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Introduction

Motivations and main topics
Spectral Triple

@ Noncommutative geometry “a la Connes™: its main motivation
is to extend the commutative duality between spaces and
functions to the noncommutative setting.

GEL'FAND-NAIMARK THEOREM

Commutative C* — algebras €
<~

Hausdorff topological spaces M

@ We can reconstruct the space M from €' (M) (points<IRR)

such that & is x — isomorphic to the algebra of continuous
functions €' (M).
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Motivations

@ The next step is to give an algebric formulation of differential

geometry:
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Motivations

@ The next step is to give an algebric formulation of differential
geometry:

@ The introduction of a canonical triple
(o = C*(M),# = [2(M,S), D)
allow to fully describe a compact Riemannian spin manifold M.

(A. Connes, Noncommutative Geometry, 1994)

@ The metric on the manifold will be determined by the Dirac operator
D, do(p.q) = sup { [F(p)— F(q)| : f € || [B.F] |l <1}
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NC extension

Spin ManifoldM Canonicaltriple

(C=(M),L2(M,S), D)
i

NC Manifold YN 777
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NC extension

Spin ManifoldM Canonicaltriple
(C=(M),L*(M,S), D)
) b
NC Manifold < Spectraltriple
(of,7¢,D)
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Spectral triple

e Gauge physical model < A set (<7, ¢, D)
e o/ is x — algebra represented on the Hilbert space /7.

@ D, the generalized Dirac operator, is a self-adjoint operator
1) Compact resolvent: (D —2)71, A ¢ R;
2) [D,a] is a bounded operator.
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Spectral triple

Gauge physical model « A set (<7, ,D)
</ is * — algebra represented on the Hilbert space 7.

D, the generalized Dirac operator, is a self-adjoint operator
1) Compact resolvent: (D —2)71, A ¢ R;
2) [D,a] is a bounded operator.

Two others ingridients have to be introduced making the
spectral triple a graded, real spectral triple: T, J
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Spectral triple

e Gauge physical model < A set (<7, ¢, D)
e o/ is x — algebra represented on the Hilbert space /7.

@ D, the generalized Dirac operator, is a self-adjoint operator
1) Compact resolvent: (D —2)71, A ¢ R;
2) [D,a] is a bounded operator.

@ Two others ingridients have to be introduced making the
spectral triple a graded, real spectral triple: T, J

@ [ is a chirality operator that split the Hilbert space in the Left
and Right part.

@ Jis called Real Structure is an anti-unitary operator on J#
linked to the charge conjugation operator
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The graded real spectral triple has to satisfy the following
conditions:
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The classical conditions

The graded real spectral triple has to satisfy the following
conditions:

Conditions (J.Noncommut.Geom. 7 (2013) 1-82 arXiv:0810.2088 )

Classical dimension n (|D| Linfinitesimal of order n).
Regularity (a, [D,a] € (7))
Finiteness

o
(2]
o
Q Reality J>=1; JD = DJ; Jy= —vJ; [a,7] = O(Chirality condition)
[a,Jb*J] = 0. (Order zero condition)

o

o

o

First order of the Dirac operator[[D, a], Jb*J] = 0. (Order one
condition)

Orientability

Poincare duality

Agostino Devastato Frascati 2014
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Almost commutative spectral triple

Almost commutative spectral triple

(C*(M) @ ok, Sp(L>(M))® 5, D, V" @¥e, J @ JF)

@ Tensor product of the commutative algebra of function and a
finite matrices algebra.
@ The Dirac operator Z is taken as the tensor product:

9 = J ®lf ® B6® Dr
{ {
g = C(M) ® A
4 {
A = Sp(L2(M)) ® A
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Spectral standard model

SM algebra

Standard Model

Gauge theory for electro-weak and
strong interactions:

U(1) x SU(2) x SU(3)
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Spectral triple elements
Bosonic action

Breakings and reductions
SM limits

Spectral standard model

SM algebra

Standard Model

Gauge theory for electro-weak and
strong interactions:

Standard Model algebra

agm =C”(M) @ [Ho CoM;s(C)]

U(1) x SU(2) x SU(3)
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Spectral triple elements
Bosonic action
Breakings and reductions
SM limits

Spectral standard model

SM algebra

What is the most general form of the finite algebra?

