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It is shown that an integral corresponding to the contribution of one particle to equal-time commutator of quantized scalar fields
diverges in a reality, contrary to usual assumption that this integral vanishes. It means that commutator of scalar fields does not
vanish for space-like intervals between the field coordinates. In relation with this divergence the generalization of the Klein-Gordon
equation is considered. The generalized equation is presented as products of the operators for the Klein-Gordon equation with
different masses. The solutions of derived homogeneous equations are sums of fields, corresponding to particles with the same values
of the spin, the electric charge, the parities, but with different masses. Such particles are grouped into the kinds (or families, or
dynasties) with members which are the particle generations. The commutator of fields for the kinds of particles can be presented as
sum of the products of the commutators for one particle and the definite coefficients. The sums of these coefficients for all the
generation equal zero. The sums of the products of these coefficients and the particle masses to some powers equal zero too, i.e., for
these coefficients some relations exist. In consequence of these relations the commutators of the fields for the particle generations
vanish on space-like intervals. Thus, the locality (the microcausality) is valid for the fields of the particle kinds. It is possible if the
number of the generations is greater than two.

KEY WORDS: convergence of integrals, differential equations, generations of particles, microcausality principle, generations of
particles, indefinite metrics

JIOKAJIBHICTb KBAHTOBAHUX CKAJISIPHUX ITOJIIB AJI51 HIOKOJITHb YACTHHOK
10.B. Kyaim, O.B. Puéauyk
VYxpaiucoruii deporcasnuii ynisepcumem 3anisHuiHo20 mpancnopmy
M. eiiepoaxa 7, Xapxie, 61050, Yrpaina

ITokazano ,mi0 iHTerpaj BiANOBIAHMH BHECKY OJHi€]l YaCTHHKHM B OJHOYACHMH KOMMYTAaTOp KBAaHTOBAaHMUX CKaISIPHUX MONIB B
IiiicHOCTI po36iraeTbcsi, B NMPOTWICKHICTh 3BHYaiHOMY TMPHIYIISHHIO, [0 1€l iHTerpan popiBHioe Hyimro. Lle o3nawae, mio
KOMMYTATOp CKaISIPHHUX IOJIB HE JOPIBHIOE HYJIO Ul HPOCTOPOBO-MOMIOHUX iHTEPBANiB MK KOOpAWHATaMH MOJiB. B 3B's3ky 3
Li€I0 PO30KHICTIO PO3IIHYTO y3aranbHeHHs piBHsAHHA KiteiiHa-I'opmoHa. Y3arajapHeHe PIiBHAHHS IpeAcTaBisie co00i0 T0OYTOK
oneparopiB piBHsAHHSA Kieitna-I'opnona 3 pisHUMEH MacaMu. PO3B’S3KH OepaHUX OJHODPITHHUX PIBHAHB IPENCTABISIOTH COOOIO
CYMH TI0JIiB, BiZTIOBITHUX YaCTHHKAM 3 OJJHAKOBUMH 3HAYEHHSIMH CIIiHY, €JIEKTPHYHOIO 3apsily, TApHOCTEH, ajie 3 piSHUMH MacaMH.
Taki yacTHHKY TpymyloThes B poau (abo cim’i, abo quHacrii) a ixHi WwieHH € nokomiHHIL. KoMyTaTop mojiB Uil MOKOJIHb YaCTHHOK
MOXXHA NIPEACTABUTH SIK CyMH JTOOYTKIiB KOMYTaTOpIB [UIS OHI€T YACTUHKH 1 BU3HaUeHUX KoedinieHTiB. CyMH IUX KOe(IilmieHTIB I
BCIX ITOKOJIIHb JOPIBHIOIOTE Hyiro. CymMH IOOYTKIB IIMX KOe(iLi€eHTiB Ha MacH YaCTHHOK y AESKHX CTEHEHSIX TEX JOPiBHIOIOTH
HYJt0, TOOTO Ui UX KOE(DIIliEHTIB iCHYIOTh NEsKi CIiBBIAHOMICHHSA. BHACTIIOK NHX CHiBBiIHOIIEHh KOMYTATOPH MOJIB IS
MOKOJIiHb YaCTUHOK CTAlOTh PIBHUMH HYJIIO Ha MMPOCTOPOBO-MOAIOHUX iHTepBaiax. TakuM YHHOM, JIOKAJIBHICTh (MiKPOIPHUYUHHICTD)
Mae Miclie A7 MOJIiB poiB YacTHHOK. Lle MojkiuBe, SKIIO KUTBKICTh HOKOJIiHb YACTHHOK OiMbIIa ABOX.

