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Abstract
As it was mentioned in the first paper Ref. [1], there anensgtries in the
nature and it was given some different examples of existeminsyry and
there are also some similarities for these different examples of estlyynm
Considering the existence of negative mass and positive magsaiks,
which are constituent of the particles, such as baryons and mesons.
By using the symmetry for masses, which gives new charactgrarks,
we could explain the property of quarks, which are known up to now. This
paper only considers the quarks as they are principally originateuclear
energy and also talking about interaction of positive mass of one quidm t
negative mass of other quark.
We obtained strong reason for hypothesize of positive and negative
masses for quarks such as an example; we are able to answer these questions:
1- There are three quarks in the baryon family and two quarks
for meson family. Why there is not any quark in lepton family?
2- Why are the quarks’ in hadrons confined? (As it was said).

Introduction

Before talking about negative and positive masses for quarks, it is
briefly given some simple and well known examples which shows
existence of symmetry in the nature.
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First example: Electric dipole, which has two charges +qg-andat
some distance (d) Fig. 1(a)

Having more than one electric dipole, for example two or three
electric dipoles, the attraction between positive and negative sharge
arrange such Figs as 1 (b) and 1(c):

Fig. 1 — Electric dipoles

Second example: For magnetic bar or magnetic compass which eac
one consists of a south (S) and north (N) pole, again with two or three
magnetic bars. They arrange themselves as shown in Fig. 2.

Fig. 2 — Magnetic bars

We will return to these two diagrams latter.

Third example: Again another example for existence of symmktey
the magnetic bar is magnetic field, which produced by a cirdatgy of
carrying current (i)
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Fig. 3 - Magnetic field produced by electric current

Fourth example: Another example for symmetry in the nature is dpposi
direction of spin for electrons, in the atom and nucleons in the nucleus,
which can be up and down.

Fig. 4 — Spins of electron in the atom, or nucleons in nucleus

Fifth example: One of the most important examples for existayfc
symmetry in the nature is; for each particle there exardiparticle, such as
proton particle (p) and antiparticle (), and for neutron (n) its antiparticle is
( ) and for K which is a particle its antiparticle is § and so on. The
difference between particle and antiparticle is, that pariscleomposed of
quarks and anti particle is composed by antiquark.

After the preliminary discussion, let us pay to our main subgprerks,
and their properties by using hypothesis of positive and negativeemasé
the quarks in order to explain those properties of quarks.

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

By introducing the notion of the quark confinement, may be this means
how hard we try, we can not get the quarks out of hadrons. But this atoes n
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mean they are inaccessible. As the Rutherford probed the insideran at
almost some experiments indirectly show the evidence of quarks, at@ch
inside the hadrons, such as; in the (SLAC) accelerator highyeakgiron
for probe the proton and (CERN) with the neutrino beam and alsoity us
high energy proton for these aim. The particle deflected giwréarge angles
indicates that the proton has internal structure (quarks).

And now after giving several examples for existence of synynetthe
nature and in addition to results of several experiments, that itigdiseows
quark exist, it is believed that there would be also symmetrhéomass of
qguarks, which are the constituents of hadrons. That is the quarks should have
positive and negative mass.

To substantiate the existence of negative mass, two hypotheses are
proposed in the first paper.

1- The value of negative mass of particle equals the value of its
positive mass. However, if ‘m’ is taken as the positive masa of
quark it does not mean that the negative mass of this quark is ‘-m’.
These are merely names given to them. The direction of gravay f
for positive and negative mass is the same. Nevertheless, thv@ega
mass of quarks interacts with the positive mass of another quark.
Based on Einstein equation, mass energy is converted into
electromagnetic energy.

2- The positive mass of quark can not interact with negative
mass of the same quark. However interaction occurs between the
positive mass of a quark and negative mass of other quarks.

For short, the positive mass is shown as (pm) and negative mass)as (
and with similar examples which are previously given as tke dxample
for electric dipole Fig. 1(a) and magnetic bar Fig. 2(a) and #&xample
for circular loop with electric current, the quarks with positive and negative
mass, can be shown as the following figure.