Finite algebra

We look for algebras <7 in 77 such that

[a,Jb*J '] =0, Va,b € o
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Spectral standard model

SM algebra

It is possible to show that the solution is,

Finite algebra (Why the Standard Model, A.Chamseddine, A.Connes)

VQ{F :Ma(H) D MQa(C)

with2(2a)2 = n, finite Hilbert space dimension.
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SM algebra

Standard Model...and beyond

a=1, n=238, Trivial grading
a=2, n=232 Standard Model
a=3, n=72, No physics mean
a=4, n=128Grand Symmetry
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Spectral triple elements

Spectral standard model Bosonic action
Breakings and reductions
SM limits

SM algebra

Standard Model...and beyond

a=1, n=238, Trivial grading
a=2, n=232 Standard Model
a=3, n=72, No physics mean
a=4, n=128Grand Symmetry

Standard Model algebra (a=2)

2sm CM(H) @ My(C)
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Hilbert space

@ The finite Hilbert space .#F contains all the 32 particle-degrees
of freedom of the standard model (one particles family):

Hy = g ® IS HE S A =C*?
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Spectral triple elements
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Spectral standard model

Hilbert space

@ The finite Hilbert space .#F contains all the 32 particle-degrees
of freedom of the standard model (one particles family):

Hy = g ® IS HE S A =C*?

Finite space Jf,_-(32)

Ve ul SU(2)doublets
< L ),SU(Q)doublets di )
er L

: SU(3)triplets . WCIm(x) € A
{ (eg)y 7} U(1)singlets [ (ug), } U(1)singlets
(V&); (dg), |7 | SU(3)triplets

4 components 4 x 3components = 16 x 2(antiparticles)
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Spectral standard model

Hilbert space (2)

WS (x), the meaning of the indices is as follows:

o WS/M(x)particle-antiparticle index: C=0,1
C =0, 1 indicates whether we are considering “particles” (C =0) or
“antiparticles” (C=1).
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Spectral standard model Bosonic action
Breakings and reductions
SM limits

Hilbert space (2)

WS (x), the meaning of the indices is as follows:
o WCIm(x)particle-antiparticle index: C=0,1
C =0, 1 indicates whether we are considering “particles” (C =0) or

“antiparticles” (C=1).

o W m(x)generation index:m =1,2,3
The representation of the algebra of the standard model is diagonal in these
indices, the Dirac operator is not, due to Cabibbo-Kobayashi-Maskawa mixing
parameters. For now it plays no role, and will ignored.
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Spectral standard model

Hilbert space (3)

o WS!M(x)lepto-colour index:1=0,1,2,3

The zeroth “colour” actually identifies leptons, while/ = 1,2, 3 are the usual
three colours of QCD.
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Spectral standard model Bosonic action
Breakings and reductions
SM limits

Hilbert space (3)

° \Ug'm(x) lepto-colour index: 1=0,1,2,3
The zeroth “colour” actually identifies leptons, while/ = 1,2, 3 are the usual
three colours of QCD.

o VWim(x)flavour index: ¢=1,2,1,2
It runs over the set ug,dg,u;,d; whenl=1,2,3,and vg,eg,v;,e; whenI=
0. It repeats in the same way for the other generations.
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Spectral standard model

Chirality

@ [ is a chirality operator that split the Hilbert space in the Left and
Right part, for N families of fermions

Ign

_]I
=y, 7= o I
]ISN

@ 7° is the product of the four ¥ matrices:

P =7 PPy
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Spectral standard model

Real structure

@ Jis called Real Structure is an anti-unitary operator on . linked to
the charge conjugation operator:

JZ/@JF

where 7 is the charge conjugation operator,

) (2)()
JF= : —
d (]116N 0 « yA yP

cc=complex conjugation
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Spectral triple elements

Spectral standard model Bosonic action
Breakings and reductions
SM limits

Finite Dirac operator

@ The finite Dirac operator is a finite matrix,

0 # Mg O ve \*
AT 0 0 0
_)

Ay 00 ve \* |’
0o 0 T 0 "

@ containing Yukawa couplings so that the quantity < y|Dg|y > will
give the usual Standard Model fermionic action.

