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Abstract

The nuclear binding energy is originated by therksiausing quark model and its
properties. The quarks inside a nucleon they intexgth each other very strongly and
for the nucleon that they are neighbor by exchandie gluons cause attraction
between them and these nucleon bonds together.

Some small part of quark energy consumed for cosgtém of protons Coulomb
repulsion energyHc) and the other small part for binding energy oflaans in the
nuclide which ordinary shown by BE. So, the totabik binding energy of nuclide
QBE= BE + E: for each nuclide the value 8E and alsoEc = 0.72x Z(Z-1) / A
can be determined therefore from them on obtaipig.

On the other hand the total number of quarks bantte nucleons in the nuclide
for preferable distribution is determindtishown by NQB which should be greater but
acceptable value that nucleons can have.

The ratios ofQBE/NQBfor forty nuclides were determined. It is averajejuark
binding energy for each quark bonding the nucle@fsr examplé'®,Ca which has
40 nucleons it hadl\QB= 152. For the nuclides the variation @BE/NQB as the
function of atomic mass number is determined. foisnd that these values are very
nearly the same for the nuclides, the quark binéingrgy per each quark bonding is
2.8 £ 0.17 MeV, except for nuclides wigh< 5. That is very important and interesting
results.
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By dividing NQB per number of nucleon®lQB/A for different nuclide, the much
closer integer value dfiQB/Acan be found. This shows that integer value & & 5
for heavy nuclides.

Introduction

In the previous paper [1] some properties of quankd gluons, plasma, color
charge and so on were discussed.

First we will give some proofs, which experimemtdirectly show the evidence
of existent of quarks.

At the present is accepted universally that quares physical entities, the
evidence of quarks comes form the main methods:rdtesd spectroscopy [2],
lepton scattering [3] and Jet production [4].

Quarks and gluons are fundamental constituentseofrtatter.

Generally, they use the notation of quark confineim@&his means that how
hard we try; we can not get the individual the guar anti-quark out of the
hadrons but this does not mean they are inacces#iblthe Rutherford [5] probed
the inside of an atom, almost same experimentsdatlly show the evidence of
guarks, which are inside the hadrons, such ashén(SLAC) accelerator high
energy electron for probe the proton [6] and in RBE with the neutrino beam and
also by using high energy proton for these aim. gdaicle deflected through large
angles, indicated that the proton has internatgira (quarks).

Table (1) properties of quarks as constituent of ncleons

. Anti-

Name Quark  Spin Charge quark
Up u Y 2/3 u
Down d Y -1/3 d

Proton and neutron are made from three quarks yameton p(u , ¢y, W) and
neutron n(d , W, d,). The particle that intermediate the strong intécacbetween
guarks is called gluon. This particle is stable nitass is zero, its spin 1 and its electric
charge is zero.

It is believed that gluons are responsible forrgjrmteraction nucleons. Up to now
nobody has observed a gluon, because they stagrmmithin nucleons by a strong
force or exchange between two neighboring nucle@ud. experimental evidence
convinces us that quarks and gluon exist.

In this paper, the stable nuclides are considérbd.binding energy of nucleons in
stable nuclides is strong. Forces between the herghucleons are generated by
guarks, which are inside the nucleons the quarkihénnucleon; interact with each
other by very strong forces. This is why that queatk not get out of the nucleons. In
other works quarks are confined in nucleons. Therlgforces have the effect at the
distance from 0.5 to 2fsn. For two neighboring nucleons, some quarks inrareeon
interact with some quarks in the other one nuclepexchanging gluon. It causes part
of the volumes of each neighboring nucleons to lapewith the volume of the other
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nucleon. For these nucleons the quarks which arstlyncn the common overlap
volume attract each other and this result binding.

Considering the Nuclides Having a Number Nucleonséss than Five

1-  One of the simplest examples in his regard is dentauclide which
contains one proton with a radius about in?2and one neutron which also
supposed to have the same radius. The value of wsmaare root of deuteron
radius which has been obtained is equals tofi.that is less than sum of the
proton and neutron radiuses.

Fig. 1: Deuterorf,D nuclide constitute by binding
one proton and one neutron together

The quarks inside this overlap volume of these emrt$ have strong attraction to
each other. This happen by exchanging some smattidns of gluon numbers
between these the quarks in these two differenienons. Therefore, these two

nucleons bind together. Their binding energy i22.RMeV. This is also equal to QBE
for deuteron.

Fig. 2(a) : %H nuclide constitute by
binding one proton and two neutrons
together

Fig. 2(b) :He nuclide constitute by
binding two protons and one neutron toge

2- Other simple examples &gl andHe Figures 2(a) and 2(b). Their binding
energies are 7.9535 and 7.677 MeV respectively.

