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V Abstract

In this paper solutions to the nature of Matter, Dark matter, Dark energy, Inflation,
Matter-Antimatter asymmetry and Higgs Hierarchy problem.are proposed. Vector spaces
(p,q,R) with p+q complex dimensional scalar fields and an asymmetric metric are
considered. The dimension p+q is calculated to be 6. Matter and Dark Matter energy is
bounded [7.1e-3/g,1.7e28/h] eV.where g,h are functions of the degeneracy. The Higgs
VEV is dependent on the Cosmological constant, using Planck Mission data the Higgs
VEV is 246.3GeV. The gauge group SU(2,2) spontaneously breaks to SU(3) or SU(2)xU
(1). Its predicted that Matter has 48 degrees of freedom which after symmetry breaking
results in the 6 quarks and 6 leptons.The normalisation of a quaternion 2-vector results
in a lower bound for r and consequently the Schwarzschild physical singularity is non-
existent. Its predicted that Space-Time inflated by 89.2 e-foldings. Cosmological density
ratios are predicted (Planck Mission): Dark matter 0.268(0.268), Baryonic 0.05((0.049),
and Dark energy 0.682(0.683).

V Introduction

Cosmological observations has elucidated the need for dark matter and dark energy to
explain the rotation curves of galaxies and the accelerating expansion of the Universe
respectively.

Within the A-CDM model of cosmology, the Planck Mission [1a] has constrained the
ratios of Dark matter, Dark energy, Baryonic matter and has also found support for the
inflation hypothesis. However the inflation hypothesis does have issues of its own with
the inflation potential and fine-tuning.[2].

Particle physics seeks explanation for the Matter-Antimatter asymmetry, the origin of the
Lie gauge groups of the Standard Model of particle physics, the 3 generations of quarks
and leptons and the Higgs Hierarchy problem. Quantum Field Theory and General
Relativity both break down as r—0.

This theory is based on real vector spaces (p,q) pq # 0 with p+q dimension complex
fields and including an asymmetric metric.

V Affine Connection of (p,q) spaces with Asymmetric metric
The invariant interval between two points on a metric space (p,q) is
ds* = gﬂvdx”dxv G.1)
The invariance of ds, requires
Doguv: 0 (32)
where D_ indicates covariant differentiation.

For the affine connection to be determined by a metric tensor only, two cases arise:
Case |: The metric and affine connection are both symmetric

9,=9 r =T (33)

VL ouv  owt

With the conditions 3.3) and 3.2) the affine connection are the Christoffel Symbols [3]
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Case 2: The metric and affine connection are both asymmetric:

=9 Ton™Tou 3.5)
With the conditions 3.5) and 3.2) the asymmetric affine connection is
— _ i - — —_
1“6MV =5 (6ng6v + acguv + avgm) (3.6

A general affine connection can be formed from equations 3.4y and 3.6)

A,,=T +i(F +h ) X))
wv ouv ouv ouv
Where the imaginary part of the connection is asymmetric in y and v; it can be shown
that using (3.2) and 3.7) affine connection reduces to
Acuv = rcuv + Ircuv 3.8
where
I“GLLv = (acguv + avgcu + augm) (3.9)
and the asymmetric affine connection is completely asymmetric
The following identities hold where f=3 to N
-~ Bro e B~F
l“ogu Foﬁ = Zl"fu Fcﬁ (3.10)
Vo = B
ch Fvﬁ— 3Ffv FvB @3.11)

V Curvature of (p,q) spaceswith Asymmetric metric

The Riemann curvature tensor can be calculated using the commutator of the 2
covariant derivatives of a real vector [4].

