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The hypothesis on quark nature of the leptons is proposed. Leptons are compacted g~ -systems. It ensures the equality of modules for
the electric charges of the proton and the electron. The classification of particles based on the
U(Nf,g) x SU(3,¢)x SU (4, fs)x O(3) -group is proposed at arbitrary quantity N, of the quark generations. The U(N_, ,g) -group

corresponds to the quark generations, the SU(3,C) -group describes the color variables, the SU (4, fv) -group corresponds to the

variables in the spin (s) and flavor (f) spaces, and the 0(3) -group describes the orbital excitations of quarks. In consequence of the

Pauli principle leptons consist of antiquarks from 3 different generations. Minimal quantity of leptons with definite electric charge

equal 20. Excited double charged /= -leptons and / ** -antileptons with the J?* =% and J? =% are predicted, respectively. They

can be resonances in e 7 ,e K ,e'n",e' K", yn , ) K , )’ n", i’ K" -systems.
KEY WORDS: leptons, quarks, excited leptons, lepton-meson resonances

KJIACH®IKALISI YACTUHOK ITPU JOBLIBHIN KIJIBKOCTI MOKOJIIHb. II. IJENTOHH
FO.B Kyuim
Vkpaincokuii Oepoicasnuil yHigepcumem 3ani3HUYHO20 MPAHCHOPILY
M. Detiepoaxa 7, Xapxie, 61050, Ykpaina

3anpoIOHOBAHO TiNOTE3y MPO KBAPKOBY IIPHPOIY JIEHTOHIB. JICHTOHM SBIAIOTH COOON ILINBHO 3amaKoBaHi g -cuctemu. lle
3a0e3mnedye piBHICTH MOIYJNIB €IEKTPHIHUX 3apsfdiB IMPOTOHA Ta €IEKTPOHA. 3alpONOHOBAHO KIACH(]IKAIliI0 YaCTHHOK HA OCHOBI

U (N PR g) xSU (3,c) xSU (4, fs) X 0(3) TPyNU TIPH JOBiIBHIA KiNbKOCTI MOKONiHb KBapkiB N, I'pymal (N s g) BiJIIIOBi1a€
MIOKOJIIHHAM KBapKiB, rpyma SU (3,c) OIICy€e KONBOPOBi 3MiHHI, rpyma SU (4, fs) - BIJIIOBiZ]a€ 3MIHHMM B MPOCTOpAx CIHiHY (s) Ta

apoMaris i rpyna O(3)onucye opOitanbHi 30ymKeHHs KBapkiB. BHacimigoxk npuHumna Ilayim, JIENTOHM CKIIaLarOTHCS 3
b

AQHTHKBAPKiB 3 Pi3HUX MOKOJiHb. MiHIMallbHa KiJBKICTh JICTITOHIB 3 MEBHUM EJIEKTPHUYHUM 3apsinoM popiBHioe 20. ITepenbaueno
N -

. .. ,, . - . 1 . .
icHyBaHHs 30y/DKEHUX JBiui 3apsypKeHUx [ -nentoHiB Ta [ ' -aHTHiIenToHiB 3 J” :E Ta J? :5 ,BIAMNOBIAHO. BOHM MOXYTh

OyTH pe3oHaHcaMu B ¢ 7 ,e K ,e'n',e' K", yn , ) K ,u'n", u' K" -cucremax.
KJIIOYOBI CJIOBA: nentonu, KBapkH, 30yPKeHI JIENITOHH, JIENTOH-ME30HHI Pe30HAHCH

KJACCHOUKALUSA YACTHULL IIPU TPOU3BOJIBHOM KOJUYECTBE NOKOJIEHUIA. I1. TEITOHbBI
10.B. Kyaum
Yxpaunckuii 2ocyoapcmeennviii yHusepcumen diceie3zHo00posiCHO20 MPAHCROPMA
nn. Qetiepbaxa 7, Xapwvkos, 61050, Yxpauna

IIpeoxkena TMIOTE3a O KBAPKOBOM TPHPOJE JIENTOHOB. JIEMTOHB ABJSIOTCA IUIOTHO YMAKOBAHHBIMH ¢ - CHCTEMaMH. JTO
obecTIeBaeT PaBEHCTBO MOMYJTei HMEKTPHUECKUX 3apsIoB POTOHA M dMeKTpoHa. [Ipeoxkena KIacCH(UKAIHs JaCTHIT Ha OCHOBE
rpymmsr - U (N /s g) xSU(3,c)xSU (4, fs)xO(3) — TpH NpOM3BONGHOM  KOJNMYECTBE  MOKOJNCHMI  KBapKoB N, .