In these figures they are just considered normBlfy. Because there are two
protons in®He, Coulomb repulsion causes smaller overlap voluraavéen two
protons, therefore, the binding energy’sie is less thari;H.

3- Helium nuclide*,He
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Binding energy of Helium nuclide BE;He) = 27.46 MeV. Using Coulomb
repulsion energy for this nuclide on obtairteck0.907 MeV. SAQBE is 28.36.
The number of quarks bonding for Helium is 6 therefQBE/NQB-=4.72. This
nuclide is double magic. So the average valuesobiiding energy per NQB is
much greater than that of the ordinary nuclide.

Fig. 3:%He nuclide constitute by binding two
protons and two neutrons together

To generalize this discussion for all nuclidesghebring nucleons in the nuclide
are bonded by the quarks effect in their commonlapesolume.

To find out how nucleons are distributed inside ¢eetain nuclide, several issues
should be considered:

1) The distribution of nucleons in the nuclide shooédsymmetrical;
2) The nuclide should preferably being spherical;

3) It may be seemed that for certain stable nuclideste are several
different ways that nucleons can be distributed, $ince there are strong
interaction between quarks, nucleons will choogedhly condition that total
number of bonding between nucleons should be nizre &ny other condition

but should be acceptable value. This is why nuslidan be in stable state
condition.

As we know, for a nuclide, the nuclear binding gyas given by the following
equations:

BE(*2X) = [ ZMu+ (A-Z) My- m(2X)]C?
Or approximately
BE(®,X) = [ Zx 938.2723 + (A-ZX 939.5656 - nx 931.5]
Wherem is atomic mass arld can be obtained experimentally.

It will be introduced the quantity of QBE whichaspart of quark energy which
is consumed for the nucleons in two purposes.

1) to compensate repulsion Coulomb energy of protosisieé the nuclide
2) to bind nucleon together in the nuclide, so IQBE=BE+E:
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The Coulomb repulsion energlid) is :
E. = a.2(Z-1)/A® or Ec= 0.72.2(z-1)/ K*> MeV

The nuclear binding energy between two pair of @ocl[f andn), (n andp), (p
andn) and ¢ andp)] are equal.

Since the only factor which causes nuclear bindinegenergy is the quark
interaction, it is preferably shown by QOBE instead onBE + Ec.

In the other word)BE s total binding energy which is produced by qgdrktween
nucleons in nuclide, later on we will discuss mabeut the quantit)BE

For this propose the first step is trying to findtdow the nucleons arrange
themselves inside the volume of nuclide. The aramnt should be in such a way that
it can explain the characteristic of the nuclids.rAentioned before, the distribution of
nucleons inside the stable nuclide should be symicaétin three dimensions and
preferably has spherical form. To follow these #tions, we choose the series of
parallel plate layers and put the nucleons in seymemetrical order in each layer (see
Fig 4() as an example). To simplify the matter first flace of each nucleon is
exhibited just by a point as the center of the ol

To explain the distribution of nucleon in differelalyers further clearly, first we
prefer to show the layers at some distance frorh eéteer, but the actual distance are
about fm at which two neighboring nucleons in tweighboring layers attract each
other. In this case they bond together, causefidygtiarks which contained in their
common overlap volumes.

There are two classifications for the binding o€leons in the nuclide.
1) Each nucleon in the same layer is bond by its fmighg nucleon.

2) For two neighboring layers if the distance of onelaon in one layer
from the other nucleon in the other layer is abbouthey will bind together.

3) Besides determining the volume @&BE for each nuclide, it is
important to obtain _the total number of quark bonddf the nuclide. This
number will be shown bNQB. It should try to choose the distribution which it
has proper and having the greatest valud@B.

There are about 40 stable nuclides which are cersidin this paper. For simplicity
as an example one nuclitfesCa was first chosen arbitrarily. Some its relatecadae
given in the Table (2), such as its mass which dteminined by experiment. For
determination of the value of BE and Ehe equation presented before are used. On
this basis the value @BE is determined. The information which is comprenszig
presented fot’,,Ca can be seen easily applied to the other nuclides.

Secondly we attempt to go through the detail oflaxgtion of the figurers for the
distribution of nucleons in the nuclide FiglBfor “%cCa shows different layers. In
each layer the number of nucleons and the way onslare distributed can be seen.
The central layer is calle@ the other layers in the right sitbec, d... and on the left
side areb’, c', d'... In each layer the nucleons are distributed sytrioadly. The
number of nucleons ib andb' layer are equal and so areciandc' are so on.

Further more fob andb' the way that nucleon are distributed are the sdimis.is
also forc andc' and so on.
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Table (2) Some information about nuclid®Ca

No. | Description MeV

1-  Abundance 96.94%

2- Mass as experimental result 39.9625914) 22225'153
3- B.E. 50!

