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1-- ·Introduction 
... ; " ,. . ·' 

:0.; 

M~y problems oUhe conventio\lalstandard uli>del (SM) Mise froin the 
presence of Higgs sector of scala.r fields. Perhaps one of the most eVident 
problems is the a.bsenceofa.ny exp~~ental ma.nife8ta.tions of-Riggs pM:.. 
tides. The ordinary explanation of this fact by a.·: large Higgs boson 

·f 1 ma8s MH ma.y be umiatisfa.ctory. ·At fairly lMgE;'Mi,' ~ppr~xima.tely :a.t 
MH _;:: lTeV [1],· [2], the SM·be~()mes a. strongly intera.Ctin'g theory. 
'In this case the usual 'perturbation th~ory (PT), which is the only re-· 
liable,' method of cal~ula~ion in quantum field theory (QFT), ,cannot be 
applied. to ·derivat~~n ~fthe :sM pre~ictions.·. In the n~a.r future .. at the 
SSC a.nd -LH.<J tb~· Higgs mass range M'H ~·· 800 GeV: will be exhau~ 

. tively explored . [3], ,{4] and the abo.v&mentioned upper bound of the 
perturba.tive regime of the SM ma.y be exceeded. . . · ' · .. 

' - . . ~~. ~ ·. 

·A situation when Higg~ a.re not ~~~i~d isn~w under serious the-
. ore tical consideration. ·The composite models 'and schemes· with dyna.mi
cal.meclumisms o(gauge symiD.etry brea.kiDg a.ie inv~tigated extensively 
as a.n alternative. of the models. with the fundamental ~alars. · Gener8l 
properties of spontaneously broken gauge sy~etcy (SBGS) ·are alsO ex-

.. Ott\.n:.r.-~ ><t1fll KliC'ir.JT \ 
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plored independently of concrete symmetry breaking mechanisms [2], 
[5]. To our mind, it iB interesting to consider other approaches to SBG~ 
without observable Higgs particles in the- framework of QFT. 

We propose an approach based on the idea of the so-called "virton'' 
field [6] which can be constructed within the nonlocal QFT. In the 
local one it doesn't exist. The main peculiarity of the virton field is 
the following. After quantization it describes not ordinary particles, but 
unobservable quasi-particles, which_,.~appear only as virtual states. If we 
regard the vrrton fields as the Higgs fields, we obtain an appropriate 
model of the Higgs sector of SM which generates the vector boson and 
fermion masses without producing observable Higgs particles. 

The nonlocal quantum field theory (NLQFT) is a self-consistent scheme 
satisfying an principles ofthe conventional QFT (unitarity, causality, rel
ativistic invariance, etc.) and providing the _b~is .f9~P.?rrect description 
of the nonloca.lity effects. At the same tmi~·'tlie''ll'l1ture :ot 'nonlocality · i 

itself may be unknown.. This point of view is accepted in the series of 
wor](; [7] •'<\~here a yersi?;l,!. 9( s~. ~ devel<?ped in which all mteractions are 

. ·. nonloca.l ... There are SOll}C probleif1s. with; the gauge-invariaiice .. becal!Be of_ . 
nonloc~ty in g~uge tieldfuteraeiihris~· Nevertheless, this approach,_gives 
a good p~sibility:of buildi.ig complet~ly; ultraviolet ·finite theory; o.f !he 
fundament~finteracti~ns.'· Another way 'to' the finite.QFT .was proposed· 

.·. in-the-~o~Jc.'Js]~n.th~ b~~ of ~fihi~e compon~n~ fi~lds which,!llso results. 
• ; in.· the introduction of. the. special form of nonloca.lity. 

'l 

i 
I ... 

.. 