Dr =
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Spectral standard model Bosonic action
Breakings and reductions
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Finite Dirac operator

@ The finite Dirac operator is a finite matrix,

0 # Mg O <WR>”
_>

Dy — AR 0 0 v
N 2 B 4 ve \* |
0o 0 #" o v

@ containing Yukawa couplings so that the quantity < y|Dg|y > will
give the usual Standard Model fermionic action.

@ ./ in Df contains Yukawa coupling and its role is to mix y, with
wE* giving an usual particle mass term.
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Spectral triple elements

Spectral standard model Bosonic action
Breakings and reductions
SM limits

Finite Dirac operator

@ The finite Dirac operator is a finite matrix,

0 # Mg O ve \*
AT 0 0 0
_)

Ay 00 ve \* |’
0 o .#7 o0 v
@ containing Yukawa couplings so that the quantity < y|Dg|y > will
give the usual Standard Model fermionic action.

Dr =

@ ./ in Df contains Yukawa coupling and its role is to mix y, with
wE* giving an usual particle mass term.

@ ./ in Dr contains Majorana coupling and mix y& with yE* giving
a so called Majorana mass term — See-saw mechanism

Agostino Devastato Frascati 2014
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Spectral Action

@ Given the Spectral Triple («7,5¢,D,T,J) we define the Spectral Action as

f a smooth approximation of the characteristic function [0,1].

@ Dy, is the fluctuated Dirac operator: Dy = D+ A+ JAJ and A is the
1-form connection given by

A= Za,—[D,b,-]
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Spectral Action

@ Given the Spectral Triple («7,5¢,D,T,J) we define the Spectral Action as

f a smooth approximation of the characteristic function [0,1].
@ Dy, is the fluctuated Dirac operator: Dy = D+ A+ JAJ and A is the
1-form connection given by

A= Za,—[D,b,-]

@ Heat kernel expansion =>-SM bosonic action (gauge lagrangian and
Higgs potential)
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Spectral standard model Bosonic action
Breakings and reductions
SM limits

Spectral Action

@ Given the Spectral Triple («7,5¢,D,T,J) we define the Spectral Action as

f a smooth approximation of the characteristic function [0,1].
@ Dy, is the fluctuated Dirac operator: Dy = D+ A+ JAJ and A is the
1-form connection given by

A= Za,—[D,b,-]

@ Heat kernel expansion =>-SM bosonic action (gauge lagrangian and
Higgs potential)
@ The Dirac operator plays a multiple role:

Dp=D+A+JAJ

e + e
Metric of M Higgs and Gauge Fermion mass
Internal metric Bosons (Dynamic)
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Spectral standard model

Reductions

e Mathematical reduction: starting from [My(H) @ My (C)] the
manifold conditions reduce the algebra to H& Ca M;3(C).

Agostino Devastato Frascati 2014



Spectral triple elements
Bosonic action
Breakings and reductions
SM limits

Spectral standard model

Reductions

e Mathematical reduction: starting from [My(H) @ My (C)] the
manifold conditions reduce the algebra to H& Ca M;3(C).

Chirality condition

[a,[]=0
\
[M (H) © M,y(C))
+
[Hg ®H; & M4 (C)]
Pati — Salam model
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Spectral standard model

Reductions

e Mathematical reduction: starting from [My(H) @ My (C)] the
manifold conditions reduce the algebra to H& Ca M;3(C).

