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First part: Geometry beyond the standard model: Escher´s Waterfall



I.



The geometry of the elementary particles



1.



Introduction [1-11]



Q= +1- - - - - Q= 0 - - - - - -



Angular momentum axis



Q= 0 - - - - - Q= - 1- - - - - -



Colour charge



Q- electric charge



Colour charge, electric charge and angular momentum are the three chosen variables. The proposed structure, a modification of Escher´s lithograph Waterfall, can be a geometric representation that answers some questions beyond the Standard Model, like the strong CP problem or neutrino oscillations. The data of the particle interactions and decays shown as examples fit. The geometry of relativity is also described via CPT symmetry.
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Colour charge will be represented by three parallel axes (red, blue and green), angular momentum in the axis connecting those three (perpendicular to them, as can be seen in the figure), and electric charge in the perpendicular direction to the plane of the paper or the screen, in depth (from Q= +1, the charge of the proton to Q= -1, the charge of the electron). Thus, the basic structure is



Q= +1- - - - Q= 0 - - - - - -



Angular momentum axis



Q= 0 - - - - - Q= - 1- - - - Notation: In order to avoid the confusion that could arise from using Spin = ±



1 2



with all the



fractional charges of the quarks it will be considered that each elementary particle spins either clockwise (cw) or counterclockwise (ccw) in this structure. Then, to the effects of graphic representation, the isobaric isospin (I) and the spin (S) can be defined as follows:



I=



1 |q or q̅ up or down ccw − cw| 2



(1.1)



The isobaric isospin is taken to be half the absolute value of the number of quarks or antiquarks up or down that spin counterclockwise (ccw) minus those that spin clockwise (cw).



The total angular momentum is J = L + S, where L is the orbital angular momentum and S the spin.



(1.2) q ccw = number of quarks that spin ccw q cw = number of quarks that spin cw



S=



q̅ cw = number of antiquarks that spin cw q̅ ccw = number of antiquarks that spin ccw
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1 |q ccw − q cw + q̅ cw − q̅ ccw | 2



Geometric representation of the quarks: 



A red up quark spinning ccw: Q= +1- - - - Q= 0 - - - - - -



Angular momentum axis



Q= 0 - - - - - Q= - 1- - - - 2 Its charge is Q = + 3 , it spins ccw and its colour is red. It can be shortened to:



ccw



It is represented that it is spinning ccw also by an arrow in the horizontal line. And its matrix:



u 𝟐 𝟑 0



The first component corresponds to its electric charge in the red axis, the second to the blue axis, where it has zero charge and the third to the green axis, where it also has zero charge.



0 ccw
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A green down quark spinning cw: Q= +1- - - - Q= 0 - - - - - -



Angular momentum axis



cw Q= 0 - - - - - Q= - 1- - - - -



It can be shortened to:



cw



Its matrix representation:



d 0



The components in the red and the blue axes are zero, whereas it has electric charge of −



0 𝟏 𝟑 cw



−
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1 3



in the green axis







A blue up quark spinning ccw: Q= +1- - - - Q= 0 - - - - - -



ccw



Angular momentum axis



Q= 0 - - - - - Q= - 1- - - - In abbreviated form:



ccw



Its matrix:



u 0 𝟐 𝟑 0 ccw
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That is all about the first generation of quarks. For the second generation we need three additional axes, increasing the asymmetry [12]: A green charm quark ccw:



ccw



Its matrix representation:



c 0 0 𝟐 𝟑 ccw 



Here are the axes of the three generations, with increasing asymmetry:



Yellow  First generation Blue  Second generation Green Third generation
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For the sake of visualization in some of the examples only the yellow axes shall be used, marking the second generation with the index prime and the third generation with the index double prime. However, in most of the examples the axes for the second and the third generations shall be drawn. A bottom quark:



cw’’



2.



Matrix representation



As we have already seen with some examples of quarks each fermion has an associated column matrix, where the first row corresponds to its electric charge in the red axis, the second to the charge in the blue one and the third to the charge in the green one. 



An electron can be represented as having the three following components [13]:



e− 1 − cw 3 0 2 − ccw 3



cw



ccw



2



The right component of the electron (− 3 ccw) is neither an up-type component (it is 1



negative) nor a down-type component (its charge is not − 3), so it does not compute in the calculation of the spin of the electron.
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A neutrino (left handed):



ccw



𝐞 2 3 0 −



2 3



ccw



ccw



It is drawn as a chargeless fermion, with a positive component that has an electric 2



2



charge Q = + 3 , cancelled out by the right negative one, Q = − 3 The right components of the neutrino and the electron are the same. The fact that, unlike the quarks, neither the electron nor the neutrino have any horizontal part conveys that they do not experience the strong interaction since, as we will be seeing soon, gluons will be drawn in the two horizontal segments between the three coloured axes.
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3.



Antimatter



To represent what we consider as antimatter we need three additional axes carrying the three anticolours:



- - - Q = +1 ---Q=0 - - - Q = -1



- - - Q = +1 ---Q=0 - - - Q = -1 



̅ ) with a green up quark and a down antigreen quark: A charged pion + (ud



𝛑+



ccw u



̅ d



0



0



0



0



ccw



𝟐 𝟏 𝟑 𝟑 ccw ccw I=1 J=0



For the pion, according to equations (1.1) and (1.2):



I= J=



1 |2| = 1 2



1 |1 − 1| = 0 2
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A positron:



e+ 1 + 3



ccw



0 +







2 3



cw



ccw



cw



An electron antineutrino (right handed):



ν̅e 2 − 3



cw



0 2 3 cw



+



cw
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4.



Weak isospin



Its third component, T3, is conserved in all the interactions. Left handed structure:



To see the representation of T3 we must adopt the point of view drawn in the diagram. If the component in the first colour axis found is on the left of the observer (inside the paper or 1



1



the screen), then T3 = 2 . If it is on the right (outside the paper or the screen), T3 = − 2. To calculate T3 for a particle with various components in the first pair of axes, just add them. For 1



1



example, for the π− , T3 = − 2 − 2 = −1



1



T3 = 2 → u-type quarks and neutrinos Left handed fermions (left handed chirality, yellow axes)



1



T3 = − 2 → d-type quarks, e− , μ− and τ−



Negative chirality 1 T= 2



1 2



T3 = − → u̅-type quarks and antineutrinos Right handed antifermions 1



̅ -type quarks, e+ , μ+ and τ+ T3 = 2 → d



(right handed chirality, pink axes)



For the Higgs boson (p.88) and for the graviton (p.89) T3 = 0. The sign of T3 is the sign of the electric charge of the first component found from that point of view.
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Right handed structure:



Right handed fermions (pink axes)



T3 = 0



Positive chirality T=0 T3 = 0



Left handed antifermions (yellow axes)
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5.



Conservation of angular momentum



The conservation of angular momentum has its graphic translation in the conservation of the arrows: in each of the two segments of the horizontal line the net result of the arrows that represent angular momentum is the same before and after every interaction. We will see it soon with all the decays and interactions.



6.



Symmetry [14, 15]



Finally, we have to define the unit of HL symmetry (S) in hadrons and leptons. It will be each pair of components matter-antimatter symmetric with respect to the plane A (Figure 1) belonging to hadrons or leptons, one of the components spinning clockwise and the other counterclockwise. The net increase in symmetry in an interaction (S) is the number of resulting symmetries minus the number of initial symmetries. That number, as we shall see, is always equal to the increase in (hadrons + leptons) in each interaction. It is also the number of initial gauge bosons minus the number of final gauge bosons (GB). So, the number of particles (gauge bosons + hadrons + leptons) is the same before and after each interaction or decay. Decrease in gauge bosons = increase in (hadrons + leptons) = increase in symmetry ∇GB = ∆HL = ∆S



PLANE A



Figure 1 Symmetry between an up quark and an up antiquark:



ccw S=1



cw
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7.



The gauge bosons 



The photon:



ccw cw







The W+ boson (turquoise) between the first and the second generation (d → c quark):



d



W+



c 1 1 2 2 − ccw + cw + ccw → ccw 3 3 3 3



ccw



ccw
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The W − boson (turquoise) between the first and the second generation (u quark →s quark):



ccw W− s 2 2 1 1 ccw − cw − ccw → − ccw 3 3 3 3 u



ccw



2 1 W + = ccw + cw 3 3 2 1 W + = cw + ccw 3 3 1 2 W − = − cw − ccw 3 3



These are the four types of W boson. Their spins are well defined (S=1 for all of them) and their parity, as will be seen on p.97, is negative.



1 2 W − = − ccw − cw 3 3
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The Z boson:



2 2 Z = ccw − cw 3 3 2 2 Z = − ccw + cw 3 3 1 1 Z = cw − ccw 3 3 1 1 Z = − cw + ccw 3 3







These are the four possible types of Z boson. They have total zero electric charge, their spin is 1 and their parity negative (p.97)



The eight gluons are represented in the two horizontal segments between the three colour axes:



𝜆1=



= 2rb̅ + 2bg̅



𝜆2=



= 2br + 2gb̅



𝜆3=



= 2rb̅ + 2gb̅



The net colour charge of the remaining possibility is zero: 𝜆9= = rb̅ + br + gb̅ + bg̅ As can be seen on pages 31, 40 and 41, it implies the production of a photon



𝜆4=



= 2br + 2bg̅



𝜆5=



= 2rb̅ + bg̅ + gb̅



𝜆6=



= rb̅ + br + 2bg̅



𝜆7=



= 2br + bg̅ + gb̅



𝜆8=



= 2gb̅ + br + rb̅ As
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Without exception, bosons and fermions follow this rule:



In each of the three pairs of axes (red-antired, blue –antiblue and green-antigreen)
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Bosons have zero or an even number of components







Fermions have zero or one component
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Examples of decays and interactions [6, 7, 8, 9, 10, 11, 16, 17]



Convention: From now on, the colours used to represent the particles will not be related to quantum chromodynamics, but will instead be used as a way to distinguish the order of the particles. Red and orange will be the colours of the initial particles and blue, green and purple the colours of the resulting particles. The number that goes with each component in the graphic also indicates the order of the particle it belongs to.



𝚲𝟎 s 𝟏 − 𝟑



d



u



0



0



𝟏 𝟑



0



−



0



0



cw



cw



u 𝟐𝐬𝟏 𝟑



d



u



0



0



0



0



𝟐 𝟑 ccw



1 − 3



0



0



ccw



cw



0



𝛑− d u̅ 𝟏 𝟐𝐬𝟏 − − 𝟑 𝟑



+



𝟐 𝟑 ccw



0



0



0



0



cw



cw



1 2 1 J= 2



I=0 J=



+



p+



I=1



I=



1 2



∆𝐒 = 𝟏𝐬𝟏



J=0



1ccw 2ccw



2ccw 3cw



1cw



3cw



1cw 2cw



Z



Z d 1 1 1 1 1 1 − cw + ccw − cw → − cw + ccw − cw 3 3 3 3 3 3 s



Z



u u̅ 2 2 2 2 ccw − cw → ccw − cw 3 3 3 3 1 = Increase in symmetry (between the up quark and the up antiquark) = Increase of hadrons = decrease in the number of gauge bosons
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𝚲+𝐜 d 𝟏 − 𝟑 0 0 cw



p+



u



c



0



0



𝟐 𝟑



u 𝟐𝐬𝟏 𝟑



0



𝟐 𝟑 ccw ccw 0



u



d



𝟎



0



0



𝟐 𝟑



0



0



0



ccw ccw



+



𝟏𝒔𝟐 𝟑 cw



−



0



0



0



0



cw



cw



𝛑+



+



u



𝐝



0



0



0



0



𝟐 𝟑 ccw



𝟏𝒔𝟐 𝟑 ccw



1 2



I=1



J=0



J=0



I=



I=



1 2



+



s u̅ 𝟏 𝟐𝐬𝟏 − − 𝟑 𝟑



1 2 1 J= 2



I=0 J=



𝐊−



+



∆𝐒 = 𝟐𝐬𝟏+𝐬𝟐 2ccw



1ccw 2ccw



1ccw 4ccw



1cw



3cw



2cw



3cw



4ccw



Z



Z s 1 1 1 1 1 1 − cw + ccw − cw → − cw + ccw − cw 3 3 3 3 3 3 d



Z



u u̅ 2 2 2 2 ccw − cw → ccw − cw 3 3 3 3 Z c u



Z



2 2 2 2 2 2 ccw − cw + ccw → ccw − cw + ccw 3 3 3 3 3 3 ̅ d d 1 1 1 1 − cw + ccw → − cw + ccw 3 3 3 3 Z



Increase in symmetry HL = Increase in hadrons = Decrease in gauge bosons= 2
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𝚲𝟎𝐛 u 𝟐 𝟑



b



d



0



0



c 𝟐 𝟑



0



−



0 𝟏 − 𝟑 cw



𝟏 𝟑



0



0



ccw



cw



𝛑−



d



u



d



u̅



𝟎



0



0



0



0



1 − 3



0



0



0



0



0



ccw



cw



I=0 J=



+



𝚲+𝐜



1 2



+



𝟐𝒔𝟏 𝟑 ccw



𝟏 𝟐𝐬𝟏 − 𝟑 𝟑 cw cw



−



I=0



I=1



1 2



J=0



J=



1ccw 2ccw’’



2ccw 3cw



1cw’’ 2cw



1cw 3cw



Z Z c 2 2 2 2 2 2 ccw − cw + ccw → ccw − cw + ccw 3 3 3 3 3 3 u



Z Z d b 1 1 1 1 1 1 − cw + ccw − cw → − cw + ccw − cw 3 3 3 3 3 3 Z



u



u̅



2 2 2 2 ccw − cw → ccw − cw 3 3 3 3
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∆𝐒 = 𝟏𝒔𝟏



Beta decay



d 𝟏 − 𝟑



+



p+



n d



u



0



0



u 𝟐𝒔𝟏 𝟑



0



0



−



𝟐 𝟑 ccw



0



0



ccw



cw



𝟏 𝟑



0



−



0



0



cw



cw 1 2 1 J= 2



d



u



0



0



1 3



0



+



𝐞−



−



+



𝟏 𝟑



cw



𝟐 𝟑 ccw



−



−



+



0 𝟐𝐬𝟐 ccw 𝟑



𝛎̅𝐞



𝟐𝒔𝟏 𝟑 0



∆𝐒 = 𝟐𝐬𝟏+𝐬𝟐



𝟐𝐬𝟐 𝟑 cw



1 2 1 J= 2



I=



I=



2ccw



1ccw 2ccw



4cw



1cw 2cw



1cw 3cw



4cw 3ccw



Z



u



ν̅e



2 2 2 2 ccw − cw → ccw − cw 3 3 3 3 Z



ν̅e



The geometric representation in this model ensures that in all the interactions and decays:   



e−



2 2 2 2 cw − ccw → cw − ccw 3 3 3 3
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Electric charge is conserved. Baryon number is conserved. Lepton number is conserved.