Similarly, taking the commutator of 2 covariant derivatives of a real vector using (3.8 for
the affine connection gives

D DIB=G*B +iH" B +i2l' 9B a1
[Po By |B, = GypBy + iH0B, +12T 9 B, @D
where
G* =R* +5“ “2)
Vpo vpo Vpo
o o o o o
RVPG B acsl—‘vp 6va0+ Ffprﬁc I—fcr[jo “3)
o _Ppra  Pro “B ~o
Svpc = val" i + val“ e + ZFNFVﬁ 4.4
H: =T =l +° T 4+ PP 1P 4o 45
vpo c p Vo vp fo Bo vp vo fp Bp vo V3 op @5
The curvature scalar is G
_ VW oo _ Vp oo =
G=g'g Gavpc—g g (RWPG+SWPG)—R+S (4.6)

V Field Equations

By adding 2 A(:GPoch to both sides of @«.1) equating LHS to zero, and lowering a results in



the following 2 equations

GﬁvpcBa + 2 ﬁngan =0 5.1)
2r ﬁpc7< aa + Pa) BV + Hﬁvdea =0 5.2)
Contracting 5.2) by v=
(aa + ch) BV — l":vBa =0 (5.3)
Contracting (5.1) with B =6 and v = p gives
Vv
(eB,+2r.'PB,) =0 (54
Case |
The vectors P_and B can be eliminated by using the following relations
_ _ T
P,=B, = ((I) (D)a (5.5
Where [q)Tq)] =L
Equation (5.3) reduces to
o o o
3 (0'd) +(o'0) (0'd) - (0'd) =0 (5.6)
o o uo
The dark energy potential V(cI)TcI)) is
o o
v(o'e) = (o'e) (o'®) - r o'0) 5.7)
Equation (5.4) reduces to
G+2 FZV( dDTd))V =0 5.8)

Case ll
Eliminating the symmetric connection from (5.3) and (5.4) gives

[¢au+ (%—%k GJB]BO(:O (5.9)
where fPuzl //lﬁand P“Puz—l /kz

The matrices \}l B are (p+q) x (p+q) so the vector P_is not the 4-momentum vector.
The Lagrangian is

et 1 1
L =B [x}lau-l-(K—EkGJB]Ba (5.10)
The reduced Compton wavelength is A and the Energy is
E-= (l — iG/lJ hc (5.11)
A2

V The Dimension of (p,q) Space
The quanta of the asymmetric metric are massless hence Tr(Tuv) =0 where Tuv is

- 1
TMv = S/.LV Y g“vS 6.1)

In 4d Energy-Momentum conservation gives div Tuv: 0



hence in p+q dimensions p+g-divergence of T vanishes:

m _ 1 -
D (Sﬂv N guvs) 0 6.2)
Using the identities (3.10) and (3.11) equation (6.2) reduces to
1- 3t + 31 =0
( _N) f vcﬁ+ﬁ f=B ov ©3)

where f=3 to N
Hence it follows that N=p+q=6. The vector spaces (p,q), pg#0 with asymmetric metric
are (p,q) €{(3,3),(4,2), (5, 1)}

V Quaternion 2-Vector

Isomorphism SO(5, 1) = SL(2, H)

The quaternion vector H is 2d. The interpretation of H is similar to the Born Interpretation
of the wavefunction.

HTH is the co-ordinate probability density function and

HTH is the scalar product of HJr andH and HJr = ejTH where e;r is defined as
e;r={eo, g:i€[1,2 3]} (7.1)

The normalisation of the quaternion vector is
J H;I-/7 dQ =1 7.2)

where h=1,2. and Q is the 3-volume. The dimension [HTH] =L

V Particle Phenomenology
SU(2) spin matrices are 2s+1 x 2s+1, where s is the spin.
(p,0) and (0,q) are spin spaces with dimension p and q respectively.
(p,q)=(2s+1,2t+1) @.1)
The irreducible spinors on these (p,q) vector spaces are 4d [5]
Hence the spin of the 4d spinors X, ,are determined by the relations

(s= p—1 4 q—1) 82)

2 2
Table 1
Summary of the spin of the 4d spinors
(P q) Spin (s,t)
(3,3) (1, 1)
(4,2) (3/2,1/2)
(5,1) (2,0)

Particle wavefunction
A particle wavefunction ¥ is the product of the 4d spinor y, and the quaternion 2-vector H

¥ = yH 83)
Space-Time and Dark Energy



The intersection of the vector spaces forms a (3,1) vector space, Space-Time.
33 @2 6131 (3.4

Dark energy is the gravitational waves from the C¢ scalars, Higgs bosons and gravitons.
There are 4 6d complex scalar fields 1 for each (p.q) vector space and the resultant 6d
complex scalar field from the intersection of these (p,q) vector spaces.