[a,T]=0 [[D,a],Jb*J] =0
\ Y
[M(H) & M4 (C)] [Hr & H, & Ma(C)]
1 \
[Hr @ H; © Ma(C)] He CoM;3(C)
Pati — Salam model Standard Model

Agostino Devastato Frascati 2014
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e my = eV (See-saw mechanism)




Spectral triple elements
Bosonic action
Breakings and reductions
SM limits

Spectral standard model

Results

e my = eV (See-saw mechanism)

o Gravity coupled to the Standard Model
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Spectral standard model

Results

e my ~ eV (See-saw mechanism)
o Gravity coupled to the Standard Model

o Top mass myp ~ 173GeV
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Spectral standard model Bosonic action
Breakings and reductions
SM limits

Results

e my ~ eV (See-saw mechanism)
o Gravity coupled to the Standard Model
o Top mass myp ~ 173GeV

e Higgs field with my «~ 170GeV ... ruled out by Tevratron in
August 2008.

Agostino Devastato Frascati 2014
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Spectral standard model

Spectral triple elements
Bosonic action
Breakings and reductions
SM limits

@ Mass of the Higgs-Brout-Englert boson, official since July
2012, is 126 GeV.

Vy =

Higgs Self—~Coupling A

-002

—0.04]

~0%%

10%

108 108
Enerey (GeV)

101 1017 10

Agostino Devastato

e
2

A

H? + = H*
Ty

Meta-Stable

Unstable

Effective Potential Vg

Mpy

Higgs Field
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Meta-stability

For myp = 173GeV and my = 126GeV the model is meta-stable:

200 Instability i
s -
& 150 ,5‘36\\\ = i
: | !
2100 - Stability =
E g
& =
E s} = 1

0B I 1 = I I
0 50 100 150 200

Higgs mass M), in GeV

(Degrassi, Di Vita, Elias-Miro, Espinosa, Guidice, Isidori and A. Sturmia, Higgs mass
and Vacuum Stability in the SM at NNLO, arXiv:1205.6497)
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New scalar field o

@ Instability can be cured introducing a new scalar field o:

V(H,0)=

B

(AH*+ As0* +2Ans H? 0?)
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Spectral standard model

New scalar field o

@ Instability can be cured introducing a new scalar field o:
1
V(H,0) =7 (AH'+Ao0" + 20 H?0?)
@ In the description of the SM in NCG, the field o allows to pull

my back to 126 GeV.
(Resilience of the spectral SM, Chamseddine, Connes 2012)
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New scalar field o

Instability can be cured introducing a new scalar field o:
1
V(H,0) =7 (AH'+Ao0" + 20 H?0?)

@ In the description of the SM in NCG, the field o allows to pull

my back to 126 GeV.
(Resilience of the spectral SM, Chamseddine, Connes 2012)

@ How is possible to derive this field in NCG?

By turning the entry of the neutrino Majorana mass in D into
a field,
kR — kRG(X)

Agostino Devastato Frascati 2014
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Spectral standard model

Standard model limits

o All the gauge fields of the SM (including the Higgs) are
obtained by fluctuation of the metric

[D,a] =[d 1F @ % De, f @ m]

contained in the 1-form connection.
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Standard model limits

o All the gauge fields of the SM (including the Higgs) are
obtained by fluctuation of the metric

[D,a] =[d 1F @ % De, f @ m]

contained in the 1-form connection.

@ Unfortunately, the first order conditon prevents to do so for

the field c. Indeed, for Dr the Dirac with only the neutrino
Majorana mass,

[[Dr.a],Jb*J '] =0 = [Dg,a] =0
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Standard model limits

o All the gauge fields of the SM (including the Higgs) are
obtained by fluctuation of the metric

[D,a] =[d 1F @ % De, f @ m]

contained in the 1-form connection.

@ Unfortunately, the first order conditon prevents to do so for
the field c. Indeed, for Dr the Dirac with only the neutrino
Majorana mass,

[[Dr.a],Jb*J '] =0 = [Dg,a] =0

@ NO o in the standard model NCG ...

