The approach unifying spins and charges is
offering a new way beyond the Standard model:
A simple action, in which in d > 1 + 3 spinors

carry only two kinds of a spin, no charges,

manifests in d = 1 + 3 the Standard model

effective Lagrangean—with the known gauge
fields, families and their mass
matrices—predicting the fourth family and the
stable fifth family as the Dark matter candidate.
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Collaborators and some publications

Collaborators on this project, which Susana Norma Manko¢
Borstnik has started almost 15 years ago:

Anamarija Pika Borstnik Braci¢, Gregor Bregar, Matjaz
Breskvar, Dragan Lukman, Holger Bech Nielsen (first of all),
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Introduction

WHAT DOES the APPROACH OFFER and HOW DOES IT?
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Introduction

The Approach unifying spins and charges is offering a new way
beyond the Standard model of the electroweak and colour
interactions assuming that:

m A spinor carries only two kinds of the spin, no charges and
interacts in d = 1 + 13 with the and the two kinds
of the
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Introduction

m The Dirac spin takes care in d = 1+ 3 of the spin and all
the charges of quarks and leptons, the second kind of spin
generates families.

m A simple action in d =1+ 13 manifests in d = 1 + 3, after
appropriate breaks of the starting symmetry:
the mass matrices of quarks and leptons, and the
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Introduction

We are looking for

m general proofs that this Approach does lead in the

observable (low) energy region to the observable
phenomena,

m predictions of the Approach.
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Introduction

We are trying to understand:

Where do families of quarks and leptons come from? Why
have we observed so far three families?

What does determine the strength of the Yukawa couplings
and the weak scale, that is where do the mass matrices
originate?

What does determine the colour scale?

Why does the weak charge depend on the handedness?
What does form the scalar (Higgs) field, where do masses of
the massive bosons originate?

What does constitute the dark matter? If a new stable family,
how does such a stable family behave in the evolution of the
universe?

A And others.

$tnik, Bled 2010, July 12-22, Ljubljana

The Approach ng spins and charges



Introduction

The Approach unifying spins and charges might have a
chance to offer the answers to these questions:

m The representation of one Weyl spinor of the group SO(1,13),
manifests the left handed weak charged quarks and
leptons and the right handed weak chargeless quarks and
leptons.

m There are (only) two kinds of the Clifford algebra objects.
One kind takes care of the spin and the charges, the
other of the families.

m A simple starting Lagrange density in d = (1 4 13) for gauge
fields (linear in the two curvatures) and a spinor (which carries
two kinds of the spins and interacts with the gravitational
fields— and the two kinds of

—manifests in d = (1 + 3) the known effective
Lagrange density for the families of spinors and the
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Introduction

m It is a part of a simple starting Lagrange density for a spinor
in d = (1+ 13), which manifests in d = (1 + 3) the mass
matrices.

m The way of breaking symmetries determines the charges
and the properties of families, as well as the coupling
constants of the gauge fields.

m There are two times four families with zero Yukawa
couplings among the members of the first and the second
group of families. The three from the lowest four families are
the observed ones, the fourth family might (as the first
rough estimations show) be seen at the LHC. The lowest
among the decoupled four families is the candidate for
forming the Dark matter clusters.
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Action of the Approach

The ACTION of the APPROACH
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Action of the Approach

There are two kinds of the Clifford algebra objects which
determine the properties of spinors (fermions):

m The Dirac +? operators (used by Dirac 80 years ago),

m The second one: 2, which | recognized in Grassmann space

(A" = 29 = {55},
{5 + = 0,
(3*B: = i(=)"™BY") [tho >,
B = ap+ a0 +amy P4 +an.a.. .y

(—)" = +1 or —1, when the object B has a Clifford even or odd
character, respectively.
Both are used in the Approach to determine properties of spinors.
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Action of the Approach

§% = (i/8)(7*7" — "),
S = (i/8)(7°7° — 5°5%),
{Sab’ ng}f -0

S2b define the equivalent representations with respect to S2P.

m | recognized: If 42 describe the spins and the charges of
spinors,
describe 57 their families.
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Action of the Approach

A simple action for a spinor which carries in d = (1 + 13) only
two kinds of a spin (no charges) and for the gauge fields

S = /ddecf+
/dde(aR+&/”?)

1 -
Le = S(E¥77posth) + hec.

1
a — faa « cwEfaa —
Po Poa + 52 {P }
1 1.
" = Pa _7sab o 7sab
Poa =P 5 5
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Action of the Approach

The Einstein action for a free gravitational field is assumed to be
linear in the curvature

Ly = E(awR+aR),
R = felaghh] (waba,ﬁ - Wcaawcbﬂ)a

R = fa[afﬁb] ((Daba,ﬁ - (Dcaa(ch,@)a

with E = det(e?,)
and felaffbl — faaffb _ fabgla,
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Action of the Approach

Variation of the action brings for w,p

1
Waba = 2E {eeaebw aﬁ(EfW[ fﬁa]) + €ea€ay a,B(Efw[bfﬁe])

— eeae% 8@(Ef7[afﬁb]) }
€ea [ = 3i e
T 4 V| veSap + (513% —037b) | W
1 1 d 1 d
— H{eaa |:Ee 735 (Ef/y[dfﬁb]> + E\U"}/ Sdbw:|

1 1-
— €pa |:Eed,yag (EfV[dea]> + 2\|/’7d5da\|f}:|
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Action of the Approach

and for

1
= _2E{eeaeb’y a5(E7cw[efﬁa]) + €ea€ay aﬁ(EfV[bfﬂe])

— eeaee,y 85(Ef7[afﬁb])}
€ea | = 3i, e e
= 2 Y (e + 5 (0570 = 63m) | W
! L ed v 8,0} 1 Lipad
_ d—2{e"’a [Ee 295 (Ef af b])+2w7 v

1 1.
~ b [Eedvaﬁ (Eﬁ[dfﬂal> + 50y \UH
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Action of the Approach

The action for spinors can formally be rewritten as

Lr = 97"(pm— Y "N AN)Y +
A,i

{> s v} +

s=7,8
the rest
7_Al — § : CAIab Sab’
a,b
{TAI,TB"}_ — I-(sABfAukTAk
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Action of the Approach

If there is no gravity in d = (1 + 3) the vielbeins together with the
two kinds of the spin connection fields are expected to manifest,
after the break of symmetries, the effective action

143 e
Sp = /d(+)x{_4
1 .
+§ (mAI)2
+scalar terms }.

