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New classification of particles is proposed. This classification is based on U(N ,g)x SU(3,¢)x SU(4, f5)x O(3) -group, where
U(N,,g) corresponds to the particle generations, SU(3,¢) - to the color, SU(4, f5) - to the flavor and the spin (instead of
known SU(6, f5) -group), and O(3) - to the orbital excitation with the L -momentum. The N, -number equals the quantity of

fermion generations. From the convergence of the integrals corresponding to the Green functions for generalized Dirac equations and
the continuity of these functions it follows that the minimal quantity of the N , -number equals six. The homogeneous solutions of
derived 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 (families, dynasties) with members which are the particle
generations. For example, the electronic kind (¢ =e, e, =u, e =1, e, e, ¢, ), the kind of up-quarks
U,=u,U,=c,U,=t, U,, Uy, Ug,-+), and the kind of down-quarks (D, =d, D, =s, D, =b, D,, D, Dq,:-) can
exist. Massless neutrino can be one only. The photonic and the gluonic kinds must include massive particles in addition to usual the
photon and the gluon. At N, = 6 the nucleons and A(1232) belong to the 56x1x20x1 -representation. Lagrangians for the
generalized Dirac equations of arbitrary order are derived.
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KJACH®IKALISI YACTUHOK PHU JOBLIbHIN KIJIBKOCTI IIOKOJIIHD. I. AIPOHU
O.B. Kyaim
Vkpaincokuii Oepoicasnuil ynigepcumem 3anizHUMHO20 MPAHCROPILY
M. Detiepoaxa 7, Xapxis, 61000, Ykpaina

3anporionoBano HOBY Kiacuoikarito yacturok. s knacudixauis ocnosana na rpymi U(N ., g)x SU(3,¢)x SU(4, f5)x O(3) , ne
U(N,,g) simnosinae nokoninmsam uactunok, SU(3,¢) - xombopy, SU(4, fs) - apomary Ta cniny (3amicts Binomoi rpymn
SU(6, fs)), ta O(3) - opGitansromy 36ymKenHio 3 Momentom L . Yucno N, mopiBHIOE KimbKocTi moKomiHb (epmionis. I3

30DKHOCTI iHTETpaiB BiAnoBiAHUX GyHKUisAM ['piHa ams y3araneHeHOTo piBHAHHA [lipaka Ta HemepepBHOCTI IUX (YHKIiI BUILUIUBAE,
wo MiniManbhe 3Hauenns N, jopisnioe 6. OpHOpiHi PO3B’A3KM ONEpXKAHMX DiBHAHb MPEJCTABIAIOTL COOOKO CyMH MOJiB

BIIMOBIIHMX YaCTHHKAM 3 OJJHAKOBUMH 3HaYEHHSIMH CIIiHY, €IEKTPHYHOTO 3apsiy, MapHOCTI, ajle 3 pi3HUMH MacaMi. Taki YaCTHHKH
TpyNyroThes y pond (cimM’i, muHAcTii) 3 HOMepaMmH, SIKi BiANOBIZAIOTh HOKOJIHHAM 4YacTHHOK. Hampuknan, MoxyTe iCHyBaTu

eNIeKTpOHHHIT pif (€, =e, e, =, e, =7, e,, €, €, ),pinsepxnix ksapxis (U, =u, U, =c, U, =t, U,, U,, U,-+),1a
pin mwkuix kBapkis (D, =d, D, =s, D, =b, D,, D,, Ds,--). Beamacose Heiftpuao Moxe OGyTH Tinbku one. POTOHHHI Ta
TJIFOOHHMH PO/ MOBHHHI MICTHTH MAacHBHi YaCTHHKM B JIOTIOBHEHHS 110 3BMYaifHuX (oTona Ta rmoona. IIpu N, =6 nyknonu Ta
A(1232) nanexars 1o nomarust 56 x1x20x1 . Onepsxano narpamknany y3araibHEHHX PiBHSAHB Jlipaka TOBUTBHOTO MOPSIIKY.

KJIFOYOBI CJIOBA: nokoIiHHS YaCTHHOK, CHMETPIiiHI BIACTUBOCTI, KBAPKOBI MOIETi, HOBI YACTUHKH, JarpaH)KHaHU

KJIACCHOUKALUSA YACTHUILL ITPH TPOU3BOJIBHOM KOJUUYECTBE IOKOJIEHUIA. 1. AIPOHBI
10.B. Ky
Vrpaunckuii 2ocyoapcmeennviti yHugepcumem yHceiesHo00PONCHO20 MPAHCNOPMA
nn. Qetiepbaxa 7, Xapwvkos, 61000, Ypauna

Tpezokena HoBast Kiaccudukamys yactuil. Jta kiaccudukauus ocnosana na rpyrmme U(N,, g)xSU(3,¢)xSU(4, fs)x O(3),
rie U(N,,g) cootserctayer nokonenusm qactuit, SU(3,c¢) - usery, SU(4, f5) - apomaty u ciuty (BMECTO H3BECTHO# TPyTIITBI