KJIFOYOBI CJIOBA: 30ixHICTD iHTerpainiB, Au(epeHmianbHi PiBHAHHS, NPUHIWN MIKPONPHYMHHOCTI, MOKONIHHS YacTHHOK,
iHme¢iHITHA METpUKa

JIOKAJIbHOCTH KBAHTOBAHHBIX CKAJISIPHBIX MIOJEM JJISI IOKOJIEHA YACTHIL
10.B. Ky, E.B. Pri6auyk
Yxpaunckuii 2ocydapcmeennbiii ynugepcumem dicene3Ho0opoA*CHO20 MPaHCnopma
nn. Qeiiepbaxa 7, Xapwvkos, 61050, Yxpauna

IokazaHo, 4TO MHTErpaj, COOTBETCTBYIOMNI BKIaTy OXHOH YaCTHIIBI, B OJHOBPEMEHHOH KOMMYTAaTOP CKAJISIPHBIX KBAHTOBAHHBIX
ToJIeH, B ICHCTBUTEIBHOCTU PACXOIUTCS, B IIPOTUBOMOJIOKHOCTh OOBITHOMY MPEAIIONOKEHHUIO, YTO STOT HHTETPANl PaBEH HYII0. JTO
03HA4aeT, KOMMYTAaTOp CKaJSIPHBIX IOJICH He paBeH HYIIO JUI IPOCTPAHCTBEHHO-NOZOOHBIX MHTEPBAJIOB MEXTY KOOpAWHATAMH
moneil. B CBsA3M ¢ 3TOM pacxoaMMOCTBIO paccMOTpeHo o0oOmieHue ypaHeHust KieitHa-I'opmona. O6oOnieHHOE ypaBHEHHE
NIPE/ICTaBIsICT COOOW IPOM3BEACHUSI ONEpaTopoB ypaBHeHHs KieliHa-I'opnona ¢ pasHelMH Maccamu. PemieHus MOJTydeHHBIX
OOHOPOIHBIX ypaBHeHnﬁ NpEaACTABIAOT 00601\/1 CYMMBI HOHeﬁ, COOTBETCTBYIOIINUX YaCcTULaM C OAHUMHU U TEMHU XKEC 3HAYCHUAMU
CIHHA, 3JIEKTPUUECKOTO 3apsjia, YeTHOCTEH, HO C pa3sHBIMU MaccaMu. Takue 4JacTHIBI TPYNMHUPYIOTCS B poAa (MM CEeMbH, WU
JUHACTHH), @ UX WICHBI SBISIOTCA MOKoNeHUsMH. KoMmmyTarop moied ams pomoB YaCTHUI[ MOXKHO INPEICTaBUTh KaK CyMMy
MPOM3BEICHUH KOMMYTATOPOB IIOJICH I ONHOH HYacTHUIBI M ompeaeneHHbIX KodddumumentoB. Cymmbl 3Tux KoddduimeHToB
COOTBETCTBYIOIINX BCEM MOKOJECHHUAM paBHBI HyTr0. CyMMBI IPOU3BEACHHH 3THX KOA(P(UINEHTOB HA MacChl YaCTHI] B HEKOTOPBIX
CTENEHSAX TAKKe PaBHBI HYIIO, TO €CTh I 3THX KOI(P(HIMEHTOB CYIIECTBYIOT HEKOTOpHIE COOTHOIIECHMs. Bcenencreue 3THx
COOTHOIICHUH KOMMYTATOpBl MOJNEH A IIOKOJICHWH YacTHIl CTaHOBATCS PAaBHBIMH HYJIO Ha IIPOCTPAHCTBEHHO-NOJOOHBIX
nHTepBanax. TakuMm 00pa3oM, JIOKAIBHOCTh (MHUKPOIPUYMHHOCTB) CIpaBEIIMBa VIS MOJEH MOKOJEHUH dYacTHL. DTO BO3MOXKHO,
€CJIM KOJIMYECTBO MOKONEHNH 4acTuI] 60JIbIIE JABYX.