. ~'').· ·_"'.,' ... /~ • _• .. •,1:··:.· ';·;"c' 'L:< .. ':-C' ~:. 
; t :In Ol}r approoc,h, the noJiloc~t)r_ ~ mtroduced ~only in th'e :Higgs self

.interaction:.term, The ~ain,goal of'thit{riio'dification··of the~SM :is to 
-~exclude-the scalar p~rti~les fr~m)the p~servable spedtrumJ ;The th~ory j 
' in this case is 'certa.iniy:D'at)inite, th~uglfits ultr~~iolet' property is im:. 

proved and divergenc'es. of m'any di~gralns are reduced: Our method of 
quantization ofthe nonlocal fields also differs from the one applied to 
this problem in the ab~ve._'ni'e.ntlo~ed·approach' [7]. We use intermediate 
regularization of the ,nonlocal field theory by iiitroduction the· finfinite 
set of qua.nt~ed ;lo.cal auxiliary field~ defined· ori 'the Hilbert' space with 
the negative-norm states. . ''' .:. ' ~ : : ,, :: ; ;:; . 

~ ~' ~ 

~' ·:" 2 

2 · :'EI~~tro~e'~·· Symmetry Breaking '~nd · 
Nonlocal Self~nteraction. of Higgs Fields 

··• , •. ,. 1" ' ' . ~· 7 !" ;_: 

We introd~ce nonlo,cality ll1to the Higgs seH-interaction writing,down the 
Lagrangian of the _sc8Jar electroweak doublet fields in the form 

~- : ~ C ·_ ~t(~)(&2 ;t m2)CJS(x)+;-' {~(~)t* ~(x) y (1) 

whe~~· m2 < 0 , :a:nd the nonlo~al field ~(~)~obtained from the local one 
qS(x) by "smearing" over the rionloca.lity.domain with the characteristic 
scale £0 ; 'We'don't sp'ecify the nature of this nonloc,ility and, introducing 
the phenomenological formfactor IC, define the nonlocal field " 

, ~(x) = J 1y IC(x ~-y) qS(y) = _JC(~:lj2) CJS{x) (2) 

The ·n~p~ocal ~p~rator JC:(Pa 8~) ca~ 'be p~ese~t'e~ ill. the. forlri 

- :·., oo, c,:..· '> .• ·2''2:~· 
IC (Po /f) = L (2n)! ,(Po,8). 

. · .. n=O , ., 

. (3) 

,,_. . .. ' ~· .. 

ThEm~tlie generalized function JC(£- y) = IC (Po 82 ) c5(x ""7. y) belongs to 
one of the spaces' of nonlociil generalized functions which; was iii traduced 
and explored in the works of Efimov [9]. 
. . Considering.tQ_e theory:J)ased:on the' Lagrangia.ri ;, (1) we follow the 

· method· of qu-antiZation 'of the nonlocal fields devel~ped in these· works.· · 
. -- Let'~s ;e~rit~ the:Lagr~gia.{. ~-(l)'iii t~;~~''ofthe~~nl~~a.Ifi~ids:-~(x) 

~:.· >-• « ''"'.,_~~:~,(,)'~"~::'·:·.:,••":-T t,': ', ' 
7 ~-~-;·,~.;J\~<·ii.•;, ,< •, '< 

,-,·<, •. <··. ~ ~-·"' 
~ :·. . .,,.. .. " . ...._ 

- C = ~t(x)'A:-2 (Po 82) (82 + m?) ~(x) + A ( ~(x)t * ~(z))~:c::,-(4) 

.We are ·looking rcir such conditions whicll( being applied· to this La
. \ grangian, guarantee the; vii-ton rea.tizatiori':for the sea.lar .field remain~ 

ing after SBGS. In this case obs~rvable sea.lar particles; ~ill not appear 
,; ,, ~ . ~-~ ! • :. •,. _· . }!' • "·, ' ,-' 

,. -· .'~ :' 

!fl 



because their propagator G(p2) is an entire function. Introduce. a new 
' -:~t .-' .. ::: . :_ .. >.:·;:~--- ~-i. ~·-- _t--.<~~ 1._ "·:.>-· ~~~:J!i .. ~iit·~ .::. 

opera or. . . . · ; . .. . "' 
,• ,· ·,· ' ' ' . ~ '' ·< ·: ''; ,., ',.: ·:< .. :f ' ·;. .. ~ ·,·, : ::; ' ~.: ', . ·d .. 