𝚺+ u 𝟐 𝟑



u



s



0



0



0



𝟐 𝟑



u 𝟐𝐬𝟏 𝟑



0



0



0



0



𝟏 𝟑 cw



0



ccw ccw



−



u



d



0



0



2 3



0



𝛑𝟎 u 𝟐 𝟑



𝐮 ̅ 𝟐𝐬𝟏 − 𝟑



d



𝐝



0



0



0



0



0



0



0



0



−



ccw



ccw



𝟏 𝟑 cw



𝟏𝐬𝟐 𝟑 cw



+



𝟏𝐬𝟐 − 𝟑 ccw ccw 0



cw



1 2 1 J= 2



I=1 J=



+



p+



I=



1 2



1ccw 2cw 3ccw



I=1



I=1



J=0



J=0



∆𝐒 = 𝟐𝐬𝟏+𝐬𝟐



1ccw 2ccw



3ccw



2ccw 3cw



3cw 1cw



Z



u u̅ 2 2 2 2 cw − ccw → cw − ccw 3 3 3 3 Z Z s d 1 1 1 1 1 1 − cw − ccw + cw → − cw − ccw + cw 3 3 3 3 3 3 Z



̅ d 1 1 1 1 − ccw + cw → − ccw + cw 3 3 3 3 d



Symmetry has been increased in two units. The neutral pion counts as two particles.
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𝚲𝟎 u 𝟐 𝟑



d



s



0



0



u 𝟐𝐬𝟏 𝟑



0



−



0



0



−



0



0



0



0



ccw



cw



𝟏 𝟑 cw



cw



cw



𝟏 𝟑



−



d



d



𝟎



0



1 3



𝛑𝟎 u 𝟐 𝟑



𝐮 ̅ 𝟐𝐬𝟏 − 𝟑



d



𝐝



0



0



0



0



0



0



0



0



−



ccw



ccw



𝟏 𝟑 cw



𝟏𝐬𝟐 𝟑 cw



+



0 𝟏𝐬𝟐 − 𝟑 ccw



1 2 1 J= 2



I=0 J=



+



n𝟎



I=



1 2



I=1



I=1



J=0



J=0



∆𝐒 = 𝟐𝐬𝟏+𝐬𝟐



1ccw 2cw 3ccw 3ccw



1cw 2cw



3cw 1cw



2ccw 3cw



Z



u u̅ 2 2 2 2 cw + ccw → cw − ccw 3 3 3 3 Z



s



d



Z



1 1 1 1 1 1 − cw + ccw − cw → − cw + ccw − cw 3 3 3 3 3 3 Z



̅ d d 1 1 1 1 − ccw + cw → − ccw + cw 3 3 3 3
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𝚺+ u 𝟐 𝟑 0



u



s



0



0



𝟐 𝟑



d 𝟏𝐬𝟏 − 𝟑



0



0



−



𝟏 𝟑 ccw ccw cw 0



u



d



𝟎



0



0



𝟐 3



0



0



0



cw



ccw



𝟏 𝟑 cw



−



1 2



2cw



2cw



̅ d d 1 1 1 1 − cw + ccw → − cw + ccw 3 3 3 3



d



Z



1 1 1 1 1 1 − cw + ccw − cw → − cw + ccw − cw 3 3 3 3 3 3



28



d̅ 𝟏𝐬𝟏 𝟑



0



0



0



0



J=0



Z



Z



u 𝟐 𝟑



I=1



1ccw 2ccw



3ccw



𝛑+



ccw ccw



I=



1ccw 3ccw



s



+



1 2 1 J= 2



I=1 J=



+



n𝟎



1cw



∆𝐒 = 𝟏𝐬𝟏



Analysis of I and J: 







1 |q or q̅ up or down ccw − cw| 2 1 Σ + → I = |2 up ccw| = 1 2



Isobaric isospin:



I=



n0 → I =



1 1 |1 up ccw − 2 down cw| = 2 2



π+ → I =



1 |1 up ccw + 1 ̅̅̅̅̅̅̅̅̅̅̅̅̅ down ccw| = 1 2



Angular momentum:



1 |q ccw − qcw + q̅ cw − q̅ ccw | 2 1 1 Σ + → J = |2 q ccw − 1 q cw| = 2 2 J=



1 1 |1 q ccw − 2 q cw| = 2 2 1 π+ → J = |1 q ccw − 1 q̅ ccw| = 0 2 n0 → J =



Conservation of angular momentum can be seen in the arrows:



𝚺+



𝐧𝟎



First section:



𝚺+ Second section:



𝐧𝟎



𝛑+



In the pion the arrow pointing to the left cancels the arrow pointing to the right.



In this interaction ∆S=1, there is one unit of HL-symmetry with respect to the plane A between the first components of the n0 and the + (the down quark of the neutron, spinning clockwise, and the antiquark d̅ of the pion, spinning counterclockwise). The increase in the number of hadrons is 1.
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𝛍− 𝟏 − 𝐜𝐰 𝟑



𝐞− 𝟏 − 𝐜𝐰 𝟑



0



0



𝟐 − 𝐜𝐜𝐰 𝟑



𝟐 − 𝐜𝐜𝐰 𝒔𝟐 𝟑



𝛍



+



+



𝟐𝐬𝟏 𝟑



+



 ̅̅̅𝐞 −



+



0



𝟐𝐬𝟏 𝟑 0



𝟐𝐬𝟐 𝟑 cw



𝟐 𝟑 ccw −



∆𝐒 = 𝟐𝐬𝟏+𝐬𝟐



3ccw 4cw ccw ccw



4cw



1cw



2cw



ccw



ccw



2ccw



ccw



ccw ccw



Z



μ−



Z



e−



1 1 1 1 1 1 − cw + ccw − cw → − cw + ccw − cw 3 3 3 3 3 3 Z



νμ



̅e 2 2 2 2 ccw − cw → ccw − cw 3 3 3 3



Z



u



ν̅e



2 2 2 2 ccw − cw → ccw − cw 3 3 3 3
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+
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̅̅̅̅ ""
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0



0
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𝟐𝐬𝟏 − 𝟑



0



0
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cw



+



𝟏 𝟑 ccw ccw 0



−



I=𝟎



1 2



J=



1 2



1ccw 2ccw 3ccw 3cw



2cw



sbg̅



dbr̅







1ccw



1cw



sbr̅



dbg̅ 1 1 1 1 − cw − ccw + λ9 → − ccw − cw 3 3 3 3 Colour is conserved
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2ccw
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0
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−
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0
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cw



𝟏 𝟑



0



−



0



0
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d



d



𝟎



0



𝟏 𝟑



+



0 𝟏 3 ccw −



3cw



s



Z



3ccw
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Z



d



1 1 1 1 1 1 − ccw + cw − ccw → − ccw + cw − ccw 3 3 3 3 3 3
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0



0



0



cw



cw



J=0



2ccw



< < < < 1cw 1cw 2cw < < 3cw < < < < < < < < < < < < Z < u u̅ 2 2 2 2< ccw − cw → ccw − cw 3 3 3 3



0



I=1



I=



1 2



𝛑− d u̅ 𝟏 𝟐𝐬𝟏 − − 𝟑 𝟑



1 2 1 J= 2



I=1 J=



+



n𝟎



∆𝐒 = 𝟏𝐬𝟏



𝚺𝐜+ c 𝟐 𝟑



u
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𝟐 𝟑



u 𝟐𝒔𝟏 𝟑



0



0



0



ccw



cw



𝟏 𝟑 cw
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Z
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∆𝐒 = 𝟏𝐬𝟏
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∆𝐒 = 𝟏𝐬𝟏
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cw



I=0



I=1



1 2



J=0



J=



2ccw 3cw



1cw 3cw



Z



u



1cw 2cw



1ccw 2ccw



u̅
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The increase in the number of hadrons is the decrease in the number of gauge bosons



37



∆𝐒 = 𝟏𝐬𝟏
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s



Z
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3cw 1cw
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d
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+



0 𝟏 3 cw
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s



0
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2 2 2 2 ccw − cw → ccw − cw 3 3 3 3
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∆𝐒 = 𝟏𝐬𝟏
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Even though λ9 does not carry any net colour charge and therefore is not properly a gluon it is necessary for the QCD process and for the production of the photon
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1ccw 3ccw



−



𝐮 ̅



1 2



I=



J=1



d



s −



𝛑−



∆𝐒 𝐬𝟏 = 𝟏



𝐊 𝟎𝐬



d 𝐬 𝐬𝟏 𝟏 𝟏𝐬𝟐 − 𝟑 𝟑



+



s 𝟏𝐬𝟐 − 𝟑



𝐝 𝟏𝐬𝟏 𝟑



u 𝟐𝐬𝟑 𝟑



𝐝 𝟏𝐬𝟒 − 𝟑



0



0



0



0



0



0



0



0



0



0



0



cw



cw



ccw



ccw



ccw



I=



+



𝛑+



1 2



d 𝐮 ̅ 𝐬𝟒 𝟏 𝟐𝐬𝟑 − − 𝟑 𝟑 0



0



0



0



0



ccw



cw



cw



1 2



I=1



I=1



J=0



J=0



J=0



I=



J=0



+



𝛑−



∆𝐒 𝐬𝟑+𝐬𝟒−𝐬𝟏−𝐬𝟐 = 𝟎



2ccw 3cw



1ccw’ 1cw 3cw



1ccw 1cw’ 2ccw



Z



Z Z u u̅ 1 1 1 1 2 2 2 2 1 1 1 1 cw − ccw − ccw + cw + ccw − cw → ccw − cw + cw − ccw − ccw + cw 3 3 3 3 3 3 3 3 3 3 3 3 s



s



Z
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𝐃∗+



+



𝐃𝟎



u 𝟐𝒔𝟏 𝟑



𝐝 𝟏 𝟑



0



0



0



0



0



ccw



cw



cw



c 𝟐 𝟑



𝐝 𝟏 𝟑



c 𝟐 𝟑



𝐮 ̅ 𝟐𝒔𝟏 − 𝟑



0



0



0



0



0



0



0



ccw



cw



ccw



I=



1 2



1ccw 2ccw



+



1 2



I=1



J=0



J=0



I=



J=1



+



3cw



2ccw



1cw 3cw



Z



u u̅ 2 2 2 2 − ccw + cw → − ccw + cw 3 3 3 3
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∆𝐒 𝐬𝟏 = 𝟏



+



𝐊−



𝛗



s 𝐮 ̅ 𝟏 𝟐𝐬𝟏 − − 𝟑 𝟑



s 𝟏 − 𝟑



𝐬 𝟏 𝟑



0



0



0



0



0



0



0



0



cw



ccw



cw



cw



+



I=



J=1



J=0



0



0



0



0



1 2



J=0



3cw



Z



𝐬 𝟏 𝟑



I=



3ccw



1cw’ 2cw’



u 𝟐𝐬𝟏 𝟑



ccw ccw



1 2



I=0



𝐊+



1ccw’ 3ccw’



u



u̅ 2 2 2 2 ccw − cw → ccw − cw 3 3 3 3
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∆𝐒 = 𝟏𝐬𝟏



𝛍−



𝐁𝐬∗



𝛍+



+



s 𝟏 − 𝟑



𝐛 𝟏 𝟑



𝟏 − 𝐜𝐰 𝐬𝟏 𝟑



0



0



0



0



0



𝟐 − 𝐜𝐜𝐰 𝒔𝟐 𝟑



cw



ccw



𝟏 𝐜𝐜𝐰 𝐬𝟏 𝟑



+



∆𝐒 = 𝟏𝐬𝟏



0 𝟐 𝐜𝐰 𝒔𝟐 𝟑



I=0 J=1 According to this model, J has to be 1 for this decay, so it is the vector Bs∗ meson, instead of the pseudoscalar Bs0 meson, with J=0, predicted by the standard model. It needs confirmation [47]



1cw’ 2cw’



There is no other possibility according to the equation for angular momentum in this structure:



J=



1ccw’’ 3ccw’ 2ccw’



1 |q ccw − q cw + q̅ cw − q̅ ccw | 2



Z



s



μ−



Z



1 1 1 1 1 1 − cw + ccw − cw → − cw + ccw − cw 3 3 3 3 3 3 b̅



Z



Z



μ+



1 1 1 1 1 1 ccw − cw + ccw → ccw − cw + ccw 3 3 3 3 3 3 Z



3cw’