SU(6, fs)), n O(3) - opburansromy Bo36yxkaenuto ¢ Momentom L . Uucno N, paHO KonudecTBy mokonennii Gpepmuonos. U3
CXOIIMMOCTH HMHTETPANIOB COOTBETCTBYIOMHMX (GyHKIMsM ['puHa 11 0GOOMEHHOrO ypaBHEHHsS JlMpaka W HEMPEPHIBHOCTH JTHX
dynkuuii cnymyer, uto MuHMManbHOE 3HaueHue N, paBHO 6. OTHOPOMHBIE PEIIEHNs TMONYYEHHBIX YPABHEHWI NPEICTABIAIOT

cO00H CyMMBI IOJIEH COOTBETCTBYIOLIMX YaCTHLAM C OJMHAKOBBIMHM 3HAUCHSIMHU CIIMHA, €IEKTPUYECKOro 3apsaa, YEeTHOCTH, HO C
pasHbIMH Maccamu. Takue 9acTUIbl TPYNIHUPYIOTCS B POAbI (CEMBbH, AWHACTUH) C HOMEPAaMHM, COOTBETCBYIOMIUMM MOKOJIEHHSIM
yactull. Hanpumep, MOryT cyllycTBOBaTh €JIE€KTPOHHBIA pox (e =e, e, = M, e, =T, e,, €, €5, ), POA BEPXHUX KBAapKOB
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U,=u,U,=c,U,=t, U,, Uy, U, +), u pon mwxuux xsapkos (D, =d, D,=s,D,=b, D,, D, D).
BesmaccoBoe HEHTPUHO MOXKET OBITH TOJIBKO OAHO. POTOHHBIN M TIIOOHHBIM POJA JOJDKHBI COJEPXKATh MACCHUBHBIC YACTHIBI B
jononuenue K oObraubM dotony u rmoony. Tlpu N, =6 nyknonst u A(1232) npunannexar npencrasnenuo 56x1x20x1.

[Monyuens! narpaHuanbl 00001IEHBIX ypaBHeHNUI [{npaka imo6oro mopsiaka.
KJIFOYEBBIE CJIOBA: nokosieHus 4acTHIl, CBOMCTBa CUMMETPH, KBAPKOBBIE MOJIENIN, HOBBIE YaCTHUIIbI, JIArPaHKHAHbI

Known particles are separated on hadrons and leptons. Properties of hadrons and leptons are different. Now it is
known greater than 300 hadrons and twelve leptons together with antileptons. Mainly hadrons can be classified in quark

models as gq — and q3 —systems for mesons and baryons, respectively. From usual point of view there are not any
relations between the hadrons and the leptons. Investigations of the Adler — Bell — Jackiw axial anomaly in the

electroweak theory showed that a contribution of one spin-% particle (a quark or a lepton) leads to the linear divergence

[1]. But taking into account of some sets of the leptons and the quark such as e,V , U, d (first generation of the

particles) or 4, V 1> €5 S (second generation) or T, V_, [, b (third generation) allow to eliminate this divergence.

Thus the convergence of the axial anomaly gives some relations between the quarks and the leptons.

In connection with this the next questions arise:

1. Why do the particle generations exist?

2. How many of the particle generations must exist?

3. What can hadrons and leptons have got common?

In relation with these questions the divergent integrals for the Green functions of the Klein-Gordon and Dirac
equations are studied in Refs. [2, 3]. To avoid these divergences the generalizations of the Klein-Gordon and the Dirac
equation is proposed in Refs. [2, 3]. In these papers next generalization of the Klein-Gordon equation has been proposed

(|:|+m12)(|:|+m22) ........ (D+m]2vb)(l)(x) =77(x), (1)

where @ ()C) is the field and 77 (x ) is the current (the field source). In momentum space the differential operator in
(1) is the polynomial of the N, -degree. We consider the case of the polynomial with real non-negative different zeros

at m, <m, <ni <....<mNb .
The general classical solution () ol (x) of the linear equation (1) is the sum of the general solution of the
of non-homogeneous equation:

corresponding homogeneous equation @ (x ) and partial solution M (x )

free nh

d)(x)free = jd“qié‘(gz —m; )[cke”"” +Ekeiqx] Q)
’ k=1
®(x),,=[G(x=y)n(y)d'y. G)

where C, and 5k are the arbitrary constants. Thus q)(x ) free is the sum on the terms corresponding to particles

with the same charges, parity, spin but with different masses. Each term in (2) corresponding to number k is the
. . . 2 —i ~ i 2 2

solution of the homogeneous Klein — Gordon equation as(D+mk )(cke R c.e " ) o (q —m, ) =0.In

Ref. [3] it is shown that the case of equal masses in Eq. (1) must be excluded. It was shown that the functions

d)(x)fm

Klein Gordon equation must be different. The /N, -number equals to the quantity of generations for spinless bosons and

can include non- normalizable terms if at least two masses are equal. Thus the masses in the generalized

order of the equation (1) equals 2 V, .

The Green functions for the generalized Klein-Gordon equations (1) are given by

o ey
G(x)= (27z)’ I(_qz +m )(~4° +m22),_,.(—q2 +m]2V”) ’
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It is clear that the integrals in (4) can converge at IV, >3, i. e., when the order of the equation (1) is equal or greater

than six.