I'pymnma U (N /s g) COOTBETCTBYET IOKOJICHHSIM KBApKOB, Tpynna SU (3,¢) omuchIBaeT LBETOBbIE MepeMenHbIe, rpynmna SU (4, f5) -

COOTBETCTBYET IMEPEMEHHBIM B IPOCTPAHCTBAX CNKHA ($) U apoMaToB (f), U rpymma 0(3) OTUCHIBAEeT OPOUTAIBHBIE BO30OYKICHHS

kBapkoB. BcnenctBue mpunnumna Ilaymu NenToOHBI COCTOSAT M3 aHTUKBApKOB 3 pa3HBIX NOKOJNEHWH. MHHHMalbHOE KOJIHYECTBO
JIETITOHOB € ONpeAeTIeHHBIM dIeKTpruueckuM 3apspoM paBHo 20. IIpeackazaHo cymecTBoBaHHE BO30YXKICHHBIX JABaXKAbI 3apsSHKCHHBIX

+ —

_ 1
[ -nenrtonoB u [ ' -amTmienTonoB ¢ JY =— n J'=— cooTBeTcTBeHHO. OHM MOryT OBITh pE30HaHCAMH B
2 27

ern e K ,e'n', 'K, yrn, ) K ,u'n",;u" K" -cucremax.
KJIIOUEBBIE CJIOBA: nentoHsl, KBapku, BO30Y)KICHHBIE JICITOHBI, JISITOH-ME30HHBIE PE30HAHCHI
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As it is known the atoms consist of electrons, protons, and neutrons. A spin of all these particles equals 4. The
electron belongs to leptons. The proton and the neutron belong to baryons (hadrons with the }2-spin). The leptons and
the hadrons have got distinguish properties:

1. The quantity of the known leptons equals 12 (e , 4 ,7 ,V,,V Ve and their antiparticles) distributed in three

generations. The quantity of hadrons (in particular, baryons) is very big.

2. The leptons participate in electroweak and gravitation interactions, whereas the hadrons participate in strong,
electroweak, and gravitation interactions.

3. The leptons have not got excited states, whereas each hadron has a lot of excited states.

4. At perturbation (e.g., at the capture of a photon) leptons emit the photon and transit to initial state. At
perturbation hadrons can transit in excited states, which can decay in other hadrons.

5. The leptons are point-like particles, i.e., their form factors are constants in the measured region of a momentum
transfer. Form factors of hadrons have got essential dependences on momentum transfer. An existence of hadron form
factors is related to a decrease of a probability of a transition of this hadron in initial state at a capture of a virtual
photon

6. All the leptons are fermions and they have got the % spin. Hadrons have got integer spin (mesons) and half-

integer spin (baryons).

In spite of these distinctions of the leptons and the hadrons, the electric charge for any hadrons equals the product
of the electron charge and the integer number with big accuracy of measurements. Therefore, it is of interest to study a
problem of proportionality for the electric charges of leptons and hadrons [1].

The present paper is devoted to investigations of leptons in framework of the approach, which ensures in general
case the proportionality of the electrical charges of hadrons and leptons. In particular case this approach must ensure the
equality of the electrical charges for the proton and the positron.

ON ELECTRIC CHARGES OF PROTON AND ELECTRON

Let us consider a problem of the equality for the absolute values of the (J, -electron charge and the Qp -proton
charge. It means that a value
0.+0,=¢, D
must equal zero with any accuracy. It is known that in quantum theory of fields the interactions can change electric
charges of particles and their masses (it is related to the renormalizations). Therefore, the bare charges and the masses
(without interactions) distinguish from these physical values (with an inclusion of interactions).
In Ref. [2], using the gauge invariance, it is shown that a change of the electric charge is determined by
interactions of the massless particles. The change of lepton charges can be determined by interactions of the leptons

with the photons and possibly gravitons. But the change of hadron charges can be determined by interactions of the
hadrons with the photons, the gluons, and possibly gravitons. Therefore, it may be assumed that at equal modules of

bare charges the physical value &, » in (1) has got a non-zero quantity. For example, it may be assumed that the physical
value &, has got small magnitude related to gravitation interactions, which is essentially less than up-to-date accuracy

of measurements. A non-zero value of £,, can be important in the astrophysics.
The elimination of divergences in the axial Adler-Bell-Jackiw anomaly [3] is important for a proof of a
renormalization in the electroweak theory. This anomaly is determined by Feynman diagram corresponding to the loop

with the fermion of the — —spin and with two photons as well as an axial neutral current for the I, -third isospin

component.