KJIOYEBBIE CJIOBA: cXoQuMOCTh MHTErpaioB, aAuddepeHinaibHble ypaBHeHUs, IPUHINI MUKPOIPHIMHHOCTH, TOKOJICHHUS
YacTHI, NHACHHUHUTHAS METPUKA
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A locality of boson operators means that commutator of these operators vanishes for the space-like intervals. The
locality principle is named as the microcausality principle too. As a rule, commutator is expressed through improper
integrals, which must be convergent. We consider the well-known commutator of scalar fields with the 7 mass (for
example, from Refs. [1-7]). It may be written as

P (x), 0" ()] =iA(x=y.m), M

where A( X — y,m ) is next function

. 3
A(x—y,m) _ _(2;)3 fj?p e—ip(x—y) _eip(x—y) P = 132 +m? ’ ?)
0
@( X ) is an operator of the scalar field
3
olx)=—— [TLle"a, +e"; . ®
(27[)5 2py

and @ (x) is its hermitian conjugated operator

The function A('x — y,m ) has next properties: 1) it is a function of the X — ) coordinate difference; 2) it is the
odd function of the x — y difference; 3) it is relativistic invariant function and depends on (x — y )2 and the sign of
X, — Y, for (x—y)* >0 oron (x—y)* for (x—y)* <0; 4) it vanishes for the space-like intervals (i.e., for
(x—y )2 < 0). Last property means that signals with superlight velocities do not exist. A test of the locality principle
is more simple for the equal-time commutator in (1), (i.e., for X, = ¥, in (1), (2)). Then the A('X,m ) function is

expressed through the /(' X,m ) integral:

A()_c',m):

1
(27)°

- - d’p . ..

I(x,m), I(x,m):f psmpx. 4)
D,

Usually it is assumed that the integral /(' X,m ) vanishes since the integrand in (4) is the odd function of the p -

momentum. But this assumption is true only for convergent integral. In relation with the integral (4) we consider simple
integral

J= fxcosxdx. (5)

The integrands in (4), (5) are the odd functions of the integration variables and have similar asymptotical
behaviors. It is well known that the integral (5) diverges. Indeed, according to usual method of a calculation of improper
integral we have

B
J = jim xcos xdx = /{im (—AsinA—cos A)+1£im (B SinB+cosB) (6)
B—oo —4

As it is known an improper integral in infinite limits converges only in the case if finite limits exist at arbitrary
A/ Bratio and A— B difference. The integral (5) vanish in the case 4= B only. It means that the improper
integral (5) diverges and the main value of the integral (5) vanishes only. Therefore, we may expect that the integral (4)
diverges also.

In the present paper the divergence of the integral (4) is studied in details. As this divergence leads to non-zero
value of the commutator (1) on space-like intervals, it means that the locality principle can be violated. But it is well
known that the locality principle (in particular, the absence of any signals with superlight velocities) is valid in reality.
Therefore, we assume that the commutator (1) must be changed by the commutator of some proper fields, which
vanishes on the space-like intervals. The present paper is devoted to the investigations of the total fields corresponding
to generations of particles. We show that the commutator (1) can be changed by the sums of the commutators multiplied
by some coefficients for generations of particles. Such sums vanish on the space-like intervals at the number of the
generations, which is greater than two.



