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ABSTRACT

It was obtained exact solutions of Einstein’s equations for energy densities
of special type in this paper. It is considered cylindrically symmetrical interval. It
is used cylindrical coordinates p, z, ¢ when calculating. Obtained solutions
contain points of singularity, that form axis x* and plane x!ox2. Surface of equal
times is hyperboloid of two sheets, that does not cross coordinate axises and plane
xtox2,



I. INTRODUCTION

It was obtained exact solutions of Einstein’s equations for energy densities
of special type in this paper. It is considered cylindrically symmetrical interval.
It is used cylindrical coordinates p, z, ¢ when calculating. Obtained solutions
contain points of singularity, that form axis x* and plane x*ox?. Surface of equal
times is hyperboloid of two sheets, that does not cross coordinate axises and plane
x1ox?.

Results of this paper have physical interest by the next reasons:

1. It was shown in this paper, that at limit A — 0 gravitational field may exist
even in absolute vacuum (w (p, z) = 0).
2. In this paper it was shown, that gravitational field in absolute vacuum may

have surface of equal times and equal lengths of hyperboloid type.

II. RICHI’S TENSOR
Einstein’s equations are [1]
Ruv - gguv + Aguv = %Tuvr (1)
8nG
M= 7 .

T, is momentum-energy tensor: Too = w (p,z) , other components are equal to
zero. For physical calculations they use solutions in the limit A — 0 [22, 23]. In
case of axial symmetry we look for solutions of equations (1) of such a type:
ds? = Ag(p,2)dx°% + A, (p,z)dp? + A,(p, z) p?de? + A3(p, z)dz>.
So, we look only for solutions, which correspond to diagonal form of ds?2.
Functions A; do not depend on cylindrical coordinate ¢. Distortion of length for
direction pde is absent: A,(p,z) = —1.
Metric tensor components are equal to

Joo = Ao (p,2);



911 = A3 (p,z) + B(p, z) cos?* ¢;
gdi12 = 921 = B(p,z) sing - cosg;
g2z = Az (p,z) + B(p, z) sin® ;

g3z = A3 (p,2);
B (,0; Z) = Al (p; Z) _AZ (pl Z)'

Metric tensor with upper indexes components are equal to

9™ = 45 (p.2);

11 _— AZ(pIZ) + B (p,Z)SinZQDI
Ai(p,z) " Az(p, 2)

g

RN B (p,z)sinpcosp
Ai(p,z) - Ax(p,2) '

s _ A2(p,2) + B (p,2)cos?p
Al(pi Z) 'Az(P» Z)

g% = A3 (p,2).

All other components of tensors g,,,, and g#¥ are equal to zero.
After calculation of Kristoffel’s symbols I'yps and I'Vps and definition of
tensor of crookedness Ruyps, [2-5], we determine components of Richi’s tensor

Ruv:

Ag Ay
Az

)}

)3

1 (., 1

Ao As
Ay

1 L1
i 0240 5 @0) (2,in

R{; = D;cos?@ + D,sin?g;



R, = R,; = (D; — D,)sin ¢ cos ¢;
Ri3 =R31 =D3-cosq;

Ry3 = R3p = D3 -sing;

R,, = D;sin¢ + choszgo;

R33 = (aon) - (02A1) ~ 5 (32/13) t 7 (5 In|Ao|) %

24,
X (0,1l AgAs]) +5 (8,In]Ay]) - (0, InlA; Ag]) + (8, 45) X

<[(on 155 -

Other components of tensor R, are equal to zero. Functions D; (p, z)are equal to

A1 4y

D, (p,z) = (62A )—— (024, )—— (0243) + - (a In|A,]) x

A A,
) +
0

x (0, ln|A0A1|)+ (a In|4s]) - (9, ln|A1A3|)+ (a A)(0, In

1 1
+3 (9, InlA,1) e

Ay Az

)5
pl

)+ (8, In]Aol) - (8, In|AgAql) + — (a In|4,|) x

D, (p,z) = (a In

1
Dy (p.2) = ——— (32,
pPyZ) = =5
3 24,
1 1
x (9, In|A;]) + > (9, In|4,)) 'S
We determine scalar crookedness from equations (1) (A = 0):
R = —Aylnw.

Now equations (1) take the form



Roo — 5 #w = 0;

1 A,
D1+2%W A—0= ;
1 1
DZ_E%W A—0=0,

D; = 0;
R 1 A3_0
33 + wa 2, -0

Other equations from system (1) turn into identities.

We shall use new functions:

Q: (p.z) = (aon) +

Q; (p,z) = __(62140) +

24,

010 [fa

Ay A
(a Ag) - (az In

(2)

(3)

(4)
Q)

(6)

1 1 1
Qs (p,2) = — A (024,) — . (024;) + 2 (8, InlAol) - (9, InlApA4l) +

(a In|4sl) - (9, Inl4, A3|)+

Qs (p,2) = ——(62A1) + (0, In|Aq]) -

24,

1
QS (p,Z) = E (ap l

1 1
Qs (p,2) = —5— (aon) —— (074,) + (0, In]Ap]) X

24,
X (0, In|AyA3]) + =

(6 ln|A1|)

(6 In|A;]) - (9, In|A;45]) ;



Ay As
Ay

1 1
Qr (p.2) =~ (3343) +7 (3 tnlas]): [(ap In

.

Ao

A, Q2 ;

Now after a number of transformations we write down equations (2) — (6)
in the form

Q2 (Q3 + Qs) + Q4(Qs — Q1) = 0; (7)
Ay
=0, = (05— Qs (8
3
Ay _ . 9
2 A_1 Qs = »w; 9)
D; = 0; (10)
Q6 (Qs — Q1) + Q2(Q7 + Q5) = 0. (11)

Then we cross to new functions fo (p,z), f1(p,z) and f3(p,2):
AO == efo, A1 == _efl, A3 == _ef3.

Then all functions Q; and D5 in equations (7) — (11) will depend only on functions
fo, f1, T3 derivatives and on coordinate p:
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1

1 2
Q, = _E fopp _Zfop [(fop _flp +f3p) +;];

— 1 1 [l
QZ - _Eﬁ)zz - Zﬁ)z (foz + flz _f3z);
1ot 1, 1,1 AN
Q3_ Eﬁ)pp §f3pp Zfop Zf3p Zflp(fop f3p ;)'
— 1 1 .
Q4 - _Eflzz +Zflz (f3z _foz _flz)»

_1 1-
Qs _E(fop+f3p_f1p)'zi

1 1 1 5 1 ) 1
Q¢ = _Eﬁ)zz _Eflzz _Zfoz _Zflz +Z(foz +flz) 'fSZ;

1 1 1
Q; = _Ef3pp - Zf3p(fop _flp +f3p +;);

1 1 1 2
D; = _Eﬁ)pz - Zﬁ)z(fop _f3p) + Zflz (fop + ;)

We use marks:  fo, = 0pfo, fiz = 0211, fopz = ango and so on.

Now we have to solve equations (7) — (11) relatively functions f;,. We look

for solutions of such a form:

fo=1&);  f=HE); fz = &X);

X = apz; X =0.

L _ 1
a 1s dimensional constant: [a] = X
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[11. SOLUTIONS OF EINSTEIN’S EQUATIONS

We shall use new functions:

1 1
(0) (0) (0)
Q1 = ,0_' Q2 = - p%; Q3 = p_z’
©. 2 ©. 1 ©
Qs = P Qs = 5 Q6 = - p?;
p
1
Q; = (0) p—zi D; = Dg(o).

(12)

All functions Qi(o), D3(°) depend only on one new variable X= apz. Now we rewrite

equations (7) — (11) in such a form:
Z50)( © 4 Q(O)) 4 Q(O)( 0 _ iO)) =0

Z50).pz:( © _ (o)) pi

A
A 1

2 =20 = = w;
Ay p

Dg(,o) = 0;

éo)( §0)_ (0))+Q(0)( (0)_|_Q(0))

(13)

(14)

(15)

(16)

(17)

Left parts of equations (13), (16), (17) contain quantities, that depend only

on X. Equation (15) determines energy density w(p,z).

1
Equation (14) contains “unnecessary” multipliers p? and p_

equation (14) may be satisfied only by conditions

That is why
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0) _ 9. (0) 0) _
5 =0 c —Q =0

)

By that conditions equations (13) and (17) will be also satisfied automatically.
So, we rewrite equations (13) — (17) in such a form:

2 =0 (18)
= 0" =0 (19)
2 — = =X W 20
A 5 p? ew (20)
D{” = 0. (21)

Using formulas (12), we calculate functions Ql.(o) and D§°), that are

contained in equations (18) — (21):

- 1 1 -
0 14 ! !/ ! !
Rl TR A (RN ) e
(0) [ 1 " 1 / ’ ’ I- 2 1 /]
1 /o _Zfo(fo_f1+f3) X 2Jo X;

(0) 1 ! / /
5 =§(fo +f3-f1)X;

1
D =|-=

12 1 ! ! ! 1 ! ! 1 ! !
5 Jo _Zfo(fo_fB)"'Zfo'fl 'aX_E(fo_fl)'a-

Touch means variable X differentiation.