The contribution of a fermion to the ABJ-anomaly equals the product the QZI 5 -coefficient and the linearly
11 11
divergent integral, where Q is the electric charge of the fermion. The /. 5 -value equal ——,—,——,— for the charged

22
leptons [ (e, 4,7 ), neutrinos, the down-quarks D, , the up-quarks U, , respectively. The contribution of a

charged fermiom to the ABJ-anomaly gives the linear divergence, but a sum of contributions for the charged lepton, the
4 1
neutrino, D, -quark, and U, -quark is proportional to [0—Q.> + 3Qp2 (5—5)] /2= (Qp2 ~Q.)/2 for each

generation. Thus, if &, . 0 (even if &, has got small magnitude, which is essentially less than up-to-date accuracy of

measurements), then the ABJ-anomaly diverges linearly and the electroweak theory is non-renormalized. In
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consequence of good agreement of the electroweak theory with experimental data we must conclude that Qp equals

—(, identically. In relation with this the question arises: what essence leads to the equality of the absolute values of the

proton and the electron charges.

HYPOTHESIS ON QUARK NATURE OF LEPTONS
To explain the equality of the absolute values of the proton and the electron charges propose that these particles
consist of similar particles. We shall consider the positron, as it has got positive electrical charge and the charges of the
proton and the positron must equal identically. Then each particle in the positron must correspond to the particle in the
proton with the same electrical charge. As the proton consists of three quarks the positron must consist of three quarks
also. It may be proposed that other antileptons (leptons with positive electric charge) and antineutrinos consist of
quarks. Then the electron and other leptons with negative electric charge as well as neutrinos consist of antiquarks.

In each generation a charged antilepton and an antineutrino exist. These particles have got the E -spin and they

correspond to a representation of the 4-dimension of the SU (4, sf*) -group. This representation may be identified with
the antisymmetric representation for a q3 —system. Note that baryons, which belong to antisymmetric representation of

the SU(6,sf)- (and SU(4,sf)-) group, are unknown [4]. Therefore, it may be assumed that the ¢° — systems
classified by the symmetric representation and mixed symmetry representation of the SU (6, sf) - (and SU(4,sf) -)

group are baryons, whereas the q3 —systems classified by the antisymmetric representation of the SU (6, sf') - (and

SU(4,sf’) -) group are antileptons.
In Ref. [5] it is shown that the fourfold integrals corresponding to the Green functions of the Klein-Gordon and the

Dirac equations diverge. For the 5 -spin particles the next generalization of the non-homogeneous Dirac equation is

proposed in Refs. [5, 6]
(—ié+m1)(—ié+m2) ..... (—ié+me)\P(x):;((x). ©)

The classical solution of the homogeneous equation (2) is given by
Ny
a _ 4 2 2 a —igx ~ L a igx
\P (x)free _ZZJ‘d pé‘(q _mk)[cku k,s (q)e +Ckv k,s (q)e :|9 3)
s k=1

where ¢ is the bispinor index, § corresponds to spin projection, u” s (6]) and Vv s (q) are the bispinors, Ck

and C i are arbitrary constants. The Green functions (which are 4 x 4 -matrixes) for this equation may be written as

(G+m)(g+ mz)((@ +my, ))

—q* +m12)(—q2 +m§)...(—q2 + mfvf)

1
S(x)_ (27[)4 j(

dq. “

1
The N r -number equals to the quantity of generations for the E -spin fermions and order of the equation (2). The

integrals in (4) can converge at N r > 5. The study of a continuity of the causal Green functions (4) in all the space-
time (and on the light cone too) has been shown that the quantity of fermion generations N ’ > 6 [7]. In Ref. [8] the
classification of hadrons with respect to the U(N,,g)xSU(3,c)xSU(4, fs)x O(3)-group is proposed at
arbitrary quantity N ,of fermion generations. The U(N ro g)-group corresponds to the quark generations, the