6
EEJP Vol.4 No.4 2017 Yu.V. Kulish, E.V. Rybachuk

DIVERGENCE OF INTEGRALS FOR COMMUTATORS OF FIELDS ON SPACE-LIKE INTERVALS
The integral (4) is the triple improper integral. It converges only in the case of absolute convergence, i.e., if the

corresponding integral of the module of integrand converges [8,9]. As |Sin f))?| > sin” pX , we can write

d’p 1 pd’ e
f—|smpx f—p(l—cos2px)zll+12. (7
Po 27 p,

The /, integral diverges as 7 A? at A — 00 . We evaluate a divergence of the integral /, in a spherical frame. After

integration with respect to angular variables we derive

f pszn2pr — lim pszn2pr i ®

p ‘+m? A= \/m

where 7 = |)?| . For space-like intervals, 7 is not equal to zero. The integral (8) has not definite limit at A — 00 .

Indeed, the integrand in (8) is similar to sin2 pr and the limit of cos2Ar / 2r does not exist at A — 00 . Thus, the

triple integral (4) does not converge also. Therefore, according to [8,9] the integral (4) diverges and commutator (1)
may not vanish for space-like intervals.
To confirm non-zero value of the commutator (1) for the space-like intervals we explicitly derive the integral (4)

in the cylindrical frame. Letx =(0,0,7), p=(p,.p,.p;). PX=p;y, p,=p,cosa,p,=p,sina,
d’p= p,dp,dp,da. The limits of integration are following:0<a <27z, 0<p, <A, —A<p,<B, at
A — 00, A— o0, B— 00. Then the integral (4) is given by

sin pr

I (X,m)= fdafpdpf\/ .f]p3:
pt

+pi+m’

2 .
7A(—cosBr+cosAr)—27r£,/p§ +m? sin p,rdp,

The limit of first term in the right hand of (9) does not exist at A — 00, A — 00, B — 00. Using the identity

(€))

\/ 2 2 2 2 i m’ . . .
py+m- = (\/p3 +m ‘p3‘)+‘p3‘ = - - —{—‘p3‘ the integral in (9) may be written as
ps+m +‘p3‘
—2rm f Sinpsr 2—”(AcosAr—BcosBr)—z—ﬂ(sinBr—sinAr) (10)

N +\p3 r r’

The improper integral in (10) converges conditionally and the limits of next terms do not existat 4 — 00, B — 0.
Therefore, the integral (4) diverges. Moreover, the main value of the integral (4) does not vanish, as the limit of first

term in the right hand of (9) does not exist at A — oo A — 00, B— 00. In consequence of a divergence of the

integral (4), we can write down e” = f e ™.

We see that the commutator (1) does not vanish for the space-like intervals of coordinates in reality. It means that
the locality principle is not valid for the fields corresponding to contributions of one particle and one antiparticle. From
this fact we can conclude that the signals with superlight velocities can exist. But such signals have not been observed.
Thus, we have contradiction between theoretical conclusions and the experimental data.

A situation with a convergence of the integrals (4) for the commutator (1) is similar to a situation with a situation
with convergence of the integral for the Yukawa potential as well as the integrals for the Green functions of Klein-
Gordon and Dirac equations.

PARADOX OF GREEN FUNCTIONS AND GENERALIZATIONS OF KLEIN-GORDON EQUATION
In [10,11] it is shown that the integral for the Yukawa potential as well as the integrals for the Green functions of
Klein-Gordon and Dirac equations diverge. In relation with these divergences, the paradox of the Green functions has
been formulated [10,11].
From the mathematical point of view the use of the Green functions of the Klein-Gordon and Dirac equations is
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incorrect, but these Green functions (calculated by some fashion) give fairly good description of different experimental
data.