4-  Ec 80.00

5- B.E. + E=QBE 411.607

6- Determination of total numbers of nucleons bandsis nuclide is in two
following types:

(A)  Number of bindings which are produced by the qudr&sveen
nucleons, in each layers:

in layer| in layer (b) 12 inlayer (c) 4 in layer (d)
(@ 16

and in layer (b") 12 | andin layer (c) 4 | and in layer (d")

(B)  The number of quarks binding the nucleons in theltwyers which t
bind together:

layer (a) and (b) 32 layer (b) and (c) 16 |layer(c)and (d) 4

layer (a) and (b") 32 layer (b") and (c') 16 | layer (c¢') and (d') 4

The total number of quark bonding in this nuclit&)B = 152

7-The ratio ofQBE/NQBwhich is shown by is calculated as the followings:

QBE [Total quarks binding energy of nuclides]

Py

NQB [Total numbers of quark binding in this 2.708
nuclide]

Fig. 4()
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Fig. 4(1) The neighbor
nuclear bonding between layker
andc

Fig. 4(1) The neighbor
nuclear bonding between layer
candd

Fig. 4(1) The neighbor nuclear
bonding between layerandb

The same procedure which has been doné%gEa has been done for about the
other forty nuclides for all of them their relat&bles and figures have been given in
appendix and you can follow them the sam&a€a without any difficulties

Some more explanations about Fig. 4()

As we know each circle in this figure shows a naclevhich is in fact spherical.
Because some part of the nucleons volume in thedigover the other nucleons, it is
not possible to see their overlap volume.

Fore example in Fig. (5) Nucleon which is showmlynberl is located on nuclear
numberll. There is binding between these two nucleons.oMeglap volume of these
two nucleons is hidden and indicated through alkbkai@angle. This approximately
shows the location of a bond below the each trenghe apex of triangle is directed
toward the center of circle belong into the bondlide (circlel)

Fig. 5: Bonding of the nucleons which are hiddenshown by triangle

Each nucleon can have more than one triangle. dgatle for*%4Ca shows, this
nuclide with 40 nucleons has 152 quarks bonding/éen their nucleons.

The present paper aims total quark binding enefgyualide which is shown by
QBE By dividing QBE into total number of quark binding between neigirimp
nucleons in the nuclide, which is shown BYQB, the average energy for quark
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bonding in each nuclide will be determined whichsi®wn byR and the ratiR is
calculated as the following:

R QBE[Total quarks binding energy of nuclides]

NQB [Total numbers of quark binding in this nuclide]

Each nuclide is presented by a figure and the tableras the case f8hoCa. For
each nuclide a proper distributing, as explainddreewill be selected. TheQBE, and
QBE/NQBfor each nuclide will be determined. It will be miened here that the
nucleons in the surface of nuclide, have less manty quarks than the nucleons in
the core of the nuclide. SQBE/NQBwill give the value of quark binding energy for
average of quark bonding number in nuclide, and tieeving this valu€@BE/NQBfor
different nuclides drawing variation of that on élon atomic mass number for the
nuclide that is considered in this paper with s@xglanation for this curve.

Table (3) -QBEto NQBratio for different Nuclide

No. Nuclide QBE / NQB No. Nuclide QBE / NQB
1 2H 2.225 21 30.4Si 2.793
2 *H 2.650 22 3P 2.807
3 %He 2.540 23 36 2.910
4 “He 4.760 24 38 AT 2.660
5 Ol 2.733 25 39K 2.750
6 °Be 2.737 26 ,¢Ca 2.708
7 %B 2.750 27 *,Ca 2.817
8 12C 2.720 28 *8,Ca 2.710
9 N 2.770 29 >%,5Mn 2.690
10 %0 2.730 30 *5,¢Fe 2.670
11 80 2.650 31 %8 N 2.980
12 1%F 2.709 32 60, Ni 2.960
13 2 Ne 2.840 33 ®3,4Cu 2.750
14 22 Ne 2.608 34 Ga 2.830
15 | #.Na 2.675 35 92,021 2.760
16 | ?*.Mg 2.840 36 114,4Cd 2.760
17 | *°.Mg 2.890 37 120,5Sn 2.747
18 | Mg 2.810 38 124,Te 2.746
19 21 Al 2.840 39|  &,Sm 2.720
20 28 ,Si 2.860 40 208,Pb 2.620
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Conclusion

As well known normally, the variation curve of bind energy BE) over mass
number @), BE/A on functionA is used for nuclide. For the case5 the value is
about 8 MeV. For magic number nuclid@&/Aare greater that those of other nuclide.
In general, this curve has some useful resultd) asexplanation of fusion and fission
reactions. But on the other hand, it does not gimg idea about the origin of the
nuclear forces and the binding energy.

Instead, by the quark model for nuclide; which eod has the fine structure of
guarks, we will be able to explain the propertidsnaclide in details and more
precisely.

