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Abstract

As it was mentioned in the previous paper Ref, [thlere are symmetries in the nature
and it was given some different examples of existent symynaetl there are also some
similarities among these different examples of symmetry.

There is symmetry for electric dipole which has charge &nhq)) (-q) at some distance
(d) and another example magnetic bar with two poles: Northr{fllS@uth (S) poles, etc.
Considering the characteristics and properties of quarks, by a hgisothsing almost
similar symmetry, quarks have two sides with different prigeer These sides will be
simply shown by lettersn and n arbitrarily. In this way it can be simply explained
phenomenologically, the following questions:

1- Why a particle does not exist with only one quark?
2- Why are quarks confined in the nucleus?
3- What is the origin of the nuclear forces?

Introduction

Before giving the new suggestion in detail for quarks having tdessn andn,
some simple and well known examples will be given in order to yustéf existence
of symmetry in the nature.

First example: Electric dipole, which has two charges +q anih-g, two sides at
some distance (d) Fig. 1(a)

Having more than one electric dipole, for example two or three electric dipaes, th
attraction between positive and negative charges arrange such as Figs 11(b):and

" There are some revisions which have been dotiesipaper
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Fig. 1 — Electric dipoles

Second example: For magnetic bar or magnetic compass which eacbnsiss
of a south (S) and north (N) pole, again with two or three magbats; they arrange
themselves as shown in Fig. 2.

M 5
M 5
1 5 5 M
3 M
M 5
FigZ {a) Fig2 {b) Fig2 {c)

Fig. 2 — Magnetic bars

We will return to these two diagrams latter.

Third example: Another example for existence of symmetkg, tihe magnetic bar is
magnetic field, which produced by a circular loop of carrying current (i)

Fig. 3 - Magnetic field produced by electric current

Fourth example: Other example for symmetry in the nature is tppdisection of
spin for electrons, in the atom and nucleons in the nucleus, which can be up and down.
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Fig. 4 — Spins of electron in the atom, or nucleons in nucleus

Fifth example: One of the most important examples for existehcymmetry in the
nature is; for each particle there exist an antiparticle, siscproton particle (p) and
antiparticle P), and for neutron n its antiparticle " { and for (K) which is a particle
its antiparticle is k") and so on. The difference between particle and antiparticle is, tha
particle is composed of quarks and antiparticle is composed by antiquarks.

After the preliminary discussion, let us pay to our main subjectkguand their
properties.

First we will give some proofs, which experiments indirectlyvgtibe evidence of
existence of quarks.

At the present it is accepted universally that quarks araqathyntities, the evidence
of quarks comes from three main methods; Hadrons spectroscopy [@h Egattering
[3] and Jet production [4].

Quarks and gluons are fundamental constituents of the matter. Attage is
evolution, the entire universe was in a peculiar quark — gluon plasiea ist very high
temperature. Then it cooled yielding the protons and neutrons of today’s galaxies.

Generally, they use the notation of quark confinement. This means thdtandwve
try; we can not get the individual quark or antiquark out of the hadButghis does not
mean they are inaccessible. As the Rutherford [5] probed the arsig®m, almost same
experiments indirectly show the evidence of quarks, which are ifsedbadrons, such
as; in the (SLAC) accelerator high energy electron for prbieeproton [6] and in
(CERN) with the neutrino beam and also by using high energy protaéhefee aim. The
particle deflected through large angles, indicates that the phaterinternal structure
(quarks).

And now after providing several examples for existence of symnrethe nature and
in addition to the results of several experiments that indirectly shows th&twgoiah are
constituents of hadrons exist. | believe that quarks have almosarie symmetry as
shown in Figs. 1 and 2. For quarks we use also two different sidearliticrily we
choose the letters siae and siden to show themThe characteristics of these sides are
different.

In this paper entitled “Simple Explanation of Quarks Propertie®’ sigggestions will
be presented for quarks. To substantiate the existence of syniarejnarks having two
different sides a hypothesis is proposed:

There are interactions (attractions) between sidef a quark and sida of another
quark. The exchange force between these two sides is mediatgddoy The gluons are
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the force carriers in strong interactions. The sidef a quark can not interact with the
siden of the same quark, and inversely. The force of interaction betweesdna of

one quark with the side of the other quark is very strong; at distance is about one fm.
For shorter distance it decreases rapidly and for longendestabout few fm it will also
decrease.

The combined data coming from the seven experiments on CERN’sy Heav
programmed have given a clear picture of a new state of makiis result verifies an
important prediction of the present theory of fundamental forces between quarks [7].

As previous examples: for electric dipole Fig.1 (a), magneticHim 2(a) and for
circular loop with eclectic current Fig. 3, the quarks with twdes can be shown as the
following figure:

Fig. 5 — Schematic of quark with two sidesandn

The properties of quarks:

All quarks have spin %. The quark and anti-quark have the same mass, katamahr
antiquarks having opposite electric charge (if there is any)famgkihas strangeness (+1)
the other has (-1).