The summation over A, is assumed.
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Action of the Approach

>
I

1 U(1) hyper charge i={1} -----. usually Y,
A = 2 ...SU(2) weak charge i=1{1,2,3} .-~ usually 7,
A = 3 SU(3)colour charge i={1,---,8} ---usually \'/2,
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Action of the Approach

The papers, which demonstrate the possibilities, that the
break of symmetries can lead to massless fermions:
m hep-th/January 2009, with H.B. Nielsen, D. Lukman,

m Phys. Lett. B 644 (2007)198-202, hep-th/0608006,
coauthor: H.B. Nielsen,

m Phys. Lett. B 10.1016 (2008), hep-th/0612126,
arxiv:07.10.1956, with H.B. Nielsen,

m Phys. Lett. B 633 (2006) 771-775, hep-th/0311037,
hep-th/0509101, with H.B. Nielsen,

m arXiv:0912.4532, p. 103-118, arXiv:1001.4679v3, with H.B.
Nielsen, D. Lukman.
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Action of the Approach

There are particular breaks —the particular isomertries— of
the starting symmetries which make that only the measured
gauge fields manifest at low energies.
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Action of the Approach

One can explicitly see that:
One Weyl spinor representation in d = (1 + 13) with the

spin, determined by S? as the only internal degree of
freedom of one family,

manifests, if analysed in terms of the subgroups
SO(1,3) x U(1) x SU(2) x SU(3),
in four-dimensional ” physical” space

as the ordinary (SO(1,3)) spinor with all the known charges of
one family of the left handed weak charged and the right
handed weak chargeless quarks and leptons of the Standard
model, with the right handed neutrinos included.
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Action of the Approach

The second kind of the Clifford algebra objects 5
takes care of the families

by generating the equivalent representations with respect to S2°.
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Yukawa couplings, scalar and gauge fields

THE YUKAWA COUPLINGS, SCALAR AND GAUGE
FIELDS
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Yukawa couplings, scalar and gauge fields

It is a part of the simple starting action for spinors in d = 1+ 13
which manifests in d = 1 + 3 on the tree level the mass matrices.

It is a part of the simple starting vielbeins in d = 1 + 13 which
manifests in d = 1 + 3 at low energies the

It is a part of the simple starting vielbeins and spin connections
in d = 1+ 13 which manifests in d = 1 + 3 the
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Yukawa couplings, scalar and gauge fields

The symmetry SO(1,7) x U(1) breaks in two steps:
SO(1,7) x U(1) into SO(1,3) x SU(2) x U(1)

leading to the Standard model massless quarks and leptons of
four (not three) families

and massive, decoupled in the Yukawa couplings from the lower
mass families, four families.
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Yukawa couplings, scalar and gauge fields

The Yukawa couplings

—Ly = 10 post)

78 78
= YT %(+) pos + (=) Po-}¥,

po- = (p7Fips)—
1 ab lzab-~
553 Wab+ — 553 Wabt
Wabt = Wab7 F 1 Wabg,
Wab+t = Wap7 F i Wabs

We put p; = pg = 0.
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Yukawa couplings, scalar and gauge fields

The together with the two kinds of in
d > (14 3) manifest in d = (1 + 3) the

m m
e? — ) 7 € 5= 0
“ esu = eSUEUAi

Here E“ p; Aﬁi stays for 7A1 x7
- the ,
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Yukawa couplings, scalar and gauge fields

To the break of symmetries both kinds of the spin connection
fields, together with the vielbeins, all of them manifesting as scalar
fields in d — (1 + 3), contribute.
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Yukawa couplings, scalar and gauge fields
[ JeJele]e]

Our technique

Our technique to represent spinor states
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Yukawa couplings, scalar and gauge fields
(o] lele]e]

Our technique

Our technique to represent spinors works elegantly.

m J. of Math. Phys. 43, 5782-5803 (2002), hep-th/0111257,

m J. of Math. Phys. 44 4817-4827 (2003), hep-th/0303224,
both with H.B. Nielsen.

E): = 2P Fa), (B = 21 E4)
fOI‘ 7733 bb __ _1,

ab 1

(£): = §(vaii7) [i] 5 (1 i7™P),
for 77aa bb __ -1

with ~? which are the usual Dirac operators
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Yukawa couplings, scalar and gauge fields

[e]e] le]e}

Our technique

s () = X9, s =1,
ab k ab . . ab k ab
Sb() = o), 50| = —5 Kl
ab ab ab
(k) = n%[=kl, AP (k)= —ik[-K],
ab ab ab ab
7 [kl = (=k), 7P k] = —ikn®(—k)
. ab ab ~ ab ab
(k) = —in*lk], ~P(k)=—klk],
ab ab ~ ab ab
k] = i(k), VP[k] = —kn(k).
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Yukawa couplings, scalar and gauge fields
[eele] o]

Our technique

ab ab ab
~? transforms (k) into [—k], never to [k].

N ab ab ab
~? transforms (k) into [k], never to [—k|.
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Yukawa couplings, scalar and gauge fields
[ee]e]e] ]

Our technique

ab ab ab ab ab ab ab ab

(6 = 0. (k) =ik, ik = k).
MK = ook =0, fdd) = (k).

ab ab ab ab ab

(k),  [k](=k) = 0.

—
=
~—
|
an
Il

ab 5 ab  gp ] ab
(k)(k) = 0, (—k)(k)=—in>[k],
ab 5p ab ab  ,p

(k)K= i(k), (k)[-kl=o0.

