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I. Introduction

e \We want to understand the origin of universe based on par-
ticle physics and general relativity.

e [ he mass fraction of elements in the early universe, becomes
a function of baryon density parameter and Hubble constants
Qnmoh?, (h = Hg/(100kms—1Mpc—1) (Burles et al,2001)

e INn our universe there are more particles than anti-particles.
Cosmological observation indicates that the energy of dark
matter is more than 5 times larger than that of our universe,
and dominates about 27% of the whole energy.

e Dark energy is about three times of matter energy.



II. Cartan’'s supersymmetry and triality

e In Cartan’'s supersymmetric theory, fermions are defined by
octonions, and interactions of vector current of fermions and
gauge fields are studied. Its extension to interaction of axial
current of fermions is straightforward, and gives differences

in B; decay and B; decay, which the Cabibbo-Kobayashi-
Maskawa CKM theory cannot explain.

e [ he Clifford algebra of R3,D is equipped with the basis

{1,e1,e5,e3,e1e2,e0e3,e1e3,e1ex€e3},

which expresses Pauli algebra or quaternion algebra.



e Cartan considers fermion fields o

Y = L1+ &g+ E&k+é = ( 5541_:'1.2 Etl—_éi )

CY = —€r341 —§3147 — 124k + &123 = ( i;l;;g; igéiq _;1'5:3314;521114 )

and the spinor operator

¢ = &4t + €247 + &30k + &0 = ( é{i:_ :5'53; igtlli_iég; )

£1234 — 1612 —i€23 + €31 )

Cp = —€x31—E£31] —&12k + &1034 = ( —i€p3 — €31 &1234 + €12

and vector field

{z,2'} = {z1, 20, %3, T4, 2], 5, 25, 24 }.



Cartan defines three quadratic forms

F = a:lxll + :DQLE’Q + :L‘3:l:,3 -+ :1341:;
WV = —£1€234 — £2€314 — £38124 + £4&123
D = £0&1234 —&23814 — £31824 — £12834

and obtained 5 Triality transformations

{G23,G12,G13,G132,G123}

that leave F, V¥ and & invariant. The transformation table of
the 5 transformations are given in [Furui,2012].



e Cartan studied interaction of even dimensional field =, ' and
spinor fields ,Cvy¥ and ¢,C¢ which are composed of quater-
nions, and each pair composes an octonion. Cartan showed
that there is a group & which contains octonion transforma-
tion and leave ‘¢C X, F=x -z’ , d =t¢C¢ and W = tCq
invariant.

e T he vertex of vector particles and spinors ygz#v, Can be ex-
tended to include weak interaction by replacing the vertex to
YyoxHyu(1 —~5) and choosing -1 or g such that the couplings
are unified in the form

4

> (@iCoCy + x;CHY)

=1

e \We obtained the table of spinor vector field coupling via v,7vs.



In the SM, B meson decay into #¢ in the lowest order is given by

4 O s
()2 Y 21— vs)yul o2 (1 — )yt
V2 p=1 qc —m7y

Fig.1 Typical diagrams of Bs(B,;) — ££ decay in SM.
They contain two 1 — g5 operators.

e |

(1=-ys)
ZH (1-ys)




Fig.2a Typical diagrams of B — ¢#¢ decay which contain one ~5 operator.
B — ¢¢ (left) contains one loop, and B — ¢¢ (right) contains two loops.




Fig.2b Typical diagrams of B; — ¢¢ decay.

In the right diagrams &104x1€31 and &107s5x% €314 couplings and
x4 /z7 mixing allow the decay.

B §u Vs




e [ he CKM model was successful since Higgs meson separated
t quark from other quarks, and m, ~ my. The problem of
B meson decay branching ratios indicates importance of the
difference of ms; < me < myg < my and my < m. < mpg, and
supersymetric interactions.

e Presence of ¢ meson in the same sector as that of s meson
IS not crucial in the decay of K mesons since m. > myg, but
crucial in that of Bs since m: < mp. In the case of Dirac
spinors, our model contains the triality symmetry, which can
be interpreted as the color degrees of freedom (r,g,b). The
neutrinos in a definite flavor sector are

1"'&:'[1"11-1 yd]r,g,bﬂ yﬂ:[”ﬂ: yS]T,g,bl I"T:[I"h yb]r,g,b

all left-handed, and there are seven right-handed neutrinos.



e We expect that our electromagnetic detector can detect
electromagnetic fields transformed by G,5, but cannot de-
tect electromagnetic fields transformed by G115, G113, G123 and
G1372. There are six lepton sectors

|E:| Ve }*, |au’:l ”.n'")*u |'.'r:| ”r_}*z |E:| HE)**J |au‘:l yﬁ)**u |'T:| UT}**
whose massive neutrino components cannot be detected by
our detectors, and two additional right-handed neutrinos.

e [ he number of massive neutrinos becomes 2146 = 27, and
the number of right-handed neutrinos becomes 74+ 2 = 9
in this model. It is possible to construct a model satisfying
the Z5 symmetry using Dirac lepton neutrinos and Majorana
quark neutrinos.

e IT in the univese there are world which are transformed by
G;; and Gijk, and the uncertainty principle applys not only in
our world but also in whole universe, we can understand the
presence of dark matter.



e Using Clifford algebra, one can assign vectors of (v, C) and
(¢,C¢) where ¢ corresponds to the charge conjugate state
of . There is no preference of (vy,Cv¥) and (¢,C®), in gen-
eral, there are no unique bivector F & A2R83 which contains
octonions, whose field has characteristic 2 (Lounesto,2001).

e But combining with the commutation relations of quater-
nions ¥ and ¢, or C¢¥ and C¢ we can define unigque bivectors
which contains octonions satisfying Cartan’'s supersymmetry.

e The Dirac fermion is defined by 1,Cv¢¥ and ¢,C¢ both in 8
dimensional space, and together with the vector fields =, =/,
they follow the supersymmetry that has the triality symmetry.