e (a2
) = IC_-2 (t~ a2

) (a2 + m2
) +w . :' (5) 

The co~~t~nrw ~ill be ~xedrr~ih=th~.c~~;di'ii<>ri <J<~2) ~ t-1·( ~1?)f'fli~~ 
we also require tllat"tlie fund.ioi1~K i8 an' (nitiie.anaiyiic fun6ti6ii W:ithoiit 
any zeros. ~h,ll.;-,means that the. Higgs propagat()r G(p2 ) has' 'ncl'poles 
after SBGS; The··E-function· musf satisfy some condition's following from 
the general principles of,QFT: J:hes~ are: t~~:~!,i~():v~copdjti~ns~ [~] ::./; 
. ~-· • . ·..-: ,-. "- •. :: .. ·: '< -~·-,_ -:;··~, •. . ;:~.-._- ,_::; ~~ '·.-, '"'· ... _- -.. _; ___ ~ • } 

: ,·. o £(;)·-is an e~tire.~naiyiic);pcti~~:~fth~.o~~.e~'(~if.$;1,:': ·.::.~ .. ' 

~ [E(z)]*;_::'£(~*) :·t '; ,,\' ·J. --.--; 

• E(z) > 0 f~n real ,z. 

• In Euclidean momentum space e-1( -p2) has to ·decrease steeply 
enough .for.•; , . : . , , :: .. ; · 

00 

-~ 

I dp~ £~,1(p~) < 00 
0 '; ' ,, .. • .. 

. ·:.~· ~-~ -~j :n;:;: ·"'r• 
~i . ; 

{6) 

The last condition results in decrea.Sing Euclidean Green functions of 
· NLQF.T. The ·most ·general form . of·. the i-Jqnstion, satisfyi11g .• all. t~ese 
.conditions·is· .. ~::.,.; ··.:· .. ·. ·. · ... •··· · •··· .. 

.. ' 

,,... :.·,,:e{z)< ~r.~J.t2.exp(W(z:)) -~··.,(7) 
~hi~~· ji; fu,. a. 1p.{rak:t~r ~ro~iling •. ~( z)' wit~ J,he,c~r~ec(diin~nsion ; : ·w, 
is a ~eal entiii:dlihdiori ~~f~~ing;~ith z2 -~~~:oo.': <: .• ;. ··.··:: ;., 

• . The htter~tion with t~e gauge fields is· introduced by usual minimal 
·substitution .;, · · i ···· . . • - , · ... . 

~ ~ . ' . ';.'- ( '- i . '·- ; ; ~ >' ~ .. ? ...... ,., .• 

·i. 

z:i·: "'!. · T': ,. · :y 
a D a . Aa . I "B 
. I'~ 1''.-: I'- 'g2 I'- 'g·~ I' 

' ~. t .... 
. ;.; ,!" 

. ~8) . 

where A: ~d Bl' are the su~L and'ulY ga~ge.flelds: resp~~tively; y 'is 
a weak hypercharge operator. 

.· 4' 

.. 

.. 

-'• ' 

TQ<king t.h~'*' int.o l\>C}c;ount, w~ r~writ~ thf3 Ls.gra.ngi'-"n (4) in the form 

- C = ~t(x) (£ (D2
) - w)~(x) + A ( ~(x)t *~(;) r (9) 

· Gauge in variance of this Lagrangian is· the direct consequence of the 
fa~t that the e(z)-function is an entire one. Under gauge trapsf()miatiops 

~ ~ ~g =g~ ·(10) 

D"' .-!... D~ -;-9D11g-71 
., 

· ... (11) 

the opera~gr £(D2), being the sum of positive· degr~es'ofthe covanant 
derivativE;·~D, transforins as · 

e ~ £9 :;:: e(gD2g~l) :;:: !Je(b2)g-1 (12) 

Noteworthy is that according to the' Pik~r theor~~on a"" points of an 
entire function [10], the f(z) function takes thew-value an illfinite. 1lu~
ber of times. This statement can be easily 11nderstood with the simplest 

f • .... 1 
example offunctionexpz. Consequently, the propagator (e(-p2)- w)-
of the ~ - field has an infinite number of poles, some of them at negative, 
or imaginary values of p2 • In quantum theory they·correspond to parti.:. 
cle.s. with unphysical complex masses. As is well known, the presence of 
these states, analogous to "tachyon" states in the conventional SM, are 
the signal of SBGS. . ~. .:. 

