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SUPERELECTROMAGNETISM AND COMPOSITE QUARKS*
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An economical composite model of quarks is constructed, where beside the usual
elementary leptons there are their opposite-charged counterparts carrying additionally an
Abelian supercharge generating new superelectromagnetic interactions. They are responsible
for binding these superleptons and some color-triplet supercharged scalar into supercharge-
-neutral composites interpreted as the usual quarks, but possessing in addition some super-
magnetic moments. The corresponding gauge boson or superphoton as well as the super-
leptons are not confined, what leads to quark-splitting phenomena. An argument is given
that the superelectromagnetic coupling constant #ggm may be as large as 2. The usual gluons
and electroweak intermediate bosons are here elementary. If true, the model opens new
experimental perspectives.

PACS numbers: 12.50.Ch, 14.80.Pb, 12.90.+b

1. Introduction

The reasons why electromagnetic phenomena have been so familiar to people for
a very long time are the tiny ionization energy of atoms and molecules on one hand, and
the spontaneous polarization of elementary magnetic dipoles in ferromagnets on the other.
If the Sommerfeld constant « were larger and the magnetization of ferromagnetic substances
not $o easy, the electromagnetic phenomena would be hidden deeper in the structure of
matter. In this paper we raise a provocative question whether there could exist new Abelian
vectorlike gauge forces, stronger than the electromagnetic ones, that would be still hidden
for us in the structure of matter. For the sake of convenience we shall call such hypothetical
forces the superelectromagnetic forces. It is evident that our question is closely related
to the problem of possible compositeness of the so-called elementary particles [1, 2], first
of all of leptons and quarks.
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2. Composite quarks

To make a case for the superelectromagnetic forces we consider a composite model
of quarks, where beside the usual elementary leptons of N > 3 generations, v® and e™
(n=20,1,... N—1), there exist their opposite-charged counterparts, the superleptons
U™ and D™ (n = 0, 1, ..., N—1), carrying additionally an Abelian vectorlike supercharge.
It generates the new superelectromagnetic interactions whose gauge boson will be called
the superphoton T" and the corresponding gauge field — the superelectromagnetic field. These
interactions are responsible for binding the superleptons and some postulated color-
-triplet supercharged scalar into supercharge neutral components which we interpret as
the usual quarks. The superelectromagnetic field satisfies the Maxwell equations where
sources are provided by the four-current of supercharge.

To be more specific we postulate the following quantum-number assignment [3]:

spin I Y 0 L B color supercharge
W12 1/2,0 —1, 0 0 1 0 1 0
ey 12 -1/2,0 -1,-2 -1 1 0 1 0
U 12 12,0 1, 2 1 -1 0 1 -1
D" 1/2 —-1/2,0 1, O 0 -1 0 1 -1
¢ 0 0 -2/3 -1/3 1 13 3 1

Here, fi x = (1 Fys)f, while the charge Q and weak hypercharge Y are given by the
formulae

Q=IP+1Y, Y =21+B-L, (1)

with the obvious values of I{¥. Then, the preons U™, D™ and ¢ are bound into up and
down quarks of N > 3 generations as follows [4]:

u(n) — d)U("), d(n) = d)D("). (2>

In analogy with v, = v, e = ¢ and u = u'”, d = d'©, we shall denote U = U®,
D = D®. We can see that in the model there are 2N Dirac preons and 3 scalar preons
resulting into 6N Dirac composites that represent up and down color quarks of N >3
generations (or, counting spin states, there are 4N+ 3 > 15 preon states leading to 12N > 36
quark spin states). So, the model is not in a bad situation from the economical point of view.

In addition, there appear some (pseudo)scalar and vector composites. The preons

. 1 —_ —
U™ and D™ form spin-0 and spin-1 composites U™DW, ﬁ(U‘"')U(”);D(""D("’),

D™U™ with charges 1, 0, —1, respectively. The preon ¢ gives spin-0 color singlet bound
states ¢$ and ¢$¢ with charge 0 and — 1 and supercharge 0 and 3, respectively. The latter
state is bound due to the color confinement in spite of the supercharge repulsion which,
however, should make this state considerably heavy. All the above composite bosons, except
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for ¢, if their masses are large enough, can decay superelectromagnetically into quark
pairs and thus into hadrons. Then, they are highly unstable. When they are charge-neutral
and have m = n, they can also decay, irrespectively of their masses, into superphotons.
The interesting color-singlet ¢$¢$d boson should lead to the supercharge-neutral excited
bound states p* = (¢¢¢$p)UUD and n* = (6$¢p)DDU with charge 1 and O that could
decay into the proton p = uud = (éU) (¢U) (¢D) and neutron n = ddu = (¢D) (¢D)
x (¢U), respectively, plus a number of superphotons. Also another class of excited bound
states is possible, where individual quarks u = ¢U and d = ¢D are excited.