μ−



μ+
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𝐁𝐬∗



𝐊 ∗𝟎



s 𝟏 − 𝟑



𝐛 𝟏 𝟑



d



𝐬



𝟏 − 𝟑



𝟏 𝟑



0



0



0



0



0



0



0



0



cw



ccw



cw



ccw



I=0



𝐈=



J=1



+



𝛍−



+



𝟏 − 𝐜𝐰 𝒔𝟏 𝟑



+ +



𝟐 − 𝐜𝐜𝐰 𝒔𝟐 𝟑



𝟏 𝟐



𝟏 𝐜𝐜𝐰 𝒔𝟏 𝟑 0



0



+



𝛍+



+



𝟐 𝐜𝐰 𝒔𝟐 𝟑



∆𝐒 = 𝟐𝐬𝟏+𝐬𝟐



J=1



According to this model, J has to be 1 for this decay, so it is the Bs∗ vector meson, instead of the Bs0 pseudoscalar meson, with J=0, predicted by the standard model. It needs confirmation [47]. There is no other possibility according to the equation for angular momentum in this structure. The two muons cannot be represented here, their angular momenta forbid it. They are represented in another unit, in depth. 1ccw’’ 4ccw’



1cw’ 3cw



Z



s



Z



d



1 1 1 1 1 1 cw − ccw + cw → cw − ccw + cw 3 3 3 3 3 3 Z Z b̅ s 1 1 1 1 1 1 ccw − cw + ccw → ccw − cw + ccw 3 3 3 3 3 3 Z



μ−



μ+



1 1 1 1 − cw + ccw → − cw + ccw 3 3 3 3 Z



μ−



In this model Pauli´s exclusion principle forces the two muons to be formed in another unit, in depth. That might be related to the anomalies found in the decay of the Bs0 meson [48, 49]



μ+



2 2 2 2 − ccw + cw → − ccw + cw 3 3 3 3 74



Pauli´s exclusion principle forces the two muons to be formed in another unit. These are two basic units from a side perspective. Same time, same place but different units, in depth



Second unit



4ccw’



3cw’



First unit



1ccw’’ 4ccw’



Second unit



1cw’ 3cw



4cw’



Symmetry between the two left components of the muons



First unit



3ccw’



Symmetry between the two right components of the muons
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b 𝟏 − 𝟑



u



d



𝟎



0



0



𝟐 3



0



0



0



cw



ccw



s 𝟏 − 𝟑



𝟏 𝟑 cw



u



𝛍−



𝟎



0



0



𝟐 3



0



0



0



0



𝟐 − 𝐜𝐜𝐰 𝒔𝟐 𝟑



cw



ccw



𝟏 𝟑 cw



−



−



𝛍+



+



d 𝟏 − 𝐜𝐰 𝒔𝟏 𝟑



I=0 J=



+



𝚲𝟎



𝚲𝟎𝐛



𝟏 𝐜𝐜𝐰 𝒔𝟏 𝟑



+



I=0



1 2



J=



1 2



The two muons cannot be represented here. Their angular momenta forbid it. They are represented in another unit, in depth. 1ccw’’ 4ccw’



1cw 3cw



Z



Z s 1 1 1 1 1 1 − cw + ccw − cw → − cw + ccw − cw 3 3 3 3 3 3 b



Z



μ−



μ+



1 1 1 1 − cw + ccw → − cw + ccw 3 3 3 3



Z



μ−



μ+



2 2 2 2 − ccw + cw → − ccw + cw 3 3 3 3
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In this model, Pauli´s exclusion principle forces the two muons to be formed in another unit, in depth



0 𝟐 𝐜𝐰 𝒔𝟐 𝟑



Again, there is an anomaly. Pauli´s exclusion principle forces the two muons to be formed in another unit. These are two basic units from a side perspective. Same time, same place but different units, in depth. With the previous decay of the Bs0 meson and with this decay of the 𝚲𝟎𝐛 happens that there are two symmetries between the same two particles, the two muons



Second unit



4ccw’



3cw’



Second unit



First unit



1ccw’’ 4ccw’



1cw’ 3cw



4cw’



Symmetry between the left components of the muons



First unit



3ccw’



Symmetry between the right components of the muons
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The theta-tau puzzle 𝛑+



𝐊+



𝛑+



+



u 𝟐 𝟑



𝐬 𝟏 𝟑



u 𝟐 𝟑



𝐝 𝟏 𝟑



0



0



0



0



0



0



0



0



cw



cw



cw



cw



+



𝛑−



+



u 𝟐𝒔𝟏 𝟑



𝐝 𝟏𝒔𝟐 𝟑



0



0



0



0



d ū 𝒔𝟐 𝟏 𝟐𝒔𝟏 − − 𝟑 𝟑



+



ccw ccw



0



0



0



0



cw



cw



1 2



I=1



I=1



I=1



J=0



J=0



J=0



J=0



I=



1cw 2cw



1cw’ 2cw



Z Z ̅ s d 1 1 1 1 1 1 cw + ccw − cw → cw + ccw − cw 3 3 3 3 3 3 Z



̅ d d 1 1 1 1 − cw + ccw → − cw + ccw 3 3 3 3 Z



u



u̅ 2 2 2 2 ccw − cw → ccw − cw 3 3 3 3
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∆𝐒 = 𝟐𝐬𝟏+𝐬𝟐



Two of the pions have to form in another unit, in depth. As before, there are two symmetries between the same two particles, the two pions in this case.



Symmetry between the pi mesons



First unit



Second unit 3ccw



3ccw



4cw



4cw



1cw 3cw



1cw’ 4cw



Symmetry between the pi mesons
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80



𝐊+



𝛑+



+



u 𝟐 𝟑



𝐬 𝟏 𝟑



u 𝟐𝒔𝟏 𝟑



𝐝 𝟏𝒔𝟐 𝟑



0



0



0



0



0



0



0



0



cw



cw



𝛑𝟎



+



ccw ccw



u 𝟐 𝟑



ū 𝟐𝐬𝟏 − 𝟑



d 𝟏𝐬𝟐 − 𝟑



𝐝 𝟏 𝟑



0



0



0



0



0



0



0



0



cw



cw



cw



cw



1 2



I=1



I=1



I=1



J=0



J=0



J=0



J=0



I=



∆𝐒 𝐬𝟏+𝐬𝟐 = 𝟐



1cw 3cw



1cw’ 3cw In this case, the parity is again negative if the neutral pion is considered as two particles. Z



Z ̅ d 1 1 1 1 1 1 cw + ccw − cw → cw + ccw − cw 3 3 3 3 3 3 s



Z



̅ d d 1 1 1 1 − cw + ccw → − cw + ccw 3 3 3 3 Z



u u̅ 2 2 2 2 ccw − cw → ccw − cw 3 3 3 3
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Symmetry between the pi mesons



First unit



Second unit 2ccw



2ccw



3cw



3cw



1cw 3cw



1cw 3cw



Symmetry between the pi mesons
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−



𝐩+



+ u 𝟐𝐬𝟏 𝟑



d 𝐮 ̅ 𝟏 𝟐𝐬𝟏 − − 𝟑 𝟑 0



0



0



0



cw



cw I=1 J=0



+



𝐊𝟎



u



d



𝟎



0



𝟐 𝟑



0



0



ccw ccw



u



d



𝟎



0



0



𝟐 𝟑



0



0



0



0



cw



ccw



ccw



0



𝐬 𝟏𝐬𝟐 𝟑



d 𝟏 − 𝟑



0



0



0



0 cw



𝟏 𝟑 cw



−



1 2 1 J= 2 I=



I=



𝚲𝟎



+



1 2



J=0



s 𝟏𝐬𝟐 − 𝟑



+



𝟏 𝟑 cw



−



I=0 J=



1 2



∆𝐒 𝐬𝟐−𝐬𝟏 = 0



2ccw 4ccw



2ccw 1cw



1cw 3cw 4ccw’



3cw’



2cw 4cw



Z Z Z Z s s u 2 2 2 2 1 1 1 1 2 2 2 2 − cw + ccw + ccw − cw + cw − ccw → cw − ccw − cw + ccw + ccw − cw 3 3 3 3 3 3 3 3 3 3 3 3 u̅
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𝐞−



𝟏 − 𝐜𝐰 𝟑 0



+



𝐞



𝐩+ u 𝟐 𝟑



+



𝟐 − 𝐜𝐜𝐰 𝟑



d



u



𝟎



0



𝟐 𝟑



0



0



𝟐 𝟑 ccw



𝟐 𝟑 ccw



𝟏 𝟑



0



−



0



0



ccw



cw



−



1 2 1 J= 2



+



𝚲𝟎 s 𝟏 − 𝟑



+



d



u



𝟎



0



𝟏 𝟑



0



−



0



0



cw



cw I=0



I=



J=



1 2



∆𝐒 = 𝟎



2ccw 3ccw



1cw 4cw’



2ccw 4ccw



2cw 4cw 1ccw 3ccw



Z s 1 1 1 1 1 1 − cw + ccw − cw → − cw + ccw − cw 3 3 3 3 3 3



e−



Z
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0 𝟐 𝟑 ccw



−



+



d 𝐮 ̅ 𝟏 𝟐𝐬𝟏 − − 𝟑 𝟑



+



𝐩+ u 𝟐𝐬𝟏 𝟑



d



u



𝐬



u



𝟎



0



0



0



0



0



0



𝟐 𝟑 cw



𝟏𝐬𝟐 𝟑 cw



𝟐 𝟑 cw



0



0



0



𝟏 − 𝟑



0



0



0



0



cw



cw



ccw



cw 1 2 1 J= 2 I=



I=1 J=0



+



𝐊+



I=



+



1 2



2cw 3cw



3cw’



2cw 4cw



4ccw’



Z s 2 2 1 1 1 1 2 2 − cw + ccw + cw − ccw → cw − ccw − cw + ccw 3 3 3 3 3 3 3 3 u̅



u



Z



s



sbr̅ srb̅ sbg̅ sgb̅ 1 1 1 1 cw − ccw + λ5 + λ7 → cw − ccw + λ7 + λ5 3 3 3 3
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d



s



𝟎



0



𝟏 𝟑



0



−



0



0



cw



cw



J=



1cw



1cw 4cw



d 𝟏 − 𝟑



0 𝟏𝐬𝟐 𝟑 ccw



−



I=1



J=0



2ccw



𝚺−



1 2



∆𝐒 𝐬𝟐−𝐬𝟏 = 𝟎



𝐞−



𝟏 − 𝐜𝐰 𝐬𝟏 𝟑 0 𝟐 − 𝐜𝐜𝐰 𝐬𝟐 𝟑



+



+







𝐞+



𝟏 𝐜𝐜𝐰 𝐬𝟏 𝟑



“” 𝟏𝐬𝟑 − 𝟑



̅̅̅̅ "" 𝟏𝐬𝟑 𝟑



0



0



0



𝟐 𝐜𝐰 𝐬𝟐 𝟑







+



0



0



cw



ccw



+



“”



̅̅̅̅ ""



0



0



0



0



𝟐𝐬𝟒 − 𝟑 ccw



𝟐𝐬𝟒 𝟑 cw



∆𝐒 𝐬𝟑+𝐬𝟒−𝐬𝟏−𝐬𝟐 = 𝟎



1cw 3cw



2ccw 3ccw



2cw 4cw 1ccw 4ccw
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Electron capture



+



𝐩+ u 𝟐 𝟑



d



u



𝟎



0



𝟏 𝟑



0



−



0



0



ccw



cw



0 𝟐 𝟑 ccw



+



+



𝐧𝟎



𝐞−



𝟏 − 𝐜𝐰 𝟑



d 𝟏 − 𝟑



d



u



𝟎



0



0



0



−



𝟐 − 𝐜𝐜𝐰 𝟑



0



0



cw



cw



𝟏 𝟑



0 𝟐 𝟑 ccw



1 2 1 J= 2



1 2 1 J= 2



𝛎𝐞



𝟐 𝟑



+



0 𝟐 𝟑 ccw −



I=



I=



1ccw 4ccw



2cw 3cw



2ccw 3ccw



1cw 3cw 2ccw 4ccw
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∆𝐒 = 𝟎



A possible Higgs boson [18]: Charge =0



ccw



Spin= 0



ccw



Parity = +



cw



If the Higgs weren´t there the left-handed parts of the electron and the electron neutrino would be undistinguishable [18]



cw



The four possible configurations for the boson:



H20



H10 2 3



−



2 3



0



0



0



0



ccw ccw



1 3



2 3



−



0



0



0



0



0



0



0



0



cw



cw



−



1 3



2 3



ccw cw



H40



H30 1 3



2 3



−



0



0



0



0



0



0



0



0



cw



ccw



cw



−



1 3



2 3



1 3



2 3



−



0



0



0



0



0



0



0



0



0



0



0



0



cw



cw



cw



−



ccw ccw



Observed decays [17]:



H10



W−



W+



2 1 2 1 2 1 2 1 ccw + cw − ccw − cw → ccw + cw − ccw − cw 3 3 3 3 3 3 3 3



H20



γ



γ



2 2 1 1 2 2 1 1 ccw − cw − cw + ccw → ccw − cw − cw + ccw 3 3 3 3 3 3 3 3



H30



Z



Z



2 2 1 1 2 2 1 1 cw − ccw + cw − ccw → cw − ccw + cw − ccw 3 3 3 3 3 3 3 3



H10



𝜏−



1 3



𝜏+



2 2 1 1 1 2 1 2 ccw − ccw + cw − cw → − cw − ccw + ccw + cw 88 3 3 3 3 3 3 3 3



2 3



−



1 3



1 3



ccw ccw



Two possible configurations of the graviton:



Charge =0 Spin= 2 Parity = +



ccw cw cw



ccw



2 3



−



2 3



0



0



0



0



0



0



0



0



ccw



cw



ccw cw



−



1 3



1 3



cw ccw



cw



ccw
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2 3



−



2 3



0



0



0



0



0



0



0



0



cw



ccw



cw



ccw



−



1 3



1 3



Penta quark Σ − (1750) 1−



I (J P ) = 1 ( ) 2



𝚺− u 𝟐 𝟑 0



d



s



𝟎



0



−



𝟏 𝟑



0



0



ccw



cw



0 𝟏 𝟑 ccw −



𝚲𝟎 d 𝐮 ̅ 𝟏 𝟐 − − 𝟑 𝟑



u 𝟐 𝟑



s



𝟎



0



𝟏 𝟑



0



0



0



0



0



0



cw



cw



ccw



cw



−



I=1 J=



d



0



1 2



𝛑−



+



0 𝟏 𝟑 ccw −



d 𝐮 ̅ 𝟏 𝟐 − − 𝟑 𝟑



+



0



0



0



0



cw



cw



I=0



I=1



1 2



J=0



J=



1ccw 2ccw 1cw 3cw



1cw 3cw



1cw 2cw



1ccw’ 2ccw’



Z Z u̅ Z Z d u̅ d 1 2 1 1 2 2 1 2 1 1 2 2 − cw + cw + ccw − cw + ccw + cw → − cw + ccw + ccw − cw + ccw + cw 3 3 3 3 3 3 3 3 3 3 3 3 It is formed by two particles
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Σ − (1775)



Pentaquark2



5−



I (J P ) = 1 ( ) 2



𝚺− u 𝟐 𝟑 0



𝚺𝟎



u



s



d



𝐝



𝟎



0



0



0



𝟐 𝟑



0



−



0



−



𝟏 𝟑



𝟏 0 𝟑 ccw ccw ccw ccw 0



u 𝟐 𝟑



𝟏 𝟑



J=



d



s



u



𝐝



𝟎



0



0



0



𝟐 𝟑



𝟏 𝟑



0



0



𝟏 𝟑



0



−



0



0



0



cw



ccw



cw



I=1 5 2



0 𝟏 𝟑 ccw −



+



ccw ccw



I=0



I=1



1 2



J=0



J=



1ccw 2ccw



𝛑+



+



1ccw 3ccw



1cw 3ccw 1ccw’ 2ccw’



1ccw 2cw



Z Z Z Z ̅ ̅ d d d d 1 1 1 1 1 1 1 1 1 1 1 1 − ccw + cw + cw − ccw − cw + ccw → − cw + ccw − ccw + cw + cw − ccw 3 3 3 3 3 3 3 3 3 3 3 3
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9.



The Weinberg angle (𝛉𝐰 )



Trigonometry gives the following values for these angles:



u quark



33,69…0 2𝛉𝐖 =56,3...



0



s quark



𝛉𝐖 =28,154… 0



𝐭𝐚𝐧 𝟐𝛉𝐖 = 𝟏, 𝟓



From a side perspective those two angles also appear:



33,69…0 2𝛉𝐖 = 56,3...
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0



10.



The Cabibbo angle (𝛉𝐜 )



up



𝛉𝐜



strange



down



5



1



4



θc = arc tan 6 − arc tan 2 = arc tan 17 = 13, 2405 …0



The 2x2 Cabibbo matrix:



Vcd Vcs



17 305



cos θc sin θc



Vud Vus =



−sin θc cos θc



90



= −



4 305



4 305



17 305



11.



The CKM matrix



The CKM matrix is a 3 x 3 matrix:



VCKM =



Vud



Vus Vub



Vcd



Vcs Vcb



Vtd



Vts Vtb



It can be parametrized by three angles, θ12 (the Cabibbo angle), θ13 , 𝜃23 and a CP-violating phase 𝛿



𝑐12 𝑐13



VCKM =



𝑠13 𝑒 −𝑖𝛿



𝑠12 𝑐13



−𝑠12 𝑐23 −𝑐12 𝑠23 𝑠13 𝑒 𝑖𝛿



𝑐12 𝑐23 −𝑠12 𝑠23 𝑠13 𝑒 𝑖𝛿



𝑠23 𝑐13



𝑠12 𝑠23 −𝑐12 𝑐23 𝑠13 𝑒 𝑖𝛿



−𝑐12 𝑠23 −𝑠12 𝑐23 𝑠13 𝑒 𝑖𝛿



𝑐23 𝑐13



Since the CKM matrix is unitary, the sum of the squares of the elements of the first row is: 2 2 2 2 2 −𝑖2𝛿 𝑐12 𝑐13 + 𝑠12 𝑐13 + 𝑠13 𝑒 =1



Two of the parameters are already known, θ12 (the Cabibbo angle) and the CP-violating phase, 𝛿: 2



δ = CP violating phase = 2.arctan 3 = 67,380…



2



𝛿 = 2 arctan 3



𝛿



2



2 𝑠13 (𝑒 −𝑖4 arctan3 − 1) = 0, so θ13 = 0
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17 305



c12 = θ12 = θc = arctan



4 17



4 305



s12 =



θ13 = 0



θ23 = 0



Since the matrix is unitary



17 305



VCKM =



−



4 305



0



VCKM =



4 305



0



17 305



0



0



1



0,9734171683



0,2290393337



−0,2290393337



0,9734171683



0



0



This is the relation of the Weinberg angle with the Cabibbo angle: tan θc tan 2θw =
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6 17



0



0



1



11. The angles of the three generations



PLANE A 14,036…0 18,43…0 26,565…0



28,154 0… (Weinberg angle), 33,690… (from a side perspective, the angle formed by the axes with plane A) and the angles between the generations will determine the values of the constants G, kB, h, and 0 (the gravitational constant, Boltzmann constant, Planck´s constant and the dielectric constant, respectively)



18,43…0= arcsin



26,565…0= arcsin



33,69... 0= arcsin



θW =28,154...



1 10



= arccos



3 10



1 5



= arccos



2 5



2 13



1-



2 13



2



1 3



1



= arctan 2



3 13



= arccos



= arcsin √



0



= arctan



2



= arctan 3



3 13



= arccos 2√



1-



2 13 2
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= arctan



13-2 3



II. Geometry of relativity and of some other questions in physics [19-32] 1.



CPT. Duality of the structure [33] Beside electric charge, time and the three dimensions of space can be represented in this geometric structure. In order to do this the



π 2



angles separating the space axes have to



be viewed as lengths and not in the usual way.



P---π 2 π 2



T-----



π 2 π 2



C---y



---



z



---



---



x



--- c =+1



--- c =-1



π 2 π 2



ti ---



π 2 π 2



--- tf



ti - initial time in the unit



c=+1---



tf - final time in the unit



c=-1 ---
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To make visualization easier only two of the four lines for time are represented. The three conjugations with the operators C, P, and T:



C(A) = PT(A) = B: P----



A



T----



C---- B -C----



P(A) = CT(A) = B: P----



A



T-----



B C----
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T(A) = CP(A) = B: P----



A B T-----



C----



The strong CP problem: as can be seen in the figure above, the CP symmetry conjugation operation takes place in a line (green) perpendicular to the axis of the gluons (blue line). That is why there is no violation of the CP symmetry in strong interactions.



Finally, CPT(A) = CTP(A) = TPC(A) = TCP(A) = PCT(A) = PTC(A) = A
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2.



Intrinsic parity



Given the existing convention of assigning positive intrinsic parity to quarks and electron and negative to antiquarks and positron, to calculate the parity of a particle just multiply the signs of all the axes where it has components, considering the yellow axes as positive and the pink axes as negative: +. + . +



Electron Positron



− .− .−



Photon



+ .−



W boson



3.



+ .−



The arrow of time: A1, CAUSE1 B, EFFECT: Effect implies the existence of one or more causes Translated into particle physics, a particle has its origin in one or more particles.



A2, CAUSE2



Past: Less HL, more GB



Arrow of time



∆HL = ∇GB



∆HL= increase in (hadrons + leptons) ∇GB= decrease in gauge bosons



Increase of symmetry in HL



Causality preserved: Causes precede effect. Effect A1, CAUSE1 implies the existence of one or more causes. But in this B, EFFECT case, the link between causal relation and symmetry is A2, CAUSE2 reversed: the event with lower HL symmetry takes place later. Arrow of time Future: More GB, less HL Past: Less GB, more HL ∇HL = ∆GB



=



A N T I M A T T E R



Future: More HL, less GB



=



M A T T E R



Increase of symmetry in GB



Causally related ⇒ difference of symmetry HL + GB is a conserved quantity alwaysJ=0



GB symmetry + HL symmetry is a conserved quantity always
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If we consider time as a function, it is not invertible, since it is not injective, because a particle has its origin in more than one particle. A1, CAUSE1



B, EFFECT



A2, CAUSE2 Arrow of time



MATTER: Causal relation: for two events to be causally related it is necessary that there be a difference of HL symmetry between them. If they are causally related the one with higher HL symmetry takes place later (in our matter-bound world. With antimatter, the opposite happens). EFFECT



CAUSE: Time is not an invertible function because it is not injective
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4.



Velocity



Here are some elemental units drawn together to represent just a slice of the structure. The superfluous lines and the time lines have been eliminated:



The visualization of different time units linked is difficult, since the time axis (green) goes not only up→down and left→right but also outside→inside: The green line represents the elapsed time in these six units. v=0, there is no space displacement



Space displacement axes



x



y



z



x



y



z



Spacelike displacements (red arrow) are not allowed and antimatter is in a spacelike relation with matter [see CPT symmetry, C (A) = B]. That is why we do not see any antimatter around. What we consider as antimatter (the positron, the antineutrino and the antiquarks) are really CP conjugates of matter, i.e., time-conjugates of matter, they have negative parity. The existence of this lattice might also explain entanglement [34]. It is not spooky action at a distance.
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The speed of light: Relativity can be fit in this geometric structure if the speed of light is taken to be the following fixed relation between the space and the time dimensions of this basic unit.



Ax



Ay



A2x + A2y + A2z c = =1 T2



Az



2



T



v=



1 2



two units of time displacement for one unit of space displacement:



It can be simplified drawing just the blue line: θ



1



v = tan θ = 2



The same place plane and the same time plane intersect in the lines of the photons:



SAME PLACE



𝐯=𝟏=𝐜



𝐯=



𝟏 𝟐
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𝐯=



𝟏 𝟑



The 3 + 1 dimensions of the background independent theory of relativity can be represented in this geometric structure because any observer can put three spatial coordinate axes and a clock anywhere in the structure.
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5.



Frame time and proper time in different inertial frames



Event 2, invariant hyperbola



Space



𝟏



𝐯 = 𝟐 Frame 4 𝟏



𝐯 = 𝟑 Frame 3 𝟏



𝐯 = 𝟒 Frame 2



Event 1 𝐯 = 𝟎 Frame 1



t1 = 



Time



Frame 1



v=0



Frame 2



v=



Frame 3 Frame 4



1 4 1 v= 3 1 v= 2



s1 = 0



t1 = 6



τ=6



s2 = 1,5491 …



t 2 = 6,1967 …



τ=6



s3 = 2,1213 …



t 3 = 6,3639 …



τ=6



s4 = 3,4641 …



t 4 = 6,9282 …



τ=6



Event 1 (the zero invariant hyperbola, represented by the yellow point) is taken as the zero of space and time in the four inertial frames. Event 2, represented by another yellow invariant hyperbola, happens in different places at different times in the four frames. Nevertheless, proper time (τ) between both events is the same in all the inertial frames. As we shall see, in each of these frames γ is a constant, the inverse of a sinus in the basic structure:



γ=



t E 1 = = τ m sin β
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6.



The relativity of simultaneity 𝟏 𝟐



Each observer carries its own coordinate axes. For inertial observer 2, moving with 𝐯𝟐 = , at spacetime location 2 and with the red dashed coordinate axes, the three events (A, B and C) are simultaneous but happen in different places. However, for observer 1, with 𝐯𝟏 = 𝟎 at spacetime



Space axis for observer 2



location 1, they happen in the same place but at different moments.



Space



2



Time axis for observer 2



1 tA tB tC



𝐯𝟏 = 𝟎 Frame 1 Time
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7.



Energy, momentum and mass [35-38]



γ=



E



m β p



t E 1 = = τ m sin β



v=



p = cos β E



0 ≤ β≤



π 2



Energy is the projection of the string (represented by the green segment in the figure) on the side brane, the mass is the vertical component of this projection and the momentum is the inside-outside component of the projection on the side brane. The momentum is also the inside-outside component of the projection on the upper brane:



p



E



m β



p



Energy is the projection of the space time 4-vector on the side brane. This graphic representation of energy exactly portrays conservation of energy in all the interactions. Mass is the vertical component of the projection of the space time 4-vector on the side brane. Momentum is the horizontal component of the projection of the space time 4-vector on both the side brane and the upper brane.
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The calculation of the mass



For the Higgs boson, the graviton, the photon, the gluons and the neutrinos, the following factors have to be taken into account for the calculation of the mass. They depend on whether the component spins clockwise or counterclockwise and on whether the components are above or below the equator.



cw or ccw



Factor



The calculations are easier if the vertical projection on the side brane of a component with electric charge



ccw



+1



cw



-1



Above-below



projection of a component with charge



is 1 3



2 3



and the vertical



is taken to be



1 3



Factor



Above the equator



+1



Below the equator



-1



2



2 3



2



1



1



Higgs mass = ( 3) (+1) (+ 1) + ( 3 ) (+1) (+ 1) + ( 3) (-1) (- 1) + ( 3) (-1) (- 1) = 2 (p.88) 2



2



1



1



Graviton mass = ( 3) (+ 1) (+ 1) + ( 3) (- 1) (+ 1) + ( 3) (+1) (- 1) + ( 3) (-1) (- 1) = 0 (p.89) Photon mass = 0, since the masses of its two components cancel out. The representation of mass as the vertical projection reflects the fact that gluons have no mass. 2



2



Mass of the neutrinos = Mν = ( 3) (+1) (+ 1) + ( 3) (+1) (- 1) = 0 Mass of the neutrinos would be zero, if it were not for the oscillations (p.138)
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The mass of the W boson and the mass of the Z boson:



Relation among the masses of the Higgs boson, the W boson and the Z boson:



MH − MW =1+ MH − MZ



cosθW



3 13 = 2 12√ 13 2



1 10



=



MW MZ



The quantized mass of the Higgs boson= 2



The quantized masses of Mz =



2 10 (1 − cos θw +



Mw =



1 ) 10



2 cos θw 10 (1 − cos θw +
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1 ) 10



= 1,455415769 …



= 1,283203114 …



Mass of a system: Mass is additive if all the momenta of the particles integrating the system have the same direction: p1



E1



m1 Msystem = m1 + m2



p2 Msystem m2



E2



The mass of the system reaches a minimum when all the momenta of its particles have the same direction



The mass of the system reaches a maximum when all the momenta of its particles cancel out: p1 In general, Msystem = √(∑ Ei )2 − (∑|p ⃗⃗⃗i |)2



m1 E1 Msystem



m2



E2



p2 In general, Msystem = ∑ mi γi = ∑ mi



1 sin γi
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= ∑ mi



1 √1−v2i



8.