Let us consider the quantization problem for the·theory ba.Sed on the 
Lagrangian (9). The standard canonical procedure cannot be directly 
applied in this case due to the presence of higher time derivatives in 
the kinetic term. Th~refore, following [9], we consider the properly 
!eg~larized theory · · 

-£5 :;:: q,5t(x)£5 (D2) q,5(x) -: ~s~5t(x) *cJ~5(x) + (1a) 

+ ,\ (~8t(x) * cJ~ 8 (x)) 2 
(14) 

where S. is a regularization parrupeter. The regularization is chosen~in· 
such a way that 

5 



lim eo (D2
) = e (D2) o-o . (15) . 

arid. the regularized function 

00 

eo (p2) ~II (p2- m;(s>) . (16) 
i=l 

•'' h~ an infinite number ~f zeros in a sequence of points such· that 'm]( 8) > 
0 and m](S) - oo when S- 0. . . ./ _ 

Then the theory can be quantized on the Hilbert space ·with the 
negative-norm states [11]. 

· For the 6 > 0 the free Hamiltonian. Hg, the. 5°-matrix, the Green 
functions G8 and other objects of QFT can be constructed. It is accepted 
[9] that in the limit 6 - 0 this construction gives the s6lution. o(a 
quantization problem for the initial nonlqcalsy~tem with the Lagrangian 
.(13). . . -

.The first step is to represent the meromorphic function [eor1 in the 
form· ·. ' ·· · ·. · · · · · · ·:· · · · 

~ ~ . ~ ~--·' •' 

. oo ·· . A;(6) 
".re5(p2)]-l = L(::-1)} m;d>- p2 

.. . . i=O . . • . 
(17) 

where: 
. m~(S) - (j + l)u J - M2 

' C' 0 . (1~) 

and u < 1/ p ~ 2 , M0 = l01
• The coefficients Aj(S) can be easily 

calculated for. any concrete function. Define the infinite set of Pais -
Uhlenbeck auxiliary fields 

<)J(x) 

ci>'(x1 

' 6 2 . . r;-;;; e (D ) . 5 
v.,l-\.jtUJ n2 1 _2(('\ cp (:z:) 

00 

- · ?=(-1Y {i#) q,J(x) 
J=O 

: ... :· 

6 

:';;. 
~) ~ 

' '(19) 

(20) 

'-.''" 

~ 

,. 

.. 

'hi tenus of the fields,~~ the regularized Lagr~gian · (13) reads 
,,:• 

00 

:_rf =· L ( ~l)i q,J\c) (D2 + mJ(S)) cpJ(x) 
j:O 

_ w6q,ot (-x) * q,5(x) + ~ (q,ot (x) * q,o(x)) 2 (21) 

Considering <)~ to be independent fields we can quantize the theory with 
this Lagrangian in ~he framework of canonical . formalism. Then.· the 
equal-' time canonical· commutation relations take the form 

[q,tt(o,_~, q,J(o,m] = i(-1)isijs(:t-Y'J. (22) 

Due to. the presence of the factor ( -1 )i these relations can be realized only 
on,the Hilbert space with the. negative-norm quantum states. Moreover, 
it can be shown . [9] that 'oh t~is space the quantum field q,o is a local 
operator/. ; ' ; :···· ;. I ,• .' '· ' , . ' . '; .·· , ' 

Co~sidering. the SBGSwe make standard-shift of allfields <)J inde-
pendently · ·. 

',l . 

q,o( ) . ( o( ) +. o) X .. 
fx ·. = . rJi_ x . vi, 0<. .(23) 

~o(x) - (7J~(x)( + v
5

) -~ (24) 
, , -_1.,'. ·· • . 1 

X - {~}_;. 
- '":·'"" ;, .; -. ' ' 

where 
c ~ ; 

(25) 
,".t" 

-~ ·, 
,,:_),') .:f,'".," 

::.:: .(26) 
0. 

