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1. Compensation equation for anomalous tree-boson interaction

In works 1, 12,13,/4,15,16] N.N. Bogoliubov compensation principle was applied to studies of
spontaneous generation of effective non-local interactions in renormalizable gauge theories.

N.N. Bogoliubov compensation principl€, 8,9 was very succesfully applied to non-perturbative
problems in ststistical physics (superfluidity, supercoductiity The first application of Bogoli-
ubov compensation principle to problems of the quantum field theoryl€ke [

At the present time quite important problem of QFT consists in studying of a spontaneous gen-
eration of effective theories. The compensation approach allows to check if an effective interaction
could be generated in a chosen variant of a renormalizable theory. In view of this one performs
"add and subtract" procedure for the effective interaction with a form-factor. Then one assumes
the presence of the effective interaction in the interaction Lagrangian and the same term with the
opposite sign is assigned to the newly defined free Lagrangian.

We start with EW Lagrangian witB lepton and quarks with gauge gro8pJ(2).

S /1 _ _
L= z <2 (kauauq-’k - (9uwkyuwk> + ngLVuTaWﬁl.UkL> + (1.1
k=1
040k — 0 9 Gy T™Wage ) —
+ Z Ok¥iuOuOk — OuCkYiuCi ) + 3 Ok Vi T WGt
-3 <W;vw3v>; W2, = 9uWE — 9 WE + geapdVWG .

where we use the standard notations.

In accordance to the Bogoliubov approach in application to QFT we look for a non-trivial
solution of a compensation equation, which is formulated on the basis of the Bogoliubov procedure
add — subtract.

L=L0+Lint'

—= (( Vuau‘ﬂk—duWkVuWk) MGk + 5 (CIkVu0HQK_‘9uq'<VI~'q'<)
1

G
— MOk ) 4Wﬁ‘vwa 3 Sacha W\f’pwgu; (1.2)
3
G
Lint = % z <L,UkVuTaVV Uk + Ay TW, Qk> 3l EancWiy Wi, W, - (1.3)

Here isotopic summation is performed inside of each quark bi-linear combination, and notation
— % . sabCW W\Ppwgu means corresponding non-local vertex in the momentum space

(2m1)* G anc(Guv (Ao PK— Poak) + Gup (KuPA— A PK) + gop (Pvak— ky pa) +
+0aukvPo —KuPvdp) F(P,0,K) 3(p+a+K) +...; (1.4)
whereF (p,q,k) is a form-factor ando, i, a; q,v,b; k, p,c are respectfully incoming momenta,

Lorentz indices and weak isotopic indicesWdtbosons. We mean also that there are present four-
boson, ...
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Effective interaction4.1) is usually called anomalous three-boson interaction and it is con-
sidered for long time on phenomenological grounti#].[ Note, that the first attempt to obtain
the anomalous three-boson interaction in the framework of Bogoliubov approach was done in
work [12]. Our interaction constan® is connected with conventional definitions in the follow-
ing way

A
G=-2.. (1.5)
Ile
The current limitations for parametérread [L3]
A =-001672%L  —0.059< A < 0.026(95%C.L.). (1.6)

Due to our approximatioeinza,v < 1we use the samiély for both chargedV+ and neutralV°
bosons and assume no difference in anomalous interactiahgody, i.e. Az = Ay = A.

Let us consider expressioril.p) as the newfree LagrangianLg, whereas expressio1.Q)
as the newinteraction LagrangianLi,. It is important to note, that we put into the ndmee
Lagrangian the full quadratic iw term including boson self-interaction, because we prefer to
maintain gauge invariance of the approximation being used. Indeed, we shall use both quartic term
from the last term inlX.2) and triple one from the last but one term &f4). Then compensation
conditions (see for detaild]) will consist in demand of full connected three-gluon vertices of the
structurel(L.4), following from Lagrangiarkg, to be zero. This demand gives a non-linear equation
for form-factorF.

Figure 1: Diagram representation of the compensation equation. Black spot corresponds to anomalous
three-gluon vertex with a form-factor. Empty circles correspond to point-like anomalous three-gluon and
four-gluon vertices. Simple point corresponds to usual gauge vertex. Incoming momenta are denoted by the
corresponding external lines.

