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Abstract: We test the Electric Charged Swap (ECS) symmetry in the case of quarks.
We propose a quark (g)- and an ECS-quaff-ifjgund stateqq”. We explain the
electric charged charmoniuniZZ3, 9) meson as a charm quark (c)- and charm ECS-
quark (¢)- bound state (¢¥. We predict that § and n* mesons are the decay
products of a Z (3, 9), as it has been recently observedha Beijing Electron
Positron Collider (BES) lll. Furthermore, from the charm ECS-qgeifkof mass
2,3GeV we predict two new mesons, an electric charged charmed me$6H and
aneutral charmed meson®™.

PACS: 11.30.}, 14.40.Rt, 14.80.-j

Keywords. Group Theory, Exotic Mesons, Hypothetical Particles

1. Introduction

The Y(4260) particle was originally discovered by the BaBar collaboratian[@8jer
particles of similar characteristies called “charmoniuni — are composed of a charm quark
and an anteharm quark held together by the strong force. Yet the Y(4260) doesn’t seem to fit
this model and its building blocks remain unclear.

To gain a better understanding X§#260), the Beijing Electron Positron Collider (BES)III
and Belle teams created large numbers of Y(4260) by colliding electrons andrnsofit3].
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While theY(4260) is so short-lived that it cannot be detected directly, its sign@iurs up in
the energy spectrum of pions ablgh particles produced in the collision[1-3].

Both teams, howeverfound more than they bargained for: evidence for an unexpected
particle,Z(3900), with a mass around 3.9 Ge¥1-3]. This new particle is even more
mysterious tharY(4260), since it appears to decay to an electrically charged pion plus an
electrically neutral/y. This means that,(3900) must carry electric charge; therefore it does
not consist simply of charm and anti-charm quarks [1-3].

Following M.B Voloshin, the models so far proposed to explain Z(3900) can be eldhssfi
follows [4]:

Hadronic moleculg$]:

Heavy-light quark-antiquark pairs form heavy mesons; the resulting mesoresaiirpairs
move at distances longer than the typical size of mesons. Mesons interact #xclghge
of light quarks and gluons, similar to the nuclear force.

Hadro-quarkoniurfé, 71:

The QQ pair forms a tightly bound system whose wave function is close to thabbtlume
heavy quarkonium states. The heavy quark pair is embedded in a spatially large &ateited s
of light mesonic matter and interacts with it by a QCD analog of Van der Waals force.

Tetraquark$s]:
The pairs Qg and Qq form relatively tightly bound diquark and antidiquark, witéchat
by means of the gluonic color force.

In principle, quantum chromodynamic®@D) could be used to determine the properties of
these more exotic configurations. The problem is that when QCD is applied to situ&gons |
these, the equations that ensusolvable, throughconventional techniques. Some progress
has been made recently using numerical methods with verypbighred computers to solve
the applicable QCD. We refer to these methag8lattice QCD"’[26-27.

Electric Charged Swap (ECS) symmetry for the case of leptons has been grbpdbe
author [9]. A family of particular transformations may ¢@ntinuows (such as rotation of a
circle) or discrete (e.g. reflexion of a bilaterally symmetric figurerotation of a regular
polygon) [9], [10]. ECS-transformation between ordinary families of leptondupes heavy
neutral non-regular leptons of masses of order O (1TeV). These particlesrmagofd dark
matter [9]. Furthermore, certain properties of lepton families may be eegldrom this
symmetry, within the framework of superstring theories [11-15].

Recently, A-Wollmann Kleinert and F. Bulnes considered the Higgs mechanism to re-
combine gauge fields 8U2) andU(1), through three classes of bosows,Z, andA [10].

Based on ECS symmetry (in this case of leptons), we obtain a possible repi@serftthe
electrical charge associated with the electromagnetism for any partide ispace-time
M[10].