. hldefining the. theo;y. in t~rnis of. the fi~lcls TJJ ~e .fix th~ valu~ of. vf 
and w6 -parameters from the requirement of.the absence.in the resulting 

~ ., '," 

7 

" 



Lagrangian of'ariy terms which are linear 'or quadratic i.idields TJJI:except. 

-mH 6)TJr. Then we obtain the equations 

~~(o)vf,.- vliJAj(8) (wli- A (v5) 2
) = 0 (27) 

.I ' . ' 2 
w5 = 3A (v5

) (28) 
.:~.t~f;~\' ' . 

}" - : 
. Th~ soluti~xi of t·h~se,~~uations r~~~ · 

~~ _.,;~"_;_.·.__ . ' ··.-- ~.J ·::, 

~ ',.;:. 

•.-
· .... _ .. 

3 . 
wli = - fli(or 

2 
£8(0) 

2 " 

( vo)2 ~·;( ...... 

r,Ai(o) (£5(o)) 3
. · ""'' 

;.-· 

( vf) 2 
2),int{6) 

.. $· ,,,. ' ~' 

'(29) 

(30) 

;rr. 

'(31) 
-~~~~--

Taking this into account and substituting (25)- . (26) to (23) one finds 
after·"some transformations the final Lagrangiaii'in the unitary physical 
gauge · '· 

£ 5 = ~ t(~l)j 11J (lf + mj(8)} 11J +' 'Av5 (r,0)
3 + ~ (115f 

J=O . 

2 00 ' 

~ ?: ( -1 )j [ ( 1JJ) 2 

J=O 

+ 2 .s 5], (w.+w:_~' +, · 1 z z~') 1Jj vj ·. . li 2 2 e li ·. . . cos w 
\ 

M 2 w+W.;;.11 - ! M! Z Z 11 
W li, 2ali 

L fPJ (£~liD~' - fflJ ( 1 + ~:)) tPJ 
.J ' .· i 

(32) 

For the co~pleteness the fermion part of the model.is also included in 
this expression. The m,asses of the W and Z_,.... bos.ons are given 'by , . 

M2 
.W. 

M~ 

g2tJ2 £'(0) 

4 
Ma, .. · 

cos2 0w 

8 

g2 £(0)C'(O) 
8). .·· 

(~3) 

(34), 

! 

t) 
. ' 

J 

~· 
,, 

i 
! 

. The' Lagr~ngian ( 3 2) 'give~ ,tb,e s()lu tion of. the pr~ble~ v.:e formulat.ed at 
the begi~nii~g., .. In. t.h:,t;.limit.8_·7t:O,.it de~cribes}he SM, wi~t~'a;uolllo~.al 

"Higgs ·sector.~T_he:scalar.pafticles. ~c>J:responding.,to_.the. qu_~tize~ :fields 
· TJJ { x) escape fron1 the obser:vable, sp~ctrull1JorJheir::!ll.~~s_es 1!1-J( 6) .""1:Po 
.when 8 ,__.. O.t Mpreover, th_e,kine~ic:teflflB ofthese field,13 ~:~~~ L~gr~giim 

·. (32) can bewritten in theJorm .. ! :' · :-~ .•.. : . .. . ,. :. 
~; • • ' ,' I .' ' 

-oo . 1 ~-· ~'"·~. · · ~-, : . :~>)i r;~~t<_.f ~:.t.~ -~~ · ., :_:·,. ·. -~ _ 

~:(~'l)i TJ}(x) (&21 +': mj(8)) ~J(x) ·= ;~.,{x)£5 (82):TJ5(x)- (35) 
j:O 

Tli~{iri 'the liiniflitiisUci rl.:"'~ :;t] 1oiie.' ~btains .the fi~ld T} wit}~' the corr~
spondi~g propagator e-1{p2 ) is being an entire fn_nction. This._is.another 
condition of absence of the observable' scalar particles. Fr6rii f~rmulae 