From equation (18) we find:

12

fi-f=-22%-f (22)

(o)

and substitute this result to equation (19). We have:
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3 1
S+ X +5 (P 455X =0, (23)

Two solutions of equation (23) have the form

X
fO = Qy lnm, g1 = 1, Aoy = —2. (24‘)

We shall transform equation (23) to the system of first order equations:

fo(X) = y(X); (23a)
Y0 @ +y0-X) +2 (y0) + 2(y(0)* - x =0. (23b)
Solution
apln—
_ ol
0;(X) = a
X

of system (23a) — (23b) is unstable solution. In order to prove that we shall
consider series of system (23a) — (23b) solutions

vi(X) = (Col)i :

We see, that

X
[v1(X) — 1 (X)] = |c’ —aq lnm
0
for all X € [Xo,20). So, solution ¢; (X) is unstable one.

« €

Solution ¢; (X) unstability is explained by such a fact: system (23a) — (23b)
has different serieses of solutions, which correspond to gravitational fields of
different configurations.

Now from equations (21) and (22) we find:

X X
fl =a1 lnlc_ll; f3 =a3 lnlc_gl; (25)
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Qg _1, _ag—2 _1
al_(ao+1)_ 2. ag_(a0+1)_ %

So, solutions of Einstein’s equations (1) have the form

QAo ai as

X X X
Ay = (—) ; A= — <—> ;0 A, =—1; Az = — (—) ;0 (26)
|¢ol ol |col

X = apz; X = 0.

If “traveller” is at the same hyperboloid X = |c,|, where “observer” is, then there
will not be distortion of lengths for “observer”. That is why we put |cy| = |¢;| =
|c5| in (26). Both solutions (ay, =1 and a4, = —2) have singularities [20-21] when

X =0, that is at axis x3 and at plane x'ox?.
Energy density is determined by equation (20):
0 if Qg = 1;

nw = lcol* 1
6 X4 'pz

First solution. Phenomenon of gravitational field existence in absolute

vacuum was formerly examined in works [17-19]. Vacuum solutions of Einstein’s
equations are Miln’s model and De Sitter’s models [17]. In work [18] it was
indicated that such a gravitational field, perhaps, is formed by superheavy virtual
particles, that arise in vacuum in boundaries of quantum indefinability [6-16]. In
this paper it was shown, that gravitational field in absolute vacuum may have

surface of equal times and equal lengths of hyperboloid type.

For first solution time interval is dt = /E-dxol c; “traveller” time IS
0

accelerated out of hyperboloid X = |¢,], if “traveller” moves in direction of X
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increase and time slows down, if it moves in direction of X decrease. When X=0,

then “traveller” time stops. At hyperboloid X = |¢,| dt = dx%/c.

dt = dx°/c

@ a>0
/ @ X = |col

X = ool
a<0

1 — domain of “traveller” time slowing-down; 2 — domain of “traveller”
time acceleration.

Picture 1. Hyperboloid of equal times (dt = dx°/c) for first solution.

Second solution. Time interval is dt = ';—"l dx®/c; “traveller” time slows

down if “traveller” moves out of hyperboloid X = |cy| in direction of X increase
and time is accelerated if it moves in direction of X decrease. At hyperboloid

dt = dx°/c. X = 0 are points of singularity — axis x3 and plane x!ox?. When X
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d : : :
— 0, thend—;0 ¢ — oo. Forsecond solution domains 1 and 2 at picture 1 exchange

their places.
For second solution we obtain formula for “observer” (X = |c,|) distance
to singularity axis x3:
6\ /2
0= ()
If quantity of energy density w is too small, then singularity axis is at very large

distance from “observer”.

V. SUMMARY

So, in this paper it was shown, that at limit A — 0 gravitational field may
exist even in absolute vacuum (w (p, z)= 0). It was shown in this paper, that
gravitational field in absolute vacuum may have surface of equal times and
equal lengths of hyperboloid type. We have also determined points of

singularity disposition for energy densities of special type in this paper.
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TEOPISA EJEKTPOCJABKOI
B3AEMOJII 3 HEJIHINHOIO
PEAJIIBALIIEIO TPYIIU CUMETPII
HA T'OJIZICTOHIBCBKOMY CEKTOPI

10.0. Tucenkol

1 Kadenpa disuku, Yuisepcurer «Hama Ykpaina», M. Iuinpo, 49006, Ykpaina.

AHOTANIA

VY crarTi mokaszaHo, mo B pasi HemiHidHOW peamizamii SU(2). X U(1)y —
CUMETpIl Ha TOJJICTOHIBCHKOMY CEKTOpl BaKyyM CKaJPHUX TIOJIB BiAMOBIAA€E
HYJIbOBUM 3Ha4YEHHSIM (DYHKIIIH MMOJIs 1 HE € HeCcTa01IbHUM. [ 0JIICTOHIBCHKI TOJIS
3aJI0BOJIBHSIOTh HEJIIHIMHUM PIBHSHHSAM. MeXaH13M CHOHTAHHOTO MOPYIIEHHS
CUMETpIl HE BHKOPUCTOBYEThCS. J[nsi TeHeparlii MaC KaniOpoBOYHUX OO030HIB
JIOCTaTHBO TUTHKH 3adiKCyBaTH KaiOpoBKy. HassBHICTH B IPUPO/I1 XITTCOBCHKOTO
0030HY TOKa3ye, MO 3 JABOX aJbTEPHATHB TNPHUPOJA «BUOUpAE» BCE K TaKU

JIHIAHY peani3aliio rpynu CUMETpii Ha TOJIICTOHIBCBKOMY CEKTOPI.
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KJIFOYOBI CJIOBA

Enektpocnabka B3aeMmoisi, JIOKalbHAa CHUMETpIif, HEMiHINHA peamizalis,

FOJ'II[CTOHiBCLKI/Iﬁ CCKTOp.

I. BCTYII

B miit crarti cdopmynboBaHa TeOpis €NEKTPOCTabKoi B3aeMoAdil 3
HEJTIHINHOIO peaii3alli€elo Tpymu CHUMETpii Ha TOJIACTOHIBCBKOMY cekTopi. B
MepIIOMY PO3/ILIl CTAaTTI KaliOpoBKa BUOpaHa TaKMM YMHOM, 1110 3 TEOPil 1AyTh
BC1 TPU TOJIICTOHIBCHKHUX TOJISI, KalllOpOBOYHI 0030HM HA0YBaIOTh «IPABHIbHUX)
Mac 0e3 3CyBy MO, TOMY XITTCOBCBKOTO 0O30Ha B TeOpii HE BUHHUKAE.

CdopmynboBana Teopisi BUABISIETHCS HETIEPEHOPMYEMOH.

VY npyromy po3aiii cTarTi IHIIKMK BUOIp KaiOPOBKU TAKOXK YCYBaE€ 3 TEOpli
BECh TOJJICTOHIBCHBKUW CEKTOp, 3CYB IMOJS HE 3IHCHIOETHCS, XITTCOBCHKOTO
0030HY HE BUHHKAE, 2 BEKTOPHI 0030HU Ha0yBatoTh He(i3uUHUX Mac. Taka Teopis

MPECTABIISAE TUTLKH MaTeMaTUIHUHN 1HTEpeC.

VY TpeTbOMy pO3ALNI CTATTI MOKAa3aHO, 110 KaJliOPOBKY MOXXHAa BUOpaTu
TaKUM YUHOM, 11100 3 TeOopii UIIUIK HE BC1 TPU FOJIJICTOHIBCHKUX MOJist. OHe moJie
&, 3anmumaethcest. e mose mposBisie cede, Ik aHaIoT XirTCOBCHKOro 0030HY. 3CyB
NOJISL HE 3/11MCHIOETHCS, aJie BEKTOPHI 0030HU HAOYBaIOTh «IIPABUIIBHUX) MAC IIPU
dikcarii kamoOpoBku. [IutanHs PO MEPEeHOPMYEMICTh CHOPMYITHOBAHUX TEOPIN

BHUMarae J10JaTKOBOTO JOCIIKEHHS.