The mass of the fermions



The mass of the quarks (except for the top quark) seems to be linked to the natural numbers:



The quantized mass of the bottom quark:



1



mb =



=



π (2+ cos ) 4



π (2 + cos 4)



1 14,81966086 …



The quantized mass of the charm quark: mc =



1 π (3+ cos( +θw )) 4



π (3 + cos (4 + θw ))



=



1 50,27697353 …



The quantized mass of the strange quark: 1



ms =



2 (4+ cos 2arctan ) 3



2 (4 + cos 2arctan 3)



=



1 652,5634506 …



The quantized mass of the down quark: md =



1 (5 + cos 2θw )(5+cos 2θw )



=



1 13688,83575 …



The quantized mass of the up quark:



mu =



1 2 (6+ cos 3 arctan ) 3



2 (6 + cos 3 arctan ) 3
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=



1 27381,20959 …



The natural numbers linked to the calculation of the mass of the quarks:



¿? t



4c



6u



PLANE A 5d



3s



2b



The first primes



Number 2 is linked to the calculation of mass in the third generation. Numbers 3 and 4 are linked to the calculation of the mass of the fermions in the second generation, the quarks charm and strange, and the muon as well. Numbers 5 and 6 are used for the masses of the first generation: quarks down and up, and also the electron.
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The mass of the electron



me =



1 = 8,02119362. 10−6 (6 + cos α)(6+cos α)



Where α = arctan



9 π+4 12



= 69,604237760 …, the angle



determined by the right component of the electron with the vertical



1



β = arctan 3 = 18,430 …, the angle determined by the space axes with the vertical, as usual.



π 2



α



2 3



β



The mass of the muon:



mμ =



1 = 1,675629029. 10−3 (4 + cos α)(4+cos α)
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9.



Dark matter and dark energy



A possible representation of dark matter: ccw



This way dark matter has a vertical projection (mass), but it neither interacts with photons (it does not have electric charge) nor with the gluons (no horizontal component). It can only interact through gravity and the weak force



cw



A possible representation of dark energy:



Dark energy, repulsive, is the projection of the time on the side brane. It is vacuum energy, responsible for the expansion of the space. See next page.



The sign of the the energy: Energy as a projection from the yellow space axes has a positive sign, whereas energy as a projection from the pink space axes has a negative sign. Contribution of fermions to the vacuum: negative sign Contribution of bosons to the vacuum: positive sign
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This sign might be determined by the (−1)P factor, where P is the number of components that form a fermion (odd) or a boson (even)



10.



The cosmological constant [40]



Negative vacuum energy Negative curvature Positive pressure Hyperbolic geometry Anti-de Sitter space Negative A, attractive Positive vacuum energy Positive curvature Negative pressure Elliptical geometry De Sitter space Positive M, slightly repulsive, observed [41] Positive vacuum energy: empty space without any matter or energy has a small fundamental energy in it, the turquoise projection of the yellow time axis on the side brane. The cosmological constant for matter, M, is inversely proportional to its square. Therefore, it is inversely proportional to the square of the age of the universe. So it is not constant. Negative vacuum energy: green projection of the pink time axis for antimatter on the side brane. The cosmological constant for antimatter, A , is inversely proportional to its square.



11.



The flatness problem [42]



c = 1 is a very strong constraint for this structure. Even that  = 1 (that space is flat) is imposed by the fact that c =1: Proof that c =1 ⇒  = 1 by contradiction: ρvac > ρc Let us suppose  > 1. That means



Closed universe Anti-de Sitter space



⇒ ρvac > |Λ M |, a shorter time axis for matter, i.e., c >1



Negative curvature ρvac < ρc Let us now suppose  < 1. Then



Open universe



De Sitter space Positive curvature
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⇒



ρvac > |Λ A |, a shorter time axis for antimatter, i.e., c >1



The value of the cosmological constant (or dark energy, or vacuum energy):



Λ = √0,52 + 12 =



5 2
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12.



Energy levels and the primes



Piling basic units: without taking into account the sign of energy, the sum of the levels of energy of the components for each fermion and gauge boson are the natural numbers, as can be seen in the table below:



8



8



9 10 11



9 10 11 12



First basic unit



3 4 5



2



Second basic unit



2



2



2



8



2



2



2



2



12 2



2



2



2



Electron 9 15 21 27 33 39 45



u, c, t quarks 1 7 13 19 25 31 37



d, s, b quarks 4 10 16 22 28 34 40



Neutrino Photon 6 12 18 24 30 36 42



2 4 8 10 14 16 20



W+, W Gluon bosons 5 3 11 17 23 29 35 41



The primes [39] (in red) are (except for 2 and 3) the energy levels either of the up-type quarks or the W bosons. Twin primes: the first twin is the level of energy of a W boson and the second the level of energy of an up-type quark.
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First equator line = QCD axis



Increasing downwards



6 7



1 2 3 4 5 6 7



Levels of energy



1 2



13.



Lorentz transformations [19] β is also the angle between the line that represents the velocity of the observer and the tangent to the hyperbola that represents an event:



Space



v4 = c, 𝛃𝟒 = 𝟎, asymptote for the hyperbola Event 2, invariant hyperbola 𝛃𝟑



v3 =



1 2



Frame 3



1



v2 = 4 Frame 2



𝛃𝟐



θ3 Event 1



𝛃𝟏



θ2



v1 = 0 Frame 1



Time 0≤θ≤ tan θ = cos β = v



Length contraction: l =



l0 γ



π 4



π 0≤β≤ 2



The speed can never be greater than the speed of light (c = 1) because it is a cosine



l=l0 sin arccos v



β = arccos v



Time dilation:



t = t0. γ



t=



to sin arc cos v
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14.



Momenergy [19]



Space



v4 = c, 𝛃𝟒 = 𝟎 , asymptote Event 2, invariant hyperbola 1



𝛃𝟑



v3 = 2 Frame 3 𝛃𝟑



v2 = 𝛃𝟐



1 4



Frame 2



𝛃𝟐



𝛃𝟏 Event 1



v1 = 0 Frame 1 ME Time The momenergy 4-vector (ME) of a particle is always timelike because it has the same direction as the worldline of the particle. The dashed lines represent the energy for each velocity. Light cones: Space



Past light cone



Future light cone
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Time



15.



Geodesics



Geodesics in this structure are what they seem, straight lines in curved space:
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16.



Parametric equations



X



Z



Y



𝛟



𝛗



𝛑 𝛑 𝛑 𝛑 → 𝟎 → → 𝟒 𝟐 𝟒 𝟐 𝛑 𝛑 𝟑𝛑 𝛑 𝟎 → → → → 𝟖 𝟒 𝟖 𝟐



𝟎 →



θ



x = r cos ϕ ccw



y=r sin ϕ



ϕ=angle between x and y x=-r cos ϕ cw



y=-r sin ϕ y = r cos φ



ccw



z=r sin φ



φ=angle between y and z y=-r cos φ cw



ccw



z=-r sin φ



x=r sin θ z = r cos θ



θ=angle between x and z cw
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x=-r sin θ z=-r cos θ



For example, the point A (ccw):



Y



X



Z



A



r θ=



π 8



x = r sin



π 8



z = r cos



119



π 8



17.



Tidal forces



The tidal accelerations experienced by the test particles in free fall near the Earth double when the separations between the particles are doubled. The true measure of the tide-producing effect has therefore the character of acceleration per unit of separation, it has units 1/meter2 [19]



Earth



Earth



m1 and m2 are the vertical components of the projections on the side brane



m2



m1



The tide producing effect is proportional to
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1 Area



18.



The Weyl tensor



A cluster of ball bearings over the surface of an imaginary sphere in free fall near the Earth will very soon become an ellipsoid. An external mass in the x-direction means an stretch in that direction and a reduction in the y and z radios (an increase in the curvature in these two directions) [19] A sphere becomes an ellipsoid. Stretch in the x dimension compensates with the shrinkages in the y and z dimensions:



r



x



y



z



In red, an sphere with radius = r



Mass in the x dimension (outside) turns the sphere into an ellipsoid. Stretch in the x axis and shrinkage in the y and z axes so as to keep c constant Outside mass ⇒ Non-contractile curvature



The Weyl tensor is divergencefree:



+
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=0



The Weyl curvature hypothesis Penrose [42] proposed that there is a constraint at initial space-time singularities but not at final singularities: WEYL = 0 If in this geometric structure entropy is represented by the blue area then Weyl = 0 is linked to the initial lowest entropy content:
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19.



The Ricci tensor



Inside the Earth, however, spacetime curvature has a contractile character: the presence of mass means a reduction in the corresponding space coordinate. That reduction of the radius is translated in an increase of curvature caused by the mass. The shrinkage of the space dimension in the basic unit implies a proportional shrinkage of the time dimension, so as to preserve c constant. The shrinkage accounts for the time delay in a gravitational field and for the redshift of light.



Where there is space there is no mass. Mass is the absence of space. It implies an increase of curvature.
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20.



The stress-energy tensor



In 4-dimensional space the symmetric stress-energy tensor has 10 independent components that in this geometric structure could be paired to the 10 degrees of freedom represented by the 10 axes (10 dimensions):



T00



T01



T02



T03



T10



T11



T12



T13



T20



T21



T22



T23



T30



T31



T32



T33



T00, T11, T22 and T33 correspond to the time axes. The 6 remaining degrees of freedom correspond to the six space axes. Energy and pressure components are linked to time axes and momentum components to space axes. These ten degrees of freedom of the ten axes together with electric charge are the 11 dimensions of M-theory.



T13



T03



---



T12



T02 ---



---



T01



T23



T00 ---



T21 T20
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---



---



---



T10



T31



T32



21.



The factor 8G. Spherical objects



1-dimensional measurement of a 1-dimensional object: 21 π 𝑅1 = 2πR1 1 2-dimensional measurement of a 1-dimensional object: 21 π 𝑅 2 = πR2 2 2-dimensional measurement of a 3-dimensional object: 23 π 𝑅 2 = 4πR2 2 3-dimensional measurement of a 2-dimensional object: 22 4 π 𝑅 3 = πR3 3 3 5-dimensional measurement (x + y + z + time + electric charge) of a 4-dimensional object: 25 π 𝑅 4 = 8πG T 4



T, the stress-energy tensor, is embedded in 4-d space



The Einstein field equations are a commandment to keep c constant (it is written in the structure) and to keep each unit as spherical as possible, given the presence of matter.
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Area and information



Information is conserved in all the interactions and decays if it is identified with the area. The area (2-dimensional measurement) of this 1- dimensional object = (2q)2 . π



Y



X



Z



Electric charge (q) in an up quark



Time



2 2 3



2 2 3



1 2 3



Area of the proton = (2. ) . π + (2. ) . π + (2. ) . π = 4π 2 2



1 2



2 2



1 2



1 2



Area of the neutron = (2. 3) . π + (2. 3) . π + (2. 3) . π = Area of the electron = (2. 3) . π + (2. 3) . π = 2 2



2 2



20 π 9



Area of the neutrino = (2. 3) . π + (2. 3) . π = Area of the antineutrino = -



32 9



π



Areas in beta decay:



24 π= 9



4π +
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20 9



π-



32 π 9



32 π 9



24 π 9



There are three more conserved quantities in all the interactions and decays. The first one corresponds to Coulomb law: q2i q2f ∑ 2=∑ 2 Ri Rf An example:



μ−



e−



→



1 2 2 2 (3) (3) − − 2 2 4 2 (3) (3)



+



1 2 2 2 (3) (3) − − + 2 2 4 2 (3) (3)



→



+



μ



̅̅̅e



2 2 2 2 2 2 2 2 (3) (3) (3) (3) − + − 4 2 4 2 4 2 4 2 (3) (3) (3) (3)



The second one corresponds to Newton´s law of gravitation: ∑



Ξ− s



s



m2i m2f = ∑ R2i R2f



Λ0



→



1 2 1 2 1 2 (3) (3) (3) − − − → 2 2 2 2 2 2 (3) (3) (3)



s



u



d



−



+ d



d



π− u̅



2 2 1 2 1 2 1 2 2 2 (3) (3) (3) (3) (3) − − − − 4 2 2 2 2 2 2 2 4 2 (3) (3) (3) (3) (3)
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The third quantity that is conserved in all the decays:



∑ mi q i ci



m q c



∑ mi qi ci



π−



+



Λ0



Ξ−



s cw



s ccw



d cw



u ccw



s ccw



d cw



d cw



cw



1 . −1. −1 3 1 − 3 π 2



1 . +1. −1 3 1 − 3 π − 2



1 . −1. −1 3 1 − 3 π 2



2 . +1. +1 3 2 3 π 2



1 . +1. −1 3 1 − 3 π − 2



1 . −1. −1 3 1 − 3 π 2



1 . −1. −1 3 1 − 3 π 2



2 . −1. +1 3 2 − 3 π − 2



−



3π 18



2π 18
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−



5π 18



22.