Table (1) properties of quarks

Name Quark Spin Charge Anti-quark
Up u ) 2/3 u
Down d ) -1/3 d
Strange S %) -1/3 S
Charmed C %) 2/3 o
Bottom b ) -1/3 b
Top t ) 2/3 t

There are three families for particles:

In the following, their characteristic and properties are considerditybrie

1) Lepton family: Which are fundamental particle and then do not have any
quark as constituent. These particles arareandt™ that each one has its own
neutrinone, Nmandn;. For these particles their antiparticles arené andt™ and
their antineutrinos are , and

4/12



Simple Explanation of Quarks Properties

2) Meson family: They have two quarks as constituent; one is quark and

another one is antiquark. For examm& ), p'( ) K )and ( ),. The
spin of some meson are zero and the others are one.

Table (2) shows strangeness versus charge for mesons, whichmescm
compose of one quark and one antiquark and both of them has tworsales,).

Table (2) Variation of strangeness mesons versus mesons chargpinstzero

3) Baryon family: They are composed of three quarks and antibagrens
composed of three antiquarks. The spin of baryon is half integer 2 an@/spin
as high as 11/2 has been also observed.

In three families of particles; baryons family have three kpuar the plasma of
particles, mesons family have two quarks, but leptons family havanyotuark. It
should be some reason why an individual quark can not bind or stick some how inside
the particle?
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Since there is symmetry in the nature as they were givenekamples before,
such as the attraction between two and three electric dipolek vefiésred to in Figs.
1(b) and 1(c) and also attraction between two and three magnetitabaeferred to
in Figs. 2(b) and 2(c) by hypothesis of two sidasand n for one quark. As
schematically shown in Fig. 6, it is believed that quarks alsogergheir situation
almost same as above two examples.

Fig. 6 — Quark situation in baryons and mesons, (lepton has not any quark)

For the question “Why there is not a particle only with one quiark® strong
interaction between siden of one quark to siden of another quark, occurs by
exchange mediators particle, gluon. There is nothing except thimdmbe that
causes binding the quarks together; therefore, there can not benenyuark in a
particle. | have given a strong phenomenological reason to thatajuéstithe first
time.

Let us now turn to another property of quarks in the particle whguheks inside
the particle are confined (as it is said)? This meanstti@impossible even by very
high energy accelerator to separate a quark from its garBgl the hypothesis there
are very strong interactions between two sialesf one quark ana side of another
guark, up to now, they were not able to separate as sole quark frgrarticée. But

quark and its antiquark can be produced by a reaction siE#h-ag ® q ¥

Quark construction for some baryon, with their cola charges:

As we know all quarks are fermions, so their spiteiand they should not violate
the Pauli Exclusion Principle. Now consider the part@i&uuu), which has three
similar quarks that their spins are bidirection.

So its spin is 3/2. Other examples &&ldd) andW(ss9. The Standard Model,
which is very successful, allocates new characteristic n@wled The colors are red
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(), green ¢) and blue If) and their anticolors ard, (g) and t_)). Any quarku, d,
s... and any antiquark can exist in three different color statesexXample;D

(dr,dg,dp) andW (s, %)-

Now, let's consider some simple examples for exchanging the bluéeynman
diagram. For example in the process typically the quark coldnasged at a quark
gluon vertex and the difference the color is carried by the gl@tron carries one
unit of color and one unit of anticolor. For example:

Fig. 7 — Changing color at a quark gluon vertex
Table (3) shows quarks construction for some different baryons.

Table (3): quarks construction for some different baryons

proton neutron s s? S D" D W

P(udu) n(dud) (usu) (uds) (dsd) (uuu) (ddd) (ss9
U, d Uy Uy d Uy d S
dg Ug S dg S Ug dg S
Up dy Up S dy, Up dy S

As an example the following figure just allocates situatioguairks in the proton and
also the interaction of gluons between the quarks.

In this figure to make a contract, the exchange force by gluoeximple the gluon
exchange in the up left hand intermediated between)(from sidem to ( ) siden,

which is shown by (mn) and inversely from ( ) siden to (
shown by (nm).

) sidem, which is
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Fig. 8 — Schematic the proton, quarks composite and the gluons as the intermededa betw
two sides’m andn

Besides that, with high energy electron-positron, annihilation cem @oduce
muon and antimoun, which in turn produce hadrons.

e+ ® mm hadrons
The ratio of the number of hadrons events to the number of muon ewergsagi

measure of “colors” of quarks [8].

By considering the hypothesis of quarks having two, different sidand siden
with special properties, here we will give some examples Hoeet kinds of
fundamental forces between the quarks.

1- Electromagnetic interactionas an example®® g +g

Fig. 9 — An example of an electromagnetic interaction

Thep® consistent of its quarks are Y or (). The forces between the sideand
siden intermediated bégluons. As it is shovpfl,decays to two gamma rays. The life
time of this decay is 10 sec.
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2- The weak interactionsuch as, neutron decay:

Please pay attention to direction of time for Feynman dmagvehich is generally
from bottom to top. It will be considered this process in three states.