To avoid the divergences in the integrals for the Green functions of the Klein-Gordon and Dirac equations these
equations and their Green functions have been generalized. So, instead of the Green function of the Klein-Gordon
equation

1 e d*
D(xm)=—— [ 5 (i
Cry ) = m

the following functions

_ 1 e*iqxd4q 1 e*iqxd4q

G(x)= = (12)
e e s e R

where P, (q2> is the polynomial of the NV degree with respect to ¢ ? has been proposed [10,11]. The Green function

(12) corresponds to generalized non-homogeneous Klein-Gordon equation of the 2N degree
(D-l—mf) (I:H—mj) ........ (D—i—mfv ) O (x)=1n(x), (13)

where @ (x) is the field and 7 (x) is the current (the field source). We consider the case of the polynomial with real
non-negative different roots m21 < m22 < m23 <..<m’ n - Note that for the advanced, retarded and causal Green
functions we must write the corresponding imaginary infinitesimal term to each m,f .

The general classical solution @, (x) of the linear equation (13) is the sum of the general solution of the

C

corresponding homogeneous equation @O (x) free and partial solution ® (x)nh of non-homogeneous equation:

o(x),. = [ d“QENF (@° =mi )[eee ™ +ée™ (14)
k=1
®(x), = [ Glx=y)n(y)d'y, (15)

where ¢, and Ek are the arbitrary constants. Thus, @ (x) free is the sum of the terms corresponding to the particles

with the same charge, parity, spin but with different masses. Each term in (14) corresponding to number k is the

solution of the homogeneous Klein — Gordon equation as(l]—l—m,f)(cke*iqx + Ekeﬂ'qx) o ((]2 — m,f) =0. In Ref.

[10] it is shown that the case of equal masses in Eq. (13) must be excluded. It was shown that the functions @ (x) free

are non- normalizable if at least two masses are equal. Thus the masses in the generalized Klein Gordon equation must
be different. The @ (x) fields we shall name as total fields, the fields for the particle generations, and the fields of a

kind (or a family or a dynasty).
For the rational fraction in (12) the expansion can be written [10, 11]

1 1 ul A
- 2 2)22%’

P, (q2>_(—q2+mf)(—q2+m22)...(—q +my) =g+ m
(16)
. —qz—i—m,f k+1
A =———+= lim —*, =(—1 Al
CTUR () S P(7) c=(=1) |4
The A . coefficients obey the relations:
iAkm,fIZO, [=012,..,.N—2, 17)
k=1
N
S AmN = (=)', (18)
k=1

Using the equalities (16) we can express the Green function (12) of Eq. (13) in terms of the Green functions (11)
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_ N
G(x):ZAkD(x,mk). (19)
k=1

As the dimension of the time-space is equal to four, the integral (12) can be convergent at N > 3. Consequently,
for each spinless particle two (or greater) particles with the same charges, isospin, C - and P parity, but different
masses, must exist in addition. We may say that such particles are members of some set (a family or a kind or a
dynasty). In (14,16) k is the number of the particle generation. We may assume that the number of members in kinds
for the elementary particle is less than the number of member in kinds for the composite particle. Each particle belongs

to some kind and some generation.
In Ref. [12] the causal Green functions of generalized Klein-Gordon equations (13)

B - 1 e—iqxd4q
¢l).= (27) / (¢ v —ie) ¢ +mi—ic) o~ 0y —iz)

have been considered. The expressions (11) and (19) have been used for calculation of the Green function (20).

According to Ref. [1] the causal Green function (11) is expressed through the cylindrical K1( mx* ) function, which

has singularities on the light cone ()C2 =0 ). The series for the K( mA x> ) function has been used from
Refs. [13, 14]. The use of the relations (17) at / = 0,1 allowed us to eliminate all the singularities. It has been shown

that the integral (20) converges at N > 3 in all the space-time. Thus, it may be concluded that minimal quantity of the

generations in the kinds of the spinless particles equals three. Consideration of the causal Green function for generalized
Dirac equations has shown that similar minimal quantity of the spin-1/2 fermion equals six [12].