Now in view of obtaining the first approximation we would make the following assumptions.
1) In compensation equation we restrict ourselves by terms with loop numbers 0, 1.
2) We reduce thus obtained non-linear compensation equation to a linear integral equation. It
means that in loop terms only one vertex contains the form-factor, being defined above, while other
vertices are considered to be point-like. In diagram form equation for form-factepresented
in 1. Here four-leg vertex correspond to interaction of four bosons due to our effective three-
field interaction. In our approximation we take here point-like vertex with interaction constant
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proportional tog G.
3) We integrate by angular variables of the 4-dimensional Euclidean space.

We look for a solution with the following simple dependence on all three variables

ps + p3+ Pj. .

F(P1, P2, P3) = F(=———); (1.7)
Thus we have
G2N [ Y 1 x
FO) = —641712([) F(y)ydy—w/ ysdy+f/ (y)y*dy+
YF(v) GgN (Y
6/ s dy) + 16”2/0 F(y)dy + (1.8)

GgN /X (3x—4y)2(2y—3x +/ (5x — 6y y)d
toar 3x/4 X2(X —2y) —2y y

G N[ X 3(dy—3x)2(x? —4xy+2 Y 3(x% — 2y?
9(/3 (Ay=30%0¢ —dy+2) o073 yz)F(y)dy+

T 327 x/4 8Xx2(2y — x)2 x  8(2y—x)
X By? — 12xy Y 3x2 — 4xy— 6y?
* /0 T 16@ y+ / gz Tdy).

Herex = p? andy = ¢, whereq is an integration momenturh, = 2. The last four terms in brackets
represent diagrams with one usual gauge vertex (see three last diag@®m$vatintroduce here
an effective cut-offY, which bounds a "low-momentum" region where our non-perturbative effects

act and consider the equation at interdalY] under condition
F(Y)=0. (1.9)

We shall solve equatioil(g) by iterations. The second iterations gives the following equation

859N /z
F(z) = 1+ 996 \[<|n Z+4y+4In 2—|—ZG <ZO|001/2 _1, 1/2>
595 2 2 4 7 4,/z
—— | +— [ FiOtdt—=—— [ Ft)vidi——= | F(t
336>+32/o ® 3ﬁ/o OVt /
2y
—i—Z—Z F(t)ﬁ; (2.10)
3 Jz t
wherey is the Euler constant. We look for solution 3110 in the form
131(,0 859vN G31( 41V
F(2) = §G15(2\1,1/2,o,71/2,71) 510717 ( I 1/2,1/2,4/2,4) +
+Cy Gég(z\l/z, 1,-1/2, —1) + czegg(zu, 1/2,-1/2, —1) . (1.11)

where

nm ai,...,aq \ .
Gap (Z‘bl,.,.,bp> ’
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is a Meijer function. In casq= 0 we write only indiced; in one line. Constants;, C, are defined
by boundary conditions. We have also conditions

1+ s/OZO F(2)dz— 87392§ OZO Fo(2) 22 (1.12)
F(z) = 0.

N
(1.13)

Knowing form (1.11) of a solution we calculate both sides of the equation in two different
points in interval0 < z < 7zp and having four equations for four parameters solve the set. With
N = 2this gives

d(z) = 0.60366; zy = 9.61750; C; = —0.035096; C; = —0.051104 (1.14)

We consider the neglected terms of the equation as perturbations to be taken into account in forth-
coming studies.
We have one-loop expression fag(p?)

6 TTew(X0) 5
Aew(X) = o X=p°, 1.15
enlX) 67T+ 5den(Xo) IN(X/X0) P (1.15)
We normalize the running coupling by condition
Y 2
ton(o) = 7 _ 0.0290: (1.16)

AT

Note that value1.16) is not far from physical valueenw(Myw) = 0.0337. To compare these values
properly one needs a relation connecthgndMy. For example withgA | = 0.025 dew(Mw) =
0.0312 The experimental valu@0337is reached foigA| = 0.000003 For both cases values of

A are consistent with limitationd.(€). Bearing in mind that accuracy of the present approximation
is estimted to bex 10%we can state that agreement is valid for all possible valués &f what
follows we shall use experimental valag,(My) = 0.0337.

2. Four-fermion interaction of heavy quarks

Let us remind that the adequate description of low-momenta region in QCD can be achieved by
an introduction of the effective Nambu — Jona-Lasinio interacti&n16] (see recent revievd[7]).
In the framework of the compensation approach the spontaneouis generation of NJL-type interac-
tion was demonstrated in work2,[3]. In these works pions are described as bound states of light
guarks, which are formed due to the effective NJL interaction with account of QCD corrections.