It should be emphasized that, due to Bose statistics of the color-triplet ¢ scalars, the
wave functions of all ¢pd configurations ought to include some fully antisymmetrical
orbital factors built up of two relative coordinates 1 = 7, —7, and g = r3—1 (¥, +72).
In the particular case of the spin-0 ¢ ¢ configuration such a factor is a scalar of the form

f(r1, P2, 73) = PP OR(r, 0)

+ two cyclic permutations of 7,, 75, s, 3

where 7 = 7/r and ¢ = gfo, while P(x) is the Legendre polynomial with an odd I. Here,
R(r, ¢) is the radial wave function to be determined from the wave equation. For the lowest
states, / = 1. The angular variable 7 - ¢ can be written as

4
F-o= ; [Y1,0(AY1,0(0) = Y1 (MY, 1(2) = Y1, () Y1,1(D)], 4

with Y,,(r) and Y,,(¢) denoting the spherical harmonics related to L™ = rxp and
I® = gx 7, respectively, where p = —id/or and 7 = —id/dg. In the cenire-of-mass frame
L=Y1I"=L"+L®. Note that

i

Leg- ) =0, ©
but
i("Q)ZP,(P - 8) = lW(I+DP(?- 8), ©)

whilst for LY = (rx p), = —id/op® and L? = (gxn), = —id/dp® one gets
2n
| dg"OP (P - QLTOP(F - §) = 0. 0]
0

Note also that two cyclic permutations in Eq. (3) give

~i

1
2

o+

~i
©0l

- -
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r— —3e—3T. ®

hjw

i -

Nf

Nevertheless, Lf(Fy, gy 75) = O.
A fully antisymmetrical factor of the form (3) should appear both for the ¢$dd boson
and for the ¢ configuration within the proton and neutron. In the second case, since
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¢ scalars are tightly bound to superleptons U and D resulting into quarks u = ¢U and
d = ¢D, the UUD and DDU configurations within the proton and neutron, respectively,
get in the limit of pointlike quarks the same orbital factor as in the ¢d¢ configuration.
Thus, in this limit, the proton and neutron wave functions should include a fully symmetrical
orbital factor that after reduction with respect to Py(r é)’s is, in the lowest state, a constant
multiplied by a radial wave function dependent on r and ¢ plus two cyclic permutations
(subject to relativistic modifications introducing *“small” P-wave components). Then,
the noncolor part of each of these wave functions is either fully symmetrical or symmetrical
with respect to two identical quarks only (viz. 1 and 2) [5].
Denote by witt, wi! and wj', the probabilities of finding in the proton p = uud
or neutron n = ddu with spin T the indicated quark spins (evidently, wi'h+wh,+wi',
= 1). Then, we can write the following formulae for the proton and neutron magnetic
moments (in units of e/2m,) defined as p,, = N, (Z (1,09 + Q,LPYHTx (where ¢ Y™

corresponds to maximal magnetic quantum numbers and N; > 0 denotes a normalization
constant):

1
Nt = @ p)W gt Wy W)
3

+ QLT+ (G Qut+3 Qo) KLEHF™

= 2ty — Wi+ pg+F LD ')
and

1
\‘, o = Qptg— m)wn '+, (wi - we')

+ Qd<l-‘(r) D (3 Qa3 Q) L ym
= =2y~ HIW A g — 5 (LD —LOyT, (10

Here, Q, = 2/3and Q4 = —1/3. Since in Eqs (9) and (10) two spins are up and one is down,
we put {L,>™* = 0, where L = L+ L. Then using the experimental value y, = 2.8
and g, = —1.9 we can see from these equations that 0.9 = p +p, = Ni(p,+py) and
4.7 = py—p, = N3[(@w—1) (u— p)+4 LY if wit = wi¥(= w) and also (LIHPT
are equal. When we tentatively apply tou = ¢U and d = ¢D the potential model discus-
sed in Section 5, we get {yolo,lwo>™™ — 1/3 and {yolL,|po>™* — 1/3 with ogpy — 2,
where L = ¥x p and w, is the Dirac-type Coulombic ground state (of course, {wols 0,
+L, o™ = 1/2). Then

ty = No{wolo,+(1—3) 5 Llped™ = § No, (11)
and

Ma = Nyl (‘%)';‘Lz}wo>mx—’ —‘“Nz, 12)
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where N, is a normalization constant. Hence, N,N; = 0.9(18/7) and Ny(L{)ymex
= 3[4.7—% N,N;(4w—1)}, giving <LO)T% = 1.1 or 0.31 if we take e.g. w = 1/3 and
N; =3 or w=1 and N; = 3, respectively.