For the spin- 5 particles the next generalization of the non-homogeneous Dirac equation is proposed in Refs. [2,3]

(—ié+ml)(—ié+m2) ..... (—ié+mN‘/_)‘P(x):)((x). (5)

The classical solution of the homogeneous equation (5) is given by analogy with (2)
Ny
a 4 2 2 a —igx ~oa iqx
¥ (x)free - ZZJd p5(q -y )[Cku ks (Q)e T+CVY (‘])eq ], (6)
s k=1

where ¢ is the bispinor index, S corresponds to spin projection, u” ks (q) and v* s (q) are the bispinors, C A

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

(qA+ml)(c}+m2)....((qA+me ))

—q° + mf)(—q2 +m22)...(—q2 + mfw )

4

S(x)= 1 I( (7)

(27)

The N / -number equals to the quantity of generations for the spin- E fermions and order of the equation (5) .The

integrals in (7) can converge at N r > 5. Note that for the advanced, retarded and causal Green functions we must write

the corresponding imaginary infinitesimal term to each m,f in (4), (7).
In Ref. [4] a continuity of the causal Green functions (4) and (7) has been investigated. It has been shown that
these functions can be the continuous functions at N, >3, and N 2 6, respectively. For these N, and N , the

causal Green functions (4) and (7) have no any singularities in all the space-time. Thus, each particle must correspond

to some generation. The minimal quantities of the generations for the spinless bosons and for the spin- 5 fermions equal

three and six, respectively.

Usually classification of hadrons in quark models is related to some unitary symmetries. These symmetries are
valid for some particles with equal masses. In reality these symmetries are broken, as the particle masses are different.
If the particles masses are nearly equal then results derived in unitary groups are approximately valid. Such situation is

for the SU (3, f) -group related to the hadrons consisting of the u,d,s — quarks and the SU (6, f5) — group, which
is the union of the SU (3, 1) -flavor group and the SU (2, 5) — spin group [5-7]. Some predictions of these groups are
in satisfactory agreement with experimental data. However, the agreement of predictions of the SU (4, f')- flavor
group for the hadrons consisting of the u,d,s,c—quarks with experimental data is worse (and similarly for the

SU (8, fs)— group). Such agreement is not surprise as m, ® m, = 0.36 GeV, m_~ 0.5 GeV, m_ ~ 1.5 GeV .(in

non-relativistic quark models). But the states of hadrons derived in these unitary groups can be used in quark models. In
relation with possible existence of the hadrons consisting of the quarks from all the generations (from the first to the

N / -number generations) the question on the classifications of all the hadrons arises.

KINDS OF ELEMENTARY PARTICLES
Consider the distribution of the elementary particles in kinds (dynasties or families). Integrals corresponding to
Green functions for the 1-spin diverge too. In Refs. [2, 3] the differential equations similar to Eqs. (1) and (5) for higher

spin bosons and fermions have been proposed. Then for the photon and the gluon it can be put m, = 0. Therefore we
can propose that two (or greater) massive members of the photon kind must exist. They must have zero electric charge
and J” =1", C=-1. These particles must contribute to amplitudes of e'e” —>e'e, e'e > u'u ,e'e —

hadrons at high energies and give the resonance behavior. We can expect that the coupling constants for the interactions
of these members of the photonic kind with the leptons and the hadrons of the same electric charges must be equal.
Similarly in the gluonic kind two (or greater) massive colored particles must exist. Besides two (or greater) massive

members must exist in the Z° - and W* - kinds. In relations with the necessary existence of massive photons and
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gluons such questions arise: 1) Is the gauge invariance for massive photons and gluons possible or not?; 2) Does the
scaling in deep inelastic lepton — hadron scattering at higher energies exist or not?

It has been shown that for the spin-% particles the number of the kind members (i.e. generations) must be equal 6
(or greater). We assume that electronic kind (e =e,e,=u,e,=1,¢,,¢€;,¢,...), the neutrino kind
(Vl =V, Vy =V, V3 =V, Vs ,1/6,...) , three kinds of the colored up — quarks, and three kinds of the colored down -
quarks exist (for three colors). Note that in our approach only one neutrino may be masses (i. €., 7, may equal zero and

m, must be positive at k >2).

LAGRANGIANS FOR GENERALIZED DIRAC EQUATIONS

Operators of the generalized Dirac equations (5) are polynomials with respect to —ié . They can be written as
N . N
[[io+m)=> Stm,my,--,my),_,(=id)" . ®)
n=1 n=1

The S, values are elementary symmetric functions [8]. They equal:
S(m,,m,,---,my), =1,
S(m,,my,---,my), =m +m, +---+m,,
S(my,my,--,my ), =mm, +mmy +---+my_my, )
S(m,,my,---,my), = mm,m; + mm,m, +---+ My iy m
S(my,my,--,my)y = mm,my---my_m,.
For these functions the formula can be written at &k > 1

S(my,my,---,my), = 2 m,m, m; ---m, m, . (10)

iy >y > >0 >0 21
The elementary symmetric functions are related to the binomial coefficients C]I\c,

. NI

K\(N —k)! an

S(m,m,--,m,), =m"Cy, =m

As the operators of generalized Dirac equations (5) include the partial derivatives of the N order and they are
polynomials, Lagrangins for these equations must have polynomial structure. Let us denote