·,,(32)1. (34) it can be' de~ll!~!:cl.. th~~ o,ur.,model,~~ers. f,rolll}h~ c.c;>~y~n
J{tional SM;,()nly w~tllin the IIiggs sector and .ii.s,cinteractions with' the 
,,ga~ge fiel~s. J'he ~ass.~~;ritu,l~tef()r th~_~,.~~l;: b;;~~~~ slight.ly,d~er 

but this difference is not essential. as it will be shown further. . ··.: 
The c'a.lculations of the. S-matrix elements in our model mafuly-'are 

~ · based on the standard technique, ofQf:T :perturbation theory. 
, , . . The .. Feynman rules·. call: be extracted directly from the Lagrangian 

(32Y,: J!ere we write doW:n:only the TJJ(xY":"' field propagators: 
."-;~. : :--_,-~ ·,.;,~ « , •• • .)..:tj :-.. ·~"'~·-,~ ;, --~":>Tl ~-.t.:J:- ··~:< __ 'f.: .. ':;<· · 

'{'/ 
·.L 

Gfi(c)(x..!. y) =. £ <OI T (TJf(x)·~J(y)) 10'> = · 
.. . . . . : . ·s~ . . . ' .. : ... = (-1}3 Dij Vj(~)(x':.:....'y) .. ·. (36) 

where :.. J1, i 

·' 
.. .. d"' k .. ··. e-ik:z: 

. ~ix)> ~·.~ ... :J. (.21r): ~~(o)- k2- if 
J '' . .• ' J . ~ 

' ·-:~~ : "" ~- ~- •' 

(37) 

r:is.the p~opagatorof.th:elo~al seal~ ~~~~ ~fthe .~,ass TJ.(~h'. . . , ? 
The essentia.l.peculia.rities,ofthe calculations in the.framework ofom 

nonlo~~ ~6clific~tio~ of·the ~~a;i,~$M;:~e ~ J~ll~~~:. The·:~~gr_~ 
, with ,th~_.external•TJJ-lin~ must: l>e ... ~~~ly.ded,, b:'lt aJ1, possible interna1 

' ;,.. ' . . . ' . .. ' . . . . . ~, . 

'' 9 



:·~~.:.states ~ust be summed up. Fin~ "formulae for the physical matrix -
" J " ' ' 
';elements are obtained in the'litnit 8'---t o. .,,: · .: ~· ir;·:.: - · 
c:L'< It _is relevant to note that the:·diag~ains with;the internal·17j -lines 
·>·are less divergent in comparison' with the conventional SM. In some cases 
~ 5 tiiese diagrams are found to be ultraviolet' finite. This· is because of the 

fast decrease of the Euclidean Green functions in the • NLQFT. In the 
present paper this property is expressed by the condition (6). If all 
the interactions are supposed to _be nonlocal as accepted in the above-

. cme~tioned approach of Moffat .. [~] ,tl1en the the<;>rY becollles finite .. 

-·3- ModelParameters and Domain of;Per
turbative Regime ·· 

~ '•; ' ,' . ' 

-:·To investigate the ma.m' features 'of the proposed nonlocal modification of 
•·· the SM let us consider •t~e ·siniplest "minimal'' variant of·nonlocality.''It 
'''corresponds to the followmg choice W(z)'·~-z/Mt in formula· (7): 1This 

gives • · · · - ·;,-- ,-_ , · ··~·:·.:•: < ; 

-~n.·• 

. __ £(i)_ d: · p? exp(zfM'g) (38) 
i!.'' . . ' . . • 

where p. and M0 . are free. parameters, ext:iacted. from the experiment. 
>~ • ;>. ,., • - ~ : ,. . ... / ; >l ~ • • ' . ' t • .• ,., t ~ ,' 

Regarding their possible values one notes that the p.-parameter has no 
essential physical meaning. The proper 1}-fields and the >.-coupling con
stant redefinition change i~ to any arbitrary, value., I~ fact, the Lagrangian 

; . (32) is invariant under the following transformation 
\ " ·~ ' ' 

. r/ _. 17'6 = ~-t 170 

17t _. 17
1
: = TJt 

). i -~ • >.' = K-2_ .). 

