came to hadron “border”.  

 If singularity surface have formed, then it means MBH formation on 

hadron with nucleus collision. The condition 𝑟𝑜 ≤  𝑟𝑔 have to be executed for 

MBH formation; for usual units this condition is wrote as  

 

ћ

𝑚𝜋𝑐
≤

4𝐺𝐸

𝑐4
; 

 

𝐸 ≥ 𝐸𝑡ℎ =
ћ𝑐3

4𝐺𝑚𝜋
= 2,67 ∙ 1035 𝑇𝑒𝑉. 

 One may estimate reaction p+Pb→MBH+X  cross-section in such a way: 

𝜎 = 𝜋 ∙ 𝑟𝑃𝑏
2 = 1,70 ∙ 103 𝑚𝑏. 

Cross-section doesn’t depend on energy, when threshold energy is reached. 

The energy indeterminacy is defined by formula (7). At reaction threshold 

for S-system 

∆𝐸𝑡ℎ =
𝐺𝑚𝜋

3 ∙ 𝑐

640 ∙ 𝜋 ∙ ћ
= 9,07 ∙ 10−48 𝑇𝑒𝑉. 

 

 Transition to laboratory system (L-system), where nucleus is at state of 

rest, is realized by formula  
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𝐸′ =
2𝐴 ∙ 𝐸2

𝑚𝑃𝑏 ∙ 𝑐2
 , 

 

here 𝐴 is quantity of nucleons in nucleus (for Pb 𝐴=207), 𝑚𝑃𝑏 is nucleus mass 

(𝑚𝑃𝑏 = 3,44 × 10−25 kg), 𝐸′ is hadron energy at laboratory system. The 

calculations give:  

𝐸𝑡ℎ
′ = 1,53 ∙ 1074 𝑇𝑒𝑉. 

 

Of course, such an energy of protons can not be reached at elementary particles 

accelerators.  

The estimations, which were realized in this paper, are founded on famous 

fenomenological models of multiple production. Possibly, calculation of 

quantum effects will lead to decrease of MBH formation threshold energy.  

In papers [25, 30], field theories in space–time with additional dimensions 

were considered. If additional dimensions do exist, then there is the theoretical 

possibility of creating micro black holes on particle accelerators. Therefore, if 

the MBH is still found on particle accelerators, this will become a serious 

argument in favor of the space–time theories with N > 4. 

 

IV. MODELING THE PROCESS OF BLACK HOLE 

FORMATION IN COLLISIONS OF QUARKS AND 

ANTIQUARKS 
 

 The literature suggests that all particles with a Compton wavelength less 

than the gravitational radius are black holes:  

𝜆𝑐 ≲ 𝑟𝑔;    
ℎ𝑐

2𝐺
≲ 𝑀2. 

An example of such a micro black hole is the Planck black hole (maximon) with 

Planck mass 
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𝑀𝑝 = √
ћ𝑐

𝐺
 . 

It is suggested that the Planck mass is the lower limit of the masses of black 

holes and the upper limit for the masses of elementary particles [32, 33]. 

However, the stability of the maximon and the absence of Hawking radiation 

contradict the predictions of the quantum theory of gravity.  

 In this section of the article, modeling of the process of black hole 

formation during collisions of quarks and antiquarks is carried out. The 

simulation consists in identifying a black hole with a real scalar field H(x), 

which is introduced into the Lagrangian of chromodynamics:  

ℒ = −
1

2
 𝑇𝑟𝐺𝜇𝜐𝐺𝜇𝜐 + �̅�(𝑖𝛾𝜇𝜕𝜇 + 𝑔𝛾𝜇𝐴𝜇 − 𝑚)𝑞 + ℒ𝐻; 

ℒ𝐻 =  
1

2
(𝜕𝜇𝐻)(𝜕𝜇𝐻) −

𝑀2

2
𝐻2 + 𝜆�̅�𝑞𝐻. 

 The new vertex has a maximum index 𝛺 = 0, the dimension of the 

constant λ: [λ] = [𝑚]𝑜. This justifies the conservation of the renormalizability 

of the theory.  

 Consider the reaction 𝑢(𝑝1) + �̃�(𝑝2) → 𝐻(𝑝). The matrix element is 

equal to  

Φ�⃗�
+𝑆Φ�⃗�1, �⃗�2

=
𝑖𝜆

2𝑝𝑜
∙

1

(2𝜋)
1

2⁄
∙ 𝛿(4)(𝑝1 + 𝑝2 − 𝑝)�̅�𝜇,−(�⃗�2)𝑣𝜈,−(𝑝1). 