In the present paper we test the ECS symmetry in the case of quarks. We propokda quar
and an ECS-quark {gbound state (g3 We explain the electric charged charmoniuim(3,

9) meson as a charm quark (c) and charm ECS-qugrkdand state (k. We predict that
Jhy andn” mesons are the decay products of a(Z, 9), as it has been recently observed at
BES Ill. Furthermore, we use the charm ECS-quarkdtmass 2,3GeV to predict an electric
charged charmed D'®™and neutral charmed ™ new mesons.
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2. Quark of swap electric charges

Hypothetical non-regular leptons are, a) a 1/3-electric charged version of tlog¢ guatk
types,a and, b) a -2/3-electric charged version of the da@mgark typesx .. Non-regular
qguarks may, therefore, be obtained by the swap of electric charges between up and down
qguark types. We call these proposed non-regular qudeksric charge swagECS) quarks

[9].
Topologically, the dispersed surplus of energy in the weak decay comprises renfnants
energy of the rotations of particles like the topological sphefd (Eigure 1). Such

automorphisms are rotations & = SU2)/ UQ) [9]. Being remnants of energy, therefore
these non-regular quarks can be expressed as ECS-transformations from

S? = SL(Z)BS / U(l)Ys whose declarations has been gauged in [9], and whgi® &2 non-
regular quarkrfon-ordinary baryonic number, and,s¥s the swap hypercharge.

Fig.1 Isospin from the inner of quarks. This model can be applied inah®iphism obtained with the

field in S(XB)(ECS). According to Chern-Simons theory, this ball degeneratemany Calabi-Yau
manifolds [10].

If follows that the automorphism from 88 = SU2)/ UQ) to itself, which brings the

electric charge swap between the w) &nd down ) quark types, is derived from the
isometries that form a proper subgroup of the group of projective linear traasfins

PGLy (O chargey PSW( 0. Subgroup PSU,(Qis isomorphic to the rotation group

SOR)(E9 9, 10,16], which is the isometric group of the unit sphere in three-dimensional
real space R The automophism of the Riemann sph@tgs given by:

rOtl(zcci;g\rge) _ PSUZ(charg e): SqB)charge’ (1)

whereC”, is the extended complex pIariéSLg:harge)is the proper subgroup of the projective
linear transformations, and swap symmet8Q(3)("9®) is the group of rotations in 3-
dimensional vector space®R This can be consigned in the double fibration on a vector
bundle of lines3?, in the extended space-timed(infinitun), that is to say,C =CuUeo. The

universal cover ofSO(3)(EY | is the special unitary gro§(2)(E°® [9]. This group is also
differomorphic to the unit 3-spheré.S



Non-regular quarks obtained by the swap of electric charges between apd(down «)

quark types, are given by equation (1). We regard ordinary and ECS quarks as different
electric charge states of the same particknalogous, that is, to the proton-neutron isotopic
pair [9].

Some quantum numbers of the new ECS quarks are given in Table 1.

Table 1: Quantum numbers of the proposed ECS-quarks.

ECS-quarks Q-electric charge | Iz-isospin, component | Bi-Baryonic number
u,c 1/3 -1/2 -1/3
~,87,b” -2/3 1/2 -1/3

3. Quark-quark of swap electric chargesbound states: Zella-M esons

Quarks are strongly interacting fermions with spin 1/2 and, by conventioniveqsitrity.
ECS-quarks have negative parity. Quarks have the additive baryon numide€ $/guarks -
1/3. Table 2 gives the other additive quantum numbers (flavors) for thgemarations of
ECS-quarks.

Theseare related to the charge Q (in units of the elementary charge e) through tladizpehe
Gell-Mann-Nishijima formula [17]

z 1

> )

where B is the non-regular baryannumber. The convention is that the flavor of an ECS-
quark (L, S, C, ) has the same sign as their charges Q. ECS-quarks have the opposite flavor
signs of quarks.

Table 2: Additive quantum numbers of the proposed ECS-quarks.