¥(x) =0,0, 0, ¥Y(x), ¥(x) =0,0, 0, ¥Y(x . (12

iy My My My

In the operators of the equations (5) the terms with even and odd degrees of O must be separated (as 0’ =o ).
Therefore, in the Lagrangians the terms including the derivatives of even and odd orders must be separated also. The
Lagrangian for arbitrary N may be written as

N, Nod
L(x) :L(x)free _‘P(X)X(X)_I(X)\P(X),L(X)ﬁee = aOLO +za2nl’2n +za L2n+1 > (13)
n=l1 n=0  2n+l

where ¢, are numbers related to the elementary symmetric functions, y(X) is current. The numbers N, and N,

N N
equal > and ?-1 for even N, respectively. Similarly, for odd N N, =N, =(N —1)/2. The terms of

Lagrangians including the fields are given by

L, =P (x)¥(x), Ly, =¥(X), 0 ), iy, (14)
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L

2n+l1

=P (x)

Using the least action principle (the Ostrogradskij-Hamilton principle) the Ostrogradskij-Euler equations [9, 10],
which are generalizations of the Euler-Lagrange equations, can be derived. The equation (5) can be obtained by means

Mty 7#2,,+1\P(x)ﬂ] Myt \P(x)ﬂlﬂz“'ﬂzn yﬂzm\P(x)/tluzmﬂzm :

of the variation of the Lagrangian L(x) with respect to ¥ . Consider the operators of these equations

_ 9 & ) 0
OEL(‘P):G—@+;(—1) 0,0, "'a*‘"a@—' (15)

My Hy

Then, the Ostrogradskij-Euler equations, which must coincide with the equations (5), may be written as
Oy (Y)L(x) =o0. (16)
For the terms in the Lagrangian (13) next expressions may be derived

0, (P)L, =¥, O, (P)L,, =0"¥, 0,,(P)L,,,, =—200"¥. (17)

n+1

Using last results, by means of a comparison of the equations (8) and (16), relations between the ¢, -coefficients in the
Lagrangian (13) and the elementary symmetric functions S, are obtained. It allows one to derive the Lagrangians in

terms of the S, -functions (9) and the L, -values (14) at arbitrary N :
1. For even N

N

N
2

L(x) ==F(x) () = Z(0) ¥ (x) + Sy L, +Z( DSy 2L, %Z (D" Sy ppulyn (18)
n=1

n=1

In particular, at N = 6 the Lagrangian equals:
— — i
L(x) =-Y(x) x(x) = x(x)¥(x) + SeLy = S,L, + S,L, — S, Ls + E(SSLI —S8;Ly +S,L;)

2.Forodd N

N-1 N-

_ _ L 5
L) = =P 7(x) = Z)¥ )+ SyLy+ 2 (D" Syp, Loy +5 2, D Sy Ly (19
n=l1 n=0
In particular, at N =7 the Lagrangian equals

— _ i
L(x)=-¥Y(x)x(x)— x(x)¥(x)+ S;Ly = SsLy +S5L, — S, L + E(S6Ll - S8,Ly +S,L; - S0L7)

NEW CLASSIFICATION OF HADRONS
Different quarks have got the quantum numbers related to a spin (s), a color (c), and flavors (f). For description of
hadrons consisting of u -, d -, §-quarks usually the SU(3,¢)® SU(6, f5)® O(3) group is exploited [7]. The

O(3) -group is used for a description of orbital excitations of the quarks in some hadrons.

Now consider two quark kinds: U -quarks and D -quarks for each color. The members U, and D, of the U -
quark and the D-quark kinds can be written as: U, =u,U,=c,U,=t U,, U, Ug--and
D =d,D,=s,D,=b, D,, D,, D,, -, respectively. Such the X number (which is related to generations) can

be considered as new quantum number. Therefore, for description of hadrons we propose the
U(N,,g)xSU(@3,c)xSU (4, fs)xO(3) -group. In this paper the hadrons consisting of quarks in 1s — state are

considered. Such hadrons are described by singlets of the ((3)— group. The U .- and D, - quarks from one
generation belong the N, x3x 4 X 1 -representation of the U(N ,, g)x SU(3,¢)x SU (4, fs)x O(3) -group.
Usually the symmetry groups such as SU(3, f),SU(6, fs) are considered for particles with equal or near
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masses, But the differences between the masses for particles of different generations are very large. Indeed, the
U — quarks have got masses: m, = m(U,) = 0.36 GeV, (in non-relativistic quark models), m, = m(U,) = 1.5 GeV,

m,=m(U;)~ 177 GeV. Similarly, the D —quarks have got the masses: m, =m(D,)~ 036 GeV,

m,=m(D,)~ 0.5 GeV, m, =m(D;)~ 4.5 GeV [11]. Therefore, the use of the SU(N ,g)-group can seem

doubtful.
It may be assumed that the laws of a conservation for such quantities as the strangeness , the charm, the beauty,
and the truth (by analogy with the law of the conservation of the particle electric charges) do not exist. Indeed, the

charm and the truth correspond to the U, -quarks at k =2,3 . Similarly, the strangeness and the beauty correspond to

the D, -quarks for k =2,3. As usual, propose that non-zero anticommutators for creation operators and annihilation

operators are given by

{a(ﬁl )kl,cr1 ’a(ﬁ2)+k2,02} - 2p105’"1"25‘"1(72é‘(ﬁ1 _ﬁz)’