III. Nature of Go3,G19,G193,G13 and G13> Transformations

e The Go3 transforms matters to anti-matters and has the
commutation relation

1 .
E(iij'fijq —&ija&i;) =1, (ij = 12,23,31).

By G152, one obtains the commutation relation of spinors and
vectors

1 1 1
E(Elzma—igﬁu} =1, E(Ezail—mliza) =1, 5(&31$2_$2£31) =1

and anti-commutation relations of time component of spinors
and vectors

1 .1 y _
5("3&4331 +z'€a)=-1, (i=1,2,3).



By G113, one obtains the commutation relation of vectors and
spinors

1 .7 .7 _
E(gimz _‘Ti 'Sz) — 1:l (?“ — 112:3)
1 5 3 1 5 2 1 4 1
5(«’3 §124—&12477) = 1, 5(5‘3 £314—€3147°) = 1, E(fﬂ §234—Eo34z”) = 1.

By G153, one obtains the commutation relation between vectors
and spinors

1 1 1
E(mg‘flz—ﬁuﬂg) =1, 5(33?531—'531&2} =1, 5($1§23—§234$1) = 1.

By G132, one obtains the commutation relatin between vectors
and spinors

1

1 1
E(ﬁlzmg—mg'flzq) =1, E(E31$2—$2§314} =1, 5("323$1—$1€234) =1

The main part of the universe transformed by Go3,G19,G13,G193
and G135 are difficult to detect by our electromagnetic detecters,
and they appear as dark matter.



IV. Gravitation and the Universe

e Description of Dirac fermions is not unique. The sub algebra
R';1 with a basis

{1,e1ep,e1e3,epe3,e1e4,e0€e4, €3€4, €1€0€3€4 }
where e; satisfy e? = e3 = e3 = 1,e2 = —1 is equivalent to
Pauli algebra, defined by e1eq = 01, e0e4 = 05, e3e4 = o3 and
€1€0€3€4 = 010203 = 1.

T his non-commutative algebra can be calculated on PC using
MathematicalAragon et al.,2008].

e In the n dimensional linear space V over a field F' and exterior
algebra AV, octonion appears by defining ejece3 = £, and
choosing

{11 E]_.J EE:‘ Eg, —E?}E., —EEE., —Elf, E}

as the basis of the field[Dray and Manogue, 1998|. The
commutation relations of e; are not same as those of Cartan’'s

&;-



e In the theory of general relativity, using time T of freely falling
observer, the Newton’s equation becomes

.. GM
r(r) = — 2

and when r > ry = EGM}cE{Schwarzshild radius), using the
watch of the observer, the equation becomes

duv rs.GM
T_a-=& .
dt ( T)TE

In the gravitational field of a star of mass M, the light that
has the path with closest distance of rg is bent with angle

4GM
5

Ag ~

rpc
These relations are independent of the color of quarks that
compose matter.



e In the Hubble's expansion theorie, the matter density pm(r,t)
and the velocity field v(r,t) satisfy continuity equation and
Euler's equation

Otpm + div(pmv) = 0

ﬂtﬂ+ﬂ'?1’=—ivpm+.f (1)
Pm

where f contains the gravitational force g = — V&

AP —divg = 4nGpm

e [ here is an additional force

Ac? A2 4nG
e R L t)] = —
Ia 3 f(t) 3 3

and the corresponding energy is called dark energy.

Pm

e T he energy of ordinary matter is about 5% of the total energy
of the universe and about 1% is luminary.



e Since there are expected to exist other universe transformed
by 5 transformations, the baryonic energy/total energy of the
whole universe is expected to be

Qumltheory = 0-04 x 6 ~ 0.24,

which is not far from the dark matter parameter of the uni-
verse 0.268(Wikimedia).

e Since gravitational energy is blind to the color of electro-weak
and strong interactions, 1/3 of the dark energy parameter of
the universe, i.e. 0.683/3=0.228 should be close to the
baryonic energy of the universe Qm|ipeory-

e Rebhan(2012) derived as the sum of dark matter parameter
and lightning matter parameter 2,0 = 0.28, and the dark
energy parameter

Qﬂ[} =1- ng = 0.72.
Our Qm|theory agrees with 1/3 of Qp.

20



26,8 % matiére
noire

633 4 é i
' ::;ﬁ: 4.9 % matiere
4 ordinaire »

(Wikimedia, Matiére noire)

Bitbol(2010) wrote, paraphrasing Kant, that les faits sans formes
sont certes aveugles, mais les formes sans faits sont vides(facts
without forms are surely blind, but forms without facts are empty).
One may be able to say that a recognition not related to ex-
periences from detectors but based on mathematical forms is
possible.

21



e [ he gravitational interaction between our universe and the
universe transformed by Go3,G19,G13,G123 and G35 IS tO
be investigated.

e Neutrino interaction between our universe and the universe
transformed by Goa,G19,G13,G123 and Gy3o will give use-
ful information for establishing Cartan’s supersymmetry of
electro weak interactions.

Merci Thanks Danke fiff>) "X+
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