This result seems to suggest that a nonzero orbital angular momentum is involved
in the quark structure of the proton and neutron. It may be of the relativistic origin, cor-
responding to the “small”” P-wave components of the quark wave function of the nucleon.

3. The standard model and supermagnetic moments

The vertical group structure of our modei is given by
SUL(2) ® Uy(1) ® SU(3) ® Ugpm(1), (13)

where Uggy, (1) is the Abelian vectorlike gauge group of superelectromagnetic interactions.
So, if we assume that there are elementary gluons and electroweak intermediate bosons
coupled to our elementary Dirac and scalar particles (viz. leptons, superleptons and the
supercharged scalar ¢) according to the standard-model gauge group SU(2)®@Uy(1)
®SU(3) we achieve the consistency with the standard model. Moreover, restricting our-
selves to supercharge-neutral states we get effectively the standard-model gauge group
if the internal structure of supercharge-neutral composites (first of all, of quarks) can be
neglected.

However, not all remnants of the internal structure of composite quarks can be really
neglected, even in the realm of low energies. In fact, superleptons U and D being super-
charged Dirac particles carry supermagnetic moments (of a magnitude larger than their
magnetic moments). Thus, also quarks u = ¢U and d = ¢$D possess supermagnetic
moments (larger than their magnetic moments). These moments cannot, of course, be
neutralized within spin-1/2 nucleons p = uud and n = ddu. In this way we are led to the
conclusion that the proton and neutron, if built up of our composite quarks, would have
supermagnetic moments (whose magnitudes are expected to be larger than the magnitudes
of their ordinary magnetic moments by factors of the order of (xgey /2)'/? << 16.6 if the
superelectromagnetic coupling constant ogg, << 2). So, a system of polarized protons
or neutrons should produce a supermagnetic field (stronger than its magnetic field). To
detect this field another system of polarized nucleons is needed. Note, however, that the
supermagnetic field from a nucleon (though stronger than its magnetic field by a factor
of the order of (agpy/®)!’? < 16.6 if agpy < 2) should be considerably weaker than the
magnetic field from an electron, since the ratio of magnitudes of the nucleon supermagnetic
moment and the electron magnetic moment is expected to be of the order of (m./m,)
X (tgpp/®)'? < 0.0085 if agpy << 2. Nevertheless, nuclear-polarized macroscopic bodies,
the supermagnets, can be thought of to produce and detect the supermagnetic field. Note
also that a pointlike nucleon cannot produce in its orbital motion any supermagnetic field
because its supercharge is zero (the same is true for a pointlike quark also).

We can see that two nucleons should develop (in addition to their QCD-originated
strong interactions) mutual supermagnetic interactions of the spin-spin type but none of the



1012

spin-orbit type. The absence of the latter coupling (at least on the tree-approximation level)
persists even at the considerably high momentum transfers when quark structures of
colliding nucleons overlap, but preonic structures of the corresponding quarks are still
separated. Just at the very high momentum transfers when the preonic structures of quarks
can overlap, the supermagnetic spin-orbit coupling should appear. It is possible, however,
that before such very high momentum transfers are reached the quark structure of one of
the colliding nucleons, p = ($U) (¢U) (¢D) or n = (¢D) (¢D) (¢U), may transit into
the atomic-like isomeric structure p* = (¢$$)UUD or n* = (¢$d)DDU where all clusters,
viz. the extended ‘“nucleus” ¢ and the pointlike “electrons” U and D, carry nonzero
supercharges (3 and — 1, respectively) producing in their orbital motion a supermagnetic
field. It leads to an effective supermagnetic spin-orbit coupling for the colliding nucleons
that switches on above the excitation threshold for p* or n*. Above this threshold also
other superelectromagnetic interactions between two colliding nucleons as well as their
mutual QCD-originated strong interactions are expected to change. For instance, in the
excited nucleon isomer p* or n*, only its “nucleus” ¢ ¢ participates in the QCD-originated
strong interactions. One should also stress that inside the atomic-like excited nucleon isomer
p* or n* its “nucleus” ¢ as well as its “electrons” U and D, being bound through the
Abelian supermagnetic interactions, are not asymptotically free nor confined. Thus, in the
deep inelastic electron-nucleon scattering, considered above the excitation threshold for
p* or n¥, the usual parton language seems to be not so adequate as below the threshold.