()= 3 F%), (1) = 3(5° + ),
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Yukawa couplings, scalar and gauge fields

00000000

The spinor and scalar representations in our technique

The representation of a left handed Weyl spinor in d =1+ 13,
if analysed in terms of the "standard model” symmetries
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Yukawa couplings, scalar and gauge fields

O@000000

The spinor and scalar representations in our technique

The representations of families, scalar and gauge fields define the
operators:

S50(1,3), the symmetry in d = (1 + 3) originating in SO(1,7)
Ny = 1(5%3 + 801 §31 4§92 12 4 j503),

fle = 1(328 450, 330 1 302, §12 1 303

SU(2)x SU(2) , thatis of SO(4) originating in SO(1,7)

7—_*1,2 _ %(558 == 567, 557 + 568’ 556 ¥ 578)

Z(12) — %(358 - 367 557 1 §68 556 578)

SU(3) x U(1) originating in SO(6)

7= 1912 _gloll g9l | g1012

5910 Jgl112 6914 _ gl013 G913 4 G1014 gl114 _ GI213

511 13 4 512 14, %(59 10 4 511 12 2513 14)}'
4 _%(59 10 | git12 4 G1314y
and equivalently in the Sab sector.
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Yukawa couplings, scalar and gauge fields

00@00000

The spinor and scalar representations in our technique

Cartan subalgebra set of the algebra S?” (for both sectors):

5037 5127 5567 5787 59 107 511 127 513 14’
503’ 512’ 556’ 578’ 59 10, 511 127 513 14.

A left handed (F*13) = —1) eigen state of all the members of the
Cartan subalgebra

03 12 56 78 910111213 14

(D)) [ () N () (=) (=) [¥) =
== +IANE + )G +RB)
(7° + ) (M =) =iy )[y).
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Yukawa couplings, scalar and gauge fields

[e]e]e] lo]elele)

The spinor and scalar representations in our technique

S?b generate the members of one family. The eightplet (the
representation of SO(1,7)) of quarks of a particular colour charge

(7% =1/2, 7% = 1/(2V/3), and 7% = 1/6)

Lil T ¥i > [y [s2 [ S 2 v[ v]

I s I N I

o1 03. 12 56 78 91011 1213 14 1 1 5 1
C8 S TG 1G0T GR 1o N o N 2 T B O -3
c 9 1011 1213 14 1 A 1
2| ug [ r][ 1\(+)(+)|\(+)( ) (5) O Nt S | I N 3] -4
B ] 91011 1213 14 1 1 5
3| dgt (+:)(+)|[ 1[ ]H(+)( ) (5) L N S O 20
1 91011 1213 14 1 1 1 5
a | ag [-][]\[][]H()()(f) L S| S O 20
. ’ 9 1011 1213 14 1 1 1
5 | dft [—:]( )\[ ](+)H(+)( &) || 1 | 31| -3] 0 1] 3
< 91011 1213 14 1 1 1
6 | o (+)[ m ](+)H( ) || o2 | 3] a | -2] o 1]
1 91011 1213 14 1 1 1 1
7| uf [—-1<+ |(+)[ w(+>< M| S S | A 1] 3
1 91011 1213 14 1 i 1 1
s o || G OENEEE | o4 [ -3l 2] 1] o 1] 1

78 78 78
—Ly =T A%{(+) pos + (=) po—}, v° (=) transforms ug of the 1t row into uy of the 7™ row, while

78
’yo (+) transforms dg of the 4 vow into dy of the 6™ row, doing what the Higgs and fy do in the Stan. model.
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Yukawa couplings, scalar and gauge fields

[e]e]e]e] e]ele)

The spinor and scalar representations in our technique

Sab generate families. Both vectors bellow ,
the second following from the first after the application of S,
describe a right handed u-quark of the same spin and colour.

S0 applied on

03 12 56 78 91011121314

(0 L)) [ (+F)(=)(=)  generates
78 91011121314

03 12 56
[+AT+TTEHE) T EE)E)
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Yukawa couplings, scalar and gauge fields

[e]e]e]e]e] lele)

The spinor and scalar representations in our technique

Eight families of ug with the spin 1/2 of a particular colour and
of a colourless vg :

0312 56 78 T2 314 0312 56 78 112 314

|| ug [+’]( ) \ (+) [+] Il (+) =] [-] VR H1(+) | ( )[+] Il (+) (+) )
112 13 14 3 12 112 1314

g || ug [+']( ) | [+] (+) Il (+) =] [-] VR [+/] (+) \ [+] (+) Il ( ) (+) (+)
o 1112 1314 12 1314

Mg || ug (+') [+] | (+) [+] Il (+) =1 [-] VR (+') [H \ ( )H] Il (+) (+) ()
03 12 56 78 910 1112 1314 112 1314

Ve || ug EDH T HIE ) =] =] VR (+') [+] \ [+]( ) Il ( ) (+) (+)
03 12 5 78 010 1112 1314 0312 5 78 010 1112 1314

Ve || ug || (EDE) T EHE) 1] (+ ) =] [-] ve || () () | (+ )(+) () (+) (+)
o 03 12 5 78 910 1112 1314 0312 56 910 1112 1314

ViR || ug (+’)( ) 1 [+] [+] Il (+) [ ] [—] VR (+')( ) | [+] [+] Il ( ) (+) (+)

56 314 10 1112 13 1

Vile || ug [+’] [+] \ ( )(+) Il (+) [ ] [*] VR [+'] [+] | ( )(+) Il (+) (+) (+)
910 1112 1314 12 1314

Villg_|| ug [+'] [+] | [+] [+] Il (+) =1 [=] VR H'] H] \ [+] [+] Il ( ) () ()

Before the break of SO(1,3)x SU(2) x SU(2) xU(1) x SU(3)
into SO(1,3)x SU(2) x U(1) x SU(3) all the eight families are
massless.
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Yukawa couplings, scalar and gauge fields

[e]e]e]e]o]e] Jo)

The spinor and scalar representations in our technique

The quantum numbers of the eight families, the same for each
member of a particular family

LT F TP TP [P [R[+C [+ #[ V]
1 -1 [ -1 1 0 0 1 o[ =3 =3
2 -1 [ -4 1 0 o | -1 o | -1 —1
3 -1 =1 0 0 : 0 [ =5 | =3
4 —1 = 0 o | -2 o | -1 ] -1
5 1 0 0 z 1 0 IT7-1 0
6 1 0 0 : L o | -1 ] -1 -1
7 1 0 o[ =5 | -3 0 : [ -3 0
8 1 0 o[ =41 -3 o | -1 13 —1
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The spinor and scalar representations in our technique

The quantum numbers of the members — quarks and leptons, left
and right handed — of any of the eight families (i € {1,---,8})
presented above