Fig. 10 — Neutron decay as a weak interaction by Feynman diagram

State 1) Neutron at beginning before decay

Schematic shows its quark construction and their gluon which are
mediating by exchange the force between their quarks

State Il) | In the vertex, Neutron decay:

The electric charge ofdf quark (-1/3) by Feynman diagram, change to
charge of ) quark (+2/3) plus .

d U+
and then e e
-1/3e 2/3e—(e)
which is conservation of charge

Besides that, the difference between sides of (d) quark in neutron)and
quark of proton is compensated by binding energy of quarks in these two
baryons and also for decay energy. So the quark (d) changes to quar
(u). The life time of neutron decay is 15 minutes.

State IlI) Proton produced:;
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3- Strong interaction considering different casesrad states of quarks;
Preface

Quark-gluon plasma exists at extremely high temperature about %3¢d@in,
and its density is too high. Free quark and gluon, which are the basiaguldcks
of matter, is believed to have existed few microseconds after “Big Bang.”

According to the theory at the beginning the universe was coestiitgry hot
gases of free quark, antiquark and gluon. This gas is called gluamk-plasma

(QGP) [8].

Experiments at CERN super proton synchrotron first tried toe@&P in 1980’s
and 1990's and may had been partially successful and currently khretse of

experiments are followed at Brookheaven National Laboratoryrefi#tivistic heavy
ion collider [9]

Head on collisions between two high energy protons, which their quark
construction is fud), can produce various hadrons, which their constituents are
quarks and highly massive particles, sucEZ%isoson.

p+p® hadronsZ°®

Fig. 11 — Schematic diagram of proton-proton head on collision with hadrons production

We need to be able to recreate and study quark-gluon plasma intdajpoBut
instead of “Bing Bang” it should be called “Micro Bang”
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An_example for strong interaction: Head on collision of two protons with
extremely high energy will be considered. For a short time eiin@érature and pressure
in the area of collision will arise, the distance between gudekseases about 0.1 fm and
the quarks become free with this high energy. Many new pions and nets caral
antiquarks will be produced. For the sake of existence of momentum, stasmaog
between the quark increase and they are cooled at this distanceoabdat and there
will be interaction between quarks and antiquarks. Consequently, thectidas
between these quarks cause hadrons to be formed.

| wonder why it has been generally talking about the nucleangstforce and the
binding energy between the nucleons in the nucleus without giving anlg dédtat is the
origin of this force. Especially for all students it is an ambig matter. But by relating
this binding to interaction of sida of the quark to side of other quark, it will be very
simple and clear to explain the origin of nuclear force and nuclear binding/energ

As it have said the forces between two quarks in the nucleondiate by exchange
of gluons. These forces have very strong interaction and have siget (EHm). On the
other hand the binding energy of the nucleons in the nucleus is about 8\¥Me¥, is
much less than binding energy between the quarks in a particle.

Gluons mostly exchange between two quarks in one nucleon; some rawisdnks of
the gluons in one nucleon, instead of exchanging between two quarks mudeon, can
exchange between two quarks, which are in the neighborhood of eachrothes.case,
these two nucleons bind together. Considering the simplest exaaglgéston which has
one proton and one neutron with exchanging some fractions of gluon number between the
quark of oneand the quark of the other, this causes their binding energy which is 2.225 MeV.

For the heavy nucleus, the same process will happen for neighbarateons. and
consequently the nucleus is formed.

So | believe that the nuclear binding energy is originateduarks binding energy.
Therefore, instead of the terrNiticlear Energymust be usedQuark Energy

Conclusion

By hypothesis, considering examples of symmetries such as thesecwofc dipoles,
magnetic bar, etc., there exists also the same symnuetquarks having two sides)
andn. These two sides have some different characteristics. Theestrang interactions
between them side of one quark and theside of another quark. By this hypothesis,
some of the properties of the quark, such as the following, canshied easily and
simply.

1. For three families of particles, baryons have three quarks, meswasivia and
leptons have not any quark. Why the leptons can not have even one quark? The
reason is that the binding energy betweemtlsde of one quark with side of the
another quark causes the interaction between two and three gharesore one
guark alone can not bind or stick in the patrticle. This is the most tamgrroof of
these hypotheses.
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2. As it is mentioned in the hypothesis, since the binding energyebatthe quarks
inside the particle is very strong, separating a quark from hadwass not
possible up to the present time. This shows that the quarks are coinfittesl
hadrons and this also in another justification for the properties of quarks which are
presented by hypothesis.

3. It is expected that a quark in one nucleon, which is in the nucl#estseon the
quark of the nucleons, which are surrounded that nucleon This happen by
exchanging some small fraction of gluon number between these twksgua
two different nucleons and it causes these two nucleons bound together, Its
binding energy is about +8MeV, which is much smaller than the bindingyene
between two quarks in one nucleon. It is consequently believed thaanucl
energy is originated from the strong interaction between the quarks.

4. Three properties of quarks were explained simply by presentiggahesis, that
guarks have two different sided and n with some different characteristics.
Therefore with these specifications, may be quarks should not be cedsadea
particle without composed construction. Thus, quarks are not elementary
particles.
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