{b(z)l )kl,(f1 ’b(ﬁ2 )+k2,02} - 2p105k1k25010'25(131 _ﬁz)’ (20)

where a(p) ro (a( ﬁ)+kﬁ) are the annihilation (creation) operators of the quark for the Kk -generation with o
quantum numbers (spin projection, flower (U or D)), color, and other values), p = ( P> p) is the 4-momentum of

the quark ( p,, =~/ D, +m," ). By analogy, b(p) o (B(D)", ) are the annihilation (creation) operators of the

antiquark. The anticommutators (20) agree with the orthonormalization condition
<Z’1 k0 |Z72 ky,0, > = 2p105k1k2 50102 (P, — D) @n

In formulae (20, 21) the conditions Dy, = Py, are equivalent to §k1 ky - An inclusion of the 5k1 ky -factor in the formulae

(20, 21) permits to see explicitly the zero results at kl # k2 . Thus, the conservation of such quantities as the strangness

, the charm, the beauty, and the truth is the consequence of the anticommutators (20) and the conditions (21).
The classical free field for the quarks is presented in (6). It can be seen that for quantized fields scalar products

(where W (x), =(¥(x)"7,),) are not changed under unitary transformations

P (x)* = W (x)" =exp(0I,)¥(x)" . 22)

¥(x), - F(), =), exp(-igT,).

where I'; are the generators of the U (N Pe g) -group, 191 are the parameters of the transformation. In particular, the
vacuum means of the Lagrangians (18, 19) do not change under transformations (22). Indeed, the .S . -functions (9) are

constants and the vacuum means of the Lk -values (14) do not change under the transformations (22). In particular, the
transformation (22) leading to permutation of generations in one kind, can be considered. The generation numbers are
related to particle masses. The equations (5), the solution (6), and the S, -functions (9) do not change at the

permutations of the masses. Therefore, the scalar products W(x), ‘Y(x)” are invariant under the generation

permutation. Thus the use of the U (N /o &) -group can be valid for a classification of particle generations.

CLASSIFICATION OF MESONS
A representation of the SU (4, f5) -group for ggq — system is reducable: 4x4=15+1. A dimension of a

representation of the U(N ,, g) -group for the gg — system is equal to N f_z. Therefore, the colorless states of the
qq —system belong to next representations of the U(N,,g)xSU(3,c)xSU(4, f5)x O(3) -group:
Nf2 x1x15%1 and Nf2 xIx1x1. The SU(4, f5) -group is a subgroup of the SU(6, f5)-group. Therefore,

known expansion of the representations SU(6, f§)-group with respect to the representations of the
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SU@3, f)xSU(2,s) -group can be used to find similar expansion for the representations SU (4, f5) -group with
respect to the representations of the SU(2, f)xSU(2,s)-group in the case of the U, — and D, -quarks. For the
15 —plet of the SU (4, f5) -group such expansion can be written as15=3x1+3x3+1x3. The first term in this
expansion corresponds to pseudoscalar mesons (7Z'+,7r0,72'7 ), the second - to charged and neutral vector mesons

( p+, po, £ ), and third — to neutral vector mesons (a)0 ). This expansion can be generalized on the case of different

generations.
1. Pseudoscalar mesons. At first consider the charged pseudoscalar mesons. The mesons with positive and
negative charges will be denoted as

P+k1k2 - [Ulekz ] > Piklkz - [DklUkz ] ’ P;Crlkz - Pikz"l ’ 23)
The spin states of the pseudoscalar mesons are chosen according to Ref [7], for example
1 _ _ _
+ j— _ j—
P, >—$‘U T, DY, -Uud, DT, )=[v, D, N ) (24)

Consider some well known pseudoscalar mesons: P*,, = 7" (140), P*,, =D" (1969), P", =K' (494),
P, =D*(1869), P*, = B*(5278).

In the SU(4, f5) -group the neutral mesons can be obtained from the charged mesons by means of the isospin
symmetry operators. For k >2 a use of the isospin symmetry is not adequate. But the quarks can participate in weak
interactions. It is possible to choice the phases for transitions with W™ — bosons such as for the isospin operators, i.e.,

U—->W?'D, D——W"'U . Using these transitions it is possible to obtain the states for the neutral mesons from
states for the mesons with the positive charge. Such, although the isotopic invariance is not valid for k >2, relations
between the matrix elements of transitions at k& =1 can be derived the same as in the isotopic symmetry.