Agostino Devastato Frascati 2014
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Spectral standard model

Beyond the standard model

It's possible to find this scalar field going beyond the standard
model:
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Spectral standard model

Beyond the standard model

It's possible to find this scalar field going beyond the standard
model:

@ Enlarge the Hilbert space adding extra fermions (New Scalar
Fields in Noncommutative Geometry, C.Stephan 2009)
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Beyond the standard model

It's possible to find this scalar field going beyond the standard
model:
@ Enlarge the Hilbert space adding extra fermions (New Scalar
Fields in Noncommutative Geometry, C.Stephan 2009)
@ Renouncing to the 1-order condition — Generating the field o,
and retrieving the 1lst-order condition dynamically, by
minimizing the spectral action (Chamseddine, Connes, van

Suijlekom, Inner fluctuation without first order condition 2013)
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Beyond the standard model

It's possible to find this scalar field going beyond the standard
model:

@ Enlarge the Hilbert space adding extra fermions (New Scalar
Fields in Noncommutative Geometry, C.Stephan 2009)

@ Renouncing to the 1-order condition — Generating the field o,
and retrieving the 1lst-order condition dynamically, by
minimizing the spectral action (Chamseddine, Connes, van
Suijlekom, Inner fluctuation without first order condition 2013)

@ Enlarge the starting algebra considering the case
M, (H) @ M, (C)

with a =4, i.e. Grand Symmetry.
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Grand symmetry

Standard Model...and beyond

a=1, n=8,Trivial grading

a=2, n=32,Standard Model

g =M,(H) ® Ma,(C) = .
=3, n=72,No physics mean

a=4, n=128GrandSymmetry
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Grand symmetry

Standard Model...and beyond
a=1, n=8,Trivial grading
a=2, n=32,Standard Model

/g =M, (H) & M5,(C) =
F a(H) 2(C) =3, n=72,No physics mean

a=4, n=128GrandSymmetry

Grand Symmetry algebra (a=4)

G =M4(H) ®Ms(C) = 0% (41 orentz) X 325m)
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Grand Symmetry reductions
Grand symmetry model Interpretetions

Conclusions

Hilbert space

@ The Hilbert space will be the same as before

S = Sp (LA(M)) ® ¢
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Grand Symmetry elements

Grand Symmetry reductions
Grand symmetry model Interpretetions

Conclusions

Hilbert space

@ The Hilbert space will be the same as before

H = Sp (L*(M)) ® ¢
@ Let us write a vector in the Hilbert space in the following way:

wim(x) e

sso

o WIm(x)spinor indices:s =r,/;5=0,1
They take two values each, and together they make the four indices on an
ordinary Dirac spinor. In the SM the algebra «7F acts diagonally on it.
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Grand Symmetry elements

Grand Symmetry reductions
Grand symmetry model Interpretetions

Conclusions

Hilbert space

@ Let us now look in detail to a vector in the Hilbert space:

VP (x) € A = Sp (L*(M)) @ A5 (4(spinor) * 325m)
= Lz(M) @ HF (1(Function) X 128G5)

note the difference between J#¢, which is 32 dimensional (standard
model degrees), and Hr which is 128 dimensional 4(; grensz) X 325m-
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Grand Symmetry reductions
Grand symmetry model Interpretetions

Conclusions

Hilbert space

@ Let us now look in detail to a vector in the Hilbert space:

VP (x) € A = Sp (L*(M)) @ A5 (4(spinor) * 325m)
= Lz(M) @ HF (1(Function) X 128G5)

note the difference between J#¢, which is 32 dimensional (standard
model degrees), and Hr which is 128 dimensional 4(; grensz) X 325m-

@ Hp = C!?8 takes into account both external (i.e. spin) and internal
(i.e. particle) degrees of freedom.
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Grand Symmetry reductions
Grand symmetry model Interpretetions

Conclusions

Hilbert space

@ Let us now look in detail to a vector in the Hilbert space:

VP (x) € A = Sp (L*(M)) @ A5 (4(spinor) * 325m)
= Lz(M) @ HF (1(Function) X 128G5)

note the difference between J#¢, which is 32 dimensional (standard
model degrees), and Hr which is 128 dimensional 4(; grensz) X 325m-

@ Hp = C!?8 takes into account both external (i.e. spin) and internal
(i.e. particle) degrees of freedom.