SU (3, ¢) -group describes the color variables, the SU (4, f5) -group corresponds to the variables in the spin (s) and

flavor (f) spaces (which is subgroup of the known SU(6, f5)-group), and the O(3) -group describes the orbital
excitations of quarks [4].
Propose that leptons (antileptons) are colorless, i.e., they are described by singlets of the SU (3, ¢) — group, which

correspond to antisymmetric representations for q3 - (63 —) systems. Because a quantity of the leptons and the
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antileptons is small in a comparison with a quantity of baryons, it may be proposed that quarks and anriquarks in
antileptons and in leptons, respectively, are in the ls — state with the L = 0 orbital moment. It means that leptons

(antileptons) are singlets of the O(3)— group, which correspond to symmetric representations for (]3 - ((73 -)
systems. Then from the Pauli principle follows that the antileptons (leptons) belong to the antisymmetric representations

of the U(N,,g)—group for ¢’ — (g°-) systems. The dimension of these representations equals
N,N,)=N , (N i 1)(N, —2)/12¢3. Therefore, the minimal quantity of the generations for the antileptons

1
(the leptons) equals 20 (for N = 6 [8]). These leptons have got the 5 -spin.

The antileptons (e.g., the positron) and the proton have got the same spatial parity, as all the quarks are in the
Ls — state. Therefore the spatial parities of the leptons (e.g., the electron) and the proton must be opposite.

Denote the charged antileptons and the antineutrinos, which consist of the quarks from the number k,,k,,k;
generations as Tlc;czks and 17,(1,(2,€3 , respectively, with the kl,kz,k3 numbers disposed in increasing order. Denote
corresponding the charged leptons and the neutrinos as [~ koks and Vioks respectively. The antileptons consisting of
the quarks from first, second, and third generations must exist among N , (N f) antileptons. For such antileptons the

M, — value, which for baryons give the sum of quark masses (for example, in the mass formula (30) of Ref. [8]) is

minimal among all the generations. Possibly these antileptons are the positron and the electron antineutrino.
The wave function of the charged antilepton (including the positron) may be written as:

= 1 1
sy 5. =5 )= o7 S s (ishank W Ube,, DT, —UL, U, DT+

+U ‘Lclgl D Tczgz U Tcsgs - U Tclgl D Tczgz U \L"sgs T (5)
+D Tclgl U Tczgz U \L%g} -D Tclgl U \chgz U TCzQ; >’

where ¢,,c,,c, are the indices of the SU (3, ¢) -group, the &,c.c, - tensor is the antisymmetric tensor of third rank.

L . N . , .
The g,,8,,g; indices are the numbers of the generations. The & / k,,k,,k;)- tensor is the antisymmetric

818283 (
tensor of the N ,-rank with six non-zero components, which correspond to the permutatons of the g, g,, g;-indices

from 6‘123_”1\, =1. For example, at N =6 and k =2,k =4,k =5 this tensor is given by
(2,4,5) = E1g38,0,6 and & 245(2 4.5 =¢ 524(2 4,5)=¢ 452(2 4,5)=- 425(2a4a5):

g1g2g3
—g° ,5(2,4,5) = —g° s12(2,4,5) =1. The wave function of the positively charged antilepton is determined by 216

terms.
The wave function of the antineutrino is given by:

_ 1 1 N,
‘Vklkzkz ? SZ = E > - 6\/8 gclczczg /gnggB (kl’ kz’k3)‘_D TC}&’] D iczgz U Tczgs +D iclgl D Tczgz U T‘%gz )

_D i/clgl U szgz D TCzS’} + D Tclgl U Tczgz D \L%gs - (6)
-U Tclgl D Tczgz D i"sgs +U Tclgl D \chgz D T"sgs > '

The wave function (6) is derived from (5) by means of the changes U <> D and by general sign similarly to the
derivation of the wave function of the neutron from the wave function of the proton in the quark model of baryons
[9,10].