ECS-quark d u s c
Q-electric charge | -2/3 1/3 -2/3 1/3
I-isospin 1/2 1/2 0 0
Iz-isospin, 1/2 -1/2 0 0
component

S-strangeness 0 0 1 0
C-charm 0 0 0 -1

In the proposed quark model, mesons are identified as bound states of a quark and an ECS-
qguark. We call such mesons Zella-Mesons (ZM).
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This leads to the direct produb® 4*. With quarks and the ECS-quarks denotedyByand

ds respectively, the direct product may be representeﬁt}/y. As in ordinary mesons [17-

19], this direct product is reducible. The irreducible decomposition can be obt@sned
follows:

o x = 1 a L~ 1 a L~ a 1 a

A" =o' G~ 95 d9+705 aA=(15),+-55 (), ©)
Or,

A® 4*=15+1, (4)
where

P B

(19),=a"qy —755d g ®)
and

1=%qrq =—;(un+ do+ ss . (6)

From these it follows that ZM transform like singlets or 15-plets under thaaspunitary

group SU(4). Recall that in SU(4) there are 15 independent generators. TheMfiseaZ
regular representation of SU(4) in 15 form. If the spins of quarks and ECS-quarks are
antiparallel, we obtain pseudoscalar ZM. If they are parallel, we obtain vector ZM.

We first consider the case of pseudoscalar ZM. The singlet is given by

@ _L(as das s &
m _2(uu+ dd+ Sst+ c#. @)

The diagonal elements of the 15-plet satisfy the following relation:

(15 +(125+(193+( 15;= ¢ 8)

Consequently, only three of them are linearly independent. A possible choice tbfabe
independent states is:

ey Z%(uﬂ— d~)=%[(15)i—(15)ﬂ 9)
el :%(um dd+ ss+ 2 (:;:%[(15)?(132— 1 152} (10)
niEm =%(uﬂ+ dd+ $s-3 é§=—%(15)j, (11)



where 7™ and »*™ are chosen to be physical states known previously in SU(3), and

&M, is obtained by requiring it to be orthogonal§™ , 7*™ and 7{*™ . Equations (9)-
(11) can be easily inverted to obtain

e iy~

JE \/6 J12
2 _ (zm (zm, 1 (zm
(15)2 = ——7r +—=7 +—="n5
J2 \/6 J12
3__ 2 @m (zm)
15)° =2 L1
( )3 \/6’7 \/1—27715
3
(15), = 5" (12)

With the help of the above equations, the pseudoscalar ZM of the 15-plet can be written in the
following matrix form:

(L") 1+ B+ LN 12y 2" P K% pf(#
il (L2 ™ + @By ™+ LN 122" e piten A
K 0tem K-z (1/\/é)n(zm)+(1/\/1_2)71(§m) pO(zn) ()
0 0
Dz pom pO(zm (1/@ 1(;"1)
Similar results may be obtained for vector ZM. Denoting the singlwlﬁi)’), itis
wzm :%(um do+ ss- T (13)

In the 15-plet, only three independent states can be obtained from linear combiofatiens
diagonal elements. A possible choice is given by:

pzm =%(uﬂ— da) (14)
wzm =%( uti+ dd-2 §§ (15)
Wz —\/1_2(UU+ dd+ ss-3 c): (16)

The vector ZM in the 15-plet may then be written in the following matrix form:
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N2+ LB+ N 12" P Ko o4
o (2" + B+ T2 e B
K0l g LW T
o4 plen F o (L2

The singlet and neutral members of the 15-plet are mixed. Moreover, the mixing should be
more effective than the case of pseudoscalar ZM as observed at BES Il [1]. Corgequent

the z:(*™ particle turns out to be the bound state of peie

The quark contents and the quantum numbers of pseudogodland vector 1) ZM are
given in Table 3.

The SU(3) subcontents of the 15-plet are given by

155 {8, {3, {3%,+{3 ., (17)

where the subscripts denote the eigenvalues of charmjECiSe™.

Table.3. Quark contents and quantum numbers (Q, S, @, of pseudoscalar (Pand vector (3 ZM.