Spherical object collapsing to form a black hole [43]



Mass of the black hole radius r=0



The Schwarzschild radius rs = 2



Radius of the black hole radius



GM c2



For a black hole with the mass of Planck, 2mP = lp = rs So



G=1



The gravitational constant
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23.



The uncertainty principle



Which is the momentum in this given instant? Nonsense! Momentum means dt ≠ 0



Position in a certain instant is determined



Momentum determined.



Is the particle here? Here? Or here?
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24.



Geometry of the measurement problem



In the proposed geometric representation of the Standard Model and relativity the measurement problem can be seen as just a simple consequence of that graphic expression.



Higher energy, higher frequency, lower wavelength



Wavelength () and Planck´s constant: p = momentum



The upper brane from above:



lp



h = p. λ (de Broglie) A



1 = 𝛌𝐫𝐞𝐝 AB



p



1 = 𝛌𝐠𝐫𝐞𝐞𝐧 AC



B p



1 = 𝛌𝐯𝐢𝐨𝐥𝐞𝐭 AD



C p



lp



1 cos arctan = p. 𝛌𝐫𝐞𝐝 = p. 𝛌𝐠𝐫𝐞𝐞𝐧 = p. 𝛌𝐯𝐢𝐨𝐥𝐞𝐭 = h 2



26,565…0



D Projection of the space axis on the upper brane
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h=



2 5



Space



Time In the graphic above the act of measurement is depicted by the green line, which is equivalent to adopt the same time and the same space location of the photon (in black) From the same-time-and- same-space point of view –that is what a measurement implies- the wavelength of the photon cannot be perceived, i.e., its wave aspect disappears and only its corpuscular aspect remains. Nothing collapses, there is just an out of sight aspect caused by the perspective, an apparent collapse. The photon has been used as an example but it is just the same with any other particle, its wavelength cannot be perceived with any measurement (i.e. from the point of view represented by any line parallel to the green line)



Entropy = unknown information Space



S That point of view also explains why entropy is unknown information
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25.



The infrared cut-off and the ultraviolet cut-off From a side perspective:



AdS



CFT



UIltraviolet cut-off, maximal energy



Infrared cut-off, minimal value of energy



The bulk divergence is regularized by an infrared cutoff, which renders the string length finite, with energy proportional to 𝛿 −1 . In the dual Conformal Field Theory (CFT), the same finite result for the self-energy is achieved by an ultraviolet cutoff at the short distance 𝛿 [37]
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Violet light: shorter wavelength, higher energy



Red light: longer wavelength, lower energy
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26.



Compton wavelength



A The upper brane



Projection of the space axis on the upper brane



B h



λc = mc



The minimum possible wavelength in this structure (A is the limit, it marks the maximum energy allowed in the unit of this structure): 1



λminimum = AB =



1 √12 +0,52



=



λminimum = h
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27.



Temperature and the Boltzmann constant



High temperature



Low temperature



High temperature



From a side perspective: The equipartition theorem:



E=



kB 2



T



=



E T



=



1 K T 2 B 1 cos 33,69…°



E kB = 33,69…



0
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2 13 3



=



13 3



28.



The second law of thermodynamics [28, 44]



The flow of energy as heat from a hot body (violet) to a cold body (red), makes the entropy S to increase, as can be seen below. Why? Because the opposite flow of heat (from a cold body to a hot body) would mean to go against time.



Heat = volume. The same volume for both temperatures



Ss



High temperature



Ss Low temperature



Time
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29.



Neutrino oscillation and the PMNS matrix



What follows could be a geometric representation of the mechanism that generates the νe detection of a small mass for the neutrinos during the oscillations. The transition νμ will be used as an example. In this neutrino oscillation the two electrically charged components of the νμ do not simultaneously turn into the two electrically charged components of the νe . The left component begins the transformation first. The non-zero mass measured during the oscillation process is the result of the time elapsed between the transformation of the two nonzero components of the neutrino, for during the oscillation the two components do not cancel according to the rules explained on page 105.



νe



νμ



Time These two processes are not simultaneous



νμ



νe



𝛎𝛍



Z



𝛎𝐞



Z



𝟐 𝟐 𝟐 𝟐 𝟐 𝟐 𝐜𝐜𝐰 − 𝐜𝐰 + 𝐜𝐜𝐰 → 𝐜𝐜𝐰 − 𝐜𝐰 + 𝐜𝐜𝐰 𝟑 𝟑 𝟑 𝟑 𝟑 𝟑



𝛎𝛍



𝛎𝐞



Z



Z



𝟐 𝟐 𝟐 𝟐 𝟐 𝟐 − 𝐜𝐜𝐰 + 𝐜𝐰 − 𝐜𝐜𝐰 → − 𝐜𝐜𝐰 + 𝐜𝐰 − 𝐜𝐜𝐰 𝟑 𝟑 𝟑 𝟑 𝟑 𝟑



138



The PMNS matrix: arctan = arctangent c = cosine s = sine 2 3



θ12 = arctan



c12 =



3 13



s12 =



2 13



c23 = θ23 = arctan



3 5



This is, once again, the angle formed by the axes of the neutrinos with the symmetry plane A, θ12 = 33, 69…o



Sum of the angle formed between the left components 1 ) 2 1 at 2



of an electron neutrino and a muon neutrino ( at



4 3



s23 =



4 5



and the angle between their right components (



),



0



θ23 = 53,13 …



θ13 = arctan



c13 =



5 26



s13 =



1 26



1 5



The angle between the left components of a muon neutrino and a tau neutrino, the angle between the second and the third generation, θ13 = 11,3 …0



δCP = 0 , the CP violating phase is zero or very close to zero, since there is almost no difference of time between the left process and the right process. In this model neutrinos are Dirac particles, they are different from their antiparticles, so the parametrization of the PMNS unitary matrix with these values for the three angles gives:



3 13



−



.



5 26



2



3 3 4 1 . − . . 13 5 13 5 26



2



2



4 3 3 1 . − . . 13 5 13 5 26



13



.



5



1



26



26



3



3 2 4 1 . − . . 13 5 13 5 26



−



3



4 2 3 1 . − . . 13 5 13 5 26
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4 5 . 5 26



3 5 . 5 26



The PMNS matrix:



0,8158924398



−0,4633629081



0,3458530642



0,1961161351



0,5439282932



0,7844645406



0,4122016497



−0,7309116307



0,5883484054



In the proposed structure, the following relations hold among the three angles of the PMNS matrix: tan(θ23 − θ12 − θ13 ) =



1 7



θ13 + θ12 = 450 tan θ12 + tan θ23 = 2 tan θ12 + tan θ23 + tan θ13 =



11 5



tan(θ12 + θ23 + θ13 ) = −7 And these are the links of the angles of the PMNS matrix with the main angle of the 4



CKM matrix, the Cabibbo angle, θc = arctan 17 tan(θ12 − θc ) =



22 59



θ23 5 tan ( + θc ) = 2 6 tan(θ13 + θc ) =



37 81



And the four angles join the golden ratio, ϕ tan(1800 − θ12 − θ23 − θ13 − θc ) = 140



5 − tan(2 arctan Φ) 9



30.



The vacuum expectation value, the coupling constants, the mass of the top The vacuum expectation value v, as the projection on the side brane, of the whole Higgs



field:



1



v = vacuum expectation value in this structure is four times that quantity, v=4
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Some more parameters of the standard model find their values in this structure:



The gauge couplings g and g’



g = coupling of the SU (2) g’ = coupling of the U (1)



g’ e θw θw g



3 √13



cos θw = 2



1- 2 √ √13 2



1−



sin θw = √



2



2 13



=



=



g √g2 + g′2



g′ √g2 + g′2
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The Weinberg angle, θw , and the relation bettween the coupling constants g, g’ and the electron charge, e. Adapted from [48]



The gauge coupling g:



g=



2 Mw v



Mw =



2 cos θw 10 (1 − cos θw +



1 ) 10



= 1,283203114 …



cos θw



g=



1 ) 10



10 (1 − cos θw +



= 0,6416015571 …



The gauge coupling g’:



g’ = the gauge coupling of U(1)



sin θw



g ′ = g tan θw =



10 (1 − cos θw +



1 ) 10



= 0,3433747328 …



The two parameters μ and λ in the complex scalar Higgs potential [50]:



MH = 2 MH = √−2 𝜇2



μ2 = -2



MH =



2λ v



λ=
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1 8



The fine structure constant [45]



α=



g 2 sin2 θw 4π



1 = 137, 106 … α



The Fermi constant [45]:



4 2 GF =



GF =



1 16 2



g2 2 Mw



= 0,04419417382 …



The electric charge e:



e = g sin θw = 0,3027447797 …



The vacuum permittivity, 𝜀0 :



α=



1 𝑒2 4πε0 ℏ 𝑐



ε0 = π 5 = 7,024814731 …
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How the coupling constants are linked αs - the strong coupling constant ϕ - the golden ratio



g′



αs = 0,118 … = ϕ − tan 2 arctan g



The relation of the coupling constants with the angle of Cabibbo



sin2 θc tan 2 arctan



g′ 24 = g 305



The mass of the top quark, mt



Since it is the only quark whose Yukawa coupling to the Higgs boson is of order unity [47]



2



𝑚𝑡 ≈ 1 𝑣



And in the structure the vacuum expectation value is 4,



𝑚𝑡 ≈ 2 2
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31.



The interactions and the golden ratio



Gravity [45], updown, like mass, aligned with gravitons



Electric interaction, front-background direction, like electric charge, aligned with photons



h=



2 5



G=1



kB =



Weak interaction, leaned with the space axes, like W bosons



Strong interaction, horizontal direction, like colour charge, aligned with gluons



2 13



The values found for the four constants are related by the golden ratio:



3



ε0 = π 5



ϕ=



1+ 5
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2



G



1



G



ε0



2



h



2



2π



= + = +



=



13 3kB



+



1 h



Range of the interactions: Gravity and electromagnetism have no time component. That might be linked to the fact that they have an infinite range. The weak interaction has a time component and therefore a short range. The strong interaction has an even bigger time component and that is possibly related to the fact that it has the shortest range.



Out of time: Infinite range Projection on time axis: Short range



Those interactions whose gauge bosons do not have any projection on the time axis have infinite range.
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Strength



Range



Degrees with upper brane



Strong



1



10-5



0



Gravitation



6.10-39



∞



900



Electromagnetism



7.10-3



∞



0



Weak



10-5



10-17



900-arctan



Both are stronger



𝟏 𝟑



The strength of the interaction seems to depend on the angle with the yellow plane and on whether it has a time component



148



32.



Table with the main values obtained from the structure



QUANTITY Planck constant, h



QUANTIZED VALUE 2 5



Gravitational constant, G Boltzmann constant, K B Vacuum permittivity, 𝜀0 Weinberg angle, θW



cos θw



sin2 θW Inverse of the fine 1 structure constant,



α



Coupling constant of SU (2), g Coupling constant of U(1), g’ g s, strong coupling constant CP violating phase θ12 angle, the Cabibbo angle,CKM matrix θ12 angle, PMNS matrix θ23 angle, PMNS matrix θ13 , PMNS matrix Charge of the electron Fermi constant, GF



VALUE 0,894427191



1 2 13 3 π 5 13 − 2 arctan 3 3 13 2 √1- 13 2 2 2 1− 13 2 4π 2 g sin2 θw cos θw 10 (1 − cos θw + sin θw 10 (1 − cos θw + 5 −1 2 2 arctan 3 4 arctan 17 2 arctan 3 4 arctan 3 1 arctan 5 g sin 𝜃𝑤 1



2,40370085 7,024814731 28,154966240



0,8816745988



0,2226499019 137,101060242 1 ) 10 1 ) 10



0,6416015571



0,3433747328 0,118033989



13,240519920 33,690067530 53,130102350 11,309932470 0,3027447797 0,04419417382



16 2 Vacuum expectation value, v μ2 λ Electron anomalous magnetic moment



4 -2 1 8 α 2π



0,001160816558
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THE MASS QUANTITY QUANTIZED VALUE 1 Electron me = −1 9 π+4 mass 9 π + 4 (6+cos tan 12 ) −1 (6 + cos tan ) 12 Muon 1 mass mμ = −1 9 π+4 9 π + 4 (4+cos tan 12 ) −1 (4 + cos tan ) 12 1 Tau mass mτ = 1



Quark down mass Quark strange mass



0,501685555



1 596,7908066



104,8022176



1 35,11636155



1781,078599



1 27381,20959



2,284230716



1 13688,83575



4,569051826



1 652,5634506



95,84508593



Quark charm mass Quark bottom mass Quark top mass Higgs boson mass W boson mass



1 50,27697353



1244,00885



1 14,81966086



4220,40697



2 2



2,828427125



176903,9745



2



2



125090



1,283203114



80257,93877



Z boson mass



−1



2+2θw ))



1



mu =



2 (6+ cos 3 tan−1 ) 3



2 (6 + cos 3 tan−1 3) 1 md = (5 + cos 2θw )(5+cos 2θw ) ms =



mc =



1 −1 2)



2 (4+ cos 2 tan (4 + cos 2 tan−1 3 ) 1 π



3



(3+ cos( +θw )) π 4 (3 + cos (4 + θw )) 1 mb = π π (2+ cos4 ) (2 + cos 4)



Mw =



2 cos θw 10 (1 − cos θw +



Mz =



PROPORTIONAL*



1 124669,7238



(3+cos(tan 1 (3 + cos (tan−1 + 2θw )) 2



Quark up mass



VALUE



2



1 ) 10



91028,97927 1 1,455415769 ) 10 *The values given in that column are proportional to the Higgs boson mass (125,090 ±0,24 Gev [47], its quantum mass is 2) 10 (1 − cos θw +
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Second part: The symmetry of the prime numbers
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Second part: The symmetry of the prime numbers 1.