We wonder (cf. Appendix), if the quark compositeness and/or the supermagnetic in-
teractions could contribute to the surprizingly big spin effects observed by Krisch and his
collaborators in pp elastic collisions with polarized beams and/or targets at p? > 3.5 GeV
and Ocy ~ 90°[6] (though in these experiments energies involved are relatively not very
high). These effects are not explained yet by the conventional perturbative QCD [7].

4. Superionization

Due to the Abelian character of superelectromagnetic interactions, superleptons (like
leptons) are not confined (nor are asymptotically free) in any of their bound states, although
their superelectromagnetic binding within e.g. u™ = ¢U™ and d™ = ¢D™ should be
really strong. In contrast, the supercharged scalars ¢ are confined in their color-singlet
bound states e.g. ¢pd and G, irrespectively of their superelectromagnetic interactions,
whether attractive or repulsive. Finally, superphotons, being gauge bosons of the Abelian
group, once produced, can travel freely (like photons).

Thus, at some high energies, the massive superleptons and massless superphotons
might be observed as free spin-1/2 and spin-1 particles, respectively. To set an example
for the superlepton production we may consider the process where quark splitting occurs
in one of two colliding protons, e.g.

p+p — p+o(6U) (¢D)+ U. 14

The superlepton U, if decelerated (in particular stopped) in matter, can produce a super-
photon I' in the process that may be called the superbremsstrahlung. The superphoton,
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if energetic enough, may in turn cause quark splitting in a target nucleon, e.g.
T'+p— ¢&(U) (¢D)+U. (15)

Here, ¢(¢U) (¢D) is a spin-0 color-singlet bound state with charge 0 and supercharge 1,
representing the once superionized proton with charge 0. If it is heavy enough, it can decay
into p and U. If not, it can be pretty stable in a supercharge-neutral substratum. In this
case, beside the superleptons U and D, the superion ¢(¢U) (¢D) (and, similarly, ¢(¢pU) (6U)
and ¢(¢D) ($D)) may be among candidates for new stable particles. An interesting example
of superphoton production is also the process:

p+p - p+p* > p+p+T (16)

(vecall that p = ($U) ($U) (¢D) and p* = (¢$$)UUD). Note that in pp collisions some
natural superelectromagnetic channels are n°7°UU and n°n°UUTIT.

5. An estimation of superelectromagnetic coupling

Unfortunately, neither the superelectromagnetic coupling constant Uspm = Copn/dT
nor the masses of U, D and ¢ as well as of their color-singlet bound states can be estimated
at the moment in a reliable way. In order to give, after all, some estimation for «gg,, let
us try to describe the bound states u = ¢U and d = ¢pD by means of the relativistic two-
-body wave equation derived on the potential-theory level for a system of one spin-1/2
particle and one spin-0 particle [8]:

m2 — m?
I}(E—V)—-Ex'-ﬁ—ﬂml+% I;_Vz]\/E—Vw(r) =0. (17)
Here, p = p; = —p, (in the centre-of-mass frame) and 7 = 7, —7,, while % and B are Dirac

matrices of the spin-1/2 particle. In our case we can try to use the Coulombic attractive
potential V = —agp,/r.

For the sake of our estimation let us assume that the masses of U, D and ¢ are equal
(= m). Then, the wave equation (17) gives for the energy spectrum of bound states the

Sommerfeld-type formula:
2 2|—-1/2
E =2m I:l + <O—CSE—M/—> J ,
n,+y

7 = [(G+1/2)* —agew/4]"* (18)

with n,=0,1,2,... and j= 1/2,3/2,5/2, ..., whilst the wave-function behaviour at

r-0and r— o isry~r’**% and yp ~ exp (—\/mz—E2/4 r), respectively. We can see
from Eq. (18) that