In the present work we explore the analogous considerations and assume that scalar fields
which substitute elementary Higgs fields are formed by bound states of heavy fumrkkis pos-
sibility was proposed (1989 — 1990) in works by Y.Nambu, V.Miransky, M.Tanabashi, K.Yamawaki,
W.Bardeen, C.Hill, M.Lindner18, 18, 20] and was considered in a number of publications (see,
e.g. review by M.Lindner21]). It comes clear, that estimates of mass ofttiygiark in this model
gives result which exceeds significantly its measured value. In the present work we obtain the four-
fermion interaction in the framework of Bogoliubov compensation approach, while in the previous
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works on the model the interaction was postulated. In our approach parameters of the problem are
obtained as an unique solution of a set of equations quite analog@8ly In particular we shall
see that thé-quark mass is quite consistent with the current data.

We have started with Lagrangiaf.) in which both gauge bosoW and spinor particles
(leptons and quarks) are massless. As the first stage we consider approximation in which only
the most heavy particles aquire masses, namély and thda-quark while all other ones remain
massless. In view of this we introduce left doutgt = (1+ y5)/2- (t, b) and right singlefflr =
(1—y5)/2-t. Then we study a possibility of spontaneous generatlp,|3, 5] of the following
effective non-local four-fermion interaction

Lft = GleETRaT_FgWLp+ GZLEEITRBT_F\?LPLG +

G3 — Gs = —
wy Yu qJLaquE YuWig+ ?TF? YuTRa Tpf YuTrg - (2.1)

wherea, 3 are colour indices. We shall formulate and solve compensation equations for form-
factors of the first two interaction, while consideration of the two last ones is postponed for the
next approximations. Here we follow the procedure used in works, which deal with four-fermion
Nambu—Jona-Lasinio interaction. However coupling const@atss, essentially influence the
forthcoming results. In this sectidh= 3 and a kernel term in equations is the following

Y \7
KxF = (/\Z—xln/\z)/ F(y)dy—ln/\z/ F(y)ydy+
6X/ F( yzdy+lnx/ F( ydy+x(|nx—f / F(y)dy+

/Xy(lny—f) dy+x/ InyF(y dy+6/ dy (2.2)

N is auxiliary cut-off, which disappears from all expressions W|th all conditions for solutions be
fulfilled. The compensation equation corresponds to set of diagraths at

N2(N?G2 + 2N G, G, + G3) _NGl—i—Gz/ o(y)d
82(NGy1 + Gy) )dy

(A2+x| x_SX) G+ G5 +2NGGp + 2G(N+1)(G1+ Gp)

>NAz2 "2 322(NG, + Gy)
2. G214 9N 2G(N+1
G} +G3+ GleZ;rn4G( +DC1+C2) | . (2.3)

N2G G, [¥
Fa(x) = 8n22 (1—8;2/0 Fz(y)dy>+

(/\2 X, X 3x>G§+G 3+2G(G1+Ga(N+1))

2 /\2 4 322G,
G?+ G5+ 2G(G1 +G(N+1 — —
15 25, s (N |y d(Y) = F(Y) =0 (2.4)
NGiF + GoF» - G3+Gy 2 2
®) NG; + Gy G 2 =P ¥y=q
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Figure 2: Diagram representation of the compensation equation for the four-fermion interaction. Lines

describe quarks. Simple point corresponds to the point-like vertex and black circle corresponds to a vertex
with a form-factor.

Introducing substitutiors, = pé, G, = wG and comparing the two equatior& & 2.4) we
get convinced, that both equations become being the same under the following condition

p=0. (2.5)
and we are rested with one equation

_ Vw?+8w
Fa(2) = v/2Inz—3) - 6\// Fa(t)v/Edt +
InZ/ B(0) \[zlnz 3) / Fo(t) dt+ (2.6)

o Ft)

é/z (Int — 3)Fa(t)dlt + X2 / Int—dt+6/ dt]

(2 +8w)GH (WP +8w)GH2  _ (w2+8w)62\72
= a0 T gm0 AT gupm

Here we omit all terms containing auxiliary cut-@ffdue to their cancellation.
Performing consecutive differentiations of E216) we obtain the following differential equa-

tion for /
L4 1\ () (Ld) [, 1) (,d 1)
dz 2 dz dz dz 2 dz 2

(Zo(ljz_ 1) F(2) + zR(z) = 0O; (2.7)

