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early universe models can be tested with very accurate
astrophysical data (CM®B), while high energy expertments
(LHC) test some of the theoretical pillars of these models

despite the golden era of cosmology, a number of questions:

" origin of DE/ DM

= search for natural and well-motivated inflationary model
(alternatives...)

are still awaiting for a definite answer




maLn approaahes:

" string theory

" LRC, SF, Wdw/, CDT, CS,...

" noncommutative spectral geovnetry (NCsSG)
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at Low enerogies:

GR is governed by gaunge symmetries are based

diffeomorphism tnvariance ow local gauge tnvariance

(outer automorphism) (lnner automorphism)

the difference between these two symmetries may be responsible for difficulty
in finding a unified theory of all interactions including gravity




L aodditlon:

why the gauge group s [J(1) x SU(2) x SU(3)?

Whg the ﬁrmiong oceuply the pﬂrt[culmf represfnmt[pns th.eg ap ?

why there are 3 families / why 16 fundamental fermions per each ?

What Ls origin of Higgs mechanism and SSB of gauge siyymmetries?

what is the Higgs mass and how are explained all fermionic masses?

to be answered by the ultimate unified theory of all interactions
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connes (199+4)

CONMNES, marcolll (2008)

chamseddine connes, marcolli (2007)




comment

“wothing” to do with [Xi, Xj] — 309 used to Lmplement fuzziness of space-time

>

anti-s Y mmmetrie real dxod watrix

however

euclidean version spectral triples
of moyal NCFT formulation of NCG

gﬂgml, gracta-bondia, lochum, schucker, \/&m’llg (2004)




SM of electroweak and strong interactions:

a phenomenological model, which dictates geometry of space-tine,
so that the maxwell-dirac action functional produces the SM

geometric space defined by the product M X F ofa

contlnuum compact riemannian manifold M and a t'w\,@
discrete finite noncommutative space J composed of 2 polnts

geometry: tensor product of an internal geometry for the SM
and a continuous geometry for space-time




NCSG approach is based on 3 ansatz:

[.at some energy level, ST is the product M X F of a continuous
Spin 4dim manifolo M times a discrete noncommutative space -

the noncommutative nature of Fis glven bg a veal spectral triple

involutive algebra 55!#&?@’0&%:& operator with

represented as bounded operators onH ff compact resolvent in Hy

providing all infprmation usually given by the Yyukawa coupling matrix

carvied by a metric structure which encodes masses of fermions and
: Robayashi-maskawa mixing parameters

complex Hilbert space carryying focus on D g instead of G

a representation of the algebra




NCSG approach is based on 3 ansatz:

[.at some energy level, ST is the product M X F of a continuous
Spin 4dim manifolo M times a discrete noncommutative space -

the noncommutative nature of JF is given by a real spectral triple

A=C®M,0)® Ar

algebra of smooth complex valued
ﬁmc&bmg o euclidean 4dim M

D=Du®@1+v&Dg

DLrac operator on Riemanmnian
spin manifold M

H = LQ(Mv ;S:) X H]—"

—~—

55[7@7@2)4%6 fermion
VLASS MMAtrix

, 4 A~
space of square integrable finite dim space, which describes physieal particle

Pirac spinors over M doif. (nelicity, chirality, flavour, charge, ...)

spectral geometry given
by these product rules




[ |. the finite dimensional algebra ./4_7-‘ s (main lwput):

Left-right
symmetric algebra

algebra of quaternions:




[ |. the finite dimensional algebra ./4_7: s (main lwput):

Left-right
symwetric algebra
3x3 complex matriees
howevey:
construct a model that accounts {or massive neutrinos and neutrino osclllations

It cannot be a left-right s Y mmetric mooel

» NCG lmposes constratnts on the involutive algebras of operators in Hilbert space

= avold fermion doubling




[ |. the finite dimensional algebra .A]: s (main tnput):

aloebra of ;
quaternions algebra of complex k x k wmatrices

chamseddine connes (2007)

- the existence of 3 generations is a physical input

Lf wmore particles are found at LHC one may be able to
accommodate them by choosing a higher value for k




0 commutative geometries:

a veal variable described by a real-valued function is given by the
algebra of coordinates

0 noncommutative geometries:

Ls represented as operators tn a fixed hilbert space

since veal coordinates are represented by self-adjoint operators,
all information about space is encoded to the algebra Ax
which Ls related to the gauge group of Local gauge transformations




tdea behind spectral action:

while the topology Ls encoded by the algebra, all other tnformation
(e.9., metric) is encoded by the generalised covariant Dirac operator

Di=Dr+ A+ €JAT!