The wave function of the neutrinos we derive from (6) by means of the substitutions U — U ,D— D:

1 1
Vk]kzk3’52=§>=—6£€qczc Y e Uk k)-DT, DL O + DY, DT, U1,

-pl., 0t DT, +DT, UT DI, - (7
U T"]&’] D Tczgz D \LC}& +U Tclgl D \chgz D Tc’zgs > '

The wave function of the charged lepton (including the electron) may be presented as
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_ 1 1 N _ _ _ _
! kykyksy SZ - E > - mgclczcsg /gnggS (kl ’kz’ k3)‘U Tclgl U \chgz D /rcbgs -U ‘L
+U \Lclgl D Tczgz U T‘%ga - U Tclgl D Tczgz U \chga + (8)
+D Tclgl U T"282 U il"ﬂs - D Tclgl U ¢ng2 U T(‘sga > ’

Now we consider the consequences of the antisymmetry of the representation of the U(N ,, g)— group for the

a8 €8 83

set of quarks from the 1, 2, 3- numbers of the generations in antileptons:
[,y =luch,ctd,tus],v,,, =[dst,bdc,sbu]. )

From (9) it is seen that leptons and antileptons include antiquarks and quarks with big masses. Even the antileptons
consisting of the quark from the 1, 2, 3- numbers of the generations (possibly the positron and the electron antineutrino)

include the t-quark, which has got the m(¢) ®177Gel mass [11]. Note that masses of U, — quarks with & >3 must
be greater than m(¢). From (9) it can be seen that each antilepton include three U . ~quark and three D), -quarks.
Therefore it is of interest to derive the M -term, which for baryons give the sum of quark masses (for example, in the

mass formula (30) of Ref. [8]). Using (5), the mass of the /* Kok, -antilepton may be written as

dom, ! _6x6 gV (kl,kz,k3)g”’f‘g4g5g6 (k. k,, k)

- kykyky > 216 818283

+

M, (l_k:rkzk3 )= <l_k,+k2k3

<U T, U, DT, |[m@, ) +mU, ) +mU,)+mD,)+mD,)+mD )T, UL, DT, )=

:%{Zm(U&)+Z m(Ug2)+Z m(D, ) ]= (10)

_ %[Zm(Uk, )+ 2m(U, ) +2m(U, )+m(D, )+m(D, )+m(D, ) |

In this formula are not written the color indices. The summation with respect of these indices gives the 6 factor. The m,

mass operators in the Z m, -operator are proportional to unique operator in the color and the spin spaces and they are
i

diagonal operators in the space of generations. Therefore, such structure of the mass operators permits one to take the

same results for six terms in (5). As analogy, the antineutrino masses are given by

_ 1
M, (Vk]k2k3 )= 5[2’”(1)1{] )+ 2m(Dk2 )+ 2m(Dk3 )+ m(Ukl )+ m(Ukz )+ m(Uk3 ) ] - 3dn
In particular, for the antileptons which consist of the quarks from the number 1, 2, 3 generations the M, -values are

M, (1_1;) = %[2]’”(”) +2m(c)+2m(t)+m(d)+m(s)+m(b) ] (12)
M, (¥,,,) = %[2m(d) +2m(s)+2m(b) + m(u) + m(c) + m(t) ].

DIAMOND-GRAPHITE ANALOGY OF LEPTONS AND BARYONS

It is known that the diamond and the graphite consist of the carbon atoms. In spite of properties of them are
different. The graphite is fairly soft material, but the diamond is the hardest material.

Pencils with graphite cores are used to write. It means that at small perturbation the graphite transits to other
states. Indeed, in initial state we have got the pencil and the clean paper, but in a final state we have got the pencil and
this paper with drawn line. The mass of the graphite core can change. It corresponds to a transition of the pencil
graphite to other states. Therefore, the graphite is similar to hadrons, in particular — to baryons. The analogy of the
graphite and the baryons (nucleons) can be continued. The carbon atoms in the graphite are located on the planes. The
nucleons consist of the quarks from the same generation.