The equation is equivalent to integral equati@r€) provided the following boundary condi-
tions being fulfilled

dt = ; =0;
7 5 @) =0;
7 )
/ () vEdt = 0; / F(t)dt = 0. 2.8)
0 0
Note that just boundary condition2.€) lead to cancellation of all terms containing Differential
eguation is a Meijer equation and the solution of the problem is the following

1
2\/ﬁ (‘0,22a’ éa

/Zo Fa(t) Vw? + 8w _
0

R(z) = 0) , 2= . (2.9)
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Figure 3: Diagram representation of the Bethe-Salpeter equation for a bound state of heavy quarks. Double

line represent the bound state and dotted line describes a gluon. Black circle corresponds to BS wave
function. Other notations are the same as at Fig. 2.

Here we also take into account conditief{0) = 1 that givesw = £
We would draw attention to the fact, that unique soluti@rg) exists only for infinite upper
limit in integrals.

3. Doublet bound stateq_JL Tr

Let us study a possibility of spin-zero doublet bound statdr = ¢, which can be referred
to a Higgs scalar. With account of interacticdhl) using results of the previous section we have
the following Bethe—Salpeter equation, in which we take into accouritgfu@ark mass (Se®)

W(x) = /w(y)dy+ S ke (3.1)

2'm

where the modified integral operatiéf is defined in the same way as opera@g) with Y =
and lower limit of integratior0 being changed for the-quark massr¢. Then we have again
differential equation

d d d d 1 d 1 d
(Zdz_al> (Zdz_az> (Zdz> (Zdz_ 2) (Zdz_ 2) (Zdz_1> ¥(2)-2%¥(2) =0;

1+ +/1+64u 1-./1+64u Gsm*

=" aypg=—— “:212 :

where the main difference is the other sign of the last term, while variaisigust the same as
in (2.6) with account of relatioro = €. Boundary conditions now are the following

1612

/ dt 0; / (t)vEdt = 0 / —0; W(u) = 1 (3.2)

Solution of the problem is presented in the following form

W(z) = CGZay,a,1/2,1/2,1,0) + C,G3(20,1/2, 1, a1,82,1/2) +
C3G3(21/2,1/2,1,a1,87,0) +Ca G33(Z]a,a2,0,1/2,1,1/2) ; (3.3)

whereC; for given u are uniquely defined by boundary conditions. We define interaction of the
doublet with heavy quarks

Lo = Gp(@* WL TR+ @TrWL); (3.4)
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Figure 4: Diagram representation of additional contribution to tkrepuark mass. Dotted lines represent
gluons. Other notations the same as at Fig. 2.

wheregy is the coupling constant of the new interaction to be defined by normalization condition
of the solution of equatiorv(€).

Using standard perturbative method we obtain for the mass of the bound state under consider-
ation the following expression in the same way as3jn [

m = — "‘2'5 : _/ Zdz (3.5)

1

167T0!s() gp) ¥ ()dZ W(t)dt
5_/ 167‘[2@ /u N

Hereas(2) is the strong coupling with standard evolution, normalized at-pgark mass, and we
putm = m. Provided term with brackets insidebeing positive, bound statgis a tachyon. Let
us recall the well-known relation farquark mass, which is defined by non-zero vacuum average

of (¢ +@)/v2. It reads
Opn
_ ; 3.6
m =7 (3.6)
wheren = 2462GeV is the value of the electro-weak scalar condensate.
However in our approach there are additional contribution to this mass, e.g. due to diagram
shown a#.

That means that for experimental value of thguark we take the modified definition

9ol Yol
+AM = . 3.7
m="75 T3 (38.7)
According to these diagrams we have the following expressioANbr
. °°F2(z)d2/°° as(z) R(z)dz /“m(z)Fz(z)dz.

AM = 4m/ G o 4f EEEE (3.8)

4

7as(p) o z\ 7

m(z) = m<1+ T In I .

Here the first term corresponds to gluon exchange between external legs and the second term corre-
sponds to gluon exchanges inside the loop calculated with account of standard RG mass evolution.
Contributions of gluon exchanges from external legs to internal lines cancel. Now pardmeter
defined inB.7) is the following

_ * R(2)dz [~ as(z) Fx(2) dz > m(z) F(2)dz
f_1+4/ /u = +4/u R (3.9)
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Figure 5: Diagrams for normalization condition fot W, tg-vertex. Notations are the same as at Figs. 2 - 4.