A= A"

cﬁﬁrﬂatgrised
complftflg bg its
spgat//um




Lt only accounts
for the bosonic
hart of the model

cut-ofF function fixes the energy scale

a positive function that falls to zero at
large values of its argument, so that

fOOO fluw)udu fooo f(u)du

are finite

physical dim of a mass; no absolute
seale on which they can be measured







the action sums up elgenvalues
of D 4 which are smaller than A




the action sums up elgenvalues
of D 4 which are smaller than A

evaluate trace with heat kernel techniques, tn
terms of geometrical seeley-de witt coeffictents:

Z—:o Fi_,A*"a, whee F(Di) =NiN




since s a cut-off function, its taylor expansion at zero
vanishes, so the asymptotic expansion of the trace reduces to:

o <T (TLA) ) ™~ Eﬂ%l f-l (o 2A° ?L.j (9 + f{j (14

f plays a (ole through its momenta o, 2, /4

real parawmeters related to the coupling constants at unification,
the gravitational constant, and the cosmological constant




the full lLagrangian of SM, minimally coupled to gravity in
euclidean form, is obtained as the asy mptotic expansion (in
inverse powers of A ) of the spectral action for the product ST:

chamseddine connes, marcolli (2007)

- the discussion of phenomenological aspects of the
theory relies on a wick rotation to imaginary time




Loy = — c‘?’ugadygﬁ — g F " Ougtgbal — 92 FUf gl gt gt — LW FO, W T — MPW FW - —
l&,ZU&,ZU — 5 M2 Z0 7))

— 20, ALOL AL — igew(Du Z0(WIFW, — u'ﬂr ) — ZOUW o, W, —
W dv”'+)+20(”'+du“’ - Wo,W +))—ngu(duf1 (Ww, — HJII’;) A, (WiHo, W, —
H' dvﬂ’*) LA (W, W, —W, W, ) — LW W, W W, 4 Lgtw W, Wi,
gcy (ZUH'+Z°IT'— Z,Z, W, W)+ 0752 (A, H'+A,,H*——A AW IW ) 4 g2 swew (A ZO(WHEW, —

Wrw,) — 24, Zou’ﬂr—) 19,Ho, H — 2020y H? — 0,0+ 0,6~ 19,099,6" —

Oh (%; -+ Q‘IH -+ 1(H2 + ()0()0 + 20T )) -+ Q{—ah — gap M (H‘S + HG}UG}U -+ QH(T}_F(E}_) —

?%.g YR (H“l + (()0)4 + 4:(() () )2 -+ ,__L(()U)Q() () 4 2 4:H2() () 4 2((5’}0)2H2) B g:{IIf'JII;:H B
Gz ZpZNH — 5ig (W (@"0pé™ — ¢~ 0ue") — W, —((-—;Uaﬂ(-—w _$td (..;o)) +
Lo (WHHO, 0~ — ¢~ 9, H) + W (HO, b — 6T H)) + 22 (ZO(H,0® — 600, H) +
M (2Z00,0° + W Oud™ + W, Oup™) —igae MZG(WFo— — W,

ToT) tigsw M A (WiEo™
the NCSG spectral action offers an elegant geometric

Ny Lwtevpretatww of the SM
Qq“ (2(_ — 1)Z‘UJ4_ (") (_I .4’4_ 4 ()

H'— +) _

@—) —

. : ¢ —
—}——zgq I[q1 af )gﬂ—e)‘(ﬁd—}—m)‘)e — MO +

m; ).U —u}‘( d—{—vn )u —d}‘("d—i—?nd)d/\—{—ngufl ( (e}‘““e}‘)—{— (u/\ ’“u}‘) (d/\ ”d}‘))
8 701+ ) (Bt (s — 1 A7)e) (B (ds2 1 AP (@ (L~ 582+
")u)‘)} + Eg U'+ ((E’)‘“'“(l

ﬁ_.S)[rEe-pA EH-)+ (ﬂ_?ﬁrﬂ(l_}_ ;.J)C dg‘)) -+
zig‘rwi’* ((e“l*“pT P+ + (@O (L + ")) ) +

2&9\/_()+ (—7?2“(1/}‘(Tf8p/\ (1 —~ )6“) + m; (EAUIEPA (1 + ",-'-5)6"") +
2 _}‘J/}‘) — %m H(e}‘e}‘)—i—

o (m2 (@ U (1 4+ 5 — ) (e*(rfepTh(l
A
@I 0 (DALY — e 05N — Ly ME (1 — y5)i — 3 oa ML (L — 75)i +
zwifgf o (_md(“)‘(/\h(l — ")d"‘) + (H)‘C,\h(l . )d"‘) +
Qlff” md(d}‘C L1+ w”)u*.") —m '(d/'\C)T\H.(l A5 )u :

2
A
329 T}*()U(u/\“ uj‘) — g md U(d)‘ )d)‘)

)

iul) — deH(d/\d/\) +

2 ]



" full sSM lagrangian
" majorana mass terms for right-handed neutrinos

: gmvl’catlowm § cosmological terms coupled to matter

> EH actlon with a cosmological term

> topological term

?the coefficients of the gravitational terms depend upon
. the yukawa parameters of the particle physies content
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Y wmatrics give fermion and Lepton
masses, as well as Lepton mixing