As the diamond is the hardest solid, the state of the diamond does not change at an interaction with other solids.
Thus, the diamond is similar to the leptons (antileptons). In addition note that the carbon atoms in the diamond are
located in the space and they yield the space lattice. It is the analogy of a proposition that the leptons (antileptons)
consist of the quarks (antiquarks) from different generations.
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EXCITED LEPTONS AND POSSIBLE EXPERIMENTAL TESTS
A consideration of the q3 —systems with the quarks in the (IS)2 1 p — states allows one to study the baryons with

the negative parity [4]. In such systems the quark orbital moment equals one. The physical states belong to the
representations with mixed symmetry of the ((3)— group. Then the uncolored baryons are described by the

representations with mixed symmetry of the SU (6, f5) — group and the SU (4, f5) — group of the dimensions 70 and
20, respectively.

Let us study the leptons (antileptons) as the §° — (g°) — systems with the quarks in the (1s)1p — states. The
expansion of the representations of the SU(4, f5)—groups for the mixed symmetry with a respect of the
SU(2, f)xSU(2,s)— group for the g° — system is given by:

20=4><l +2><3 +2><l ) (13)

2 2 2
In the expansion (13) the representations of the SU(2,s)-group are presented by J” -values. The product of the
representations with mixed symmetry for the SU(2,s)— and the O(3)— groups can be expanded as the sum of the

symmetric, mixed symmetric, and antisymmetric representations. Consider the antisymmetric representation of
the SU (4, fs)x O(3) —group. This representation can be obtained as the product of the mixed symmetric

representations of the SU (4, f§) — group and the O(3) — group. The product of the antisimmetric representations of
the U(N,,g)—, the SU(3,¢)—, and the SU(4, fs)xO(3)— groups agrees with the Pauli principle. The
expansion (13) is valid for the q3 —systems (i.e., for the antileptons). Similar expansion can be written for the q_3 -
system (i.e., for the leptons), but in this case the parity must be positive.

The representation of the SU (2, f)— group of the dimension 4 corresponds to excited leptons (antileptons).
Denote these excited antileptons (which consist of the quarks) and leptons as

@)= 0,00, (&) =", 1", 1", I""}. (14)
The representation of the SU(2, f')—group of the dimension 4 is symmetric. So to obtain the antisymmetric

representation of the SU(4, fs)x O(3)—group we have to consider the antisymmetric representation of the

1 o
SU(2,5)xO(3)— group. This representation corresponds to J = 5 Such, we predict that excited [~ - leptons and

. 1
[""" - antileptons with the E -spin can exist. Note that the representation of the SU (2, ') — group of the dimension 4

can occur at other modes for products of the representations of the U(N ,, g)x SU(3,¢)x SU(2,s)x O(3) -group.

As the representation of the O(3)— group corresponding to the quarks in the (1s)*1p —states has got mixed
symmetry, the representations U(N,,g)xSU(3,¢)x SU(2,s) must have got mixed symmetry too. In particular,

for the symmetric representation of the SU (2, 5) -group the / *(4)-antileptons and the I*(4)-leptons can exist in two
cases: the antisymmetric representation of the U (N P g) -group in the state of the color octet and the mixed symmetric
representation of the U(N ,, ) -group in the state of the color singlet. In these cases the 17 (4)-antileptons with

- +

1 . 1
J? = 5 and the [ (4)-leptons with J” 25 can exist. For the quarks from the first, the second, and the third
generations the 1" and the [ -antileptons consist of the u,c,f— and the d,s.b— quarks, respectively.

Therefore, we may assume that for the masses of the l*(4) -antileptons  the  inequalities

m(l")<m(1*)<m(I ") <m(l"™) are valid. If the contributions of the color-magnetic and the color-electric
interactions in the mass formula (30) of Ref. [8] are additional, then the relations

m(l ™) =m(I™") = m(I™")~m(I"") = (15)
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=§[m(Uk1>+m<Ukz)+m(Uk3>— m(Dy )~ m(D, )—m(D, )]

may be valid for the antileptons consisting of the quarks from the kl R k2 R k3 -numbers of the generations.