Due to relation2.8) factor f in (3.7, 3.9) is slightly larger than 2. For strong couplimg(z) we
use the standard one-loop expression

~1
as(z) = as(u)<1+ 70!§7(Tll) In 5) . as(u) = 0.108; (3.10)

where for strong coupling at thequark mass we take its value obtained by evolution expres-
sion 3.10) from its value aMz: as(Mz) = 0.1184+ 0.0007.

Let us consider the possibility when relatid@4) leads to a tachyon state. For Higgs mecha-
nism to be realized we need also four-fold interaction

boa = A (0 9)%. (3.11)

Coupling constant in3d,11]) is defined in terms of the following loop integral

3dj ® Y(z)4dz
A= bl |4_/u =3 (3.12)
From well-known relationg)? = —m¢ /A and the Higgs mass squarktf = —2m? we have
2 - L6mEls o, 2nFls (3.13)
3gp VAl T Myl
From 3.7) and B.13 we have useful relation
2— 1?"'5 . (3.14)
3g(pf VHI214
We obtaing, from a normalization condition, which is defined by diagram§ of
39 as() (12
s (Iz + (|22+ 2|6) = 1; (3.15)
by — /°° P(t)dt L= /°° LP(z)dZ/Z W(t)dt
2ot Py e B

Here we use strong coupling at thhquark mas<3.10) and perform necessary calculations. In
doing this we proceed in the following way: for six parametergly, n, m, My, f we have five
relations B.7,13.13 3.14,3.16€) and the well-known expression

_ Gl

M
w 5

(3.16)

10
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whereg,, is weak interaction constagtatW mass. We obtain it by usual RG evolution expres-
sion (1.15 from valueg atY (1.14). Let us remind that we consid®fy as an input. Thus for the
moment we have two input parameters, which are safely known from the experiment

Mw = 80.4GeV; n = 2462GeV. (3.17)

The last value corresponds to value of electro-weak couplifiyly) = 0.653
Now we present thus obtained parameters

p = 4.0675101%;, f =2034; g, = 2.074; (3.18)
m = 177.0GeV; My = 1803GeV.

The most important result here is theguark mass, which is close to experimental vallie=

1733+ 1.1GeV [23]. Really, the main difficulty of composite Higgs modelk3[ 19, 120, 21]

consists in too largen. Indeed the definition 0§, in such models leads tgy, ~ 3 and thus

m ~ 500GeV. In the present work we have all parameters, including inportant parafdieing

defined by selfconsistent set of equations and the unique solution gives r&8sifjs \hich for

m is quite satisfactory. The large value fgly seems to contradict to upper limit for this mass,
which follows from considerations of Landau pole in the* theory. Emphasize, that this limit
corresponds to the local theory and in our case of composite scalar fields is not relevant. Such large
mass ofH means, of course, very large widthlaf

My = 3784GeV; BRH —WTW~) = 514%; (3.19)
BRH — ZZ) = 256%; BR(H — tt),= 23.0%.

Thus our approach predicts, that unfortunately quest for Higgs particle at LHC will give negative
result. Maybe one could succeed in registration of slight increasing of cross-segtiops—

W+ +W~+X, p+p—Z+Z+X, p+p—t+t+Xinregion of invariant masses of two heavy
particleslTeV < M1z < 3TeV. As a matter of fact the most recent LHC data (SMS PAS-HIG-11-
022, ATLAS-CONF-2011-135) do not find the SM Higgs in wide interval up to 466 GeV (see also
recent ATLAS result22]).

4. W-hadrons and CDF Wjj anomaly

Thus we have triple interaction
_ S R WO WE (4.1)
3| abc uv YYvp Y¥popu .
Wﬁv = c0SBw Zyy + SiNBy Ay ;

with uniquely defined form-factdf (p;). It was done of course in the framework of an approximate
scheme, which accuracy was estimated te4{@0— 15)%.