Matter and Dark Matter

Matter and Dark matter emerge when the spin states of the 4d spinor pairs entangle.
Entangled pairs can be formed by inner or outer multiplication of the spin states of the 4d
spinors to form 4d spinors with spin states s€[0,2]

Table 2
Matter & Dark Matter Spinors
Spin Spinor No of particles
172 1(1/2,0),(1,1/2),(1/2,1),(1.3/2),(3/2,1),(3/2,2) 6
0 (0.0),(1,1) 2
1 (1,0),(0,1),(1,2),(2,1),(3/2,1/2) 5
312 |(3/2,0),(1,1/2),(1/2,1),(1/2,2) 4
2 (1,1),(3/2,1/2),(2,0) 3

The gauge group is SU(2,2) from the isomorphism SO(4,2)=SU(2,2).

The primary quantum field has the following states
1. Matter 48 fermionic

2. 64 fermionic and 128 bosonic

3. Massless SU(2,2) 30 bosonic

4. 4 6d complex scalar + conjugates 8 bosonic

5. Graviton 2 bosonic

6. 1 Higgs Boson

The s=1/2 fermions have 6x2x4=48 degrees of freedom and constitutes the matter
sector. The remaining spinors and bosons constitute the dark matter sector with 64
fermionic and 169 bosonic degrees of freedom.

V Matter-Antimatter Asymmetry

Particle-Antiparticle pairs can be produced from the decay of gauge bosons as a
consequence of U(1) electric charge conservation.

The single spin 1/2 4d spinor has chiral U(1) electric charges, that is the spin 1/2 particle
has 4 U(1) electric charge states. It follows that the spin 1/2 field can only form matter
and no antimatter.

V Particle mass energy bounds

The equations of General Relativity with cosmological constant A are [6]



1 _
Ruv Py g“vR — guvA =- KT#v (10.1)

Contracting equation (10.1) gives

-R—4A=-xkT=-kp=R=xkp—4 A (10.2)
Let S = 0 and since energy E > 0 equation (5.11) reduces to
1 1 1 1 1
E=— ——RA> — =2 — R=— —4 A )
L2 )L_Ozlz_z 2(1<p ) (10.3)

The energy density of fermions and or bosons in equilibrium is given by Fermi-Dirac and
Bose-Einstein statistics.

4 4
7, C
p= p 2 (10.4)
A
Y 7 nz rcz 1
h = == — —
where 3 Py [240 [+ 30 bj P
and f, b are the degeneracy of the fermions and bosons. Substituting (10.4) into (10.3)
4 4
O P L A 105)
A 2\
4 4
Note that Ak ¢ < 1
4 4
-2+2(1+4+ 2AxPh
xzz — ( + 20 C> (10.6)
8A
2 1 4 4 1 4 4 I
KZEKth :kZ(EKBhC) (10.7)

Hence states have a minimum Compton wavelength.
Equation (10.3) also implies
Ya

4 4 4 4
%20=>Kp24A=>KBh4C >4A=> AL Kpn ¢ (10.8)
A A 4A
Hence states have a maximum Compton wavelength.
Combining the 2 inequalities gives the state mass energy bounds
Va 12
4 A
fic 2 <E<Ln 24 2 (10.9)
KB% ¢ KB% ¢
The upper bound simplifies to
E=(4m) _/zEp (10.10)

For A ~ 1072 the bounds are

71 x10°(7f+8b) " eV <E <1.70x10"(7f+8b) “GeV 10.1)
Hence states of Matter and/or Dark Matter, the mass energy is bounded.