1+3 03 12 03 12 13 23 !
[ [ [sP[splsglsg[S[F] v ][ su | Y
ug; —1 FL [ £1 0 0 1 0 i Z [ triplet —1tan?0,
dij -1 | 75 [ 3] o o [ -] o : | -1 ] triplet —1 tanZ0,
v —1 Fi | £3 0 0 : 0 -1 0 singlet I tan? 0,
e —1 F5 | £3 0 0 -1 0 -1 —1 | singlet 1 tan? 6,
ugi 1 0 ETNES 0 1 Z Z [ triplet | T(1—Tran?6,)
dgi 1 0 ETHES o | T 1 =T -1 triplet [ —J(1+1tan?02)
VRi 1 0 o [ £5 | £3 0 1 0 0 [ singlet | T(1+Itan?0;)
eRi 1 0 0 +5 | £3 0 -1 —1 —1 | singlet | —I(1—TtanZ0y)
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BREAKING THE STARTING SYMMETRY SO0(1,13)
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Breaking the

Breaks of symmetries when starting with massless spinors
(fermions) and

S0(1,13)
l
SO(1,7)x U(1)x SU(3)
b
eight massless families
SO(1,3) x SO(4) x U(1)x (eight massless families) SU(3)

SO(1,3) x SU(2) x U(1)x (four families stay massless,) (four families obtain masses) SU(3)

The Standard Model type of breaking

1
S0(1,3) x U(1) x SU(3)

Bled 201
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BREAK |

m Breaking the symmetry from SO(1,13) to

SO(1,7) x U(1) x SU(3) occurs at very high energy scale (E
> 10 GeV). It is followed by the break of

SO(1,7) x U(1) x SU(3) into

S0O(1,3) x SU(2) x SU(2) x U(1) x SU(3). Both breaks
leave eight families (28/2*1 = 8, determined by the symmetry
of SO(1,7)) massless.

We are studying (with H.B. Nielsen, D. Lukman) on a toy
model of d =1+ 5 how to obtain after breaking symmetries
massless spinors chirally coupled to the Kaluza-Klein-like
gauge fields. Boundaries and the " effective two
dimensionalities” seems to be very promising.
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The BREAK 1l a

from SO(1,3) x SU(2) x SU(2) x U(1) x SU(3) to
S0(1,3) x SU(2) x U(1) x SU(3) (at E around 103 GeV or lower).

m The symmetries: hyper charge (U(1)), weak charge
(5U(2)), spin (SO(1,3)) and colour (SU(3)) with the
corresponding .

m It leaves four of the families massless and mass protected
(since they are singlets with respect to one of the two SU(2)
and with only the left handed members carrying the weak
charge), the upper four families obtain masses.

m There are the vielbeins (¢7,,), together with the two kinds of
the spin connection fields, which cause the breaking and bring
masses to the spinors and the gauge fields.
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The BREAK Il b

The break from SO(1,3) x SU(2) x U(1) x SU(3) to

S50(1,3) x U(1) x SU(3) (the weak scale break) leads to the
massive four lowest families, three of them are the measured
ones, the fourth is predicted to be possibly seen at the LHC
and to the masses of the

m The symmetries: elm charge (U(1)), spin (5O(1,3)) and
colour (SU(3)) charge with the corresponding

m All the members of the eight families have the same
family content: the same quarks and leptons, coupling
to the same gauge fields,
they differ in the masses and mixing matrices.

m Again, the vielbeins, and the two kinds of the spin connection
fields cause this weak scale breaking.
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Breaking the

The scalar, gauge fields and Yukawa couplings after lla

The gauge fields, the mass matrices and the scalars after the
BREAK Il a in the "approach”.
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The scalar, gauge fields and Yukawa couplings after lla

The gauge and the after the break from
S0(1,3) x SU(2) x SU(2) x U(1) x SU(3) to
S50(1,3) x SU(2) x U(1) x SU(3)

Afn‘o’ = A?,/, sin 6y + A,ﬁl cos B, Afn = A,\,/7 cos By — A%/ sin @5,
1

An = E(A%nl F AT,

7453 = ,"4;75]“9~2+,2\Z' cos 05, /2\2':/~4§/c059~2—/~4§// sin 6,

. 1 . -

A = (A2 1A%,

’ V2

for m=0,1,2,3, s = 7,8 and particular values of 6, and 6.
The scalar fields ( AY', A2 ANRT j =12 3)) are assumed to
have nonzero vacuum expectation values.
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Breaking the

The scalar, gauge fields and Yukawa couplings after lla

The mass matrices for quarks and leptons in the Sab sector
after the break of SO(1,3) x SU(2) x SU(2) x U(1) x SU(3)
into SO(1,3) x SU(2) x U(1) x SU(3) on a tree level.

[ [ 7 [ 0[]V ] % I % I % I Vill I
TTO0J] 0] 0] 0 0 0 0 0
T 00 ] 0] 0 0 0 0 0
0] 0] 0|0 0 0 0 0
Vo]0 0]0 0 0 0 0
A N

vioflo]| o] o] i(s%+aF -85 i —a R 0 |
R R

viflol]ol] o 0 —a3" (- +35.F) 0 —a R

N i3
vit oo ]| o o —a,R 0 1% —3,F) —a%
vih || o] o] o 0 0 AR a2t 123 4 3R
—a, —a —3(3F +3,")
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The scalar, gauge fields and Yukawa couplings after lla

It then follows that

the gauge fields (A, , ) of the charges

Y =72 4 74 tan?6,,

72+ — % ((558 + 567) + i(557 _ 568)),

manifest as massive fields,

while the gauge fields (A, A, i =1,2,3), of the charges

Y =743

Fli — %((558 _ 567)7 (557 + 568), (556 _ 578))

stay massless.

There are nonzero vacuum expectation values of the scalar fields
(AL, ), we take tan 6, =0, and of ( , i =1,2,3,), with
the scalar vielbeins included, all with respect to d = (1 + 3), which
take care on the tree level of the masses of the gauge fields and of
the upper four families of quarks and leptons.
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The scalar, gauge fields and Yukawa couplings after lla

m The properties of the upper massive four families are now

under consideration. We are treating the one loop and
possibly also the two loop corrections to the three level, trying
to understand, how do the loop corrections influence the mass
matrices when starting from the tree level as presented above.
Bellow the tree level the contribution from the massive gauge
fields (A, , ) and the dynamical massive scalar fields

(AZ",AL), as well as from the dynamical massive scalar
fields interacting with the fermions through the operators
(NE, N3, Y"), are studied.