ForaUD — system the relation [UD > >wr %|—U U + DD > can be derived. Let us denote

— 1
Poklkz,U = [UklUkz]’ POkaZ,D :[Dlek 1. Poklkz,UD :ﬁ(Poklkz,D _POkaZ,U)~ (25)

2

Then for some neutral pseudoscalar mesons it can be written: POILUD = 7°(140), P012,D = K°(498),
P°,,=D"(1864), P°, ,=K°(498) P°,, =D"(1864), P°,,=B"(5279), P°, ,=B"(5279).
Possibly for neutral mesons, corresponding to different &, and k, such expressions (P° ks —Pok2 W)/ V2 may be

considered. These expressions are similar to the expression for 77° —meson (dc? —uu)/ \/E ). For k, =1,k, =2 it
corresponds to K°, = (K" (493) — K°(493))/ V2.
2. Vector mesons. In the SU (4, f5) -group the vector mesons correspond two representations of the SU (2, f') -

group. One of them includes charged and neutral mesons but second — neutral mesons only. For the representation
including charged meson (the 3x3 representations of the SU(2, f)xSU(2,s)-group) we use the denotations

similar to (11) and (12) for charged and neutral mesons, respectively (with substitutions V' instead of P). Some
charged vector mesons are: V', = p"(770), V*,, =D, (2112), V", = K™"(892) . The neutral vector mesons

from the 3x3 representations of the SU(2, f)xSU(2,s)-group are: V° = L(—ML_t—l- dd) = p°(770),

2
Ve, =K"(892), V%, ,=K"892),V°,, =D"(2010), V°, , = D" (2010).

States of neutral vector mesons from the 1x 3 representations of the SU (2, f)x SU(2, s) -group denote as

O, v = [Ukl Ukz] Oii,0 = [Dkl Bkz] (26)
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, 1 0
The states of some known neutral mesons can be written as: $| O,y T 0O, p >:‘a) (783) >,

|00, )=]0(1020) ). |@y,,, )=|T/w (3097) ). |@y, )=|Y(9460) ).
3. Singlet states of the SU (4, fS) -group. Denote the states corresponding to the N fz x 1x1x1-representations
ofthe U(N ,,2)xSU(3,c)x SU(4, f5)x O(3) -group as

1 _ _ _ _
| 7 )= E‘U Yol o+l 01 +p?T, Dl _+D! DT, ). 7)

At k1 = k2 =k the 1. pseudoscalar mesons are totally neutral. For k1 #* k2 the 7y, “Mesons have got the zero

electric charge, but they are not totally neutral. For example,

1 _ _ _ _
| M, >=E‘MTC~L+M~LCT+dTS~L+d~LST > (28)
and antiparticle of the 77,, -meson is the 77 ,, -meson.
4. U(N,,g)-group or SU(N ;,g)-group? The qq — systems with quarks of N, generations are described
in the SU(N ;, g) -group by means of representations with the (N /-2 —1) and 1 dimensions. The representation of the

1 dimension corresponds to totally neutral pseudoscalar meson. The representation of the N fz —1 dimension is

described by traceless tensor of second rank. Therefore, these traceless tensors give the representations of
the SU(N P 2)xSU@3,c)xSU(4, fs)xO(3)-group which distinguish from the representations of the

U(N,,g)xSU(3,c)xSU(4, fs)x O(3) -group for neutral and vector mesons. In particular, for positively charged
pseudoscalar mesons in the SU (N, g)x SU(3,¢)x SU (4, f5)x O(3) group next states

1 1
ﬁ(PJrll —P+22), %(P+|1 +P+22 _2P+33)’ 29
1
—%[lﬁn +P+22 +"'+P+N “ILN,-1 _(Nf _1)P+N N»]
Nf(Nf _1) f / S
must exist instead the P',,, P',, P, -+ -states. Probably the states (29) do not exist. Therefore, the

U(N,,2)xSU3,c)xSU(4, f5)xO(3) -group ought to be used for the classification of the gg — mesons. This

group can be exploited for the baryons also.

CLASSIFICATION OF BARYONS
Consider q3 —baryonic systems with quarks in 1s —state. It is known (e.g., Refs. [7], [12], [13]) that the
representations for q3 —system in the spaces of flavors and spin are reducible and can be expanded as sums of the
symmetric (S), the antisymmetric (A) representations, and two representations of the mixed symmetry (M, M ,).
Such expansions have to exist in the spaces of the color and the generations also. From the Pauli principle the total
antisymmetry of the tensors for g° — systems follows. The U (N,,8)xSU(3,c)xSU(4, fs)x O(3) -group gives

representations with determined properties of symmetry (related to the space of generations) in addition to
representations of .the SU(3,¢)xSU(4, fs)x O(3) -group. It allows one to assume an existence of some baryons

which are non-antisymmetric representations of the SU(3,¢)x SU (4, fs)x O(3) -group.
Note that a type of the symmetry for the representation of the q3 —system in some space can be determined by

means of a quantity of equal quantum numbers for the quarks. If in a representation for the q3 —system the state with
three equal numbers of the quark exists, then this representation is symmetric. If maximal number of equal quantum
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number of the quarks is equal to two in a representation of aq3 —system, then this representation has got mixed
symmetry. If in a representation for the q3 —system all the states have got different quantum numbers of the quarks,
then this representation is antisymmetric. For quantum numbers of a quark which correspond to variables in a space of
the 7 -dimension, the representations for the q3 —system of the symmetric, the antisymmetric, and mixed symmetry
types have got the dimensions: Ng(n)=n(n+1)(n+2)/6, N, (n)=n(n-1)(n—-2)/6, and
— _ 2 .

N, (n)=N,, (n)=n(n"—1)/3, respectively.