Interaction/4.1) increases with increasing momemtand corresponds to effective dimension-
less coupling being of the following order of magnitude

gA p?
M2,

Qeff = (4.2)

11
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Figure 6: Diagram representation of Bethe-Salpeter equation for W-W bound state. Black spot corresponds
to BS wave function. Empty circles correspond to point-like anomalous three-gluon vertex, double circle —
XWW vertex. Simple point — usual gauge tripé¢ interaction. Double line — the bound sta¢esimple line

—W. Incoming momenta are denoted by the corresponding external lines.

Thus for sufficiently large momentum interactioh) becomes strong and may lead to physical
consequences analogous to that of the usual strong interaction (QCD). In particular bound states
and resonances constituting W-s (W-hadrons) may appear. Let us estimate the typical scale
for the effect. We know that in QCD upper bound of a region of really strong interaction (non-
perturbative region) is arourBDOMeV whereas ~ 0.5 that is couplingys = v/4mas = 2.5. So we

have to equatgef (4.2) to this value and define the typical valpg that gives

Pyp = Mw /%e)f\f ~ 650GeV; (4.3)

where we have taken for modulus dfits maximal value from limitation.€). Now we have
the lightest hadron — the pion with mass140MeV for typical scale600MeV in QCD and for
estimatedoyp (4.3 we have possible mass of the lightest W-hadron

Miin = % ~ 150GeV: (4.4)

The excess detected in worR7] is situated just in this region. So one might try to consider
interpretation of effectd7] as a manifestation of\&-hadron.

Here we would apply these considerations along with previous results to data indicating on an
excess in jet pair production accompanied®at TEVATRON [27] in region of jj invariant mass
120— 160GeV.

Let us assume that this excess is due to existence of boundXstditevo W. This stateX is
assumed to have spin 1 and weak isotopic spin also 1. Then verdWaY interaction has the

following form

Gx
= Eanc W3, Wi, XS, W (4.5)

whereW is a Bethe-Salpeter wave function of the bound state. The main interactions forming
the bound state are just non-perturbative interactignt; @.5). This means that we take into
account exchange of vector bosahas well as of vector bound staxeitself. In diagram form the
corresponding Bethe-Salpeter equation is presentéd in

12
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For small mas#/x of stateX we expand the kernel of the equation in power#/gf andMZ
and obtain the following equation

G?+G§ [ G2+ G%
Y= "5 /o wy)ydy_s*z;ﬂ(lz@/ (v)y’dy—

6x/ yzdy—f/ W(y)dy+ 12/Y0 ) EGZ( W(y)dy—
53 / qJ(y)y3dy+ﬁ /0 W( yzdy—f / (y)ydy+

B/YO - Yowy(z)dy)> - ll(?f( | P)dy—

X

122 / yzdy+ o / y)y y+g /X YOLP)(/y)dy (4.6)

2 6wy N xGVa(1 f% L p
Tl ) XS (24 [ Wiy o [ woay+

1/~ AR )
GE(/ W(y)ydy+ 64/ _EZ ¥ dy).

GM, GMZ -
G=4/G2+G2.
H= 16n\f 1671\@ X

Herex = p? is the external momentum squared aris the integration momentum squared. Gauge
electro-weak coupling enters due to diagrams of the second liné.dfipper limitY is introduced

for the sake of generality due the experience of woB3[ 4, 6, 24], according to whichYy may

be eithero or some finite quantity. That ¥ is defined in a process of solving an equation. From
the physical point of view an effective cut-off bounds a "low-momentum" region where our
non-perturbative effects act and we consider the equation at infér¥g] under condition

Y(Yp) = 0. 4.7)

For interaction4.1) Y is already defined.
We shall solve equatio(€) by iterations. Let us perform the following substitution

_(G+G¢ (GG 4.8)
5122’ 5122 ' '
then the zero approximation reads
m
Woo(2) = 5 G%%(Z|(J).7O,1/2,71/2,71) : (4.9)

Now set of equationg4(€) takes the form
2 z 4 z
Wo(2) = INH 737/ Wo(t)tdt+—/ Wo(t)vtdt+
0

4yZ [% Wo(t) fo%()
T/z Vi dt— 3 y ay;

13



Non-perturbative effects in the electro-weak theory versus TEVATRON and LHC dataBoris Arbuzov

gv2 8u x

INH = 1—ﬁ< e +? — 4> (Inz+4y+4|n2+ (4.10)

s gv2  68u 25x).
ZG%(Zlofg,o,l/z,—l/z,—l)> + ﬁ( + - >

48m 9 32

o [P g2v2 2x\ [% Woolt)
1_8/0 wo(t)dt—< 2 —16u+3>/0 e

wherey is the Euler constant. Now we look for solutions of gefl(). We have relation