The lowest one of the upper four families (all with no
Yukawa couplings to the lowest four families) is
predicted to constitute the dark matter.
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Breaking the

0000000

The scalar, gauge fields and Yukawa couplings after IIb

The scalar, gauge fields and Yukawa couplings after the
BREAK Il b in the "approach”.
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Breaking the

0@00000

The scalar, gauge fields and Yukawa couplings after IIb

The gauge and the after the break from
S0(1,3) x SU(2) x U(1) x SU(3) to SO(1,3) x U(1) x SU(3):

A},? = Apsinfy + Z,, cosbq,

Az = Apncosfy — Zy,sinfq,

1

W:I: - = All I'A12 ’

,N4§3 = ,N45Q sin 1 + Z\?/ cos 01,

74;/ = 74_9 cosfy — 74_?/ sin 1,

- 1 - -

A = (A IAR)

form=0,1,2,3, s =7,8, and particular values of 6; = 6,, and 0.
The scalar fields (AY', Al% and AY, Al AN i =12 3) are
assumed to have nonzero vacuum expectation values.

N.S. Manko& Borstnik, Bled 2010, July 12-22, Ljubljana

The Approach Unifying spins and charges



Breaking the

00e0000

The scalar, gauge fields and Yukawa couplings after IIb

The mass matrices for thg lower four families of the quarks and
leptons in the 52 sector after the break of
50(1,3) x SU(2) x U(1) x SU(3) into SO(1,3) x U(1) x SU(3)

on a tree level.

T 1 I 7l I 11 v ]
i3 N
~13 = =1 ~
1 %(ai+a£) a; . aiL ~0Jr
_ i N N
1 §§: %(—a?-%—a;) 0 a:‘:L
N i3
m E 0 168 -3, 3
N _ i3
Vo a,t £ -3 GE+3ah)
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Breaking the

000@000

The scalar, gauge fields and Yukawa couplings after IIb

It then follows that the gauge fields

( ’ )

of the charges

Q' =713 4+ Ytan?4y,

Tli — % ((558 o 567) + ,-(557 + 568)),
manifest as massive fields,

while the gauge field

of the charge

Q= 7%+ 5%,
stays massless, in agreement with the Standard model.
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Breaking the
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The scalar, gauge fields and Yukawa couplings after IIb

There are nonzero vacuum expectation values of the scalar fields

(A, AS),

( ) ). ( 1 =1,2,3,)

with the scalar vielbeins included,

all with respect to d = (1 + 3),

which take care of the masses of the gauge fields and of the masses
of the lower four families of quarks and leptons after this break.
(A, AL) bring to each family member a different diagonal
contribution to the mass matrices, the same for all the families,
while all the fields A; distinguish among the family members.
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Breaking the
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The scalar, gauge fields and Yukawa couplings after IIb

m The properties of the lower four families were on the tree level
studied in the paper New Jour. of Phys. 10 (2008) 093002,
under the assumption that going bellow the tree level would
take care of the differences between quarks and leptons, in
addition to the diagonal contributions on the tree level, which
are the same for all the families.
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Breaking the

000000e

The scalar, gauge fields and Yukawa couplings after IIb

m We are studying now the one loop and possibly also the two
loop corrections to the three level contributions, hoping to
prove that the loop corrections really change the mass
matrices in the right direction, that is in agreement with the
experimental data. Bellow the tree level the contributions
from the massive gauge fields (Z,,, W) and the dynamical

massive scalar fields ( ,AZ) are studied, as well as from
the dynamical massive scalar fields interacting with the
fermions through the operators (N3, N3 ).

m The rough estimations done so far predict that the fourth
family might be seen at the LHC or at somewhat higher
energies.
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ESTIMATIONS OF THE PROPERTIES FOR THE LOWER FOUR
FAMILIES
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The second break influences the massless (lower four) families
leading to the masses and mixing matrices of the three known
families and predicting masses and matrix elements of the not yet
observed fourth family.

We present here the two years old results for the lowest four
families, evaluating the mass matrices on the tree level, under the
assumption that while the symmetries of matrices when going
bellow the tree level will not change considerably, which means
that the matrix elements will approximately keep their relations,
the mass matrices of the family members would manifest the
differences in all the matrix elements. We accordingly assumed
that the mass matrices of the u-quarks, d-quarks, v and e are all
different.
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The mass matrix for the lower four families of u-quarks (—) and
d-quarks (+) is not assumed to be real and symmetric.

Adding to the contributions of the scalar fields originating in sts’
also those of w,ps, which distingush among the members of a
family, and exchanging the third and the fourth basic state, we
parameterize

a4+ bi —C4+ 0

by ai + dit 0 —Ct
ct+ 0 at + doy by

0 Ct by ar + d3t

Fitting these parameters with the Monte-Carlo program to the
experimental data within the known accuracy and to the assumed
values for the fourth family masses we get as follows in the next

page.
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For the u-quarks the mass matrix is as follows

(9,22)  (—150,-83) 0 (—306, 304)
(—150,—83) (1211,1245)  (—306,304) 0
0 (—306,304) (171600,176400) (—150,—83)
(—306,304) 0 (—150, —83) 200000

and for the d-quarks the mass matrix is

(5,11)  (8.2,14.5) 0 (174,198)
(8.2,145) (83,115)  (174,198) 0
0 (174,198) (4260,4660) (8.2,14.5)
(174,198) 0 (8.2,14.5) 200000
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This corresponds to the following values for the masses of the u
and the d quarks (the fourth family masses are assumed)

m,./GeV = (0.005,1.220,171.,215.),
mq./GeV = (0.008,0.100,4.500, 285.),

and the mixing matrix for the quarks

—-0.974 —-0.226 —0.00412  0.00218
0.226 —0.973 —0.0421 —0.000207
0.0055  —0.0419 0.999 0.00294

0.00215 0.000414 —-0.00293 0.999
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THE APPROACH MIGHT HAVE THE ANSWER TO THE
QUESTION
WHAT DOES CONSTITUTE THE DARK MATTER
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The candidate for the Dark matter constituent must have the
following properties:

It must be stable in comparison with the age of the Universe.