The analogy between the 1" -antileptons and the A —baryons, which consist of the quarks in the
(Is)*1p — states, may be proposed. Among the A —baryons with negative parity the A(1620) -resonance

1
(S,,(1620) -resonance in the 7N — system) with J* = 5 has got the minimal mass [12]. In quark models the mass

difference between the A(1620) -resonance and the nucleon mainly determined by the LS — interactions [4]. If we

assume that the LS — interactions give additional contributions to the masses of excited baryons and antileptons, then
we may expect that the masses of the / - antileptons and the / - antileptons equal approximately 700 MeV. Such
transitions  between quarks as u —>dx ,d >ur ,u—>sK',s >uK, u—>sK",s >ukK"”

u—d p+,d —>up ,u—> sk ", > uK" can occur in hadrons and in leptons. These transitions induce the
P;(1232) > Nz,D,;(1520) > N, S,,(1535) - Nx,S,,(1620) = N7 decays. Similarly these transitions

can induce the I'(4) > Iz, I'(4)— lp, 1'(4)—> [ 7, ["(4)—> [ p decays. One can expect that these

decays must be induced by strong interactions. It is of interest to study the decays of the / *"" -antilepton and the /™~ -
leptons. As these excited antilepton and lepton ought to have got fairly large masses, they must be resonances. It can be
used for the test of the hypothesis on quark nature of leptons.

For the tests of proposed hypothesis it is of interest to investigate the resonances in the

ern,ep,e K, e K", un,up ,u K . uK, ent,ep,e’ K un' ,up u'K,u" K™,
e K" unt  up i K, " K™ -systems. The resonances in these systems can be investigated in hadron

reactions. However, it can be more convenient to investigate these resonances in the reactions of the lepton-antilepton

interactions:
A
-,

e 1 AT ey (16)

ON STRONG INTERACTIONS OF LEPTONS
According to the quark nature of leptons it may be assumed that some strong transitions between quark systems,
which usually considered as leptons or antileptons can become possible. Such strong transitions can lead to decays of

T - K * —mesons into charged lepton (antilepton) and neutrino (antineutrino). These decays are well known. But
they are weak. Therefore, non-zero amplitudes of such strong transitions will contradict to experimental data. Compare

similar strong & —> 7[+‘7e -and p — 71" n - transitions. The spin structure of the amplitudes for these transitions is
the same: #(p,)7su(p,)@, . As usual assume that the 7" -meson is the ud -pair and the proton and the neutron are
the uud-system and the ddu-system, respectively. Then the e’ — 7 +l7e - and the p —> 7' n- transitions are
determined by a u —> 7" d -transition between the quarks. In the p —> 77" n- transition the proton becomes the

neutron directly after an emission of the 77" -meson by the u-quark.
Assume that e - and V, - consist of the quarks from the first, the second, and the third generations. Then these

antileptons are the antisymmetric combinations of different quarks (9). The uch- and the uts- systems from the positron
transit to the cdb- and the tds- systems from the antineutrino after the emission of the pion, respectively. But the the ctd-
system from the positron cannot transits to the usb-system from the antineutrino at the emission of the pion. Thus, the
positron does not transit immediately to the antineutrino after the emission of the pion. Therefore, it may be concluded

that strong e’ — 7'V, -transition (with the u(p,)ysu(p,)@, -amplitude) is forbidden. Similarly, strong
u >V, e >K'v,-, u —>K+17ﬂ-, e > pVv,-, u —>p'V,- e > K"V, -,y —>K*+17# -
transitions must be forbidden. As result, these transitions are induced by the weak interactions.

It is of interest to consider the transitions between a baryon and a antilepton, such as p —>e'y, p > u'y,

p—oern 0 , P ,u+7z * These transitions have not been observed yet. Usually it is explained by a violation of the
conservation laws for the baryonic and the leptonic numbers. The proton belongs to symmetric representation of the
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U(N s g)-group B 8600 and according to the hypotheses on quark nature of leptons the antileptons belong to the

Z[gl 18,851

antisymmetric representation of this group. Denote the representation of the U(N f,g) -group for

qq —mesons as M * 2" Then the amplitudes of the transitions of the B-baryons to the L- antileptons and the M-

mesons may be written as

T(B—LM)=B“'[  M*% AB—LM)=0, (17

848283

where A(B — LM ) is a part of the amplitude corresponding to particle momenta, the color, the spin, and the flavor
variables. The amplitudes of strong transitions (17) vanish as they express through the products of the symmetric and

antisymmetric tensors in the space of generations. In particular, from (17) it follows thatthe p —> e y -, p —> 1"y -,

p—> e'n’-, p— ,u+7r° -transitions are forbidden. Note that the amplitudes of radiative decays of the pronon can be
derived from (17) by means of the model of vector dominance.