VY miit cratTi 11 pOpMyIIIOBaHHS HENIHIMHUX TEOPId eNeKTpOCIadKoi
B3a€MO/Iii BUKOPUCTOBYIOThCS PE3YJIbTaTH, 10 OJIEpKaHi 1 BUKJIQIeH]1 y poOoTax

[1-8].
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I1. NEPILIUMA BAPIAHT KAJIIBPOBKU

PosrisHemo HemiHiiHy peanizamiro rpynmu SU(2) Ha roicTOHIBCBKOMY
cextopi. Tpu miticaux mous y(x), 8;(x), 8,(x) yrBoproOTh CTOBITYHK &

1 siny - e'T%1
§=%'n irs, | (1)
V2 cosy - 'z
1e I — nificHa po3MipHa koHcTaHTa. [Ipu neperBopennsx S 3 SU(2) croBmuuk &
NEPETBOPIOETHCS BIAMIOBLAHO 10 PopMyIn
§&'=58¢  SeSUQ2).
TakuM YMHOM, rOJIJICTOHIBCHKI MOJI IEPETBOPIOIOTHCS HEIIHIMHO.

[ToBHuii arpamkian 3anuireMo tak [9-13]:
L == TrGuG" — ZE,F* +(LDL + iegDeg + iDgDvg + Ls.  (2)

L —9acThHA MOBHOTO JlarpaHkiaHy, 1[0 MiCTUTh CTOBITYUK ¢ :

Lo = D8] = 222 (1612 = 202) = (et + EpLE™) - 3
_fve (Zngc + ﬁRLfg-)-
B dopmymnax (2), (3)

— VL — ; k ak . Y
L_(eL)’ D, =0, —igT"A; —ig ;Bﬂ,

Gy = 0,4, — 0,4, —iglA,A, —AA,], A, =Tk Ak
E, = 3,B, — 8,B,,
1HII O3HAYCHHS € cTanmapTHuMH [1, 13].
B kanibposi

5, = (colsy e
siny - e

iT62

—iT51

— siny - e )
cosy - e~z 4

NEPETBOPEHU CTOBITYMK MTPUIAMAE BUTIIST
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£ =se=—2(}) ep="

[Tpu 11bOMY TOJACTOHIBCHKI IMOJIS TIEPETBOPIOIOTHCS 32 (popMyiaMu
y->y =mn;, 1ré,- rd,=mm; nm=0=+1,12+3,..
(mapHicTh N 1 M ogHAKOBA).

[Tpu neperBopennsx rpynu U(1)y
Y
S = el Ea(x)
nmoJtst y, 81, &, TIEPETBOPIOIOTHCS BIAMOBITHO A0 PIBHOCTEH

1 1
vy =y, ré;= réy + 5 a; ré, = 16, +5a.
B kanmioposui S; (4) mepumii qoaaHok B arpamkiani L (3)
NPU3BOMTD J0 «IIPABHIBHUX» 3HAYCHb Mac BEKTOPHUX OO30HIB:
m, ==, m, = =—, my = 0. (5)

Tpertiii 1 ueTBepTUi AOJAHKH T€HEPYIOTh (PEPMIOHH] MacCH:

_fen foell (6)

= E, mve Nk

Me

TakuM uYMHOM, Ui TeHepalii Mac BEKTOPHUX OO030HIB 1 (epmioHIB 3CYB
TOJIZICTOHIBCHKOTO TOJISI HE 3aCTOCOBYBaBCs, Oyna 3/1MCHEHa TUIbKU (pikcaris
KaniopoBku (4). XirrcoBCbKOro 0030HY B Takiii T€Opii HE BHHHUKAE, OCKIIbKU
kaniopoBka (4) ycyBae 3 Teopii BCl TPH TOJIJICTOHIBCHKUX MO Y, 01 1 0.

[Tpu BiACYyTHOCTI BEKTOPHUX 1 (hepMIOHHHUX TOJIIB HEMIHINHI TIMCHI TIOJIA Y,
01, 0, 3aIOBOJIBHSIIOTH PIBHSHHSIM

2

0,0ty — = sin2y - [(8,6,)(@"8,) - (8,8,)(@"8,)] =0,
sin®y(9,0%8,) + sin 2y(d,y)(9%8,) = 0,
cos?y(9,0"6,) — sin 2y(9,y)(9*6,) = 0.

VY noBUIBHIA KanmiOpoBIl TYCTHHA €HEprii BUIbHUX CKAJIAPHUX IIOJIB
JIOPIBHIOE

2,.2

n?[rov\*  (ov\*] n*r? 96,\*  (06;\°
oo — _“ |~ _r . 2 _ -
™=z [<6x°> +(53) |+ 5 s |(Ge) + () |+
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36,\°  (08,\°
. 2 R
€05 V[(axO) +(af) '

Cran Bakyymy nocsraetbes mpu Y (x) = const, §;(x) = const, §,(x) = const

2

n’r?

+

A
abo mpu y(x) = mn, &,(x) = const, a Takox npu y(x) = >+, 6,(x) =
const. Bakyym noniB y, §;, 8, He € HeCTaOUIbHUM.
[Ticas ¢ikcamii kanioposku (4) nmarpamkiad L (3) MOBHICTIO CHiBIaaaE 3
noaaHkoM B narpamkiadi CrtangaptHoit Mogeni L, B sskoMy nokiaaeHo x = 0.
Taka Teopis € HenmepeHopMyeMa. ToMy BUKOpPHCTaHa B I[bOMY PO3JiIl CTaTTi

KaaiopoBka S; (4) mMpU3BOIUTH 0 HEMEPEHOPMYEMOM Teopii. Pe3ympTaTu 11b0ro
pO3AUTY MarOTh TUILKM MaTEMaTUYHUI 1HTEpeEC.

II1. APYT' U BAPIAHT KAJIIBPOBKHA

3adikcyeMo KaaiOpoBKY

siny - e "1 cosy - e”ir0z
Sz = v S . 4 irs . (7)
—cosy - e'°z siny - e'"°1
CroBOumk ¢ (1) micis mepeTBOpEHHS MPUITMAae BUTIIST
r_ _1n
£ =58 =7 (o)

[Ipu 1IbOMY TOJIZICTOHIBCHKI MOJISI IEPETBOPIOIOTHCS 32 PopMyIaMu
s
y-ov = > +nn;, rd, ->ré;=mm; nm=0,+1,1+2,43,...

(mapHICTb . 1 M OJIHAKOBA).

B miii kanioposiii tarpamkian L (3) mpu3BoauTh A0 He(i3UYHUX Mac BEKTOPHUX

0030HIB 1 JIENTOHIB:

gn gn cos26
m,, = =— m, ==—":
w 2’ z 2 cos@

y mA:rl,.e;
me =0, m, =0.

®oton mpuadae macy, MmO Biapi3HAeThCS Bl HysA. Ll xamiObpoBka 3aBOauae
Hedizuuni epexoau i npsme nepersopenns A — Z°.
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Jlnis reHepaiiii Mac 3cyB TOJISL HE 3aCTOCOBYBABCS, Oya 3iiCHEHA TIIBKH
dikcaris kambOpoku (7). XirrcoBChbKoro 0030HY B Takiii Teopii HE BUHUKAE,
OCKIJIbKH BCI TPH TOJACTOHIBCHKHX MMOJIS Y, 81, 0, YCyBalOThCs KamiOpoBKO# (7).

Bakyy™m roiacTOHIBCHKHUX TOJIIB HE € 1HBapiaHTHUM BIJIHOCHO TPYIU
SU(2);, xU(1)y. MinimManpHe 3HAYCHHS TYCTHHH  C€HEPrii  BUIBHUX
ronacroHisebkux nonis T%° = 0 nocaraerses npu kaniopoBkax S = S; 1S = S,.
Jlo 3Ha4YeHb Mac, 110 MU CIOCTEPIraeMo, MPU3BOIUTH KaliOpoBka S = S .

[lutaHHd TPO MNEPEHOPMYEMICTh TAKOM TeOpii BUMArae J0JaTKOBOTO
JNOCHiKeHHs. B ycsxkomy pasi pe3yiabTaTH LbOTO PO3JAUTY MAalOTh TUIBKU
MaTeMaTUYHUH 1HTEepec.

IV. TPETIH BAPIAHT KAJIIGPOBKHU

3adikcyeMo KaliOpOBKY

g [ cosv — sinye'(41=92) ®)
sinye~ir(81-82) cosy '
CroBruuk ¢ (1) mepeTBoproeThes 3a popmyoi
/ n 0
¢ =53¢ == yirs.) )

[Tpu nepeTBOpeHH1 S3 TOJICTOHIBCHKI TOJIS IEPETBOPIOIOTHCS 3a hopMyIaMu
y->vy =2mn;, ré,>ré,=1r6,+2mm; nm=0,+1,12,13,..