. e6(lJ2) 
1~ .. 'e'6(B2)• ~ ;;;, e6(/P) 

(39) 

(40) 
(41) 

(42) 

The latte/ transformati~n 'ieslllt~ in
1 p.2 · ·~ ,· f1.'2 ·= 'K.p.2 • ·;In ·the consid

n;;ered modification of the SM'·ther~ '~i:e no ~ymptotic ·cbnditions on the 
·;:::_:n~riria.liz~tion of free fields foi'the a.b's~lice i>f observable scalM -particles. 
'' 'Th'erefore the physies is' indep~ndent 'of the scale f~tor it and value' of , 

10 

p.2 
.. The· (mly role of the.·p. - par~eter iS to p~ovide 'a'coriec(dunen

sion ofthe. p'ropagato{of the scalar 'field ·'7· For' the simplicity we take 
p.· = M 0> Then the mas~ formul~ (33)- (34)'acq~iie t}Je sam.e{orm as. 
in the conventional SM . . : ::. ~ . . . .. . .. 

For, the practical calculations-.m the frameworlC of our appr~ it iS 
important to know the limitations O!J applicability of perturbation theory: 
These limitations come from the partial ~ave unitarity [12], [1]. which 
requue 

'( jaJ(s)j $ 1 ., (43) 
To find these limitations;it is enough in our case to calculate the ~er6th 
.partial wave amplitude a0 for longitudinal W and Z - boson scattering · 
WLWL --+ ZLZ£. ·For t.he Lagrangian< (32) with thee-function in the 
form (38) we have in trce,approximation · · -

.-.g~ Mg '(. SJM.l· ;) ao;;;;---- e.0-1 
647r M 2 · • w . 

.,_; 

(44).-

this gives the limitation , ~ 

S S Smax(Mo) = M 2. ln ( 8'71".;2 ...1..: :1·~ 
0 GpMg _.-: ) . ,;(45) 

In this kinematic domain the cotidition''lao(s)j s 't'~.'satiBfled~· ,The 
function. Sm:a,;;(M0 ) n1oiiotonica.lly increases ·with· M0 ' arid ~y~ptotically 
tends to a consta.rit·· r ·. • ·, · .... ' '~ • · '· 

' 

8 rn2 . . : ··~· · · · ' .. ·'·• V~'ll"· • . . '., '2 

. ; ;: . M~~oos~~(M~)'= , GP. ·"' (1 .. 8'feV) . .. , (46) 

The:saturation occurs rathet:quicldy, and for ·Md· ;= J:s TeV we g~t 
the upper bound ...[§ $: .../S,:,..a.m "' 1:5 TeV. :T~ achieve higher energi~ it 
is necessary to perform 'the ca.Icul~tions m 'the' next to leadmg order of 
perturbation theory and maybe to s~m up'8ome classes of diagrJmis.: :~ ' 

Note:thanhe obtained limitation':(45) strongJy depends on th~ fomi . 
-of the e~function~) Sta.rtmg from 'the function differing from . (3s).we. 
arrive at th'e limitation other than ( 45). · · .·:• · ' :· • . ~.. ·· · · · '· 

In the conventional local SM the '11Iiitarity gives ~-,upper bound on 
the Higgs boson' mass .. Ai the :t~ee level this is M~ $ 2 T~V:~If'the 
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Higgs boson is. not Aiflc;<?vt;re~ ~ ·this~ ~ass~ ~egic_m, then perturbation, 
theory is n~t app~cable for the d~,~ivation of the' SM,, predktious. at high 
energy. ~oreover; so1pe of the lpw -energy,·predictions obtained within 
this framework are subject to doubt. The reason is as _follows.· Because 
in the CM there. is a ~ell known relation - ... 

,,.;· .. 