The program of the primes



Prime numbers [39] are arranged according to symmetries [14, 15, 46] that can be observed if they are displayed in columns and marked with a different colour from the rest of the natural numbers. The symmetries have been called colour palindromes because the same distribution of colour can be read from top to bottom than from bottom to top in each unit of symmetry. A program determines if a unit of symmetry is formed by just one colour palindrome or if it must continue until a second bigger palindrome is formed. The program can be run beginning in any natural number and in both directions. All the units of symmetry, delimited by braces, have either zero, one or two primes. The program described in the following page determines if a unit of symmetry is formed by a unique colour palindrome, like 4 5 6



or it must continue until a second bigger colour palindrome is formed, like



15 16 17 18 19 20 21



15 In this case 16 already form a palindrome but the program, as will be seen, orders to continue until a second bigger palindrome, delimited by a brace, is completed.
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For the implementation of the program three columns of numbers are needed. The first one is formed by the natural numbers repeated, the second one by the natural numbers with the primes marked in red and the third column –also with the primes in red- is just the sum of the two first columns. The program has two variables:  



The colour of the number in the second column, i.e., its primality. It will be the colour of the message in the fourth column. The message of the fourth column: If in each row the colours of the numbers in the second column and the third column are the same, the message is “go on” If their colours are different, the message is “stop” 1 1 2 2 3 3



2 3 4 5 6 7



3 4 6 7 9 10



go on stop go on go on go on stop The program



The program forms the units of symmetry in the second column, the column of the natural numbers. The program to form each unit of symmetry, delimited by a brace, is determined by the messages of its two first rows: If both messages are black, the program says go on, do not stop once the first palindrome has formed, go on until a second bigger palindrome is completed. If both messages are red, the program says stop once the first palindrome has formed. Same message and different colour of the messages, the program says stop, i.e. the unit is completed once the first palindrome is formed, even though both messages are “go on”. Different message and different colour of the messages: the message given in the first row is followed. THE PROGRAM: SM- same message



Both black- go on



DC- different colour



Both red- stop



DM- different message



SM, DC- stop DM, DC-line 1



The program can be run beginning in any row and it works just as well, generating units of symmetry. It can also be run in reversed way from any number and it generates perfect symmetries.
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What follows is an example of the first symmetries generated beginning with number 3. The program can be implemented just by looking at the fourth column of coloured messages: 1



2



3



go on



1



3



4



stop



2



4



6



go on



2



5



7



go on



3



6



9



go on



3



7



10



stop



4



8



12



go on



4



9



13



stop



5



10



15



go on



5



11



16



stop



6



12



18



go on



6



13



19



go on



7



14



21



go on



7



15



22



go on



8



16



24



go on



8



17



25



stop



9



18



27



go on



9



19



28



stop



10



20



30



go on



10



21



31



stop



11



22



33



go on



11



23



34



stop



12



24



36



go on



12



25



37



stop



13



26



39



go on



13



27



40



go on



DM, DC



1



DM, DC



1 THE PROGRAM: SM- same message



Both black- go on



DC- different colour



Both red- stop



DM- different message



SM, DC- stop DM, DC-line 1



SM, DC



stop



DM, DC



1



Both black



go on
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14



28



42



go on



14



29



43



go on



15



30



45



go on



15



31



46



stop



16



32



48



go on



16



33



49



go on



17



34



51



go on



17



35



52



go on



18



36



54



go on



18



37



55



stop



19



38



57



go on



19



39



58



go on



20



40



60



go on



20



41



61



go on



21



42



63



go on



21



43



64



stop



22



44



66



go on



22



45



67



stop



23



46



69



go on



23



47



70



stop



24



48



72



go on



24



49



73



stop



25



50



75



go on



25



51



76



go on



26



52



78



go on



26



53



79



go on



155



These are the units of symmetry we have just seen, generated from number 3, but now displayed in rows:



6 18



31



47 57



3



4



5



7



8



9



10



11



13



14



15



16



17



19



20



21



22



23



24



25



26



27



28



29



30



33



34



35



36



37



38



39



40



41



42



43



44



45



46



49



50



51



52



53



54



55



56



59



60



61



62



63



64



65



66



68



69



70



72



73



74



75



76



77



80



81



82



85



86



87



32



48 58 67



78 88



89



130



79



12



71



83



84



90



91



92



93



94



95



96



99



100



101



102



103



104



105



106



107



108



109



110



111



112



113



114



115



116



117



118



119



120



121



122



123



124



125



126



127



128



129



132



133



134



135



136



131



156



137



97



138



98



These are the first units of symmetry generated with the program of the primes beginning in number one, displayed in rows: 1



30 46



3



4



5



6



7



8



9



10



11



12



13



14



15



16



17



18



19



20



21



22



23



24



25



26



27



28



29



31



32



33



34



35



36



37



39



40



41



42



43



44



45



47



48



49



50



51



52



53



55



56



57



59



60



61



63



64



65



58 67



68



69



70



71



72



73



74



75



76



77



78



79



80



81



82



85



86



87



88



89



90



91



92



93



94



95



97



98



99



100



101



102



103



104



105



106



107



108



109



110



112



113



114



116



117



118



119



120



121



122



123



124



125



126



127



128



129



132



133



134



135



136



96



84



111



131



157



38 54



62



66



83



130



2



115



137



138



The first units of symmetry generated beginning with number 2:



2 7



22



6



8



9



10



12



13



14



11



17



18



19



20



21



23



24



25



26



27



28



29



31



32



33



34



35



36



37



38



39



40



41



42



43



44



45



46



49



50



51



52



53



54



55



56



59



60



61



62



63



64



65



66



68



69



70



72



73



74



75



76



77



80



81



82



85



86



87



48 58 67



78



139



5



16



57



89



4



15



47



88



3



79



30



71



83



84



90



91



92



93



94



95



96



99



100



101



102



103



104



105



106



107



108



109



110



111



112



113



114



115



116



117



118



119



120



121



122



123



124



125



126



127



128



129



97



130



131



132



133



134



135



136



137



138



140



141



142



143



144



145



146



147



148



158



98
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The first units of symmetry beginning in number 9: 9



10



11



12



13



14



16



17



18



19



20



21



22



23



24



25



26



27



28



29



30



31



32



33



34



36



37



38



40



41



42



44



45



46



48



49



50



52



53



54



56



57



58



59



60



61



62



63



64



65



66



67



68



69



70



71



72



73



74



75



76



77



80



81



82



85



86



87



88



89



90



91



92



93



94



95



96



97



98



99



100



101



103



104



105



106



107



109



110



111



112



113



114



115



116



117



118



119



120



121



122



35 43 51



78



102



79



159



15



39 47 55



83



84



108



Beginning in number 10:



22



10



11



12



13



14



15



16



17



18



19



20



21



23



24



25



26



27



28



29



31



32



33



34



35



36



37



38



39



40



41



42



43



44



45



46



49



50



51



52



53



54



55



56



59



60



61



62



63



64



65



66



68



69



70



72



73



74



75



76



77



80



81



82



85



86



87



47 57



48 58 67



78 88



89



130



79



71



83



84



90



91



92



93



94



95



96



99



100



101



102



103



104



105



106



107



108



109



110



111



112



113



114



115



116



117



118



119



120



121



122



123



124



125



126



127



128



129



132



133



134



135



136



131



30



137



97



98



138



The perfectly symmetric distribution of the primes is generated beginning in any natural number.
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Towards the left the program also works perfectly: stop



1



2



stop



1



3



stop



2



4



go on 2



5



SM- same message



Both black- go on



stop



3



6



DC- different colour



Both red- stop



go on 3



7



DM- different message



SM, DC- stop



go on 4



8



go on 4



9



stop



5



10



go on 5



11



go on 6



12



stop



6



13



stop



7



14



stop



7



15



go on 8



16



stop



8



17



go on 9



18



stop



19



9



go on 10



20



go on 10



21



stop



11



22



go on 11



23



go on 12



24



go on 12



25



stop



26



13



THE PROGRAM:



DM, DC-line 1
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2.



The twin primes



All the odd composite numbers (pink background) can be linked with the implementation of the same program in a chained way, i.e., with the condition that the last row of a unit of symmetry is also the first row of the following unit, the row of the odd composite number. Each unit of symmetry, as before, has either zero, one or two primes, with a colour palindrome distribution. Beginning in the row of 9, the first odd composite number:



4



9



13



stop



5



10



15



go on



5



11



16



stop



SM- same message



Both black- go on



6



12



18



go on



DC- different colour



Both red- stop



6



13



19



go on



DM- different message



SM, DC- stop



7



14



21



go on



7



15



22



go on



8



16



24



go on



8



17



25



stop



The twin primes:



9



18



27



go on



9



19



28



stop



Whenever there are two primes in a unit of symmetry they are twin primes



10



20



30



go on



10



21



31



stop



11



22



33



go on



11



23



34



stop



12



24



36



go on



12



25



37



stop



13



26



39



go on



13



27



40



go on



THE PROGRAM:



DM, DC-line 1



Beside that, all the twin primes can be found in the third column, represented by the greater member of each pair. All the greater twin primes are there, and none of the smaller twin primes of each pair.
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All the primes are linked by the program in that same chained way:



0



0



0



go on



0



1



1



go on



1



2



3



go on



1



3



4



stop



2



4



6



go on



2



5



7



go on



3



6



9



go on



3



7



10



stop



4



8



12



go on



4



9



13



stop



5



10



15



go on



5



11



16



stop



6



12



18



go on



6



13



19



go on



7



14



21



go on



7



15



22



go on



8



16



24



go on



8



17



25



stop



9



18



27



go on



9



19



28



stop



10



20



30



go on



10



21



31



stop



11



22



33



go on



11



23



34



stop



THE PROGRAM:



SM- same message



Both black- go on



DC- different colour



Both red- stop



DM- different message



SM, DC- stop DM, DC-line 1
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3.



Chained symmetries for the even numbers



If we mark the even numbers with blue, symmetric patterns are generated in the chained way starting from four, the first non-prime even number. It must be remarked that the program is still the program of the primes. Two slightly different programs will be seen in the next pages. 0



1



1



go on



1



2



3



go on



1



3



4



stop



2



4



6



go on



2



5



7



go on



3



6



9



go on



3



7



10



stop



4



8



12



go on



4



9



13



stop



5



10



15



go on



5



11



16



stop



6



12



18



go on



6



13



19



go on



7



14



21



go on



7



15



22



go on



8



16



24



go on



8



17



25



stop



9



18



27



go on



9



19



28



stop



10



20



30



go on



10



21



31



stop



11



22



33



go on



THE PROGRAM:



SM- same message



Both black- go on



DC- different colour



Both red- stop



DM- different message



SM, DC- stop DM, DC-line 1
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4.



Program of the odd composite numbers



If we mark the odd composite numbers in the second and the third columns with a different colour (pink) a program generating symmetries can be found, with either zero, one or two odd composite numbers in each unit. The program happens to respect also the symmetric distribution of the primes in each unit. Both messages are black- go on Same message and different colour- stop Different message and different colour- stop 0



1



1



go on



1



2



3



go on



1



3



4



go on



2



4



6



go on



2



5



7



3



6



3



A DIFFERENT PROGRAM FOR THE ODD COMPOSITE NUMBERS SM- same message



Both black- go on



go on



DC- different colour



Both pink- impossible



9



stop



DM- different message



SM, DC- stop



7



10



go on



4



8



12



go on



4



9



13



stop



5



10



15



stop



5



11



16



stop



6



12



18



go on



6



13



19



go on



7



14



21



stop



7



15



22



stop



8



16



24



go on



8



17



25



stop



9



18



27



stop



9



19



28



go on



10



20



30



go on



10



21



31



stop



DM, DC-stop
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Finally, the program for the even numbers is the same as for the primes and it generates repetitive patterns: If there are different messages with different colours, the message of the first line is followed. The same message in both lines, with different colour- stop 0



1



1



go on



1



2



3



stop



1



3



4



stop



2



4



6



go on



2



5



7



go on



3



6



9



stop



3



7



10



stop



4



8



12



go on



4



9



13



go on



5



10



15



stop



5



11



16



stop



6



12



18



go on



6



13



19



go on



7



14



21



stop



7



15



22



stop



8



16



24



go on



8



17



25



go on



9



18



27



stop



9



19



28



stop



10



20



30



go on



10



21



31



go on



11



22



33



stop



11



23



34



stop



12



24



36



go on



DM, DC- the first line SM, DC- stop
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5.



The relations among the prime numbers



All the prime numbers greater than 3 have, at least, two pairs of equidistant prime numbers. Here is a list of the first primes (in red) from 11 with their equidistant primes.



3



5 11 19 17 3 23



3 and 19 is the second pair of prime numbers equidistant to 11



7 13 19



5 29



5 and 17 are two prime numbers equidistant to 11.