V Gravitation range lower bound
Expanding the normalisation integral (7.2) gives



JHTH dQ =Jg,-jH;ith + gOOH;rIOHhO dQ <1 (11.1)

Let [ a0 =3, Let | H] ] 4= 1

Equation (1.1 results in the following inequality
911t 9po =1 (11.2)

The Schwarzschild metric in the [-+++] convention is [7]
-1

r I,
B S L P

where r, =2 GM/ ¢ is the Schwarzschild radius and mass M>0
Substituting g,, = (1—r / r) “land 8oo="(1— ”s/ r) into (11.2) gives the inequality

v
1 —(I—JJSI (11.4)
r
Hence r has a minimum
2rs
r (11.5)

= T —
3+/5
Since M>0 it follows that r,. > 0 hence the physical singularity atr= 0 does not exist.

Consider a boson in thermal equilibrium of energy E in a spherical volume »=r, . Thus it

follows that the upper energy density satisfies the equation

3E 9 1
= E* (11.6)

4r a?’rs‘:3 73¢® 30

Substituting r, =2 GE/ ¢*into 11.6)and solving for E gives
1

2

5
E=6 A;’S 3 ( he ) 11.7)
161 a g G
Which evaluates to
1
_ 6 19
E=1.486 (gs) x 10~ GeV (11.8)

For massless spin 2 field g, =2 the upper bound is Ep ~ 1.324 x 10"°GeV, which will be

referenced as the Planck scale.
Particles crossing the event horizon of a Black Hole do not fall to a singularity, but
accumulate in a shell of radius r, —r, ~ 0.618 r,

V SU(2,2) Gauge coupling strength and the Electr o-weak vacuum.
The SMis valid upto A, =2.5 x 10'GeV. The gravitational coupling strength at the
upper energy bound is



_ 60
0= 35— (12.1)
n (7f+8b)
It follows that ocG(AUV) =0.042 Gravitation in equilibrium with SU(2,2) gauge bosons,

hence coupling strength of SU(2,2) is 0.042.

Write the lower £, (x) and upper bound £ _(x) states as Fourier integrals

[e<]

1 .
E(x) = %J (I)l(p)e'pxdp (12.2)
(2m)" )
E, (x) = 1 %J cI)u(p)eipxdp (12.3)
(2m)" )
The gravitational coupling strength is
E/Eu
o, = (12.4)
° 2nE
where E,and E _are given by (10.9)
£k,
The energy scale E =
2T
1
5 17
27000 7°c A
E=|—3 ; 3 (12.5)
n G (7f+8Db)

The primary quantum field f=112, b=169, evaluating (2.5) with A ~ 1.1 x 1072 [1b] results
in E ~ 246.3 GeV
The energy bounds are £, ~ 3.7 x 10""GeV and E, ~ 1.04 x 10 %V

Thus the gravitational coupling strength of the primary quantum fields of the lower and
upper energy bounds results in a energy scale of 246GeV, the Higgs VEV.

V Inflation

The energy bounds 10.11) and the emergence of Space-Time (8.4) at the Planck scale
implies that the density of dark matter, dark energy and matter is zero.
The Friedmann-Robertson-Walker-Equations are [8]

= A 2
a(t) _ _4nG(p+3p) | PerC

+ 13.1
a(t) 2 3 (D
2
a)® | ké® _ 81Gp | Ner®
> + 5 = > + 13.2)
a(t) a(t) 3¢ 3
where Aeﬂis the effective cosmological term and p is the total matter plus dark matter
energy density. With p=0 and k=0, a3.1)is
2 A 02
a(t)” _ eff
= (13.3)



The only contribution to the energy density is from the 3 asymmetric metrics which
constitutes the inflation field. Each asymmetric metric field has energy density given by

1 1
Too = — | Spo — = 9005 134
00 = ( 0 g Y00 ) (134
Using 4.4) equation (13.4) is
Too = ; ( 21“0(xl“OB — 5 gool“upol'ﬂ ) 13.5)

Assuming spatial derivatives of the asymmetric metric are zero, and g, =1 it follows that
Syo =0 and the inflation density simplifies to

Too = 5 [2(080,) (767 + (48, ) (#6")

Thus the energy density is negative and acts in a similar way to a positive cosmological
constant. Each asymmetric metric field is in thermal equilibrium, hence the inflation
densityis3 T