As AT, A™, and Q consist of the same quarks, nucleons and other baryons (which belong to 56-plet of the
SU (6, fs) and similar baryons including the quark U, = ¢ instead the D, =) are described by symmetric 20-plet

of the SU(4, f5) and symmetric representation of the U(N ,,g) at k=1 and 2. For k =3 we obtain the £/ -baryon

(similar to A'") and the bbb -baryon (similar to A~ and 7). Thus, these baryons belong to the
Ng(N,)x1x20x1-representation of the U(N,,g)xSU(3,c)xSU(4, fs)xO(3)-group (for N, =6 the

1+ +

number N (N f) equals 56). These baryons have got the spin-parity J == ,5 . Note that known results derived

\9)

M 3 242
in the SU(6, f5)-symmetry (such as ,u_p = —5 and u_(yp— A")= T\/—,up ) must remain valid in the
SU(4, fS’) -Symmetry.
The baryon resonances with negative spatial parity corresponding to the quarks with an orbital moment L =1 and
mixed symmetry of a ¢ —system (such as D;(1520),5,,(1535)) belong to the N, (N, )x1x20x3-

representation of the U(N ,, g)x SU(3,¢)x SU (4, fs)x O(3) -group. These baryon resonances have got the spin-

1 3 5
parity J© =— ,= ,= .
2 2 2
So we can see that the baryons with low masses belong to the symmetric representation of the SU (4, f5) -group
3 e 1737 : . op 17375
for a g~ —system (with J ZE ’E ) and the representation of mixed symmetry (with J :E ,E ,5 ). A

question arises: what objects correspond to the antisymmetric representation of the SU (4, fs)-group for a

g’ —system. The antisymmetric representation of the SU(4, /) -group corresponds to the 4-dimension (for two
. 1 . . .
particles of the E—spm). The representations of the SU(4, f5)-group can be classified with respect to the

representations of the SU(2, f)xSU(2,s)—group. For the representations of the SU(2,s)— group the

designation J” will be used. In particular, the expansion of the antisymmetric representation of the SU (4, f§) -group

with respect to the representations of the SU(2, f)xSU(2,s)— group for theq’ —system with quarks in the
1 +

1s — states may be writtenas 4 =2x— .

ON COLORED HADRON-LIKE SISTEMS

It is well known that hadrons are colorless. But at consideration of any q3 —system (or gq -system) with definite

J? colored states appear together with uncolored states. In a relation with an absence of the color in observed hadrons
the questions arises: 1) Why are observed hadrons uncolored? What principles ensure an absence of the color in
hadrons? Consider the mass formula corresponding to the approximation of the one-gluon exchange:

M = MO - as Z lumag (mi s m‘j )(O_:iﬂ’ia )(6-/2‘10) + as Z /uel (mi9 mj )/Iia/l_/l'l (30)

i>j i>j

The second term corresponds to the color-magnetic interaction and third term- to the color-electric interaction. The
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M, — value includes the sum of quark masses and it can include some additional terms (equal for all baryons of the

representation). The Z/La/l; -value can be calculated using the Kasimir operator C, for the SU (3, ¢) -group (e.g.,

i>j
Refs. [7], [14]). In the color space a q3 -system can be a singlet or an octet or a decuplet. The Kasimir operator for the

singlet, the octet, and the decuplet equals 0, 3, and 6, respectively. For q3 -baryons it can be derived

DAlA=2C, —%,12 =2C, 8. (1)

i>j
From (30) and the values of the Kasimir operator it follows that indeed the colored baryon-like states have bigger
masses in a comparison with uncolored baryon. Similar result can be derived for gq -mesons. Colored baryon-like

states with small masses may belong to the representation of the SU(N ,,g)®SU(3,¢)®SU(4,s/)®O(3) -
group corresponding to the total symmetric representation of the SU(N ,,g)-group (i.e. they can consist of the
quarks for k=1), the octet of the SU(3,c) -group, the mixed representation of the SU(4,sf")-group at L =0.

Possibly colored q3 — baryon-like states are not stable, as the color octets can decay into a gluon and a colorless
baryon. Similarly the hadrons of color decuplet can decay into two gluons and colorless hadrons. Thus, observed
hadrons have got lower masses than masses of corresponding colored hadron-like states. The color is conserved. A
conservation of the color is a consequence of a gauge invariance. In collisions of hadrons colored states and uncolored
states are produced. In a final state the color must be absent. Colored states must decay rapidly into uncolored hadrons.
Therefore, in reality colored hadron-like states are not observed.

ON MASSIVE PARTNERS OF PHOTONS AND GLUONS
From convergence of integrals for generalized wave equation (which is a partial case of generalized Klein-Gordon

equation (1) at /1, = 0) it follows that the photon and the gluons have to be massless members of the photonic and the
gluonic kinds, respectively. Other members of these kinds must be massive. It is clear that a convergence of integrals

for the Green functions of generalized Klein-Gordon equations do not depends on magnitudes of particle masses in the
kinds.