@ The Grand Symmetry algebra will act on both spin and internal
indices by mixing them!
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Grand Symmetry elements

Grand Symmetry reductions
Grand symmetry model Interpretetions

Conclusions

Hilbert space

@ Let us now look in detail to a vector in the Hilbert space:

VP (x) € A = Sp (L*(M)) @ A5 (4(spinor) * 325m)
= Lz(M) @ HF (1(Function) X 128G5)

note the difference between J#¢, which is 32 dimensional (standard
model degrees), and Hr which is 128 dimensional 4(; grensz) X 325m-

@ Hp = C!?8 takes into account both external (i.e. spin) and internal
(i.e. particle) degrees of freedom.

@ The Grand Symmetry algebra will act on both spin and internal
indices by mixing them!

@ We can presume this is a phase in which the Euclidean structure of
space-time has not yet emerged (fermions are not yet fermions).
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Grand Symmetry reductions
Grand symmetry model Interpretetions

Conclusions

Grand algebra action

@ Since the Hilbert space is not changed then neither Chirality I' nor Reality
J will change.
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@ Since the Hilbert space is not changed then neither Chirality I' nor Reality
J will change.

@ The difference now is the action of the algebra on the Hilbert space.
Explicitly, the algebra representations in term of these indices are:
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Grand Symmetry elements

Grand Symmetry reductions
Grand symmetry model Interpretetions

Conclusions

Grand algebra action

@ Since the Hilbert space is not changed then neither Chirality I' nor Reality
J will change.

@ The difference now is the action of the algebra on the Hilbert space.
Explicitly, the algebra representations in term of these indices are:

SM algebra action
tCl i
AL, = 516t (65 81 Qh + 8E MbaL)

P e U
a5 = C™ (M) ® [M(H) & M4 (C)]
I '
H = [sp(B(M)) ®%F]
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Grand algebra action

@ Since the Hilbert space is not changed then neither Chirality I' nor Reality
J will change.

@ The difference now is the action of the algebra on the Hilbert space.
Explicitly, the algebra representations in term of these indices are:

SM algebra action Grand Algebra action

AL, = 516t (65 81 Qh + 8E MbaL) AL = (85 81Qi0 + £ mejol)
—— —— —
Aopy = C=(M) @ [M;(H) & Ma ()] g =C(M)® {M4(H)@MS(C)]
+ + !
_ 2
o= [5”<L (M))@’%F] H = [LQ(M)@)HF]

@ In this sense the Grand Symmetry algebra acts on both spin and internal
indices by mixing them!

Agostino Devastato Frascati 2014



Grand Symmetry elements

Grand Symmetry reductions
Grand symmetry model Interpretetions

Conclusions

Chirality reduction

e Chirality condition on quaternion part leads to:

Agostino Devastato Frascati 2014



Grand Symmetry elements

Grand Symmetry reductions
Grand symmetry model Interpretetions

Conclusions

Chirality reduction

@ Chirality condition on quaternion part leads to:

Chirality condition

[AT]=0
I
(M4 () & Mg (C)]
!

(M2 (H) & M (H)] & [Mg(C)]
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o Chirality condition on complex matrix part:
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Chirality reduction (2)

o Chirality condition on complex matrix part:

Complex matrix part

[A, r] =0
|
[M () © M (H)] @ [Mg(C)]
I

[Mp(I) @ Mo (H)] @ [M4(C) @ My (C)]
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Chirality reduction (2)

o Chirality condition on complex matrix part:

Complex matrix part

[A, r] =0
|
[M () © M (H)] @ [Mg(C)]
I

[Mp(I) @ Mo (H)] @ [M4(C) @ My (C)]
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Order one reduction (1)

e Order one condition without Majorana coupling leads to two SM
copies plus others two C algebras:

[[D,a],Jb*J] =0
\
(M2 (H) & M (H)] @ [M4(C) & Ma(C)]
l
CoHraC @H; ® Cr e Ms3(C)dCdM;(C)
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Order one reduction (2)

eThe 1°order condition with Majorana coupling leads to the identification
of three C algebras:

[[Dr,a],Jb*J] =0
4

(&@H@ o(CoH)® <§5;@M3(C)) @ (&GBMS(C))

1
&@HR &M;3(C) s [C e H; &M3(C)]
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Order one reduction (2)

