Quark and Higgs sector in 7+ 1 dimensional extended
spin space
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SM status

@ Many free parameters.
@ No experimental input.
@ No evidence of popular BSM.

o BSM alternatives?
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Spin space extension

@ Spin 1/2 fundamental degrees of freedom.
e Extra dimensions (Kaluza-Klein).

o Keep 4-d spacetime.
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Camel) e
Clifford algebra

(é/N
® Ya¥p+VYa = 28ap-
o a,f=0,1,...3,5,.. N.
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Camel) e
Clifford algebra

(é/N
® Ya¥p+VYa = 28ap-
o a,f=0,1,...3,5,.. N.

%4 for spacetime.

° Gva%[Yu,Yv] con u,v=_0,...,3.
o S(A) = e a0,
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Extended spin model General properties

Lorentz and scalar generators

Example

S(NY*S(A) = (/\_1)“ vy’ para u,v=0,...,3.
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Extended spin model General properties

Lorentz and scalar generators

Example

S(NY*S(A) = (/\_1)“ vy’ para u,v=0,...,3.

Example

S(NY’S(N) "t =97 para a=5,...,N
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Extended spin model General properties

Scalar generators

o Continuous symmetries

@ Coleman-Mandula.

Scalar generators set )

o Sna=3(1+%)UQRNY2) g I(I—%)U (2N-4/2)
° B=—innrR
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Extended spin model General properties

Matrix space schematics

1-2 1-2 F F
y(N—Il)R RCa F \" SA
S (N-2)L®Ca F S,A \
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Extended spin model Operators and transformations

General properties

Physical fields in €3 ® Sn_4

o (elements of 3+1 space) x ( Fn_sclements

combination of products of >
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Extended spin model Operators and transformations

General properties

Physical fields in €3 ® Sn_4

o (elements of 3+1 space) x (

combination of products
SN_aelements

Transformations
o ¥ — UwUT
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Extended spin model Operators and transformations

General properties

Physical fields in €3 ® Sn_4

o (elements of 3+1 space) x ( combination of products of >

SN_aelements

Transformations
o ¥ — UwUT

Eigenvalue equation
o [0, V]=AV
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Extended spin model Operators and transformations

Projection operator &

@ Acts on Poincaré #,, =i (Xuav —xva“) + %G#V and scalars .#y_4
generators

v =2 Iuv =P [i (xudy —xvIu) + 30uv] ,

S =PI N4
@ Fermions contain 1— &2 and posses standard transformation properties
oV UV

SILi*IFAE
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Extended spin model Example in 5+ 1 dimensions

Electroweak

Multiplets States W fs Y Q L
Fermion V= 10-RPHAF ) 12 1 01
doublet e = %(17775)(70 )1 +i7°Y°) -1/2 -1 -1 1
o SIAHRPPEAE - 0 2 1 1
Scalar s (1=5)P(L—irr) 12 1 1 0
doublets 47\1/5(1*775)70(75+"76) -1/2 1 0 0
Vector ﬁ Vi(;;l;\l/yz) Y 8 8 8 8
singlets 2\1/§ (P — i)Y 0 0 0 0

TA-B)PI i) i) 10 1

Vector triplet ﬁ(l - (F +ir) Py 0 0 0

5(1=7)° (1 +i?)(¥° +i7°) o -
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Extended spin model Example in 5+ 1 dimensions

Fermion - vector Lagrangian

L = PtV (19 lgen + 842 (<) ] Yo7 — Mo} WPy,
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Electroweak model in 7+ 1 dimensions Generators and operators

Scalars and basis

gamma matrices
° %, %,---, "8

Scalars

@ 479,a=5,...,86%p="YV, a< b, 4 Yabc = VaVoYe, Y6 V7%
@ 32 scalars & =P, U(4)® P_U(4)

Cartan basis

o 1, B, %%, V¥, WYV Ys¥¥s. vivshs, Bvevinls.