ZM O M1 Quark contents Q S C | I,
72_10(zm) plO(zm) ud 0 0 0 1 -1
”g(zm) pg(zm) (uti— da) / \/E 0 0 0 1 0
”g(zm) pg(zm) dd 0 0 0 1 +1
nO(zm) wO(zm) (uti+ da— 25y /% 0 0 0 0 0
77¢+3(zm) (p+3(zm) (uti+ dd+ S~$/\/§ 0 0 0 0 0

0(zm *0(z us 0 -1 0 1/2 -1/2
Kl( ) K, (zm

0(z *0(z st 0 +1 0 1/2 +1/2
KZ( m K (zm
K —(zm K (zm ds -1 -1 0 1/2 -1/2
K —(zm K*(zm sd -1 +1 0 1/2 +1/2
nér(zm) Z:(Zm) cC +1 0 0 0 0
pOzm p*0(zm cd 0 0 -1 1/2 -1/2
D+(zm D +(zm cl +1 0 -1 1/2 +1/2
FO(zm) F0(zm cS 0 -1 -1 0 0
pD+m D Hzm uc +1 0 +1 1/2 -1/2
DOEM D0(zm dc 0 0 +1 1/2 +1/2
FO(zm) F0(zm sC 0 +1 +1 0 0




4. ECS-gauge fields masses

The most general Lagrangian consistent WBb(2)ecsx U(2)y ) [9] gauge invariance,

Lorentz invariance, and with renormalizability is:

R N I N I S L P e

Sy =510, —iA, 1 —BYOWF 497 9, 18)
where

I R
210|00—, 20 1 (19)

generators of th¢s*,¢°), 1>0, and

¢+
¢=[¢Oj (20)

For 42 <0,there is a tree-approximation vacuum expectation value at the stationary point of
the Lagrangian

(8) (@) =V = |12 . (21)

We can always perform aBU(2)gcsx U(D) y ) gauge transformation to a unitary gauge, in

which ¢* =0and ¢°is Hermitian, with positive vacuum expectation value. In unitarily gauge
the vacuum expectation values of the componenjsak

<¢*>=o, <¢°>=v>o . (22)

The scalar Lagrangian (18) then yieldsECS vector boson mass term:

2

1 : . 1§ o, 0
210, iR, 7O 1B,y Fz__z‘(& &Ta_% Bﬂj[ j

2 v
22 2 , (23)
v O U N N
—- LW - (¢ 7, 2
4 8
where §;, §; are the ECS coupling constarthe masses are given as follows

The ECS gauge fields masses and electric charges predicted by this modeiraagized in
Table.4.
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Table.4. The ECS gauge fields masses and electric charges
predicted by the proposed model.

Gauge fields Masses (M)-MV Electric Charges (e)
W (New) 120 *
50 (New) 500 0

5. ECS-quark masses
The masses and mixings of ECS-quarks have a common origin, as suggested in thé Standa
Model (SM) [20-23]. They arise from the Yukawa interactions with the Higgs condensate,

Ly =YIQipck - ¥ Qeg Ty + he (25)

[oX}

whereY"¢ are 3 3 complex matrices, is the Higgs fieldj, j are generation labels, ands

the 2x 2 antisymmetric tensoQ| are left-handed ECS-quark doublets, aldand a}, are
right-handed down- and up-type ECS-quark singlets, respectively, in the weakatigens

basis. Wherny acquires a vacuum expectation va(uﬁ@,z(o,u /\ﬁ) equation (25) vyields

mass terms for the ECS-quarks, as follows:

Ly = 43:..”1? dy - EL My + h, (26)

where

=3 ) =D e

The ECS-quarks masses depend on the arbitrary coquiH'dsand cannot be predicted.
Furthermore, we do not observe ECS-quarks in isolation, so their masses are not precisely
defined. Indeed, if we attribute the mass of a ZM to simply the sum of the madbes of
constituent quarkghen the mass of ECS-quark quoted here is 0, 6 times the mass of'Z

particle interpreted as act-bound state: ZM-state. For c-quark and’Zparticle masses of
1,6GeV and 3,9GeV respectively, the mass of EG§rark should be 2,3GeV.

We thus predict an electrically charged charmed ZM D) and a neutral charmed ZM
(D®), by the charm ECS-quark jof mass B9GeV.
6 Discussion

The ECS- scheme we propose here is similar to the Cabibbo-scheme [19] hji2zhA]allows
weak transitions betweam<> d and weak ECS-transitiods— c.