ELIMINATION OF DIVERGENCES IN COMMUTATORS OF TOTAL FIELDS
For one particle the imaginary (absorptive) part of the causal Green function (11) (with x — y instead of X ) can

be expressed through the commutator of the scalar fields (1). Therefore, we can expect that integrals for the
commutators of total fields will converge and these commutators will vanish for space-lire intervals. Using the formulae
(1) and (19) the commutator of total fields may be written as

[CD(x),(Iﬁ(y)]:iiAkA(x—y,mk), 1)

k=1

where the 4, coefficients are defined in (16). Notice that (21) can be derived also using the expansion for the total

quantized scalar fields
1 = / 6} d3p —ipx ipx 1.+
V4 k=1 k

where @, = 4/ ]32 + mk2 , O, are some phases. The O, phases can give parameters of mixing for composite states.
We use the indefinite metrics. The non-zero commutators of the a (bpk) annihilation operators for particles

(antiparticles) and the a ™ ok (b* i ) creation operators are the generalization of usual commutators for one particle:

< Bk Bk >=(-1)""6,, 20, (5, — Bs),

aplkl’a;m :(_1>k1+1 5k1k22a)k15(131_l_52)r (23)
bosrbyu, |= (1) 6, 20, (B, — B):

The commutator (21) can be expressed through the integral:

N N Ak
I(x):ZAkl(i,mk):fd3psin[3)?Z—. (24)
k=1 =1 Dy
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We decompose the domain of integration in (24) on a sum of two domains: the D, , internal domain and the D,
external domain. For example, the intervals of variations for the momentum components in the internal domain for

different frames are following: 1) in the spherical frame | ]_5| <R, R>m, ;2)in the cylindrical frame 0 < p, <A,
—A<p,<B, A>m,, A>m,, B> m,: 3) in the Descartes frame —4, < p, <B,, —4, < p, <B,,
—A, < p,<B;, 4,4, A,,B,,B,, B, > m, . Similarly, the intervals of variations for the momentum components
in the external domain for these frames are following: 1) in the spherical frame | ﬁ| € [R,00); 2) in the cylindrical
frame p,E[ANX), p; €(—00,—A]U[B,>0); 3)in the Descartes
frame p, € (00,4, JU[B,,00). py € (—00,~Ay JU[ B,,0), py € (—00,—A, JU[ By,00).

The integrand in (24) is continuous function in the internal domain and integral is a restricted function of spatial
coordinates. Therefore, in symmetrical internal domains these integrals vanish (e.g., in the spherical frame, in the

cylindrical frame with 4 = B, and in the Descartes frame with 4 = B,, 4, = B,, A, = B;). Now, we consider
the integral (24) in the external domain. This integral can diverge on upper limits, i.e., at p — 00 . Then the 1/ ,

value can be expanded in the binomial series with respect to m, /p,as m, / p < 1. The integrand in (24) may be

written at upper limits as:

A4 Sinpx ? Sinpx N ?

sinpx Z—k— P ZAk 1+ kz _ Sp. ZAkZC , kz =

=1 Oy P = P = =0 | P

- S
== N N N
Sinpx 1 ) 2 2 4

= A, — A + A,m; +|,

p;sz;k" 2p4;k"

where the C ," coefficients are the generalization of the binomial coefficients for non-natural /3 -numbers

2
—_— —_— CICY —_— N N
Cﬂ" = PB—1)(B j,) (B=—n+l) . In consequence of the relations (17) (Z A, = 0and Z Akmk2 =0)
/ =1 k=1
the integrand (25) is given by at N >3

2 n

. ——= N 00
sin px m,
DA C = 26)
P = n=2 2\ P
Thus, the integral (24) in the external domain equals
. d’p ] m,f '
I(x)m:f—smprC — . . @D
Dext p n=2 E p