OcobnuBicTio KanmiOpoBku S3 (8) € Te, 1m0 BOHA HE yCyBa€ 3 Teopii BCi Tpu
TOJIZICTOHIBCHKI TIOJIS, OfHE mosie &, 3anuimaerhes. e mone npossise cede, sk
abTepHATUBA XITTCOBChKOMY 0030HY. B cToBmunky ¢’ (9) BBeieMo mo3HavyeHHS
KOMO1HaIlii MoiB:

k
ir
eird2 = 1 + E G 2) =1+4+71H,

1 iré)k 1
H = " % == (cos(rdé) —1+i sin(rdé)).
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Jlarpamxian LG (3) mpuiimae BUIIISI

g’ g
LG == (a 52)(0 62) + (a 52)2 +Z W+W H +§Zz

_..m . _ — n _
\/ffe ree— \/_Efe(eLeRH +ége HT) — E fo, "V —

mo
_ﬁfve (vaRH + URULH). (10)

Takum uynHOM, B KamiOpoBii (8) BekTOpHI 0030HM 1 JENTOHU HAOYBaIOThH
¢izmunux Mac (5), (6). [l renepariii Mac 3CyB IMOJISI HE 3aCTOCOBYBaBCs, OyIa
3MIICHEHA TUTbKH (ikcailis kaaiopoBku (8). XirrcoBcbkoro 0030Hy B Te€Opii HE
BuHUKae. ChopMynboBaHa B 1IbOMY PO3/LIL TeOpis nependayae HOBI €EeKTH B
eJIEKTPOCTA0KIN B3a€MO/I11, HAITPUKJIIA, HASIBHICTh CKJIATHUX BEPIIMH THUITY

rtee(6,)", r"ov(6y)";, n =2
1 1HIII.
[TutaHHs PO EPEHOPMYEMICTH TEOPIi 3 HENHINHONW KOMOIHAIIIEIO OB
BUMArae JI0JAaTKOBOTO JOCIHIJKEHHS. SIKIIO Taka Teopis € MepeHOPMYEMOH 1
JiarpamMu 31 CKJIJHUMH BEPIIMHAMU Y KOKHOMY HOPSIKY BHOCATH KOHEUHUH

BHECOK JI0 MAaTPUYHHMX €JIeMEHTIB, To npu v — 0 narpamxian L; (10) moxna
3aMycaT TaK:

2 =2
L= qzl (8,62)(9#5,) + (a 85)ZH +gZ Wiw~ “+%22]

L L e T U Y SR SR
ﬁfe-ee—\/—ife €LeRr 152—57‘62 + ere; —162—57"62 —

n o, oo 1o ., Loy o, 1
_ﬁﬁe'v”_ﬁfve VL Vg —162—57”62 + vpy, 162—51”52 : (11)

B 1isomy Bumniaaky 6030H §; BUCTYIAE aHAIOTOM XirTCOBCHKOTO O030HY, aie Horo
B3a€MO/Ii1 3 JICNTOHAMH 1 KaJIIOPOBOYHUMU TIOJISIMHU BIJIPI3HAIOTHCS B1J] B3AEMO/I1M
XirTCOBCHKOTO 0030HY. 3aTpaBo4yHa Maca mojs &, JAOpPIBHIOE HyJEBi; 0030H J5
MOX€ Ha0yBaTH Macy MPHU B3a€EMO/IIT 3 THITUMU MOJISIMH.
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HasiBHiCTE B TpupoJii XITTCOBCHKOTO ©0O030HY IIOKa3ye, IO 3 JBOX
allbTepHATUB TpPUpOJa «BHOWpae» BCe K Takd JIHIMHY peali3aliio TpynH
CHUMETpIi Ha TOJIJICTOHIBCHKOMY CEKTOPI.

BigmiTuMO Takok, 10 moyie 8, MOXE iCHyBaTH B IMPHUPOAlI pa3oM 3
XITTCOBCHKUM 0030HOM ). AJie B I[bOMY BUIIAJKY B TE€OPiO JOBOJAUTHCS BBOJIUTH
HOBI KanibpoBouni Gozonu Zi, Wy W', A; i HOBi (depmionn Ve, eq, sKi €
cymeprnapTHepaMu BifoMux 6o3oHiB i ¢epmionis Z°, W* A,v,,e 1o
cynepmyinsturiery rpymu SU(2)g, X SU(2), X U(1)y. Ilpu mpomy rpyma

SU(2) nmiHIitHO MEpEeTBOPIOE YOTHPHU TOJIACTOHIBCHKI TOJISA 31 CTOBMYHMKA (P =
P1 oy . : :
©,) & TPyna SU(2)¢ HENHIMHO MEPETBOPIOE TPU TOJACTOHIBCHKI MOJSA 3i

2

croemunka ¢ (1). 3BicHO, Teopist 3 IBOMA CKaISIPHUMH 0030HaMu X i &, Mae
OyTH AOoCIIKEHa HAa MOKJIMBICTh IEPEHOPMYBAHHS.

V. BUCHOBKHA

B wiii crarti po3rasiHyTa Teopis e1eKTPOcaadKo1 B3aeMOIIi 3 HETIHIHHOIO
peanizali€lo Tpynu CUMETpli Ha TOJACTOHIBChKOMY cektopi. Ilokaszano, 110
KaJIiIOPOBKY MOYKHA BHUOpATH TaKUM YUHOM (S3), M0 KaJiOpOBOYHI 1 JIENTOHHI
noJyis HaOyBarOTh «IMPaBUIBHUX» Mac 0e3 3CyBy mofisi. JlOoCTaTHRO TIIbKU
3adikcyBaTu KaOpoBKy. XiITCOBCHKOr0 0030HY B Takiil T€Opii HE BUHUKAE, ajie
BUHHUKAE aHAJOr XIITCOBCHKOrO O030HY — [ifiCHE cKamsipHe moje d,, 10 €
MEPETBOPEHUM TOJIJICTOHIBCHKUM 10J1eM. [10100HO XIrrTCOBCHhKOMY O030HY TOJIE
&, B3aeMOJi€ 3 KaliOpPOBOYHUMH 1 JICSIITOHHUMH ITOJISIMH, ajieé BOHO IPU3BOIUTH
JI0 TIOSIBU CKJIQJIHUX BEPIIMH, K1 BicyTHI B CtangapTHid Moaeni. 3aTpaBodyHa
Maca Tojs O, JOPIBHIOE HyJEBi; 0030H §, MOKe HaOyBaTH Macy B IIpoIEeci
B3a€MO/Ii1 3 IHIITUMU TTOJISIMH. Taka Teopisi BUMarae J10JaTKOBOTO JOCIIIIKCHHS 3
METOI0 BCTAHOBJICHHS MOYKJIMBOCTI IEPEHOPMYBaHHSI.
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ABSTRACT

This article proposes a theory of minimal expansion of quantum
chromodynamics (MEQCD). In an extended QCD, there is only one hypothetical
particle, that is a scalar £ — boson, which is an analogue of the Higgs boson. The
article substantiates the renormalizability of the MEQCD theory and studies the
reaction of £ — boson formation in the collision of two u — quarks. The intensity
of £ — boson formation was estimated at the Large Hadron Collider.
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I. INTRODUCTION

The creation of gauge field theories and the study of their properties is an
important direction in the physics of elementary particles [1-10, 15-43, 49-70, 77-
78,81-89]. The Yang-Mills model [11], the Glashow - Weinberg — Salam theory
[12-14], quantum chromodynamics [1-2, 44-48, 71-76] allowed us to expand our
understanding of the micro-world.

At the same time, well-known gauge theories have several disadvantages.
For example, the Standard Model does not explain the origin of neutrino masses,
neutrino oscillations, the asymmetry of matter and antimatter, the origin of dark
matter and dark energy. The Standard Model does not agree with the general
theory of relativity, it does not contain a solution to the strong CP problem, etc.

Extensions to the Standard Model are the Minimal Supersymmetric
Standard Model (MSSM), Next-to-Minimal Supersymmetric Standard Model
(NMSSM); completely new theories are being created, such as string theory [80-
81], M-theory, and extra dimensions.

However, in these developments there are unresolved problems. For
example, in the MSSM there is a large number of hypothetical particles that are
not currently detected experimentally.

This article proposes a theory of minimal expansion of quantum
chromodynamics, containing only one hypothetical scalar particle £ — boson. This
boson interacts directly with gluon fields only; it is assumed that under certain
conditions it can be detected at elementary particle accelerators.

1. EXPANSION OF QUANTUM CHROMODYNAMICS

The minimal expansion of quantum chromodynamics (MEQCD) is that in
the QCD theory the space of a

¢1
=\, (1)
@3

Is added to the representation space of the SU (3). gauge group, which
implements the irreducible representation of this group. Lagrangian of the
MEQCD theory is written as follows:
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L =7q(iy*9, + igy"*A, —m)q + Lg; (2)

1 w 2 1., . 1, :
Ly = =5 TrG* Gy + 0" =52 (0l = 502) 5 3

Gy = 0,4, — 0,4, — ig|A,, Ay,

— ; — *a a
Dy = (9, — igA,)e, Ay = 7‘4#'

In the right side of formula (2), summation over quark flavors is assumed.