11 17 23



7



7 19



31



31



3



17 23



43



29



11



17 29



47



41



3



19 31



59



43



13



31



37 61



43



23



29 41



59



53



13



19 43



73



67
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A tiling that relates any two primes will be built. The tiling is built from numbers obtained with the following computation: 2. 𝐩𝟏 . 𝐩𝟐 − e1 . E2 − E1 . e2 p1 (its two equidistant primes on the right are e1 and E1, e1 < E1) and p2 (its two equidistant primes on the right are e2 and E2, e2 < E2) are the two primes used as coordinates in the tiling. The result of that computation is the number that appears in each tile of coordinates (p1, p2) For example, for the tile of coordinates (11, 19): 2. 𝟏𝟏. 𝟏𝟗 − 5.31 − 17.7 = 144 The product of the two diagonals of any square (an example in red) is the same: 144.72.144.576.72 = 144.144.144.288.72 7



11



13



17



19



23



29



31



37



41



43



47



7



32



48



48



48



96



48



96



96



48



96



192



48



11



48



72



72



72



144



72



144



144



72



144



288



72



13



48



72



72



72



144



72



144



144



72



144



288



72



17



48



72



72



72



144



72



144



144



72



144



288



72



19



96



144



144



144



288



144



288



288



144



288



576



144



23



48



72



72



72



144



72



144



144



72



144



288



72



29



96



144



144



144



288



144



288



288



144



288



576



144



31



96



144



144



144



288



144



288



288



144



288



576



144



37



48



72



72



72



144



72



144



144



72



144



288



72



41



96



144



144



144



288



144



288



288



144



288



576



144



43



192



288



288



288



576



288



576



576



288



576



1152



288



47



48



72



72



72



144



72



144



144



72



144



288



72



168



There is a second tiling that stablishes relations among all the prime numbers. It is also built from the fact that every prime number has at least two pairs of equidistant primes. For the tiling in the previous page the equidistant numbers on the right of each prime have been used. In the tiling that appears in this page those on the left of each prime will be used. For example, the value of the tile of coordinates (29, 13):



2. 𝟐𝟗. 𝟏𝟑 − 11.23 − 3.47 = 360



11



13



17



19



23



29



31



37



41



43



11



128



160



192



192



320



288



416



384



288



480



13



160



200



240



240



400



360



520



480



360



600



17



192



240



288



288



480



432



624



576



432



720



19



192



240



288



288



480



432



624



576



432



720



23



320



400



480



480



800



720



1040



960



720



1200



29



288



360



432



432



720



648



936



864



648



1080



31



416



520



624



624



1040



936



1352



1248



936



1560



37



384



480



576



576



960



864



1248



1152



864



1140



41



288



360



432



432



720



648



936



864



648



1080



43



480



600



720



720



1200



1080



1560



1140 1080



1800



The products of the two diagonals of any square (in red an example) are the same: 360.576. 624.720.720 = 400.432.624.960.648
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6.



The tiles of the natural numbers



There is also, at least, one pair of prime numbers equidistant to every natural number (in green) greater than 7:



5



3 8



11



13



7



3 and 13 are equidistat from 8 5 and 11 are also equidistat from 8



5



9 11



13



3



7



17



10 13



3



5 11



19



17



7



5 12



17



19



3



7 13



23



19



5



11 14



23



17



11



13 15



19



17



3



13 16



29



19



170



Whenever there is more than one pair of equidistant primes, the closest pair to the natural numbers has been chosen, those that are at the right of the natural number in the squares of the previous page. With them a first tiling that relates any two natural numbers will be built. The tiling is formed with the numbers obtained from the following computation: 𝟐. 𝐧𝟏 . 𝐧𝟐 − 𝐞𝟏 . 𝐄𝟐 − 𝐄𝟏 . 𝐞𝟐 n1 (its two equidistant primes are e1 and E1, e1 < E1) and n2 (its two equidistant primes are e2 and E2, e2 < E2) are the two natural numbers used as coordinates in the tiling. The result of that computation is the number that appears in each tile of coordinates (n1, n2). For example, the tile of coordinates (11, 14) = 2.11.14 – 5.17-17.11 = 36 The cross product of the two corners of any square (an example in green) is the same: 70.72 = 84.60



7



8



9



10



11



12



13



14



15



16



17



18



19



7



32



40



32



24



48



56



48



24



16



24



48



88



96



8



40



50



40



30



60



70



60



30



20



30



60



110



120



9



32



40



32



24



48



56



48



24



16



24



48



88



96



10



24



30



24



18



36



42



36



18



12



18



36



66



72



11



48



60



48



36



72



84



72



36



24



36



72



132



144



12



56



70



56



42



84



98



84



42



28



6



60



110



120



13



48



60



48



36



72



84



72



36



24



36



72



132



144



14



24



30



24



18



36



42



36



18



12



18



36



66



72



15



16



20



16



12



24



28



24



12



8



12



24



44



48



16



24



30



24



18



36



6



36



18



12



18



36



66



72



17



48



60



48



38



72



60



72



36



24



72



132



144



18



88



110



88



66



132



110



132



66



44



66



132



242



24



19



96



120



96



72



144



120



144



72



48



72



144



24



288



171



36



There is a second tiling for the natural numbers greater than 7, obtained with the same computation but choosing now the other two equidistant primes, those more distant to the natural number, those two prime numbers that were on the left of the natural numbers



Again, the products of the diagonals of any square are the same: 30.40.126.64.130.240 = 100.100.144.56.52.72



8



9



10



11



12



13



14



15



16



17



18



19



8



18



12



42



48



30



60



54



24



78



72



66



72



9



12



8



28



32



20



40



36



16



52



48



44



48



10



42



28



98



112



70



140



126



56



182



168



154



168



11



48



32



112



128



80



160



144



208



192



176



192



12



30



20



70



80



50



100



90



40



130



120



110



120



13



60



40



140



160



100



200



180



80



260



240



220



240



14



54



36



126



144



90



180



162



72



234



216



198



216



15



24



16



56



64



40



80



72



32



104



96



88



96



16



78



52



182



208



130



260



234



104



338



312



286



312



17



72



48



168



192



120



240



216



96



312



288



264



288



18



66



44



154



176



110



220



198



88



286



264



242



264



19



72



48



168



192



120



240



216



96



312



288



264



288



172



64



7.



The G1-G2 pattern



The triads of the primes with their equidistant primes are homogenous in the following sense. All the prime numbers can be classified in these two groups, G1 and G2:



5 G1 11 G1 17 G1



41 G1 47 G1 53 G1



7 G2 13 G2 19 G2



47 G1 53 G1 59 G1



11 G1 17 G1 23 G1



11 G1 17 G1 23 G1



7 G2 19 G2 31 G2



7 G2 19 G2 31 G2



17 G1 23 G1 29 G1



17 G1 23 G1 29 G1



17 G1 29 G1 41 G1



17 G1 29 G1 41 G1



19 G2 31 G2 43 G2



19 G2 31 G2 43 G2



31 G2 37 G2 43 G2



31 G2 37 G2 43 G2



29 G1 41 G1 53 G1



29 G1 41 G1 53 G1



19 G2 43 G2 67 G2



19 G2 43 G2 67 G2



G1



G2







The smaller prime number in each twin pair: 11, 17, 29, 41…







The prime numbers in the triads that are the semisum of two equidistant smaller G1 twin primes: 23, 47, 52…Once a prime number results to be the semisum of two G1 primes, it remains G1 onward.







The greater prime number in each twin pair: 13, 19, 31, 43…







The prime numbers in the triads that are the semisum of two equidistant greater G2 twin primes: 37, 67, 79…Once a prime number results to be the semisum of two G2 primes, it remains G2 in subsequent triads.



The three prime numbers that form each triad are homogeneous as to their G1 - G2 character.
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A curious thing about the triads of the natural numbers (in green) and their nearest equidistant primes is that, if they are displayed in columns of three, G1 and G2 have a homogeneous distribution in the second and the third rows.



5 G1 9 13 G2



5 G1 12 19 G2



13 G2 15 17 G1



7 G2 18 29 G1



19 G2 21 23 G1



19 G2 24 29 G1



23 G1 27 31 G2



29 G1 30 31 G2



29 G1 33 37 G2



7 G2 10 13 G2



7 G2 13 19 G2



13 G2 16 19 G2



7 G2 19 31 G2



13 G2 22 31 G2



19 G2 25 31 G2



19 G2 28 37 G2



19 G2 31 43 G2



31 G2 34 37 G2



5 G1 11 17 G1



11 G1 14 17 G1



11 G1 17 23 G1



17 G1 20 23 G1



17 G1 23 29 G1



23 G1 26 29 G1



17 G1 29 41 G1



23 G1 32 41 G1



29 G1 35 41 G1



31 G2 36 41 G1



37 G2 39 41 G1



41 G1 42 43 G2



43 G2 45 47 G1



43 G2 48 53 G1



43 G2 51 59 G1



47 G1 54 61 G2



53 G1 57 61 G2



59 G1 60 61 G2



31 G2 37 43 G2



37 G2 40 43 G2



19 G2 43 67 G2



31 G2 46 61 G2



37 G2 49 61 G2



43 G2 52 61 G2



43 G2 55 67 G2



43 G2 58 73 G2



43 G2 61 79 G2



29 G1 38 47 G1



29 G1 41 53 G1



41 G1 44 47 G1



41 G1 47 53 G1



47 G1 50 53 G1



47 G1 53 59 G1



53 G1 56 59 G1



47 G1 59 71 G1



53 G1 62 71 G1



59 G1 63 67 G2



61 G2 66 71 G1



67 G2 69 71 G1



71 G1 72 73 G2



71 G1 75 79 G2



73 G2 78 83 G1



61 G2 64 67 G2



61 G2 67 73 G2



67 G2 70 73 G2



67 G2 73 79 G2



73 G2 76 79 G2



61 G2 79 97 G2



59 G1 65 71 G1



53 G1 68 83 G1



59 G1 71 83 G1



59 G1 74 89 G1



71 G1 77 83 G1



71 G1 80 89 G1
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Third part: The link between the golden ratio and the prime numbers
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Third part: Links among the two previous parts of the book 1.



A relation of the golden ratio with the prime numbers



The golden ratio (φ ) raised to the natural numbers holds the following relation with the primes (in red). Each power is related to a prime number:



φ3 =



φ4 =



5



φ =



φ6 =



φ7 =



8



φ =



9



φ =



5. 5 + 9



φ12 =



𝟕− 5 13. 5 + 31



2791. 5 + 6241



φ13 =



𝟒𝟏 − 5 4749. 5 + 10619 𝟒𝟑 − 5



𝟏𝟏 − 5 φ14 =



27. 5 + 59



9569. 5 + 21397 𝟓𝟑 − 5



𝟏𝟑 − 5 59. 5 + 133



φ15 =



17313. 5 + 38713 𝟓𝟗 − 5



𝟏𝟕 − 5 109. 5 + 243



φ16 =



29000. 5 + 64846 𝟔𝟏 − 5



𝟏𝟗 − 5 φ17 =



218. 5 + 488



51714. 5 + 115636 𝟔𝟕 − 5



𝟐𝟑 − 5 455. 5 + 1017



φ10 =



φ11 =



φ18 =



88843. 5 + 198659



𝟐𝟗 − 5 φ19 =



791. 5 + 1769



𝟕𝟏 − 5 147900. 5 + 330856 𝟕𝟑 − 5



𝟑𝟏 − 5 φ20 =



1547. 5 + 3459 𝟑𝟕 − 5
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259654. 5 + 188389 𝟕𝟗 − 5



There is a formula for the even powers and a slightly different formula for the odd powers. In both of them intervenes the floor function, ⌊x⌋ An example with an odd power:



5.



φ19 . (𝟕𝟑 − 5) φ19 . (𝟕𝟑 − 5) − ⌊ ⌋ 2 5 ⌊



φ19 =



φ19 . (𝟕𝟑 − 5) +⌊ ⌋ 2



⌋



𝟕𝟑 − 5 All the prime numbers in correspondence with the odd powers of the golden ratio are obtained this way. The rest of the prime numbers, those that alternate with the “odd” primes, are obtained from the even powers of the golden ratio: For example, for φ18



5. φ18 =



φ18 . (𝟕𝟏 − 5) φ18 . (𝟕𝟏 − 5) − ⌊ ⌋+1 2



φ18 . (𝟕𝟏 − 5) +⌊ ⌋+1 2



5 ⌊



⌋ 𝟕𝟏 − 5



These relations between the powers of the golden ratio and the prime numbers are valid for φ2𝑛 and φ2𝑛+1 when n ≥ 4, n ∈ ℕ These relations also pair all the natural numbers with the primes in a consecutive way: Exponent of 𝜑



Prime



8



with



23



9



with



29



10



with



31



11



with



37



12



with



41
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2.



A relation between the golden ratio and pi



φ = golden ratio φ=t



t = tangent



π + at ( 5 − 2) 4



at = arctangent



3.



A relation between the golden ratio and the Weinberg angle



This is the relation between the golden ratio and the value for the Weinberg angle (θW ) found in the first part of the book:



θW = (ϕ −



5 π 2 ) . ( − arctan ) 2 2 3
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4.



Powers of the golden ratio as functions of angles



1 1 φ = tan arctan + 2 cos arctan 1 2 0,5



The difference of the two addends is φ−1



1,118…



2 1 φ2 = tan arccos + 3 cos arccos 2 3 1,118…



The difference of the two addends is φ−2



1,5



4 1 φ3 = tan arctan + 2 cos arctan 4 2



The difference of the two addends is always the corresponding negative power of the golden ratio



2,236…



2



2 1 φ4 = tan arccos + 7 cos arccos 2 7 3,354…



φ5 = tan arctan



11 1 + 2 cos arctan 11 2



5,5 φ6 = tan arccos



3,5



5,59…



2 1 + 18 cos arccos 2 18



8,944… φ7 = tan arctan



29 1 + 2 cos arctan 29 2



14,5



φ8 = tan arccos



9



14,534… 2 1 + 47 cos arccos 2 47



23,478…



23,5
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In red, the sequence of Fibonacci multiplied by



5 2



The angles: number 2 is alternatively the numerator and the denominator of the angles. Each numerator and denominator that is not number two is the sum of the previous denominator and numerator different from number 2.
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