Its density distribution within a galaxy is approximately
spherically symmetric and decreases approximately with the
second power of the radius of the galaxy.

The scattering amplitude of a cluster of constituents with the
ordinary matter and among the Dark matter clusters must be
very weak in order that the predictions would be in agreement
with the observations.

The Dark matter constituents and accordingly also the
clusters had to have a chance to be formed during the
evolution of our Universe so that they agree with the today
observed properties of the Universe.
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m We study the possibility that the Dark matter constituents
are clusters of the stable fifth family of quarks and
leptons, predicted by the Approach unifying spins and
charges and due to the Approach having negligible Yukawa
couplings to the lower four families (in comparison with the
age of the universe).

m There are several candidates for the massive Dark matter
constituents in the literature, known as WIMPs—weakly
interacting massive particles.
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The Approach

Our Dark matter fifth family quarks, clustered into
baryons, are are not WIMPS. They interact during forming
clusters in the evolution of the universe with the colour force,
the fifth family baryons interact with the " nuclear like fifth
family force” and in the case that they are very massive the
weak force dominates, the fifth family neutrinos interact with
the weak force.
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What do we know about the properties of the fifth family members
so far? (Phys. Rev. D 80, 083534 (2009))

m The masses of the fifth family members lie much above the
known three and the predicted fourth family masses—at
around 10 TeV or highe—and much bellow the break of
SO(1,7) to SO(1,3) x SU(2) x SU(2), which occurs bellow
1013 Tev.

m They interact with the weak, colour and U(1) interaction.

m When following the fifth family members through the
evolution of the universe up to the today's Dark matter
several breaks of symmetries and phase transitions occur.

m Knowing their interactions with the gauge fields, we should be
able to estimate their interaction with the ordinary matter in
direct measurements.
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With respect to the discussions above about the properties of the
upper four families, it seems meaningful to expect that the
members of one family have approximately the same masses due to
the expectation (assumption) that no scalar fields originating in
wsts' have nonzero vacuum expectation value (the scalar fields
@abs, Nnamely, do distinguish among the family members) although
studies of the loop corrections will tell whether this expectation is
correct. If this expectation is correct, then ns = usdsds is the
lightest fifth family baryon, baryon ns (usdsds) is lighter than the
baryon ps (ususds) due to stronger elm repulsion between two us
than between two ds.
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Properties of the fifth family baryons

Evaluation of the properties of the fifth family baryons
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Properties of the fifth family baryons

We use the Bohr (hydrogen)-like model to estimate the
binding energy and the size of the fifth family neutron
(usdsds), assuming that the differences in masses of the fifth
family quarks makes the ng stable

1 /2 2 Mgs - hc
By~ 35 <3ac> 5 € rCBNW' (1)
The mass of the cluster is approximately
1
me, € % 3mg, (1~ (5 ac)?) (2)

3

. (We use the factor of % for a two quark pair potential and of %
for an quark and anti-quark pair potential.)
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Properties of the fifth family baryons

The Bohr (hydrogen)-like model gives for the fifth family

baryon ng

mgs ¢ Ey Feg Amyyc?
TeV Q¢ Mg c? 10—%fm GeV
1 0.16 | -0.016 | 3.2-103] 0.05
10 0.12 | -0.009 | 4.2-10°| 05
102 || 0.10 | -0.006 52 5
103 || 0.08 | -0.004 6.0 50
10* || 0.07 | -0.003 0.7 5.10?
10° || 0.06 | -0.003 0.08 5.103

Table: myg, in TeV/c? is the assumed fifth family quark mass, a. is the
coupling constant of the colour interaction at E ~ (—E;/3) which is the
kinetic energy of quarks in the baryon, rcs is the corresponding average

radius. Then o, = 7r. is the corresponding scattering cross section.

2
C5
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Properties of the fifth family baryons

m The nucleon-nucleon cross section is for the fifth family
nucleons obviously for many orders of magnitude smaller
than for the first family nucleons.

m The binding energy is of the two orders of magnitude smaller
than the mass of a cluster at mg, ~ 10 TeV to 10° TeV.
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Evolution

Evolution of the abundance of the fifth family members in
the universe:
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Evolution

To estimate the behaviour of our stable heavy family of quarks and
anti-quarks in the expanding universe we need to know:

m the masses of our fifth family members,

m their particle—anti-particle asymmetry.

We shall take the fifth family mass as the parameter to be
determined from the today’s Dark matter density and assume
no fifth family particle—anti-particle asymmetry.

Both, the masses and the asymmetry follow from our starting
Lagrangean, if (when) we would be able to calculate them. But for
heavy enough fifth family baryons this asymmetry is not important.

N.S. Manko& Borstnik, Bled 2010, July 12-22, Ljubljana

The Approach fying spins and charges



Evolution

m In the energy interval we treat, the one gluon exchange is
the dominant contribution up to ~ 1 GeV when the colour
phase transition starts.

m The fifth family quarks and anti-quarks start to freeze out
when the temperature of the plasma falls close to mg c?/kp.

m They are forming clusters (bound states) when the
temperature falls close to the binding energy of the fifth
family baryons.
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Evolution

m When the three quarks or three anti-quarks of the fifth family
form a colourless baryon (or anti-baryon), they decouple
from the rest of the plasma due to small scattering cross
section manifested by the average radius presented in the
above Table, manifesting the " nuclear force” among the
fifth family baryons.

m The fifth family quarks (or coloured clusters), which survive
up to the colour phase transition, deplete at the phase
transition (before the first family quarks start to form with
them the colourless hadrons), due to their very high mass and
binding energy. We made a rough estimation of how and why
this is happening. The proof has not yet been done.

m More accurate evaluations are in progress.
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Evolution

To follow the behaviour of the fifth family members in the
expanding universe, we need to solve the corresponding coupled
Boltzmann equations, for which we need to evaluate:

m Their thermally averaged scattering cross sections (as the
function of the temperature) for scattering
i.a.) into all the relativistic quarks and anti-quarks of lower
families (< ov >43),
i.b.) into gluons (< ov >g4),
i.c.) into (annihilating) bound states of a fifth family quark
and an anti-quark (< ov >(43),),
i.d.) into bound states of two fifth family quarks and into
the fifth family baryons (< ov >;)
(and equivalently into two anti-quarks and into anti-baryons).
m The probability for quarks and anti-quarks of the fifth family
to annihilate at the colour phase transition (Tkp =~ 1 GeV).
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Evolution

We solve the Boltzmann equation, which treats in the
expanding universe the number density of all the fifth family
quarks as well as of their baryons as a function of thr temperature
T (T = T(t), tis the time parameter).