After spontaneous symmetry breaking, five Goldstone bosons leave the
theory, five A7 fields acquire masses, and in theory there remains one massive

scalar £ — boson that is analogue of the Higgs boson:

: ( : >
Y =—7 0 :
V2 N1+ ex)

The bosonic part of Lagrangian (3) takes the form
7
1 uv 1 7 gZ ap pa 4 8u 48
Ly = =5TrGH Gy + = (042)(3e) + 5 | ) AAL + 2 4%43 | x
a=4

1 1 1
X (7 + 216 + €%) — 5/1%77% g2 — 5/1%77183 — 5/1%84- (4)

The masses of bosons are determined by the formulas

m(A2)=0, (a=123); m(4)= %, (a = 4,5,6,7);
m (AS) = CUER m(e) = yn,.



Consider the Lagrangian (2) — (3). The index of the i-th vertex in the diagram
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I1l. RENORMALIZABILITY

G is determined by the formula [1, 2]:

L
1
w; = 52(7‘1 +2) —4,
=1

where r; is the highest degree of impulse in the numerator of the propagator
corresponding to the I-th internal line entering the vertex. L is the number of
internal lines entering the vertex. The vertex index takes the maximum value
0; when all the lines entering the i-th vertex are internal. Table 1 shows all the

vertices of the Lagrangian (2) — (3) and the maximum values of their indices £2;.

Table 1. The maximum values of the indexes of the vertices of the

Lagrangian (2) — (3).

Ne in Vertex t The maximum index
order. ertex type. value of the vertex £2;.
1 igqy*A,q N, =0
2 —mc_lq .Qz =—1
3 —9 fabe (a“AaU)AZAg ;=0
2
4 L abicfear A APY ASAG 2, =0
4 U
ig —
° — @494 Ay f5 =0
2
6 g =
— A% AL (a9)* () 16 =0
1 _
! —5Alel* ;=0
1
° SAntlol? g = =2
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For all vertices 2; <0. Therefore, a sufficient condition for the
renormalizability of the theory based on the Lagrangian (2) — (3) is satisfied [1,2].
So, the formulated theory of extended chromodynamics is renormalizable.

The final Lagrangian (2), (4), obtained as a result of spontaneous symmetry
breaking, is physically equivalent to the original Lagrangian (2) — (3); it differs
from the original only in the choice of variables. This substantiates the
renormalizability of the MEQCD theory based on the Lagrangian (2), (4).

The dimensions of the interaction constant in the Lagrangian (2), (4) are
determined by the formulas

lg] = [m]% [m:] = [m]*; [4,] = [m]°.

All constants have the dimension of mass in a nonnegative degree. This is another
justification for the extended QCD renormalizability.

IV. THE FORMATION OF &-BOSONS IN COLLISIONS
OF QUARKS

Let us consider the reaction of formation of ¢ — bosons in collisions of U -
quarks: u;(p;) + ur(py) = w(p1) + uy(p3) + e(p). iklm are color indices.
A diagram of this process is shown in Figure 1.

Figure 1. w;u;, = wu,,& process diagram.

Higher orders of perturbation theory are insignificant if the renormalized
parameters g, n, are small quantities.

The matrix element corresponding to the diagram in Figure 1 is defined by
the formula
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< fISli >=86M(p, + p, — p1 — 03 — ) - F(py, P P);

*

i >=ajf Bap, B)Py < f| = Bsag;, B ams, B~ B);
. g9t @m)T? o _av . o,
F(pqg g p) = lgﬂlw'{—v > EDYRVMT (B X
_A -y —_y > ! ! .
x 7T By v2 T (3,) [AF (01 — P A (0, — pb) - r(li; mk)
+ Ag,f (p1 — P1)Agrw (P2 — PRl mk) | +

—A =7 — s N—A -y —
+7 (BYRv R (B) T By v (By) X
X [AS (P2 — p1)Ar(p1 — p2) - r(lk; mi) + Ag," (2 — p1) X

X Bgu(p1 — p3) - h(lk;m)] |

)

7
. 4
r(li;mk) = Z A A R mi) = 5 AR
a=4

A, are Gell-Mann matrices, A(k) and Ag(k) are gluon propagators.
We will work in the system of inertial center of incident u-quarks: p; =

—pq; Y = P2 = E/Z Differential cross section is

B (2m)*E
41p11 - lo' (1)l

here o (p:°) = E — p;° — p,° — p°, E isthe total energy of the colliding quarks.
When calculating the cross section of processes at high energies take m,, =
m, = 0 [85]. In addition, under the assumption that the interaction constants are
small, the masses of gluons and the ¢ - boson are also small. Further we assume
my mg m, — 0.
We consider only the cases of the formation of ¢ - bosons with relatively
small impulses (|p| < E€<<E). Then we assume p;+p; =0,

do IF (pg, . 0)| - 1BL1 - Py - Q% - dQ- B2 dIl,  (5)

p’ = pl = g The formula for do (5) is simplified and after integrating the
cross section (5) over the £ — boson impulse and over the angles we get

1 .
do (131 < € _98_ 2_(27T)‘3-82_ [1+Z(1+cost9)2]-f2(ll;mk)
o (Ipl < )—? M E6 (1 = cos0)*

_l_
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[1 + % (1- cos@)z] - f2(lk; mi) | 2 flizmk) - f(Ik; mi)

+ (1 + cos6)* sin*6

- sinfd6. (6)

Here 6 = Eﬁ\{ is the scattering angle, f(li; mk) = r(li; mk) + h(li; mk). The
quark impulse vectors are depicted in Figure 2.

B R o
5 7 [Pl =<<E.
B
&
s

et
Figure 2. Quark impulse vectors for |p| << E.

The expression (6) is the differential cross section for scattering of quark u;
with impulse p; into the element of angle d@ with the simultaneous formation of
an & — boson with impulse |p| < €.

In deriving the formula (6) we neglected the masses of gluons in the

denominators of gluon propagators. This can be done if
2 2

2mg 2mg
(1—cosB) =1, > 52 (14 cosb) =1, > 2

Thus, the scope of the formula (6) is
A, —1) <cos8 <(1—-2,).
The total cross section of the process u; u, — u;u,,& is

8 -3 2
. ¢, @o7E 1
o (4

X [32,%(5 — o) — 44 2,° + 722,(A, — 1) + 32] - (F2(li; mk) +

1 1 22— |
+f(lk;ml))+[/1——(2_/1)+ln - ”-f(u,-mk)-f(zk;ml)}. 7

Cross section o.,.(|p| < €) contains two arbitrary parameters. The
parameter € < E sets the impulse interval of the resulting ¢ - bosons; parameter
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2
Ao > 2% defines the range of applicability of the formula for the differential
E
cross section (6). At high energies E, the value of 1, may be small.
Perform an estimate of the intensity of the formation of ¢ — bosons at the

LHC. Intensity is equal to

li(IP] < €) = o0 (ID] < &) - J (G K, C))

were J(i; k) is the number of collisions of quarks u; and u,, for a unit of time per
unit area of the particle beam. We take the approximate values of luminosities

@510~ (2) -5, = 0988107 (h=2-10%5) 0
J 3 9]p_ ’ m2s Jp = m2s ©)

The total relative momentum carried by all u-quarks in the proton, U =
0,28 [85]. We will consider only the valence quarks. Then

E = UE, = 0,287 TeV = 1,96 TeV. (10)

We will choose

mg

2
2, =102- 2«1, €=10"2E =196 GeV. (11)

The formula for o, (|p| <€) (7) takes the form

N g°Qm)—® € , .
tor (1P| < ) = 5o [F2(lsmk) + £ (s m);
8

. =9

8 \/§ .
The estimated intensity value is determined by the formula (8) taking into
account the formulas (9) — (12). The estimated value of I, (|p| < €) (8) depends
on the color indices of quarks and the parameters of the Lagrangian. The values

of the renormalized parameters of the Lagrangian are not yet known, but if we
assume

(12)
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then o,,.(|p] < €) < 1,26-1071%- g, where g, is the total cross section for
the formation of Higgs bosons in collisions of protons at the LHC. We see that
when the parameter n, is small, the value of g2 is also small.

V. SUMMARY

The article proposes a theory of minimal expansion of quantum
chromodynamics (MEQCD). In this theory, there is only one hypothetical particle
— the scalar ¢ — boson, which is an analogue of the Higgs boson. The article
substantiates the renormalizability of the MEQCD theory and calculates the cross
section for the formation of the & — boson in collisions of two u-quarks. The
estimation of the intensity of the formation of & — bosons at the LHC was
performed.

In ordinary QCD, the interaction constant of quarks and gluons in the region
r < ry is determined by the formula [60, 73]

?|"
a,(q?) = g2 = [lnpl < 1.