My = Mw \/z; Mw = 80.4GeV. (4.11)

We look for the exact solution of set of equatiodsl() in the following form

s
Wo(2) =5 GI5(ZR01/2 1/21) +

21/.,1/2
C1 G15(2‘1/271/2,1,71/2,71) +
C2Ga(Z11/2,-1/2-1) + (4.12)

CaGoa(—Z11/2-1/2-1) -

Let us choose a solution with "experimentd = 145GeV [27], then we have solution with the
following parameters

C;=-0.015282; C,=-3.26512;

Cs=1.27962101; ¢ =0.03932; (4.13)
X = 0.0074995; Z,=2627975;
u = 0.001824

Parameters4(13) defines the following physical parameters

2
. 0.0299; A= _SMyv _ o150
MG, 9

0.1639
Mx = 145GeV; |Gx| =5 -
hAVV

(4.14)

Value A (4.14 agrees with restrictionsl(€). Note, that set4.10) with My = 145GeV has also
few other solutions, but they lead to valuesiofvhich contradict to restriction4.(€). On the other
hand with value ofz from (4.14) we have additional solutions for "radial excitatiod'with mass
and coupling constant

0.0628
My, = 1807GeV; |Gx|= —35—;
My
0.1155
My, = 2051GeV; |Gx| = ——%—; (4.15)
My
0.1837
My, = 2442GeV; [Gx| = ——
My

14
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=.;;;E

Figure 7: Diagram for verteXX qq. Dotted line — W, double line — bound state simple line — a quark.
Black spot —theXWWBS wave function.

With this massX decay into pair oW-s, i.e.

Xios = W +(Z,y); Xia3 —WH+W~;
r(x9) = 0.0086GeV; T(X{") = 0.0051GeV;
r(x9) = 0.126GeV; T (X5) = 0.083GeV;
r(x9) = 1.26GeV; T (X{) = 0.89GeV;
BRX;" =W Z=0.44; BRX; —Wy)=056; (4.16)
BR(XZ+ —-WZ=0.80; BR(X2+ —Wy) = 0.20;
BRXy —WZ=091; BRX; —Wy) = 0.09.
Now interaction'4.5) with parameter<4,14) defines reactions of*, X° production at TEVA-

TRON and their decays. Bound sta¥emteract with fermion doubletg. due to diagram presented
at’7. The effective interaction is described by the following expression

Lxy = Ox XS QL T2y 4 (4.17)
_ @PGx Mg [P Wolt)
Ox = T /u % dt = 0.0006704

Due to interactions4.5,'4.17) there are the following decays of bound states
XE = W* + y;(859%); X* — ud (d0)(9.5%);
X% = ul; (71.4%); (4.18)
Taking into account other quarks and leptons we obtain total widths and necessary branching ratios
M(X¥) =0.004393GeV: BR(jj) = 0.0664;
BR(W® y) = 0.900; (4.19)
M(X% = 0.000511GeV: BR(jj) = 0.714;
where we associate a jet with each quark. Small total widths do not contradict t2@ata¢ause
the observed width of the enhancement corresponds to experimental resolution. One has also to
bear in mind that real masses of neutral and chaxgethy differ by fewGeV.
For estimation ofX production cross-sections we have to take into account that according to

EW gauge invariance isotopic tripl¥f necessarily interacts with gauge fighéf and the interac-
tion vertex is just the gauge one with the same cougding

a5 (P, 6 K) = 9™ Puc(P, 0 k) K (Gupky — Gouky) +

Pg(P.6,K) (Guv(Gp — Pp) ~ Iup Gl + GouuPv) ); (4.20)
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where®, 4(p;) are form-factors, which are equal to unity & momenturrk = 0 and other two
momentap, g on the mass shelk is the well-known parameter describing quadrupole interac-
tion of a vector particle. In the present approximatios= 0. Effective total energy for partons’
collisions at TEVATRON is aroun®30GeV that is essentially smaller than typical vali3).