The fifth family quarks scatter with anti-quark into all the other
relativistic quarks and anti-quarks (< ov >45) and into gluons
(< ov>g).

At the beginning, when the quarks are becoming non-relativistic
and start to freeze out, the formation of bound states is negligible.
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Evolution

m The Boltzmann equation for the fifth family quarks ng, (and
equivalently for anti-quarks ng,

_ d(a3n ) (0) (0) Nge NG NgNg
3 ds gs''gs q'’'q
a —_— = <oV > n +
dt a3 Nas Ngs ngg) ”E‘; ) n‘g )n(o)
0 Ngs NG ngn
<ov g g | GG+ 5 o)
Ngs Ny, Ng Ng

o) _ m;c® Tk
ni” = & Ty
case and to p(Tk") for mjc? << Tkp).

-c2
)ze T for mjc2 >> Tky (which is our
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Evolution

m When the temperature of the expanding universe falls close
enough to the binding energy of the cluster of the fifth family
quarks (and anti-quarks), the bound states of quarks (and
anti-quarks) and the clusters of fifth family baryons (in our
case neutrons ns) (and anti-baryons fis—anti-neutrons) start
to be formed.

m The corresponding Boltzmann equation for the number of
baryons n., reads

2
d(a3n ) 2 n n
-3 Cs (0) as s
a " — = <ov> n — —
dt e |\ {0 T o
qs Cs5
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Evolution

The number density of the fifth family quarks ng, (g, ) which has
above the temperature of the binding energy of the clusters of the
fifth family quarks (almost) reached the decoupled value, starts to
decrease again due to the formation of the clusters.

a—3 d(a3n%) _

dt
2 2
nqS nC5 nC5 nqs
(0 (0 MasMas , NgMg
< ov >qq Ngg nqs (_ (03 gg) (0) (O))
Ngs' Ngs Ng " Ng
<OV >g ngs)n(o)( Ngs Ngs ngng ).

0 0
85) E]s) né) (0)
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Evolution

m At the temperature < 1 GeV/c? the colour phase
transition starts and the fifth family quarks and
anti-quarks and the coloured fifth family clusters, all with
a very large mass (several 108 MeV to be compared with 300
MeV of the first family dressed quarks) and accordingly with
the very large momentum, with a very large binding energy
(see Table above) and also with the large scattering cross
section (which all the quarks obtain at the coloured phase
transition) deplete before forming the hadrons with the
lower family members. This is waiting to be proved

m The colourless fifth family baryons, being bound into very
small clusters, do not feel the colour phase transition.
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Evolution
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Evolution

From the calculated decoupled number density of baryons and
anti-baryons of the fifth family quarks (anti-quarks) n.,(T1) at the
temperature T1kp, = 1 GeV, where we stopped our calculations (as
a function of the quark mass and of the two parameters 7, and
(q3)s which measure the inaccuracy of our calculations), the
today's mass density of the dark matter follows

a3ne,(T1) = a3ne(T2), with the today's ag = 1 and T = 2.7..0
K)

3
Pdm = Qdmpcr:2n"c§ nC5(T1) (-,—1> g*(To)’
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Evolution

2
B | e =dy [ =3 | -1]=3]-10]
Nes = 25 21 36 | 71 [ 159 | 417
Nes = 15 12 20 [ 39 | 84 | 215
Nes = 3 9 14 | 25 | 54 | 134
Nes = 1 8 11 | 19 [ 37 | 88
Nes = 3 7 10 [ 15 | 27 | 60
Nes = 10 7* g* [ 13| 22 [ 43

Table: The fifth family quark mass is presented, calculated for

different choices of 7o, and of 7)4g),, which take care of the inaccuracy of

our calculations.
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Evolution

We read from the above Table the mass interval for the fifth
family quarks’ mass

10 TeV < mg, c® < 4-102TeV. (3)

From this mass interval we estimate from the Bohr-like model the
cross section for the fifth family neutrons 7(r)?:

107 3fm? < o, < 10 %fm?. (4)

It is at least 1070 x smaller than the cross section for the first
family neutrons.
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Dynamics of baryons

Dynamics of the heavy family baryons in our galaxy
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Dynamics of baryons

m Our Sun's velocity: vs ~ (170 — 270) km/s.

m Locally dark matter density pg,, is known within a factor
of 10 accurately:
Pdm = PoEp, po = 0.3GeV /(c? cm?),
weput%<ep<3.

m The local velocity of the dark matter clusters v, is
unknown, the estimations are very model dependant.

m The velocity of the Earth around the center of the galaxy is
equal to: Vg = Vs + Ves,
VES = 30 km/s,

YSVES ~ cos@sinwt, 8 = 60°.
VS Ves
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Dynamics of baryons

m The flux per unit time and unit surface of our Dark matter
clusters hitting the Earth:
Sogm =D, ’,’nd—:’s" |Vami — VE| is ~ equal to

dmi |- . . Vdmi — Vs
D ~ Y P |G — V5| — Vs - e
’. mC5 ’VdmI_VS‘

m We assume ), |Vgmi — VS| Pdmi = Evyys €p Vs o, and
correspondingly

7 . .
) Ves- ‘Vd::_‘/s‘ VESE vymes €OS 0 sinwt, with w for our

Earth rotation around our Sun.