The smallness of the magnitude of g2 is a consequence of the large transmitted
momentum g? inside the nucleons. Reactions in MEQCD can also come with a
large impulse transmitted. For example, with the formation of € — bosons at the

2
LHC ¢% = E? = 1,92 TeV?, if (1 — cos@) =~ 1. This justifies the assumption of

the possible smallness of the magnitude of g2 also in MEQCD.
The non — manifestation of € — bosons at the LHC is explained by the
supposedly small cross section for the formation of € — bosons.
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ABSTRACT

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% TeV order. That corresponds to energy of 107 TeV order at laboratory
system ( ppp, = 0). Sush an energy of protons can not be reached at elementary particles
accelerators.

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

KEYWORDS

Black holes; formation; Collider.
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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 TeV order. That corresponds to energy of
1074 TeV order at laboratory system (pp, = 0). Such an energy of protons can not

be reached at elementary particles accelerators.

. EVRISTIC MBH FORMATION MODEL

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
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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

_|otot(PP)
"= /T )

here a;,: (pp) is total cross-section of pp-interaction. Contemporary experimental
data testify, that value of o;,,(pp) is constant at great interval of energies. When
energy is very great, o.,.(pp) increases slowly with energy E,,, growth (E,, is

full protons energy at centre of inertia system).
If

rSrg=

2GM (M _ %)' @

c? c?
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 E,, to the volume inside of sphere 7,. In that case MBH with

gravitational sphere 7, and with imaginary second particles inside of gravitational

sphere is formed. This process is represented at picture 1.

Picture 1. MBH formation by proton collisions, when r < 7.
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From formulas (1) and (2) we have:

2 S c®010¢(PD)

pp = T 42 (3)
Values of a;,.(pp) are represented at table 1.
Table 1. Values of a;,;(pp).
Eyy Tev Otoc(PP), Mb
1,0 67
7,0 95,35
10,0 107
60,0 144 (extrapolation)
We approximate a;,; (pp) by formula
Oror (DP) = ao + a;lgx + ay(Igx)?, (4)
E
x = pp )
2myc?

here
ap = 77,3515 mb,
a;=-32,2941 mb,
a,=10,4550 mb.

On such an approximation inequality (3) admits a solution

Epp = Eppen, = 8,32 1036 TeV.

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>r, = 26H (M = Eﬂ’), then MBH don’t form. It is illustrated by

c? c?

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 > 1y, then radiation of energy by share of shaded domain, which is disposed
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on the outside of expected gravitational sphere 7, decreases initial energy of
protons E,,, and only energy E,,; < E,, comes to sphere ;. Energy E,,; is not

enough for MBH formation with gravitational sphere ;. Because of that we

2GM1

decrease radius of expected gravitational sphereto r; = (M, = pf 1). But
share of shaded domain between spheres r,; and 7, also radiates energy. Because
of that only energy E,,, < Ej,,; comes to sphere 7,,. Energy E,,, is not enough

for MBH formation with gravitational sphere r,,, because of that we decrease

ZGM2

radius of gravitational sphere of expected MBH to 7, M, = ’C’f %). But
share of shaded domain between spheres 7, and r; also radiates energy. Because
of that only energy E,,; < E,,, comes to sphere

T42- Energy Ej,; is not enough for MBH formation with gravitational

sphere r,,, because of that we decrease radius of gravitational sphere of expected

ZGM3
Tgs =

MBH to 7, —= (M3 = ””3) 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.

So, if r > 1, 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:

16 G2
o ~ r(2r, ) T “Epyp. (5)

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

oen = 0(Eppen) = 6,09 - 10* mb.
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The dependence o(E),) is adduced at picture 3.

-

b8 10%mb

6,09 F-—----5

0 232

Picture 3. The graph of dependence of MBH formation cross-section ¢ on
full energy of protons, which are colliding, E,,,
MBH life time at vacuum is equal to

5120- - G2 - M? E,,
- h-c* ’ M:c_z' (6)

At

The indeterminacy of MBH formation energy is equal to

hZ_Clo
AE,, ~ — = :
PP At 5120-m- G2 - Ep,

(7)

The indeterminacy of MBH formation energy decreases, when protons energy

E,, increases. On threshold energy

AEp,n = 2,40 -107°1 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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Il. 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.

a / /A
e X o B
a \ 3 7
N _
X

b \\ | nli\_}\

s PR

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

Pa
pq=2—nz<mql> (8)
will form; such a parton may to interact with slow parton from other proton b. We
use mark mg = (k3 +m2)!/2. At simplest parton model they suppose

< mg, >~ my. From formula (8) we have

B In(pa/<mg, >)
B In2 '
The dimension of parton fluctuation in diametrical direction is

n

In(pa/< mgq, >)>1/2

|B| r< Mg, >t n =< Mg, > ( In2

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|b|. The condition of MBH formation is

rT<Ty;
1/2
2 ln(pa/< mq, >)
. < 2G Epy,.
<mg > n2

For usual units we have inequality

2h  (In(E,,/2myc?)\"? _ 26 Ey
my - c In2 -t

This inequality admits the solution
Epp = Eppep, = 1,81-10%6 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

oen = 0(Eppen) = 2,88+ 10° mb.

Indeterminacy of MBH formation energy determines by formula (7). At
threshold of reaction indeterminacy of energy is equal to
AEpyn = 2,34-107% 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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- In(py/<m,, >)
~ -1, _ -1 q]
|b|eff r<my >Tn=<mg > 7 .

The condition of MBH formation is

T~ 2|b|eff <1
or for usual units

2h  In(Ep,/2myc?) - 2G E,,

my - C [n2 -t

9)

The inequality (9) solution is
Eyp = Eppen = 2,11-1037 TeV.

So, reaction threshold E ., 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:

oen = 0(Eppen) = 3,93 - 10° mb;

AEp,n = 1,46 - 10752 TeV.

For three considered models values of threshold energy E,,., , Cross-
section at threshold a;;, and MBH formation energy indeterminacy at threshold of
reaction p+p—~MBH+X AE,,., are adduced at table 2.

Table 2. Values of E, ., oy, and AE,,., for different models at centre

of inertia system of protons, which collide.
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Model Eppen , TeV O, MD AEppen , TEV
1.Evristic MBH
formation model. 8,32- 1036 6,09 - 10* 2,40-107°1
2.Simplest parton
model. 1,81-103° 2,88+ 103 2,34-107%
3.Parton model for
superhigh 2,11 - 1037 3,93-10° 1,46 - 107°2
energies.

So, different fenomenological models lead to essentially different values of

E

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

observations on proton collisions at LHC.

ppthy Oen @Nd AE,,.p,, butall models testify, that E,,., is essentially larger,

I11. MBH FORMATION ON PROTONS WITH PB

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
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

NUCLEUSES COLLISIONS

surface had not formed still earlier.

To = m7;1
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S:’ngufaz/fg
Swz]‘ac@

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 7, < 7, have to be executed for MBH

formation; for usual units this condition IS wrote as

h 4GE
< ;
myc  c*

3

= 2,67 -103° TeV.
4Gm, ¢

EZEth:

One may estimate reaction p+Pb—MBH+X cross-section in such a way:
2 — 103
o=m"1p, = 1,70-10° 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

Gm3 -c

T - _ . 10—48
a0 5 = 907107 TeV.

AEth =
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Transition to laboratory system (L-system), where nucleus is at state of
rest, is realized by formula
B 2A - E?

E' = —
Mpp, * €2’

here A is quantity of nucleons in nucleus (for Pb A=207), mp, is nucleus mass
(mpp, = 3,44 x 1072 Kkg), E’ is hadron energy at laboratory system. The
calculations give:

El, =1,53-1074TeV.

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:

: 2
Ae STy == S M-
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An example of such a micro black hole is the Planck black hole (maximon) with
Planck mass

M. = hc
P 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:

1 /.
L= —3 TrG* Gy, + q(ty“@u + gy*A, - m)q + Ly;

1 M? ~
Ly = E(c’)#H)(aHH) — 7H2 + AgqH.

The new vertex has a maximum index 2 = 0, the dimension of the constant
A: [A] = [m]°. This justifies the conservation of the renormalizability of the
theory.
Consider the reaction u(p,) + @i(p,) = H(p). The matrix element is equal
to
Drsd, o =1 - §W(py + py, — )T BV (B1)
52 PPy, B2 2p0 (27t)1/2 p1 TP —P b2 p1)-

The effective cross-section invariant under Lorents transformations is determined
by the formula

a(pf, % cosB) =

21 - A*p?p3 ((plpz) —m?
8 p® (p1p2) + m?