. ,· 2- . ,,· .,, 2 ,· •. '•' ' ' 

· MH. - . . ~AVsM _ .;,... . (47) 

where VsM """ 250 Gey,_ th~n for M'e > 1 TeV we have ~ > 1. 
The last quantity chara.Cteriies perturbative corrections due to the Higgs 
self-interaction. Therefore, if it is not small enough, the perturbation 
theory fails. This conclusion does ,not depend on the kinematic domain 
considered but only on the MH - val~e. As we have seen, in the pr<>" _ 
posed nonlocal modification~ of SM th~ situation ia _.different. There' ia 
no connection between Higgs inv:isibility and applicability. of th~ pertur- · 
bation theory. It. has been shown that the lowest order calculations are 
correct in the definite kinematic,domain which depends C>n the:form of 
n~nlocality in the Higgs·self-hiteraction. Fo~··the minimal variant (38) 
the domain ia defined by (45) . 

4 .. Conclusion 

Thus, the introduction of nonlocality in the self-interaction of Higgs fields 
enables Us to e#lude the scalar Higgs particlesfrom the o,bservable spec: 
trumof the SM .. W((<Ion't specify the nature oftbia nolllocality. In prin
ciple, it may be considered not a fundamental physical notion but an ef
fective phenomenological way of taking into account some of interactions 
beyond the SM . Prop6sed nonlocal modification of the SM is described 
by the ~enormalizable Lagrangian (32) for 1~h!c:!t-we ha:veformulated;t_h~ 
rules of pe~turha~ivecalculai~ons' of .physical 111a~rix elements. -Tho,~gh 
·the applicability· of the loweat order calculations is bounded-within· the 
energy domaiii (45) in thisfr~e~ork:'()n~ can, ~eyertheless,_ ~alculate .,. 
most of t~.:e~ el~c.trowe~¥ ~ff~cts anq .c~I!l~re the predictions ,with ;the ex
perimental data. ' These will be considered elSewhere ,j:fi 'OJli ,next ;paper:! '' ; 
Here we ~onfin~ ou~l~es to the f~llriwillg gen~ral remaik8i:. The maiD · 
physical difference bet~een the. prop~ed nonlocal' mOdification of the 
SM and the con~entiona.l one comes froni .their Higgs sedors.·:-However, 
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the Higgs field interacts with'; the ,leptons' and·c9uarks;;exceP.t _the; ~e_~vy 
t~quark, rather. weakly. Thus we may expect the observable difference in 
~;'_, ... _ ,,''•1' •' :" ~":fxc· ·t> ;· .. "' _· ·' . .., ;. -.-- .- ~--- ! ~. • _ . •,:_~ ~ • -· • . 

pied1cttoris ·of thes·e ·two. variants of the SM• at'tlie level· of refined effects 
of the radiative corrections or' in the pro~esseS difficult for ithe' experi-

mental inve~tiga~iou. _ A~(_lf!:g t~~~)her~-c~T: .w:id~ly :~~c~.s:>e? pr,?c.~~~~~ 
. of the W and Z- boson scattenng. They will be. accessible m the'riear 
future at the SSG and. LH C -;-, colliders<wbere ·it. is ;planned to-search for 
possible growth with the energy of th~ir \:~·oss ~~~tion~: Th~ beh~~i6ui:~is 
predicted in the coh~e'tltibi1afSM'for: the'lo11gitudilial·v~ctor'l)"bson ·scat
tering, for example', WLWL ·-:-+ ZLZL. W,hile the nonlocal modification 
predicts the growth for the every polarizations of W and Z- bosons .. An
other disC:.repa.ncy is- the radiative corrections. They also depend on the 
nature of the Higgs sector. One can expect the JflOStconsiderable differ
ence in the predictlons of the nonlocal modification and the conventional 
SM for those radiative effects which, being.calculated.in the conventional 
SM, have the strongest dependence on 'the Higgs boson mass. 
. I ~~ank M.A.lvanov, Q.V.Kancheli, B.Z~Kopeliovich, N.V.Krasnikov, 
S.Petcov, R.Ruckl forstimulating discussions. I am especially grateful 
to G.V:Efimov for thecxplanation of some questions regarding the non
local quantum field t·l;eory, for criticai remarks and guidance during the 
realization of this work. 
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