Equation 3.2y is

_ 2
=Kp,C 13.7)

where p.= T,
which for constant density has the general solution

a(t) = a(O)exp(\/Eict) (13.8)

The number of e-foldings y is
xX=/ Kp; T 13.9)

where 71 is the duration of inflation.
4

E.
(%’ ) with the degeneracy of the spin 2 asymmetric massless

field is g =2 and the duration of inflation is t=7% [ E

8nGE 4
=) s0n® E (10

Substituting (1.7 into (13.10) gives the number of e-foldings

3
2ra v 30 E

Inflation ends when matter and dark matter are in thermal equilibrium with s=0 state.
Substituting equation (10.1)

gn
Substituting p, = 102
C

1

3
) (7f+8b)/2 (13.12)

2
o (45
X_ —_—

15a \ 32

x ~ 1.9299(7 f+8b)"

(13.13)



Using f=112 and b=169 for the primary quantum field gives the average energy per
particle state after inflation 3.7 x 10""GeV and the number of e-foldings 89.2. The
duration of Inflation is 1.8 x 10™*s

V Dark Energy and the Cosmological Constant

Since N=6 Equation (5.8) gives

ST
A= 3 FG ((I) (D)V (14.1)
After inflation, the dark energy potential V( (I)Td)) has a minimum in (3,1)d when
(@'®) =1
o uo
Hence Dark energy minimum is
_ A ovB
A= 3 1“0 Fﬁv 14.2)

Ignoring spatial derivatives and using (3.4) 1“20 = % g“(’aogm equation (4.2) is

A= 11_2 (gu Gaoguc) (gu ﬁaoguﬁ) 149

Using h#vz nuv &y [9] results in

A=— (14.4)

where A is the reduced wavelength.
The natural frequency of gravitational waves is [10]

o=/ ﬁzp (14.5)
c

A= Ef (14.6)
3c

where p is the mean mass-energy density of the complex scalars, Higgs Bosons and
Gravitons in the ground state.

It follows that A is

V Cosmological Density Ratios

(In this section 7i=c=1)
Using Bose-Einstein and Fermi-Dirac statistics, the density of dark matter p,atthe end of

inflation is
7 n2 Tl:2
p,= (—240 f+ Ebj T 5.1)
where T is the temperature. Substituting f=64, b=169, the density of dark matter is
2
p,= 157 T (15.2)

2



The density of dark energy ipA is

-
7 TC
Ty Zop|T .
P [ 240 " 30 j (=9
Dark energy is due to the 4d spinors, the complex scalars, the Higgs and the graviton.
The 4d spinors fermionic 24, bosonic 48.
Each of the 4 6d complex scalars can form

C6 - {6xC',15%x 2,20 % 3,15 x C4, 6x C5 1x (B} (15.4)
including the conjugate complex scalars, 2x63 = 126 bosonic degrees of freedom with
conjugate complex spinors
Hence for dark energy f=24, b=48+4x126=552 and Py

191n T

N 10 (15.5)

The degeneracy of spin 1/2 matter is 48, hence density of baryonic matter p, is

7Tc2
=7 (15.6)
5
In thermal equilibrium the ratio of baryonic to dark matter is
2o _ P s
Q; Py
Hence it follows that
2, 14
- = 7—5 (15.8)
2,
At the end of inflation the Universe is close to critical density
QA+Qd+Qb=1 (15.9)

Solving 22,15.8), (15.9) gives the following cosmological density ratios

Qb =0.05, Qd =0.268, QA =(0.682 (15.10)
which are in agreement with the Planck mission results [1c] (€2, =0.049, Q =0.268, QA=
0.683)

V Galaxy Rotation Curves

Assuming Euler-Lagrange equations of motion for dark matter bosonic spinors (ignoring
spin) is

auaug + aZC =0 (16.1)
The general solution is
o(r t) = ge_kreiﬁ (16.2)

where a* = +f2
The Weak Gravitational field approximation to Einstein's Field equations is the Poisson
equation



2
V20 = kp =- GOCTaOC = (aoz;) (16.3)

where @ is the gravitational potential per unit mass. For centrally symmetric field
dominated by Dark matter,16.3) is

1 20D ) _ R 2kr fz i2ft
=0l =| € e (16.4)
r or r

which has a general solution

R o2k REL(2kr)  »

D(r) = 2Kkr 5 —7+B (16.5)
where A and B are constants and Ei, is the exponential integral.