At first consider the photonic kind. Denote the members of the photonic kind as , (), = ¥ is the photon, }, for
k > 1 are massive partners of the photon). As the processes of the photon interactions with charged leptons are
described well in frameworks of the quantum electrodynamics, it of interest to investigate the interactions of massive
partners of the photon with quarks. The massive partners of the photon have to be coupled with quarks and antiquarks in
the state of electrical neutral uncolored vector mesons with negative spatial and charge parities. Now a lot of such
mesons are known. Next questions arise in relation with massive partners of the photon: 1) Are the massive partners
known or unknown particles? 2) What properties must have the massive partners of the photon, which allow to distinct
them from other particles? Consider requirements for the massive partners of the photon.

1. The members of the photonic kind can be emitted and absorbed by charged leptons, similarly to the photon. The
amplitudes for interactions of massive partners of photon with quarks and leptons are determined by the electric charge

of a quark or a lepton. Therefore, the coupling constants of some ¥, with all the U-quarks are the same, and similarly

for D-quarks. The ratio of the coupling constants for the interactions of y, with the U-quarks and the D-quarks
equals — 2.
2. Some }, can have got enough big masses and can decay into mesons. The massive partners of the photon can

be produced in the e"e” —interaction and can be observed as resonances. Each virtual massive partners of the photon
can interact with all the U-quarks and the D-quarks. But the massive partners of the photon decay into such final states

that their total energies do not exceed the energies of these ¥, . Therefore, the mesons including heavy quarks cannot be

observed in decay products of some y, with low masses.

The massive partners of the photon decay into mesons through a production of quark-antiquark pair. As quark
have got some color an additional quark-antiquark pair must appear in a final state. These additional quark-antiquark
pairs make complicated an analysis of decays of the massive partners of the photon. Therefore, it is of importance the
consideration of relations of the massive partners of the photon with leptons.

It is known that the p°(770)—, the @°(783)—, the @°(1020)—, the J/W(3097)—, the

Y(9460) — mesons, and other similar vector mesons consisting of a quark and corresponding antiquark are excited in
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the e'e” —> hadrons and the e"e” —> e"e . Therefore it may be assumed that these vector mesons are related to
the massive partners of the photon. Then the quantity of the massive partners of the photon equals 2N r (N , partners

related to the uncolored U kU . -pairs and N , partners -to Dka -pairs, k=1, 2, ... N +)- This assumption on the

massive partners of the photon is related to the model of vector dominance. Indeed it can be shown that some formulae
for reaction amplitudes coincide in these two approaches. Therefore, we can hope that this assumption on the massive
partners of the photon will not lead to new contradictions with experimental data. Note that at this assumption the
masses of the massive partners of the photon can be calculated in quark models for uncolored systems.

Now consider the massive partners of the gluons. Similarly to the massive partners of the photon it can be assumed
that the massive partners of the gluons are electrically neutral vector states of gg — systems with negative spatial

parity, which are the color octet. The masses of the massive partners of the gluons can be calculated in the same quark
models similarly to the massive partners of the photon. Indeed, the massive partners of the photon can be presented as
uncolored gg — systems and the massive partners of the gluons as colored gg — systems. Then it can be expected that

the masses of the massive partners of the gluons will exceed the masses of the massive partners of the photon for each

number of generation. Note that the mass formula (30) must be modified for gg — systems. The Z ﬂlﬂ, ; -value in
i>.j

(30) must be changed by the /7_:1}:2 -value, which is equal to -/6/3 for the massive partners of the photon (color singlet)

and 2/3 for the massive partners of the gluons (color octet).

CONCLUSION
In present paper it is proposed to classify all the quarks by means two numbers: the electric charge and the

2 1
generation number. The quarks with the EQP -charge belong to the U — quarks and the quarks with the —EQP-

charge — to the D — quarks. Thus, it is proposed that the quarks belong to two flavors: up and down. The flavors of all
the quarks are described by the SU(2, f') -group. Then the states of all the quarks in the spin space and in the flavor
space are described by the SU (4, f5) -group. The conservations of the strangeness, the charm, the beauty, the truth,

and other similar possible numbers in the strong and the electromagnetic interactions are the consequences of
conservations of the electric charge and the number of generations.

In Ref. [4] it is shown that minimal quantity of the quark generations equals six (i.e., NV P > 6). Note that now it is

known a half of necessary quantity of quarks. Therefore, it may be proposed that the quarks and hadrons can be
classified as representations of the U(N ,, g) ® SU(3,¢) ® SU (4, sf') ® O(3) -group. The representations of the

U(N PB g) -group for q3 -systems have got different symmetry properties. According to Pauli principle the

representations of the U(N ,, g) ® SU(3,¢) ® SU (4, s/) ® O(3) -group for g’ -systems must be antisymmetric as
well as the representations of known SU(3,¢) ® SU(6,sf)® O(3) -group. Taking into account of the symmetry
properties for the representations of the U(N,,g) -group in the U(N,,g)®SU(3,c)®SU(4,s/)®O(3)-

group for ¢’ -systems allow derive the states, which are impossible in the SU(3,¢)® SU(6,sf) ® O(3) -group for
u,d,s -quarks (or in the SU(3,¢)® SU(8,sf) ® O(3) -group for u,d, s, c -quarks).
The Lagrangians (18) give the generalized Dirac equations (5) as consequence of the least action principle. These

Lagrangians depend on the particle masses by means of the elementary symmetric functions (9, 10). Therefore, the
Lagrangians (18, 19) are invariant under the generation permutations.
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