This integral converges. Therefore, the integral (24) converges in all the domain of the integration. Now, in
consequence of that this integrand is odd function of the integration variables, the integral (24) and the commutator (21)

vanish for space-like intervals at N > 3. Besides, we can write the important equality

ZAf ZA fdp i (28)

CONCLUSIONS
We have shown that integral, corresponding to the commutator of usual scalar quantized fields on space-like
intervals between the field coordinates [1-7], diverges. It is confirmed by explicit calculations. In consequence of this
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divergence, the commutator of scalar fields for one particle can be non-zero value. It means that the locality principle
can be violated for these fields. But we believe that the causality principle must be valid for the commutator of the
scalar fields. Therefore, we consider the total scalar fields, which correspond to the contributions of the kinds (or the
families, or the dynasties) for spinless particles. The total fields are the solutions of generalized homogeneous Klein-
Gordon equations proposed in [10,11]. We have shown that the commutator of the total scalar fields vanishes on space-
like intervals between the field coordinates, when the number of generations is greater than or equals three. Thus, the
locality principle is valid for this number of the generations in the kinds. Note that the same number of the generations
in the kinds ensures the continuity of the causal Green functions for the generalized Klein-Gordon equations in all the
space-time [12].

Besides the locality of the scalar fields, it is of interest study the locality for the spin-1/2 fields. Such studies are
great of importance, as quarks have the spin Y. As it is known, hadrons consist of the quarks and the antiquarks.

The elimination of divergences in the commutator (21) of the total fields (22) is induced by the relations (17) and
the use of the indefinite metrics. Possibly, the use of the relations (17) opens new capabilities for an elimination of some
divergences in physical values. It is known that in the quantum theory of fields a lot of the infinity values exist. The
divergences in physical values are eliminated by means of the renormalization procedures with infinity renormalization
constants. Among such values the vacuum energy and the self energy operators (in particular, the polarization operator
of photon for the contributions of charged particles) are important. All these values are related to the diverging
integrals. Changes of fields for one particle on total fields (which include this particle) allow us to use the relations (17)
and possibly to eliminate divergences. We may assume that some such values will have finite renormalization constants
at the use of total fields. However, some values can be presented as sums of contributions for all particles from a kind
with the same sign. As the example, we consider the polarization operator. In second order of a perturbation theory,
with respect to the electromagnetic interactions, this operator is given by [7,15]

[1(g),, =i [ d'xe” (0" (), 5010 )=Ti(a (g, ~ ) 9)

where T is the covariant chronological product of the electromagnetic currents. In agreement with the optical theorem
the imaginary part of the polarization operator is related to the total cross section of the electron-positron annihilation:

2

o, (e e — anything)= e—4Im I(q). (30)
q

Thus, the imaginary part of the polarization operator must be positive. In second order of the perturbation theory
with respect to the electromagnetic interactions, the polarization operator is determined by the one-loop diagrams. The
contribution of the total fields to the imaginary part of the polarization operator gives the sum of terms for the particles

on their mass shells. These terms are positive, as they are products of positive value and the Alk2 -coefficient for the
k —number of the generation determined in (16) and (22). For the spin-1/2 particles, instead of the Ak2 -coefficients,

similar Bk2 -coefficients [10-12] must stand. Therefore, the contribution of the total fields to the imaginary part of the

polarization operator must be positive.

For calculations of different values, in terms of the total fields, a lot of topics must be investigated. For example,
the vacuum energy (and the density of the vacuum energy) for the total fields can be calculated with known the
Lagrangians of the total fields and the energy-momentum tensors for the total fields. In relations with this we note that
the Lagrangians for the total fields of the Y2-spin have been derived in [16]. For calculations of the polarization operator
and reaction amplitudes, the Lagrangians of interactions and the scattering matrix for total fields must be derived. In
particular, the operators of the electric charge and currents of the electromagnetic interactions in terms of total fields
have to be obtained.
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