1/2
) 6(pf +p3 —p°);

1/2
p° = <p{’ +p; + 2\/pr — m? -\/pgz —m? - cosf + M? — 2m2> . (10)

In the experiment, the o-function “broadens” due to the uncertainty of its
argument p?:
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p? =pi +p7 —P°. (11)
We have
21 - 2*p?p3 ((p1pz) — m? 72 2
o(p? 9, cosl) = . Ae~PY”, 12
(w2, v ) 8 po3 ((plpz) + m2> (12)
Uncertainty p? is given by the formula
dp? ap? ? op?
Ap? = — Ap? Ap? A 0 AM; 13
op? p? py’ —m?
apf=1_p_0 1+ W'COS@ ; (14)
op? 123 py? —m?
apg = _p_o 1+ W'COS@ ; (15)
op: L o2 2y1/ 02 251/

— — 2 . —_ 2; 16
a(COSH) po (pl m ) (pZ m ) ( )
ap? M

__ 2 17

The values of Ap}, ApS and A(cos®) are determined by the technical

characteristics of the accelerator. The uncertainty of the boson mass is
h2C4

20t 10240 -7 - G2 - M?’

AM ~ (18)

At — time life of a black hole in its rest system. In addition, in the usual way we
obtain the relations:

_ In2 _ . 1 In2
T @y ClApe] |

(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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A. We assume that it is very small. Therefore, in collisions of quarks and marine
antiquarks on the LHC, the reaction uii — H was not observed.
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ABSTRACT

The possibility to identify new particle, that was discovered at Large
Hadron Collider in CERN, with Higgs boson from Standard model has been
showed in this paper. In this paper it has offered to realize identification of
new particle with Higgs boson according to ratio of frequencies of different
new-discovered particle decay canals. Probabilities of Higgs boson decay
canals are already determined by theoretical way.

In this paper H? - boson formation under two quarks collision cross-
section has also been calculated; exact formula for cross-section of
reactionu + d - u + d + HP that corresponds to diagrams of definite
type, has also been obtained in this paper.
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1. INTRODUCTION

At 04 July 2012 it had been declared, that new particle with mass
about 125 GeV was discovered at Large Hadron Collider in CERN. The
possibility to identify new-discovered particle with Higgs boson from Standard
model [1-16] has been showed in this paper. In this paper it has offered to realize
identification of new particle with Higgs boson according to ratio of frequencies
of different new-discovered particle decay canals. Probabilities of Higgs boson
decay canals are already determined by theoretical way.

In this paper H® — boson formation under two quarks collision cross-section
has also been calculated; exact formula for cross-section of reactionu + d -
u + d + HP, that corresponds to diagrams at picture 1, has also been obtained
in this paper.

2. HIGGS BOSONS FORMATION UNDER U - AND D - QUARKS
COLLISION.

We shall consider Higgs bosons formation under reaction u (p1) + d (p2)
—u (p'1) +d (p'2) + He (p'). We shall consider diagrams at picture 1.

Ve
k‘
V=
K

=
%
= J
/
7

Picture 1. Feinmans diagrams for reaction u+d — u+d+He.
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We shall choose interaction Lagrangian, which corresponds to diagrams
at picture 1, from full Lagrangian of set of particles:

— — 3 /Y,\ — — 3 Y ~
Line (x) =1L (—igTA —ig EB> Ly +iL, (— igTA—ig §B> L, +
. — .’Y’\ .= _IY,\ 1 Lt _IY,\ /
+ lug(—ig EB)uR + idp (—lg EB) dr + iSg (—lg §B> Sgp +

— > I Y
[( LgTA — lg B )go] [(—igTA“ —1ig EBM) (p].
Here
L= (3 L= (2,

other marks are standard ones. Then we have to realize spontaneous
symmetry breaking and to remove ¢ - and s - quarks. Then we remove
addendums, which determine W - and Z° - bosons masses. As a result, we
obtain:

@

int

(x) = uN,u-Z* +d0,d - Z* + uR,d - W™* + dRu - W +

+iz(60529 : W+W‘“+EZ Z“) 2n x + x2).
4 w K 2H

Here

A 2 L o sy_ 1 o) 5
N, = gy, [Z(COS HW—§5m HW) A+y )—§ sin“6,(1—y )];

= 1 2 1., 5 1 . 5
Oy = gVu [—— (cos 6,, +=sin BW) 1+y)+ ¢ Sin 0,(1—y )];

4 3
g cos6,, 5
R“:E 7 cos 6.y, (1+y>);

0,, ® 30° - Wainberg angle, 6. = 13° - Cabibo angle. Other marks are
standard ones.

Scattering matrix is [17-28]
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Mfi
(2ps - 2p3 - 2p;° - 2py° - 2p"O)V/2’

Sfi = (277,')4 [ 6(4) (Pf - Pl)

where
g’
Mg; = > [y (P1) N uq 4 (p1) * Uzp (2) 0V Uz (D) Délu (p1 — p1) X
D 1 + i I} R(l) L= ( /)R(l) ( )X
X Dyyp (2 — p2) + U1c(p1) Ry uzp(02) - Uzp (P2) Ry “usa(p1
x Dy, ,(p1 = p2) - DY (07 — po)l;
= 3
m_g.cosHW. _ 5
R, = > T cosO; -y, (1+7>).
M| is determined by formula:
2 .9_8 '712 G1(p1, P2, kD)
|Mfi| = [ 272 N2 nz T
4 “(kf—mg)* ((k—p')* —m3)
G ) Jk) !
+ 2(D1, 02, k, p")

(k2 —m2) (k= p))2 = m2)((P, — p2)2 — mB) (P — pr)2 —mi)

+ G3(p1' pz;k; p,)
((p1 —p2 — k)2 —m2)? (p; —p1 + k—p')? —m)?

I (1)

Exact formulas for functions G, G,, G5 are given in part “Supplement”.
Here k = p; — p; is passed impulse,
pir=p1—k py=p2tk-p.
Probability of transition during one unit of time is [29-41]
M| - d%p;
4p)poV (2m)3 - 2py

dws; = (2m)* 6@ (P, — P;)
o d>py d3p’
(2m)3 - 2p° (2m)3-2p'0°

H° — boson formation cross — section is determined by formula
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2
M| d3p; d3p;
d=24-5<4>P—P-|f‘- 2__. L x
o = (2m) (B =P) 75 (2m)3 - 2py (2m)3 - 2p;°
dp'
X 2
(2m)3 - 2p’° @

where in system 3, = —p,, P; = 0
I=1p: (Y + p3).
Then we integrate do (2) over variables g5, p1°. We obtain after that:

! 2 d d
(p1°% —m2) - |Mp|" - dQy - dQ- |'12dIP|

do_ = ! ! 7 X
(4m)3|(p"® — p? — p)(P%? —mZ)V/2 —p® - |p'|cos v |
1
X T (3)
(pP? —mZ)V/2 - p - p'®

Here py° is determined by formula

o _ @ +p3)° —mj +mg —mj +2(Jpy”?

? 2(pY + pY)

—m} - |p'lcosy —pi° - p"°)

)

and pi° is solution of equation

(P + P (P +p) —2p"°) + mZ —m; + mf — 2p°(p? +p3 —p'°) =
= 2|p'| - cosy (p1°% — m2)/?;

7'l = —m.
Axis x is directed along vector p;. We use marks:
dQ, = sin0,d0,dg,; dQ = sin6d6dey,
dQ,and d are elements of volume angles along vectors p; and p’,
cosy =sin®;sin0 -cos (@; — @)+ cos0,-cosH,
y is angle between vectors p; and p’.

Differential cross - section (3) depends on five variables: 8, ¢,,0, @, |[P’|.
One may obtain full cross - section by integrating do (3) over variables
0, 1,0, @, |p'| inside of physical volume.
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Formulas (1) and (3) are exact formulas for |Mﬁ|2 and cross - section

of reaction u+d —» u+d + H°, which corresponds to diagrams at picture 1.

If one consider quarks as partons, then one may supposem,, = 0,m,; =
0[ 42 ]. On that case formula (3) is got simplify. We shall make estimate of
full cross-section o for this case.

Phase volume of the reaction, that we consider, is equal to

, (B2 —m2)?

g g 2
® = [doda - di ~ et

where E = P).

Full cross-section is equal to
, 2
B (pi?” —m?) - |y
(4m)> |(p® — p? —p2)(P1°? —m&)Z —p° - |P'|cos v |
1

X - - .
(pP? —m2)Y/2 - p2 - p'O

(4)

We shall estimate cross-section o (4) by calculation of multiplier
near phase volume @ at the point

1 o
p=pz=3;E Ipl=¢-0,

5 _(E—-8)P +e*—mj
PU=""5 g

o NIE—8? +e2—m2]2—4(E—¢)?- &2
Ip'| = TS ,

p’ = Ipil, py =IPal =€ -0,

10

=(E—£)2—82+m,2,
2(E—¢) ’

=/

cosy=—|9,|
1

(picture 2).
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/
Z -» m, =m,; =0
| u d —
Bal =&~ 0 — b
> |
P2 |
=~ |
A i s %
— 0 e
P, P,
=
P
V

Picture 2. The point for calculation of multiplier near phase volume @ in (4).
EZ

We choose s =a- — is estimate parameter. Such a choice is our
H

estimate of cross-section o.