Eg = 2my,, yo=(1 —“SZEM/4)1/2 19)
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for the ground state (n, = 0, j = 1/2) identified with v or d quark, and
E, = m[2(1+7y0)]"? (20)

for the first radially excited state (v, = 1, j = 1/2). The radially excited states (n, > 1,
i = 1/2) of u or d quark cannot, of course, be identified with up and down quarks of higher
generations, because the former are highly unstable due to the spontaneous emission
of superphotons. So, the energy E;, as not being observed yet, ought to be large enough
(say, E; > 100 GeV?), unless the level is smeared out too much by its instability. On the
other hand, we have E, ~ 0 since m, ~ 0 and my ~ 0. Thus, from Egs (19) and (20)
we get

Ogem =2, m~07E,. 2n

Hence, the ground state radius =~ (0.7E,)!. It must be small enough to be unseen at
present, unless another reason could be thought of for that. More precisely, dgey S 2,
as in Eq. (19) ogy is upperbounded by its critical value 2 (note that here the critical value
2 is accessible since the wave-function regularity condijtion ry = 0 at r = 0 is still satisfied
for aggy = 2). So, if our estimation (21) is correct, the superelectromagnetic interactions
are at least so strong as the QCD strong interactions.

6. Outlook

New . experimental search is, of course, necessary to say more about the existence
of the superleptons U and D and the superphoton I' (as well as about their coupling con-
stant oggy and the masses of U, D and ¢). But, if they exist, they will allow for a really
fresh breath in our noble particle physics.

In particular, as we should point out, the considered model, if true, would have a revo-
lutionary influence on the concept of the color quark-gluon plasma [9], since then we should
be led in a natural way to a novel colorless plasma consisting of superleptons U and D,
superphotons I" and the nucleon superions i.e., (i) once, (i) twice and (iif) three times
superionized protons and neutrons: () ¢(¢pU) ($U), $(¢dU) (¢6D), $($D) (6D), (i) ¢d(dp V),
dH(dD) and (ii7) dd, respectively. All these nucleon superions would display hadron-
-like strong interactions, but they would differ from hadrons by their nonzero supercharge
which could be a source of superbremsstrahlung of I'’s.

APPENDIX
Speculations about the role of pp* interaction in pp elastic scattering [10]

Consider the pp elastic scattering above the excitation threshold for p*. Assume that
then the process passes mainly through the intermediate state pp*. In such an intermediate
state there is a peculiar configuration where the supercharge-neutral quarks u = ¢U and
d = ¢D from p interact with the colorless “nucleus” ¢¢¢ and the colorless “clectrons”
U and D of p*. Thus, here, the bulk of interaction should go via the supermagnetic field
that couples quark spins with orbital angular momenta of the “nucleus” and the “electrons”
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as well as with spins of the latter. The quark-‘‘nucleus” interaction seems to be more im-
portant than the quark-“electron” interactions because the extended “nucleus” ¢ car-
rying supercharge 3 and surrounded by the pointlike “electrons™ U and D of supercharge
— 1 is a central and dense part of p*. There is in addition a QCD-originated quark-“nucleus”
interaction caused by the exchange of a twisted ¢¢ pair but, as corresponding to a non-
planar diagram, it is expected to be weaker than the supermagnetic interaction (and also
the antiquark-“nucleus” QCD-originated interaction mediated by the ¢¢ boson that may
appear in the mp elastic scattering).

In this way one is led to the conjecturc that above the excitation threshold for p* the
effective pp interaction is dominated in the centre-of-mass frame by the spin-orbit coupling
proportional to (6, +a.) * L where L = L, + L, = 7xp. Then, above this threshold, the
spin-parallel pp elastic cross-section o(p'p’) overwhelms the spin-antiparallel pp elastic
cross-section ¢(p'p") when spins are polarized perpendicularly to the scattering plane.

In contrast, below the excitation threshold for p* (but above the region where low
energy resonances are important) the effective pp interaction stems from quark-quark
interactions. Assume the naive quark model, where quarks inside the colliding protons
scatter independently: with the same spin-parallel and spin-antiparallel elastic cross-sec-
tions 6" and ¢". Then, the ratio R of the double-polarized pp elastic cross-sections
a(p'p') ard a{p'p’) is given by the formula

0o+ (A.1)

independent of details ‘of the proton spin structure expressed by the probabilities w!',

p 3
wh' and wi'". Thus, it is restricted to the narrow range 4/5 << R < 5/4, where the lower
or upper limit corresponds to ¢'' = 0 or ¢’ = 0, respectively.
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