Thus, for estimates of cross-sections at TEVATRON we t@ke- 1. However at LHC energy is
essentially larger and form-factors influence results. For the sake of estimates we will take for LHC

Py(p,q,k) =~ W(k?)?  Kk? = (1400GeV)?; p? = ¢° = Mg ~0; (4.21)

where we take for the energy of parton collisions one fifth of the total energy bearing in mind that
point-like interaction leads to increasing cross-sections. In doing assumpti e take into
account that in the first approximatidy is defined by one loop diagram witd in each vertex.

So taking into account all relevant interactiods5(4.174.20 we obtain the following esti-
mates for cross-sections for energg = 1960GeV

o(pp— WX+ ...) =1.86pb;
o(pp—WTXE+...)=1.71pb;
o(pp— ZX*+...) =1.37pb; (4.22)
(pp — XOX* +...) = 0.35pb;
o(pp— XFX*¥+...) =0.24pb.

o

Taking into account branching ratiori4.19 we obtain for additionalV jj andZjj production
in the region of enhancement the following estimate. We also divide cross-sectiget forjet
production into two parts: with accompanyipgnd withouty

o(pp—W* +y+2j+...) =0.26pb;
o(pp—W*+2j+...) = 1.49pb; (4.23)
o(pp—2Z+2j+...)=0.13pb;

Total cross-section fow jj+W jjy(1.75pb) occurs to be considerably smaller than resH] [
o(Wjj)=4.0+1.2pbwhereas small value f& jj production quite agrees wit27] data. How-
ever just recently results &0 appear25], which do not support large value for(W jj) and give
upper limit for cross-section under studyW jj) < 1.9pb (95% C.L.). As a matter of fact our
result 4.23) evidently does not contradict both experimental results, because it differs from CDF
number by less than two s.d..

The production of radial excitation§ may be compared with data on search of resowéwt
andWZ production B2]. The results following from values of parameteds1f 4.16) are the
following (Bi = BR(X; = WW(Z)))

X1:0B1=0.15pb; X;:0B,=0.76pb; X3:0Bz= 1.64pb. (4.24)

These results by no means contradict upper limits of w82k [Note thatX; production is accom-
panied by additional boson eithéf or Z. Thus we predict effects in triple weak boson production:
WEWHW— WHW~Z, W*ZZ, which are connected wit production.
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Procesp+ p — W* + y+ ... was studied at LHC for energy's= 7TeV [30]. The results in
comparison to SM calculations are the following

o(W*y) = 56.345.0(st) & 5.0(sy) = 2.3(Iu) pb;
o(W*y)sm=49.4+3.8ph. (4.25)

The cross-sections for production)f andX° at LHC are estimated to be

o(pp—=W=EXP+..) ~7.9pb;
o(pp —WEXT +...) ~4.7pb;
o(pp — ZX*+..) ~5.7pb; (4.26)
o(pp— X" +...)~0.8pb;

(

o(pp— X°..)~0.6pb.

These results are just estimation by an order of magnitude due to significant influence of form-
factors in interactions4(5, 4.20) at energy of LHC. In calculations we have used average val-
ues of form-factors in the region corresponding to the most probabjeof partons: , /St ~
700GeV [33]. Additional contribution from processe4.2€) to W* y production reads

Ao (W*Ey) ~ 9.7 pb. (4.27)

We see that here we also have no contradiction with dag&); Let us emphasize that this process
is quite promising for checking of our scheme, because we not only predict additional contribu-
tion (4.27) but we insist that this additional contribution means production of narrow resoXance
with mass around45GeV which decays mostly ta/* + .

Results of this section are obtained in wo8d]. For calculations of cross-sections and decay
widths the CompHEP packag@d] was used.

5. Conclusion

To conclude we would emphasize, that albeit we discuss quite unusual effects, we do not deal
with something beyond the Standard Model. We are just in the framework of the Standard Model.
What makes difference with usual results are non-perturbative non-trivial solutions of compensa-
tion equations. With the present results we would draw attention to two important points. Firstly,
the unique determination of gauge electro-weak coupling congtdfy) and calculation of the
- quark mass in close agreement with experimental values. These results strengthen the confidence
in the correctness of applicability of Bogoliubov compensation approach to the principal problems
of elementary particles theory. Secondly, we have seen, that non-perturbative contributions lead to
prediction of experimental effects which are investigated at LHC and TEVATRON. These predic-
tions at least do not contradict to the totality of data. More than that, there are some indications on
agreement of several important effects with the predictions (the almost proved absence of Higgs
scalar in the most popular region, a possiM&V-bound state).
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