<£@HR> e(CoH)® (&EBMB((C)) ) (&GMQ(C))

1
Cr ®Hr ®M3(C) @ [C'L ®H, & M3(C)]
-

CR=m,=my
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o — field as 1-form

« Writing down the 1-forms generated by the Majorana part of the
Dirac operator we have:

[DRva] =

( ke (my — cg) 0 )*:/ﬁ

0 k,(m,—cl’_) g—Joc

ki(m; — cr) 0 ‘g
0 k/(m/—cl’_)

5
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o — field as 1-form

@ Reduction due to the order one condition requires
CR=my =My

leading to

(0 0 > —IB
A 0 ke(my—cp) )70

0 0 =Ip
0 k(me—c) )T,

The coefficient m, and ¢; are functions on the manifold .#
and we can identify the o field as

o=k(m, —c|)
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Higgs field role

@ The Higgs field links the two manifold sheets mixing the elements of
C*(M)®H and C*(M)®C:
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Higgs field role

@ The Higgs field links the two space-time sheets mixing the elements
of C*(M)®H and C*(M)®C:
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o — field roles

@ In this phase the o field mixes the complex algebras of a bigger space
C*(M)®[CreHr & CL ®H,]

C(M)® Cr

Co(M)® Hr
CoMD® O

Co(MD) FL

Agostino Devastato Frascati 2014



Introduction Grand Symmetry elements
Spectral standard model Grand Symmetry reductions
Grand symmetry model Interpretetions
Conclusions

Grand Algebra space

@ ...in fact 6 ~ (m, —c]) in the 1-form connection links the different
sheets m, «» ¢; {Cr +C,}

Co(M)® Cr

Co(M)® Hr
CoM® C,

o — field

C=(M)® H,
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Results

@ The Grand Symmetry explains the presence of the o field
necessary for a correct fit of the Higgs mass and its stability.
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Results

@ The Grand Symmetry explains the presence of the o field
necessary for a correct fit of the Higgs mass and its stability.

@ We pointed out there is a “next level” in noncommutative
geometry, that intertwined the Riemannian and spin structure
of spacetime.
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Results

@ The Grand Symmetry explains the presence of the o field
necessary for a correct fit of the Higgs mass and its stability.

@ We pointed out there is a “next level” in noncommutative
geometry, that intertwined the Riemannian and spin structure
of spacetime.

@ In this scenario the Majorana neutrino is the first field to
appear and fluctuate, even before the geometric structure of
spacetime emerges
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Open questions

@ The final reduction to the usual standard model algebra
Hsm =H@ C®M;3(C) is obtained using the order one
condition on the free Dirac operator d. However, the presence
of a dynamical breaking, namely a minimization principle, is
preferred...
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Conclusions

Open questions

@ The final reduction to the usual standard model algebra
Hsm =H@ C®M;3(C) is obtained using the order one
condition on the free Dirac operator d. However, the presence
of a dynamical breaking, namely a minimization principle, is
preferred...

@ Moreover, phenomenological consequences should be still
investigated. We only looked at the group structure. A more
specific analysis could reveal new physics at high energy...
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Spectral Action

@ In the SM case,
D2 24 2 1 -
Tr[f </\/24>] = ?ﬂ/\4/d4x g—?@/@/d%(\/g [R+23HH] +
1 4 1 2 * D%
+%fo/d xVEl55 (~18Chpo +1IR'R") +
5

+ §g12 Bﬁv +g22W/,2w +g32vftv

1 _
+5aRAH +a (FH)* +a(VH) + ...
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Spectral Action

@ In the SM case,
D2 24 2 1 -
Tr[f </\/24>] = ?ﬂ/\4/d4x g—?@/@/d%(\/g [R+23HH] +

1 1
+ %fo/d“x\/g[% (~18Cpe +1IR'R") +
5

+ §g12 Bﬁv +g22W/,2w +g32vftv

1 _
+5aRAH +a (FH)* +a(VH) + ...

@ Dynamical breaking like the Higgs mechanism is naturally
predicted since the Higgs field spontaneously arises in the
1-form structure.
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