Fig. 5 — Schematic of quark with positive and negainass
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Properties of Quarks:

All quarks have spin Y. For each quark, half of its mass is negative
and another half positive. The quark and antiquark have the same masses
(that for each one it is the sum of positive and negative magsds)
guarks and antiquarks have opposite electric charge and if one has
strangeness (+1) the other has (-1).

Table (1) properties of quarks

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

There are three families for particles:

1) Lepton family: Which are fundamental particle and then do not
have any quark as constituent. These particles am endt™ that
each one has its own neutring n, andn;. For these particles their
antiparticles are 'e mi andt™ and their antineutrinos are ,
and

2) Meson family: They have two quarks as constituent; one is
quark and another one is antiquark. For example, ), p*( )

K% )and ( ),. The spin of some meson are zero and the others
are one.

Table (2) shows strangeness versus charge for mesons, which each
meson compose of one quark and one antiquark and both of them has
constituent of positive and negative masses.
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Table (2) Variation of strangeness mesons versus charge for mesons
spins 0.

3) Baryon family: They are composed of three quarks and
antibaryons are composed of three antiquarks. The spin of baryon is
half integer %2 or 3/2 and spin as high as 11/2 has been also observed.
Now there are two important questions for discussion. The answer to

these questions is based on negative and positive hypothesis of masses
and the theory that describes stromgeraction by Standard Model,
which is called quantum chromodynamic (QCD).
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First question:

In three families of particles; baryons family have threerkgja
mesons family have two quarks, but leptons family have not any quark. It
should be some reason why an individual quark can not bind or stick
some how inside the particle?

Since there is symmetry in the nature as they were given fiv
examples before, such as the attraction between two and tectecel
dipoles which referred to in Figs. 1(b) and 1(c) and also attraction
between two and three magnetic bar that referred to in Figsa2d(c)
by hypothesis of negative and positive masses for one quark. As
schematically shown in Fig. 6, it is believed that quarks also arrange their
situation almost same as above two examples.

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

The strong interaction between negative mass and positive mass occ
by exchange of mediator particle, which is called gluon. Themetlsng
besides these interactions between negative mass and positsvdomas
binding these quarks together. By comparing the above Figs. @&{(b) an
6(c) with Figs. 2(b), 2(c) along with Figs. 3(b) and 3(c) sintifecan be
perceived.

This question and its answer is the most important justificaton f
existence of positive mass and negative mass for the quarks.
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Second guestion:

Generally it is said that the quarks are confined in thegbartivhat is
being conceived by using this statement?

In other word does it mean that it is impossible to separgtekk from its
particle?

It is true that by exchange gluon between negative and positigses of
two quarks, they bound together strongly. But may be sometime fatthie
by construction of more powerful accelerators or may be by sbhes way,
that we don't know up to now we will be, capable to separate the quarks from
particle.

As we know all quarks are fermions, so their spittiand they should not
violate the Pauli Exclusion Principle. Now consider the parfi@l&uuu),
which has three similar quarks that their spins are bi-direction.

So its spin is 3/2. Other examples &édd) andw(sss). The Standard
Model, which is very successful, allocates new charactensticed color.
The colors are red (r), green (g) and blue (b) and their anticiers ), ( )
and ( ). Any quark u, d, s... and any antiquark can exist in three different
color states, for exampl®; (d;,dg,db) andW (s,5,S)-

Now, let's consider some simple examples for exchanging tren diy
Feynman diagram. For example in the process typicallygtizek color is
changed at a quark gluon vertex and the difference the colarrisccby the
gluon. Gluon 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 fermium.
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Table (3): quarks construction for some different fermium

Proto neutro D"
n n s s° S ¥ D W
p(ud n(dud usu uds dsd uu ddd Sss
u) ) u
Uy d Ur Ur d Ur d S
dq Ug S dy S Ug dy S
Up Oy Up S dy Up o S

Such an example the following figure just allocates situation akqua
the proton and also the interaction of gluons between the quarks.

In figure8 to make a contract, the exchange force by gluoexample
the gluon exchange in the up left hand intermediated betweenfom

positive mass to ( ) negative mass it is shown by (pn) and inversely

from () negative mass to ( ) positive mass is shown by (np).