It follows that the speed of rotation v(r,t) is
R o2k RPEL(2kr)  »
12kr 6 r

vir t) = fe (16.6)

A particular graph is

v(1)

which is similar to the general profile for a galaxy rotation curve [11] with limiting
rotational speed With A=0 the speed approaches a constant when r is a solution of the
equation

-2kr

2kr

Which has solution » ~ 0.32 A
Hence it follows that the wavelength of these dark matter particles is of the order of the
distance where v(r ~ 0.32 1) —constant.

—Ei(2kr)=0 (16.7)

V Higgs Hierarchy Problem

The radiative corrections to the Higgs mass are [12]
n m

1 1
A, =- ?;gﬁ[AfN—l—...] + b;gf,[AfNJr...] ar.1

where gfand g, are the couplings of fermion and bosons to the Higgs field..
The Standard Model (SM) thus predicts quadratically divergent corrections to the mass
of the Higgs boson.

The radiative corrections are due to the set of fermions and bosons given by Table 1, 2
fermions and 4 bosons.These couple to the Higgs field with g=8p




It follows that with n=2 and m=4 the radiative corrections Amy, =0
Using 0.11) with f=2, b=4 the cutoff is A, =25 % 10'8GeV and therefore the SM is valid
below this energy scale.

V su(2,2) Spontaneous Symmetry Breaking SSB

The number of Higgs is given by [13]

H=n—-N+M 18.1)
where n is dimension of real scalar field, N is the dimension of the gauge group SU(N)
and M is the dimension of the sub-group.

(3,3)U(5,1)=(8,4) and (3,3)U(4,2)U(5,1)=(12,6)

The sub-spaces {(2,2),(4,4),(6,6)} are complex spaces {C2, C4, C¢}

with {2,4,6} dimension complex scalar multiplets.

The complex scalar multiplets have real dimension ne{4,8,12}

Assuming only 1 Higgs Boson, it is found that SSB of SU(2,2) leads to only 2 sub-groups

SU(3)

SU2.2) = ( sy i)

The C3 complex vector does not lead to any sub-group.

Electro-weak group SU(2)xU(1).is broken by the C? scalar doublet.

After SU(2,2) symmetry breaking, the 48 matter states partitions into

6 SU(3) fermions and 6 singlets, ie 6 quarks and 6 leptons.

(18.2)

V Conclusion

Extending Riemann geometry on a (p,q) pg # 0 space by including an asymmetric metric
resultsin (p,q) € {(3,3), (4,2), (5, 1)} and the dimension p+q=6

The 4d spinors on these 6d spaces have spin (1,1,1/2,3/2,2,0) and have 4 additional
degrees of freedom.

Space-Time (3,1) emerges from the intersection of the 3 vector spaces (3,3),(4,2),(5,1).
It is found that the mass-energy bounds of boson and/or fermion fields is below the
Planck scale.

The energy density of matter,dark matter and dark energy is zero at the Planck scale,
the inflation field of negative energy density inflated Space-Time by 89.2 e-foldings.
Inflation ended with the emergence of matter, dark matter in thermal equilibrium.

The source of dark energy is the gravitational waves emitted from the 4d massless
spinors and complex scalars.

Matter emerged with 48 degrees of freedom which after symmetry breaking of SU(2,2) to
the Standard Model gauge groups, partition into 36 for 6 quarks and 12 for 6 leptons.

The Higgs Hierarchy problem is resolved by the summation of the radiative corrections
to the Higgs boson mass over the set of 4 bosonic and 2 fermionic 4d spinors.

The gravitational coupling strength of the primary quantum fields of the lower and upper
energy bounds results in a energy scale of 246GeV, the Higgs VEV.



This theory is UV-divergent free in the gravitational sector and the matter, dark matter
and dark energy sectors.
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