1 1 Svims
m We evaluate 1 3 < Evms <3 and 3 < EvgmES <3
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Dynamics of baryons

The cross section for our heavy dark matter baryon ns to
elastically scatter on an ordinary nucleus with A nucleons in the
Born approximation:

1 2 .2
OcA = Th2 < |MC5A| > My,
ma A== m,, A%-.. the mass of the ordinary nucleus,

U(A) = 0 A4,

2 1
oo =97 €opar 35 < Eonua < 30,
when the "nuclear force” dominates,

mn; GF  A— —64,A—Z
u 0—0 - \n/lz?F(¥)2€f7weak (: (10 6fmT)2 80Weak)’

~
6\o'weak ~ 5

when the weak force dominates (mg, > 10* TeV).

m The scattering cross section among our heavy neutral
baryons ns is determined by the weak interaction:

oy ~ (1078 fm)2 5% .

5
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Direct measurements

Direct measurements of the fifth family baryons as dark
matter constituents:
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Direct measurements

Let us assume that DAMA/Nal and CDMS measure our
heavy dark matter clusters. We wait for the last analyses in
Xe experiment to evaluate their data in the same way.

We look for limitations these two experiments might put
on properties of our heavy family members.

Let an experiment has N4 nuclei per kg with A nucleons.

At Vgme = 200 km/s are the 3A scatters strongly bound in
the nucleus, so that the whole nucleus with A nucleons
elastically scatters on a heavy dark matter cluster.

The number of events per second (Rj4) taking place in Ny
nuclei is equal to (the cross section is at these energies almost
independent of the velocity) what follows
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Direct measurements

VES

cos O sinwt),
Vs

0 13
Ra = Na L2 0(A)vg ey, q &, (1 + “emes
rr‘(:5 EVde

ARp = Ra(wt = §) — Ra(wt = 0) = Np Ry A* ZmES YES cog),
VdmS

vs
Ro = 00 po3 mgs vs €.

€ = Ep Evymes o
1073 < £ < 102, for the " nuclear-like force" dominating
1072 < = < 10!, for the weak force dominating

Let ecut o determine the efficiency of a particular experiment to
detect a dark matter cluster collision, then
Vs

~ 4 EVdms
RAexp ~ NaRgA"ecuta = ARaccuta =

Vames VES €OS 0
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Direct measurements

If DAMA/Nal is measuring our heavy family baryons (scattering
mostly on /, A = 127, we neglect Na, with A = 23)

Evdms vs
Evymes VSE €os 600’

Rl dama ~ ARdama

most of unknowns are hidden in ARyama-

For Sun’s velocities vs = 100, 170,220,270 km/s
we find = 7,10, 14, 18 respectively.

v Ec059
DAMA /Nal publishes AR y2m, = 0,052 counts per day and per
kg of Nal.

Then R gama = 0,052 —tdms __Vs g counts per day and per kg.

a"d ES VSE COS
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Direct measurements

CDMS should then in 121 - 2 days with 1 kg of Ge (A =73)
detect

0.052-121-2,

8.3 73 V4 Ecutcdms EVdms
RGe €cut cdms = 2.0 (127) Ecut dama Evgmps VSE 5059

which is for vg = 100,170, 220,270 km/s
Equal to (20 32 42 50) Ecut cdms  EVdmS

Ecut dama EvgmEes

CDMS has found no event.

If Sucams “vams js small enough, CDMS will measure our fifth
Ecut dama EVdeS

family clusters in the near future.
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Direct measurements

m DAMA limits the mass of our fifth family quarks to
2007eV < mg,c® < 10°TeV.

m Cosmological evolution requires that masses of the fifth
family quarks are not larger than a few 100 TeV.

m We have checked also all the other cosmological and
noncosmological measurements.

m None is up to now in contradiction with the prediction of the
Approach unifying spin and charges that the fifth family
members, with neutrino included, constitute the Dark Matter.

m The Xe experiment has not yet been carefully evaluated.
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Direct measurements

m Also fifth family neutrinos might contribute to the dark
matter. We are studying the behaviour of these
neutrinos in the expanding universe taking into account
annihilation properties of the weakly interacting particles
bellow the weak symmetry breaks.
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CONCLUDING REMARKS
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There is a lot of open questions which the Standard model of the
electroweak and colour interactions leaves unanswered.

The approach unifying spin and charges is offering the (new)
way to answer these questions:

m It offers the explanation of the origin of the charges,

m It offers the mechanism for generating families (the only
mechanism in the literature, to my knowledge, which does not
on one or another way put the families by hand) and
correspondingly explains the origin of the mass matrices.
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It predicts:

m In the low energy regime four families (with nonzero
Yukawa couplings),
the fourth to be possibly seen at the LHC and
correspondingly the masses and the mixing matrices.

m The stable fifth family which is the candidate to form
the dark matter.
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We evaluated:

m The properties of the lower four families. We are not yet
able to tell the masses of the fourth family members. We are
studying their properties bellow the tree level.

m The properties of the higher four families, on the tree and
bellow the tree level, are under considerations.

m Possible ways of breaking the starting symmetry, leading
to known gauge fields and known properties of quarks
and leptons. We succeeded to guarantee massless spinors
chirally coupled through the Kaluza-Klein-like charges to the
corresponding gauge fields for a toy model without a fine
tuning, which seems to be very promising also for our realistic
case.
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m The properties of the fifth family quarks:

Their forming the neutral clusters.

Their decoupling from the rest of plasma in the evolution
of the universe.

Their interaction with the ordinary matter (with the first
family baryons) and among themselves.

B Their behaviour in the colour phase transition. More
accurate evaluations are now in process.
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I am concluding:

m There are more than the observed three families, the
fourth family will possibly be seen at the LHC.

m The fifth family, decoupled from the lower four families
(no Yukawa couplings to the lower four families), is the
candidate to form the dark matter, provided that the mass
of the fifth family quarks is a few hundred TeV.

m | am also predicting, that if DAMA experiments measure

our fifth family neutrons, the other direct experiments
will "see” the dark matter soon.
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Open problems to be solved—some main steps are already done
or are in the process:

m The way how does the breaking of symmetries occur and
define the scales.

m The behaviour of quarks and leptons (neutrinos) and
gauge fields at the phase transitions of the plasma
(SU(2) and SU(3)).

m The way how do the loop corrections influence the
Yukawa couplings evaluated on the tree level and define
correspondingly the differences in masses and mixing
matrices.

m The discrete symmetries and their nonconservation
within the Approach.

m Many other not jet solved problems.
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