SILi* FAE
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Electroweak model in 7+ 1 dimensions Generators and operators

Operators

o Z=B=1(1-ip%).

o Y=21(1—in¥) (1+i3(1+%)r)-
o h=4(1-%)1—iww)rs.

i
° Il—g(l—}’s)(l—%%)ﬂ
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Electroweak model in 7+ 1 dimensions Generators and operators

Flavor operators

h=g(1+%)(1+irr°) 7,
o fh=¢(1+%)(1+i1r°Y) P,
fy=g(1+%) (1+ir°y°) v,
h=§(1—1%) (L+irP) 7,
o h=g(1-%)(1+iV"Y) 7P
3= (1=5) (1+ir°Y°) ¥,
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Electroweak model in 7+ 1 dimensions Quarks

Matrix space schematic

1 2 3 45 6 7 8 9 101112 13 14 15 16

1 1
2 2
3 3
4 4
5 5
6 6
7 7
8 8
9 9
10 10
11 11
12 12
13 13
14 QL 14
15 QL 15
16 QLL6

1 23 45 6 7 8 9 101112131415 16
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Electroweak model in 7+ 1 dimensions Quarks

Massless quarks

- () (REBE )

o Up=1(1+%) (}/5—176)( T+i) Y (P -7)
o Dh=:1+%)(¥—i) 1Y) P (P —7)

‘l—‘l—\‘
(<))

1

=)}

Baryon number 1/3, hypercharge 1/3, and
polarization -1/2 (operator 3iBy'¥?), I3 Q f3 f3 F
left-handed quark doublets.

L /2 2/3 -1/2 3/2
Q}—(D@ -1/2 -3 12 0 3p2

w2 12 2/3 1)2 -1/2
027<D%> ~12 -3 12 0 —12ga:
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Electroweak model in 7+1 dimensions Higgses and mass operators
Higgs doublet

Baryon number zero, Higgs-like scalars I3 Y Q %Bylyz
0= (%)= (ST Y
to\e? 5 (L=1°7°) 1+ 1Y P%) w -1/2 0

[y

¢,2:<¢2+):< s (L=P°7°) (v +17°) 10 ) 12 .

97 ' ~1/2

s (1=ir®®) 1+ iV P%) Y P

o

SILi* FAE
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Electroweak model in 7+1 dimensions Higgses and mass operators

Mass operators basis

e Hamiltonian mass operators Sy, S €.

My =° Ms = iY°

Vi iPPP M= 7P

Ms = iy’ %y Mz =YY

My =YY Y Mg =iry°Y %y’

@ Choose My to My,
o a3 (My+ Mp)+ o (M3 — M) non-Higgs,
e Flavon?
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[SEICGITVEEV T DR A B NS E  Mass hierarchy effects

Massive quarks

*]
Uy =
] le
Un =
(] U,%/,

N A (¢1 +¢1T)+b1 (‘Pz +¢ )7
Mo =

2 (My+ Mp) + 22 (M3 — M),

%( Ul = Up+ U+ UR)
> (-D}+ D+ D}~ D})

(U — Uz = Ul + Ug),
(D} + Dk — D} = D)
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[SEICGITVEEV T DR A B NS E  Mass hierarchy effects

Massive quarks

Baryon number 1/3 and polarization -1/2 Q M Mo Q
(operator 3iBy'y?), massive quarks

U=} (~UL- R+ U2 + ) 23 mpn sy athgmn
Uiy = 3 (U - U~ U + U3) 23w mgh ashgmin
Uy =3 (U}~ U+ U2+ 0R) 23w mgh ashgats
Ujy=} (U~ U3+ U - UB) 2/3  mpm sy ashnch
Dy =3 (-0} +DEfD;%) el sl s i
D% =1 (D} - D3 - D} +D}) -1/3 azh 2tk a-bhitath
D}y =} (~D} + D4~ D} + D) 13 mgh mpm ahga
Dfy =} (D2 + D} - Df + ) “l3 mph g achusshp
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[SEICGITVEEV T DR A B NS E  Mass hierarchy effects
Vertical effect

o Q=M1+ .4
("] 32:b2:0

b .
%, for U, i=1,....4
o
‘p ,
%, for Di,, i=1,...,4

ay = my+my,
blzmu—md

SILi* FAE
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[SEICGITVEEV T DR A B NS E  Mass hierarchy effects

Horizontal effect

o Q=M1+ .45
@ a3=b=0
ax—bo

as+ by

, for U,:\l/,, D,lv,

, for U3, D%
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Summary

Summary

Extended Clifford algebra

4-d spacetime

Matrix space of operators and states
4 quark generations

2 Higgs doublets

Mass hierarchy effects

Outlook

e Phenomenology
o Texture matrices, mixing angles, top, bottom, Higgs relation.
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