CONCLUSION
The proposed hypothesis on quark nature of leptons ensures the equality of the modules of the electron and the

proton electric charges. The antisymmetry of the representations of the U (N /o g) -group and the SU (4, fs) -group

of q3 -systems for antileptons allows one to explain distinctions of the properties for leptons (antileptons) and hadrons.
. . . . |
Indeed, the antisymmetric representation of the SU (4, fs) -group corresponds to two particles of the E—Spm in the

ground state (the (ls)3 -state), e.g., positron and antineutrino for q3 -systems. Next excited states occur for q3 -systems

in (ls)2 1 p -state. Among excited states the leptons (antileptons) with double electric charge must exist. In consequence
of big mass values for the quarks from the third generation and the antisymmetry of the representation of the
U(N P &) -group the mass difference between the excited and the ground states have to be rather large.
Therefore, the leptons (antileptons) ought to behave at relatively small momentum transfer as point-like particles.
It may be assumed that the leptons (antileptons) can participate in strong interactions at high energies. It means
that the strong interactions of the leptons (antileptons) are biased to the high-energy region. The leptons (antileptons)
can be interpreted as strongly packed antibaryons (baryons).

It is of important to explain the mass spectrum of the baryons and the antileptons for the consistence of proposed
classification of particles and the hypothesis on quark nature of leptons. There can be doubts in possibility to do this by

means of the mass formula. It can be seen from the A, -value for the nucleons and the leptons (antileptons). The M -

value for the nucleons and A(1232) approximately equal 1.02Gel whereas according to (12) the minimal values of
M, for the electron (positron) and electron neutrino (antineutrino) equal M (e )~2m(t)/3 =118GelV and
M,(v,)=m(t)/3 =59GeV . Last values exceed essentially the experimental ones
(m(e) =0.51MeV ,m(v,) < 5eV). As it is known the color-magnetic interactions reduce the nucleon masses and

enlarge the A(1232) masses. This allows obtain the values of the nucleon and the A(1232) -isobar masses near to

experimental ones. But it cannot be expected that taking into account of the color-magnetic interaction allows one to
derive the values of the electron and the electron neutrino masses near to experimental values.
Assume that quarks interact by means of tensor mesons in an addition to the gluon exchange. Amplitudes of the

quark interactions by means of the J” = 2" -meson exchange are proportional to the quark 4-momenta [13]. In the rest
frame these amplitudes are proportional to the quark masses. Therefore, the J” = 2" -meson exchange may be just
essential for heavy quarks (i.e. for leptons (antileptons)) and it can be invisible for hadrons consisting of light quarks
(e.g., for the nucleons and the A(1232) -isobars). In Refs. [14, 15] it is shown that interaction currents for higher spin
particles (i.e. particles with the 2-spin) must obey the theorem on currents and fields as well as the theorem on

1
continuity of current derivatives. In Ref. [13] the currents of the interactions of the J = 2" -boson with the 5 -spin

fermions obey the theorem on currents and fields.
In proposed hypothesis on quark nature of leptons the excited leptons (antileptons) with double electric charge are
predicted. These excited leptons (antileptons) ought to be the meson-lepton (meson-antileptons) resonances. These
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mesons can be pseudoscalar or vector. The investigations such resonances may be very important for the test of
proposed hypothesis.
Weak interactions of the quarks in higher orders can lead to such decays, as (& —> ey, 14 —> eyy . They can be

investigated in the (e —> yy—, ye —> yu — processes [16].

A situation with calculations of amplitudes for interactions of leptons and antileptons, represented as antiquark and
quark systems, is similar to a situation with calculations of amplitudes of soft hadron processes in the quantum
chromodynamics. As it is known, the QCD is the theory of strong interactions. But in the QCD the amplitudes of soft

hadron reactions cannot be calculated. In particular, the coupling constants of the 7/ NN—, 7 N A — interactions cannot

be calculated by means of the QCD Lagrangian with known the constant of the quark-gluon interaction and the quark
masses. On the other hand, amplitudes of some hadron reactions can be calculated with reasonable accuracy in models
with hadrons represented as elementary particles. In such calculations the values of interaction constants and particle
masses known from experimental data are used. Therefore, it is naturally that leptonic processes are described well in
the framework of the electroweak theory with leptons and antileptons considered as elementary particles.
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