The effective cross-section invariant under Lorents transformations is 

determined by the formula 

𝜎(𝑝1,
𝑜  𝑝2,

𝑜  𝑐𝑜𝑠𝜃) =
2𝜋 ∙ 𝜆2𝑝1

𝑜𝑝2
𝑜

8 𝑝03
 (

(𝑝1𝑝2) − 𝑚2

(𝑝1𝑝2) + 𝑚2
)

1
2⁄

∙ 𝛿(𝑝1
𝑜 + 𝑝2

𝑜 − 𝑝𝑜); 

𝑝𝑜 = (𝑝1
𝑜 + 𝑝2

𝑜 + 2√𝑝1
𝑜2

− 𝑚2 ∙ √𝑝2
𝑜2

− 𝑚2 ∙ 𝑐𝑜𝑠𝜃 + 𝑀2 − 2𝑚2)

1
2⁄

.        (10) 

In the experiment, the δ-function “broadens” due to the uncertainty of its 

argument 𝑝∗
𝑜: 

𝑝∗
𝑜 = 𝑝1

𝑜 + 𝑝2
𝑜 − 𝑝𝑜.      (11) 



16 
 

We have  

               𝜎(𝑝1,
𝑜  𝑝2

𝑜, 𝑐𝑜𝑠𝜃) =
2𝜋 ∙ 𝜆2𝑝1

𝑜𝑝2
𝑜

8 𝑝03
 (

(𝑝1𝑝2) − 𝑚2

(𝑝1𝑝2) + 𝑚2
)

1
2⁄

∙ 𝐴𝑒−𝛼𝑝∗
𝑜2

.          (12) 

Uncertainty  𝑝∗
𝑜 is given by the formula  

∆𝑝∗
𝑜 =

𝜕𝑝∗
𝑜

𝜕𝑝1
𝑜 ∆𝑝1

𝑜 +
𝜕𝑝∗

𝑜

𝜕𝑝2
𝑜  ∆𝑝2

𝑜 +
𝜕𝑝∗

𝑜

𝜕(𝑐𝑜𝑠𝜃)
 ∆(𝑐𝑜𝑠𝜃) +

𝜕𝑝∗
𝑜

𝜕𝑀
∆𝑀;              (13) 

𝜕𝑝∗
𝑜

𝜕𝑝1
𝑜 = 1 −

𝑝1
𝑜

𝑝𝑜
(1 + √

𝑝2
02 − 𝑚2

𝑝1
02 − 𝑚2

∙ 𝑐𝑜𝑠𝜃) ;                                                 (14) 

𝜕𝑝∗
𝑜

𝜕𝑝2
𝑜 = 1 −

𝑝2
𝑜

𝑝𝑜
(1 + √

𝑝1
02 − 𝑚2

𝑝2
02 − 𝑚2

∙ 𝑐𝑜𝑠𝜃) ;                                                (15)  

𝜕𝑝∗
𝑜

𝜕(𝑐𝑜𝑠𝜃)
= −

1

𝑝𝑜
 (𝑝1

02 − 𝑚2)
1

2⁄ ∙ (𝑝2
02 − 𝑚2)

1
2⁄ ;                                    (16) 

𝜕𝑝∗
𝑜

𝜕𝑀
= −

𝑀

𝑝𝑜  
.                                                                                                     (17) 

The values of  ∆𝑝1
0, ∆𝑝2

0 and ∆(cos 𝜃) are determined by the technical 

characteristics of the accelerator. The uncertainty of the boson mass is  

                             ∆𝑀 ≈
ћ

2∆𝑡
=

ћ2𝑐4

10240 ∙ 𝜋 ∙ 𝐺2 ∙ 𝑀3
,                                      (18) 

∆𝑡 – time life of a black hole in its rest system. In addition, in the usual way we 

obtain the  relations:  

                              𝛼 =
𝑙𝑛2

(∆𝑝∗
𝑜)2

 ;        𝐴 =
1

|∆𝑝∗
𝑜|

∙ √
𝑙𝑛2

𝜋
.                                       (19) 

 Thus, the total invariant cross-section of the reaction of the formation of a 

black hole in a collision of a quark and an antiquark is determined by formula    

(12) taking into account formulas (10), (11), (19), (13-18).  

          The lack of experimental data makes it impossible to estimate the constant 
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λ. We assume that it is very small. Therefore, in collisions of quarks and marine 

antiquarks on the LHC, the reaction 𝑢�̃� → 𝐻 was not observed.   
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