Fig. 8 — Schematic the proton, quarks composite and the gluons as the
intermediates between negative and positive masses
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By hypothesis of positive and negative mass for the quark, here we
will give three examples for three kinds of fundamental forcesdsst
the quarks.

1- Electromagnetic interactionas an exampiep0 g +g

Fig. 9 — An example of an electromagnetic intecacti

The life time of his decay is 10 sec. The® consistent of its quarks

are ( ) or ( ). The forces between the positive a mass and negative
mass intermediated by gluons. As it is shophdecays to two gamma
rays.

2- The weak interactionsuch as, neutron decay:

Please pay attention to direction of time for Feynman diagram, which is
generally from bottom to top. It will be considered this procesthriee
states.

10
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Fig. 10 — Neutron decay as a weak interaction yjnF&an diagram

State I)

Neutron at beginning before decay:
Schematic shows its quark construction and their gluon

which are mediating by exchange the force between their
quarks

State II)

In the vertex, Neutron decay:
The electric charge of (d) quark (-1/3) by Feynman diagram
change to charge of u quark (+2/3) plus
d u+
e M,
-1/3e 2/13e—(e)
which is conservation of charge
Beside that, the positive and negative mass of quark (d) g
neutron remains as positive and negative masses the (u) qua
of proton. So the quark (d) changes to quark (u) the life time
of neutron decay is 15 minutes.

=

irk

State Il) | Proton produced;

11
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3 The strong interaction; as an example:

D p' +p'its life ime is 6 10 °* seconds

| wonder why generally talk about: nuclear strong force or bindingggner
between the nucleons in the nucleus, with out to give some detailie rea
what is the origin of this force?

Especially for student it is ambiguous matter. But by redgtimis binding
to interaction of positive mass of the quark to negative mass of quiaek,
it will be very simple and clear to explain the origin of nuclEace and
nuclear binding energy.

The force between two quarks, which is responsible in first instahce
binding quarks together to make hadrons and beside that indirectly for
holding the neutrons and protons together to perform the nucleus.

As it have said the forces between two quarks in the nuclaoedsated
by exchange of gluons. These forces have very strong interacttbhave
short range (1fm). On the other hand the binding energy of the nucleons in
the nucleus is about 8 MeV, which is much less than binding energydretwe
the quarks in a patrticle.

Some portion of gluon force of the quark inside the one nucleon affects
the quarks in the neighborhood nucleons which their distance between two
nucleons is about one or two fm. It causes the two nucleons also bound
together and consequently the nucleon to be formed.

| believe that the nuclear binding energy is originated fromstheng
interaction between the quarks.

Conclusion

By hypothesis, which the quark have positive and negative massyeave gi
another example for existence of symmetry is the nature, cenfjigs. (1)
and (2) with fig. (6).

In the mesons and baryons the quarks bound together strongly the binding
energy is caused by interaction between positive mass ofjwsrk with
negative mass of the other quark, by exchange gluon as mediatos dhes
of the justifications of this hypothesis.

For three families of particles, baryons have three quar&spns, have
two and leptons have not any quark. Why a particle can not have even one

12
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quark? The reason is that the binding energy between the quarks tteuses
interaction between two or three quarks, so one quark alone can natr bind
stick in the particle. This is another confirmation of these hypotheses.

Now we try to compare binding energy between two quarks in the one
nucleon, with binding energy between two nucleons in the one nucleus.

We know that the exchanging gluon between two quarks in one nucleon
caused, very strong force between them. However, we do not haveean
about the values of the force and its binding energy. The range dbrtes
is short.

On the other hand, it is expected that a quark in one nucleomsafftl
the near quark of the neighbour nucleon, their distance is about two fm.
Exchanging some small portion of gluons between these two quarlescaus
these two nucleons to be bound together, This binding energy is about eight
MeV which is much smaller, than binding energy between two qumdkse
nucleon, | consequently believe that nuclear energy is origiriais strong
interaction between the quarks.

The way that negative mass is considered in this paper and its
characteristic is completely different with other paper thas been
published in this subject.
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[There are a few points that should be revised in the first paper.]
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