So, full cross-section estimate is

1 (E? _m12-1)4'|Mfi|2

7 T3 g E*(E% +m3) - &2

Functions G4, G,, G5 calculation gives:

=0,

~m
G1(p1, P2, K, D") mI; —0°" 0,0251 - ¢E (E? — m%);

=0,

N |m
GZ(pl;pZ; k;p ) ml; — 0 = 0,0555 - EE (EZ — mlz'l)'
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! my = OJ
G3(p1) b2, k;p ) mI:l =0 == 0,04‘00 -eE (EZ — mlz_l)

Let us suppose E = P? = 437,5 GeV = 3,5 my (my = 125 GeV).

Then we have:

gem

mp

2

My |* =187 a-

1
o~240-10"1° T GeV~2,
For usual system of units

1 1
0~935-107*7 -— m? =9,35-1077 - — pb.
a a

If we choose a = 107>, then ¢ ~ 9,35 10~2pb. We shall note, that,
according to M.Spira et al [43], o(pp —» H® +X) = 4,9 pb,+/s = 14 TeV,
as a result of reactions qq - H%qq.

If one suppose, that lightening for u-d - collisions is

L,_.~17-10%38 ——,
u-d m?2 - sec

then intensity of He - bosons formation is equal to
J=0" L, 4~159-10"3sec™ !,

So, about 0,954 Higgs bosons will be formed per 10 minutes as a result of
considered reaction u+ d — u+ d + H® (when all particles in initial and
final states are free ones).

Results of estimate of cross - section for other values of energy are
placed in table 1.

Table 1. Cross - section of reaction u+d - u+d + H%(a = 107°).
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Energy E, Estimate value of cross - section
GeV o (E), GeV?
125 0

187,5 0,365 -10-10
250 1,36 - 10-10
312,5 2,03 -10-10
375 2,33 -10-10
437,5 2,40 - 10-10
500 2,37 -10-10
625 2,17 - 10-10
750 1,94 - 10-10

The precision of estimate depends on choice of the point for
calculation of multiplier near phase volume ®.

3. THE POSSIBILITY TO IDENTIFY NEW - DISCOVERED PARTICLE
WITH HIGGS BOSON AT LARGE HADRON COLLIDER.

Theoretical calculations show, that He - bosons time of life is not much.
This bosons decay according to different canals and radiate second particles
[42-44, 57-58]. Higgs boson, that was formed under p-p-collision [59-61],
decays and forms stream of particles, and that leads to exceeding of average
quantity of particles, which are formed under p-p-scattering. One may fix
events of H° — bosons birth by study of exceedings of formed particles
quantity over average level under p-p-collisions [45-56].

Canals of He - boson decay with indication of time of life, decay width
and percentage of width to full He - boson decay width are cited in table 2.
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Table 2. Canals of H° — boson decay.

Decay | Equation of | Time of Decay Per | Literature
canal decay life, sec. width, GeV cent
ratio,
%
1 2 3 4 5 6
1 2,52:1021 | 26,11 -10-> According
Ho— 7%7~ _ ) to [42];
2,03-102t | 32,42-10° 7,70 [43-44, 57]
2 0,83:10-2t | 79,74- 105 According
Ho— ¢¢ to [42];
4,77-1021 | 13,81- 10" 3,28 | [43-44,57]
According
3 Ho—»2g— - | 7,66-1021 | 85910+ to [42]
hadrons (A=200
MeV);
2,17-102t | 30,27 -105 | 7,19 |[43-44,57]
4 Ho—>2y 73,96-1021 | 0,89 - 105 0,21 |[43-44,57]
5 Ho—Z0Ze | 15,49-1021| 4,25-10° 1,01 | [43-44,57]
6 Ho—» W*W~| 1,79-10-2t | 36,75-105 | 8,73 |[43-44,57]
7 Ho— bb 0,22-10-2t | 302,61 - 10| 71,88 |[43-44,57]

If one suppose, that canals, which are showed in table 2, are main
canals, then full width of H° - boson decay in accordance with [43-44, 57] is
about 421 - 105 GeV.

Formation and following decay of H° — boson according to definite

canal corresponds to exceeding of formed particles quantity over average

level as result of birth of particles of definite kind.

Table 2 shows, that exceedings of particles quantity in result of leptons
7¥,7~ formation (canal 1) compose 7,70 percent from all exceedings over
average level, which are explained by H° - bosons birth and following decay.
Exceedings of particles quantity in result of formation of charming quarks
and antiquarks (canal 2) compose 3,28 percent from all exceedings over
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average quantity of particles. Exceedings in result of formation of two gluons
(canal 3) compose 7,19 percent from all exceedings and so on.

If analysis of experimental data about exceedings of particles quantity
over average level will show, that percentage of exceedings, which are
created by particles of definite kind (by definite canal of decay), corresponds
to values from table 2, then one may affirm, that particle with mass m=125
GeV, which was discovered, is just Higgs boson from Standard model.

4. SUPPLEMENT.

Functions G,, G, G; are given by formulas:

1
Gy(P1, 2 ko p") = 2 Tr{(P1 +ma) - [A-yH (1 + Y —B-y*(1—y>)] %

A 5\, & 5v4,& 1 k#kA a kek®
X @B +my) - [A-A=y*)y* —BA+y W} (g —— ) (98 ——5 )

1
X Tr i)+ ma) [~y A+ %) +5 By (=79 x
1
X (P +mq) [—A’(l— vy +5B(1+ VS)V5]} X
( (k—p")y (k- P')a) ( (k—p')s (k- P')a>
X\ Gy, — "\ Isa —

m mg

)

! 1 ! / !
Gz(p1;p2;k;p ) = ECZ [_2 AA 'fl(p1'p2'krp ) +AB ) mczl 'fZ(pllPZlkrp ) +
+2A"-B - qui . fg(pl; D2, k, P’) — B%- mLZL ) mczi ) f4 (pl' pZ'kr p,)]l

fi(P1, 02, k") = Ty pry Py °Bay Bz - Waves (01,02, k0",
fo(01, 02, k,0") = Trye pry*pav®yY - Wines (01,02, k0",
fs(1, 02, k") = Tryiy Py psy Dy - Wives (01,02, k. '),
fao1, 02, k0" = Try*y*yOyY  Wiyes (01, 02, k0",

Wyves (pup2 kp') = {Uluv + bi(p1 — P1)u (p2 — pz)v} X
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X {Uyes + b2 (P — p2)e (05 — P1)sk;

1
G3(py, 02 k,p') =—=C* Trp,(1 — VS)VE (P1 + myyH X

16
(p1-p2)(p1-p2),, (P1-p2) ,(P1-P2) N A
X (gfa - fn‘gv ) ( ui — s A) Tr(pz + ma)y”pr X

ma, 6 mg,

x (1 _ VS)V6 . <g3 . (Pz_pl)v(pz_l’l) ) . <ga . (PZ_P1)5(P2—P1) >

In this formulas

1 2 1 .
Azz(cos Qw—§ sin 9W>;

1 1
A = —(COSZQW + = Sin29W>;

4 3
B_l 2 . C_cos39W 0.
= 3 sin“0,,, = \/i coSU.,
_ (1 — P2 —p2) _ (1 —p2) (P2 — 1)
b : b :
1= m,* ’ 2= m,,* !

1
Urwy = 9w = 73 ((ph — p2)v @ —P2)u + (PL — Py (PL — PL)v);
Z

1
Usgs = 9es = —— ((py — PPy — P)s + (1 — P2)e (P1 — P2)s);
w
Uluv = Ulv;u' U2§6 = Uzaf-

Other marks are standard ones. In this formulas k = p, —p; is passed
impulse,

p1 =p1—k; p;=p,+k—-p".

Functions G;,G,,G; were calculated in paper [58]. Exact formulas for
G4, G,, Gz were adduced in [58].
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CONCLUSION

So, in this paper it has been showed the possibility to identify particles,
which form at Large Hadron Collider, with Higgs boson from Standard model.
In this paper it has offered to realize identification of new particles with
Higgs boson according to ratio of frequencies of new particles decay canals.
Probabilities of Higgs boson decay canals are already determined by
theoretical way.

In this paper it has obtained exact formula for cross-section of reaction
u+d - u+d+ HO which corresponds to diagrams at picture 1.

In this paper it has calculated also H° - boson formation cross-section
under u - and d - quarks collision.
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