In the volume nucleon, their quarks attract eadteiowith very strong forces and
the quarks in the neighboring nucleons attract edbbr in such a way the will have
some common overlap volume and as a result theg tagether. So the quark model
is more meaningful and provides adequate detailsoahding energy and also for the
variation curve oQBE/NQBverses atomic mass numbehs. (

In this paper some useful point about the concéptequark model especially, its
preference to explain nuclear binding energy, bellgiven as below:

1- The variation curve dPBE/NQBto function of A strongly confirms the at quark
model, which shows the nucleons have the fine stra®f quarks.

2- This curve gives the average value of each gbarkling between two nucleons.
This value is very nearly same for all nuclide,ogpt fortA<5 and for magic nuclide).
This value is 2.8 £ 0.17 MeV. It is one of the imat results which have been found
in this research.

3- As we knowQBE is total quark binding energy of nuclide aQ@BE/Ais the
mean value of quark bonding energy of nucleonkénnuclide. As an examp{@BE/A
for “%;gCa as it is given in Table (2) is 411.012/400 MeV.

On the other handQB is total number of quark bonding of nuclide aMQB/A is
the average number of quark bonding in nuclide.

For example®;xCa is integer value is 152/40 4 [from the table (2)]. Meanwhile,
the average of quark binding energy for each nuctegfathis nuclide is 2.7 MeV. By
multiplying 2.7 to 4 can be obtained 10.8 MeV, whis almost equal t@QBE/A
Another reasonable result is being achieved.

4- The actual nuclear binding energy which produbgdjuarks is QBE=BE+E
writing equation of liquid drop model as followings

BE+0.72x Z(Z-1) I A®=a, A+a.A*® + ... MeV

In the left side of this equation is total quarkding energy (QBE) and in the right
side of equation one of the term is surface tamA?>. In the surface of nuclide the
number of a quark bonding is less than for thosaumieons in the core of nuclide
anyway, to determin€@BE the number of quark bonding is counted with proper
condition for each nuclide and thereforeQBE the surface term is not taken in to
account. So the surface term will be deleted keffits

For volumes terna, .A in liquid drop model, they consider simply the rhen of
nucleonsg).
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In this research, instead oh)(in term @, .A), NQB (the total number of quark
binding the nucleons in the nuclide) is replaced dach nuclide, since the quark
causing binding energy between nucleons, soN@® is much more precise rather
than using just the number of nucleoAs. (
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Appendix: Tables & Figures for 39 Nuclides which tleir
results used in the research

Nuclide *3Li
Some information about this nuclide,
Mo, | Description | | MV
1-  Abundance T.3%
2-  Mass as experimental result 6015123 (u) 603087075
3- BE A0 426625
4 Ec 23774
5- BE. +E=0QEE 32804

B-  Determination of total numbers of nucleons bonds in this nuclide is in two
following types:

(B Mumber of bindings which are produced by the quarks between nucleons, in each layers:

inlayer ja) 4 inlayer (by - inlayericy - in layer (dy -

ard in layer (k) - and in layer (') - and in layerid) -

(B} The number of quarks binding the nuckons in the twao layers which they bind together:

layer (ay and (by 4 layer (by and () - layer (ch and (dy -

layer (a) and (') 4 layer (b and (<) - layer (< and (dy -

The total number of quark bonding inthis nuclide [MQB]= 12

7-The ratio R is caleulated as the followings:

Re (JBE [Total guarks binding energy of nuclides] _ 27m

MQB [Total numbers of quark binding in this nuclide]

b : a b

|
|
|
|
|
|
|
i
|
.

[52]

Li

€
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Nuclide *yBe
Some information about this nuclide,

Mo, | Description [ [ MeWV
1-  Abundance 1007

2-  Mass as experimental result 0.012183 ju) B304, B434eS
3- BE 56068737
4 Ec 4.153

5- BE.+E=0QEE 60,2224

- Determination of total numbers of nucleons bonds in this nuclide is in two
following types:

(C) Mumber of bindings which are produced by the quarks between nuclecns, in each layers:

inlayeria) 4 inlayer by 1 inlayericy - in layeridy -

ard inlayer (b 1 and in layer () - and in layer (dy -

(B The number of quark s binding the nuclkeans in the twa layers which they hind togather:

layer (a) and (by 8 layer (bjand () - layer {chand (dy -

layer (a) and (by 8 layer (byand i) - layer (¢ and (d) -

The total number of quark bonding inthis nuclide [MOB] = 22

7-The mtio R is caleulated as the followings:

(QBE [Total quarks hinding energy of nuclides] e
MOQB [Total numbers of quark binding in this nuclide]  — o

R=

b a b

-
-
-
=
K
®
w T W
E
- —
= -
— -
- o
- -
- e

Be
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