11



Instead of introducing new couplings, let us try to keep universality while yiogliboth the
quark and ECS-quark doublets. We assume that the charged current couffiesatat
ECS-quark states

(40

where

d'=dcosg; + csind, ,
- . : (29)
¢'=—-dsiné + cco,
This introduces an arbitrary parametgy which represents the ECS-quark mixing angle.
What we have done is to change our mind about the charged current. We now have ECS
“favored” transitions (proportional to Sinfg).

We can summarize this by writing down the explicit form of the matk®ment, which
descrilesthe charged current weak interactions of the ECS-quarks:

M (ECS _ 4_; JHCECS it ECE, (30)
with

H_° d
JHECY :(UI;)% UECS(~J- (31)

The unitary matrix Yes performs the rotation (29) of the d aédjuark states:

Uoon cosfs  Singg 32
ECS ™| —sing, cow, )" (32)

All this has implications for our previous calculations. For instance, we can n@geadplin
the formula for the ECS weak -decay rate by:

G, = Gsinéy. (33)

In this model the Zmeson is a ZM state, consisting o€aand c quark (see Table.3). Hence
the c,C weak current is responsible for the weak decay. platticle.

Assuming thasin? 6] cog 6., it follows from (28) and (2@that the “favored” ECS-quark
decay pattern is that shown in Fig.2, with amplitude

M (ES9) (& — cud) 0 sin? 6. (34)
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< ™
7
/ d-

AR c” c” I

Fig.2 An ECS-quark description of'Zdecay. The ECS-favored processf:is»?:ua with a spectator
c quark.

That is, M andz™ mesons should be the decay products ot.a Z

The present phenomenological support to the earlier suggested generalized satinestey

[9], including the hypothetical charged “swap” quarks, through the interpretation of the
recently observed ‘Z3.9GeV) meson resonance as the bound state of the standard charmed
quark and hypotheticéf™)-quark providing the charged mode of th§329GeV) - resonance

decay:Z" — z"J/ psi

According to quantum numbers of ttlequark(s) as given in Table 2 and in Fig. 2, the decay

Z* — "3/ psishould be the ECS isospin-breaking one and having characteristic lifetime or
width for the ECS-wekinteractions.

The probability of emittingan ECS-wake bosoW* is then essentially the same as that for
emitting a photon, namely=102 The slow rate of ECS-weak decays is achieved instead by

giving the ECSW* a large mass. The probability of exchangemy ECSW* is small
compared to that for exchanging a photon, not because it is less likely to bedgeimit
because it is massive. The probability of emitamfECSW™ is given by

By =——, (35)
(My /my )
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whereM,;. is the ECS-wake boson mass,is the ECS the coupling strength. Here, for
dimensional reasonsMW+ has to be expressed in terms of some reference mass; our choice is

the proton mass, =1000MeV.

The qualitative statement expressed by (35) is already clear. The largdlpassuppresses

the coupling strength of the ECSweak bosons to a given “effective” ECS coupling strength
o"w. For an ECS-weak bosons mass Mfm =120MeV as is given in Table 4 and ECS

coupling strengttu=10? we calculate an effective” ECS coupling strengthy;, =8.3x 10 2,

A minimum energyM,.c” is necessary to emit a virtual EG: . It can therefore only live

atimeAt=#/ MW+CZ =103 se, after which it has to be reabsorbed. During that time, it can
travel at most distanceAt=7/ M,z c=1F . This range is the same with the range of a strong

interaction.

The experimental width of the Z*—z"J/ psi-decay is of the order
7. (3.9 =46+ 10t 4.9/eV I¢[1-3], which is reasonable for the ECS-weak interaction

effective coupling constanf .

7. Conclusion

We propose a quark (q) and an ECS-quark bgund state () We explain the electric
charged charmonium®Z(3, 9) meson as a charm quark (c) and charm ECS-quutkoiend

state (ct). We predict that 3/ andn” mesons are the decay products of a(Z, 9), as it has
been recently observed at BEE Furthermore, by the charm ECS-quark) (of mass

2,3GeV, we predict an electric charged charmed ®7and neutral charmed t%™ new

mesons.
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