CritLeLSMS

m smeLe almost commutative space
extend to less trivial voncommutative geometries

0 pw@tg classieal model
Lt cannot be used within EU when RC cannot be neglected

" action functional obtained through perturbative approach tn
Lnverse powers of cut-off scale

Lt ceases to be valid at lower energy scales (astrophysics)

" model developed tn euclidean sionature

physieal studies must be done in lorentzian signature

sakellarviadou, stabile Vitiello, PRD £4 (2011) 045026




tm two-sheeted geometry [S the construction that can

| —> Zfﬂﬂ/ to the gauge fields required to explain the SM

sakellariadpu, stabile vitiellp, PRD £4 (2011) 045026




mz(t) + ~yx(t)

this e.o.m. can be derived from a lagrangian in a canonical procedure, using a
delta functional classical constraint vepresentation as a functional integral




x—sgstem: open
ma(t) + ~vyz(t) = f(t) (Aissipating)

o set up 4™,
system canonical

S formalism.
constraint condition at classieal Level tntroduces wew coordinate Y '

im— o ler-lagrange egs:

d {_.)Flf _ {i_};f : d {_)L.f _ f'__)iFf Ly(@.9.2.y) = mij + T“” i) 4+ fy
dt Oy dy dt O ox <

X — 5} is a closed
systfm

canonical formalism for dissipative systems




my — vy + ky =0
osctllator tn doubled 5-000\(0{

canonical () = (t) — yl(f)

transformation: o V2 \V

vector pote ntlal

—z5) + 50141 + 2240) — e ENEPIDICRETSE




the two-sheeteo space of NCSG is related to the gauge structure
ma ~+ vy + ko = 0 my — vy + ky = 0
1dim damped h.o. oscillator tn doubled Y-coord

canonical
transformation:

__ B
vector potentinl Az — 56505

L =221 — @3) + @141 + 22A2) — e®

" doubled coordinate, e.9. T2 acts as gauge field component A
to which L1 coordinate is couplent

" energy dissipated by one system is gatned by the other one

" gauge field as bath/resenvolr in which the system is embedded




the NCSc classical construction carvies in the
Aoubling of the algebra the seeds of quantisation:

°
.
.

sakellariadou, stabile Vitiello, PRD £4 (2011) 045026




max +~vyx + kx =0 my — vy + ky = 0

bmpose constraint Hy|)) = 0

it defines physical states and guaranties that H is bounded from below

this constraint tntroduces information Loss

quantisation as a consequence of dissipation (loss of information)

Ph 5s’waL states are tnvariant under time reversal and per’wo{’waL (T)




my — vy + ky = 0

bmpose constraint Hy|)) = 0

it defines physical states and guaranties that H is bounded from below

this constraint tntroduces information Loss

dissipation term tn H of a couple of classical dawmped-amplified
oscillators manifests itself as a geometric phase

H<¢(T)W(O)>H — ew — plam




bmpose constraint Hy|)) = 0

it defines physical states and guaranties that H is bounded from below

this constraint tntroduces information Loss

dwue to interaction
O — /X — i) With environment
4dm

Wn ()| H|ton(7)) = W8Un +3) =

dissipation term in H of classical damped-amplified oscillators
manifests itself as geometric phase and Leads to zero point energy




next steps

" nclude higher order corrections to the spectral action

test accuracy of approximated spectral action by flrst terms of its asymptotic
expansion

SZXS}),

chamseddine connes (2010)

" find noncommutative space whose Limit is Ma X F




the model lives naturally at unification scale
- e NCSG spectral action provides early universe models

extrapolations to lower energies: via (standard) renormalisation
Qroup awaLgs’Ls (is this correct?)

extemsions to recent universe: considering nowperturbative effects
Ln the spectral action
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chamseddine connes, marcolli (2007)




algebra A r of the discrete space F

!

42 — 16 fermions (the number of states on the Hilbert space)
per family




" gauge bosons: tnner fluctuations along continuous directions

" Higgs doublet: tnner fluctuations along discrete directions

" mass of the Higgs doublet with -tive sign and a gquartic term
with a + sign wesssd yechanism for SSB of BW sywmmetry

i anti-linear isometry

D—-D+A+JAT !

A=A =S aDb] , a;beA

J




" assuming { is approximated by cut-off function:

normalisation of kinetic terms:

S
sin” Gy

chamseddine connes, marcolli (2007)




" assuming big desert hypothests, the running of the couplings
;= g?/(llﬂ) . 1 =1,2,3 wpto1-loop corrections:

_____p.oo with b= .

the graphs of the running of the three
constants O; oo not meet exactly; they do
not specify a unique unification energy

" big desert hypothesis approximately valiol JB8

" { can be approximated by the cut-off
functions but there ave simall deviations

chamseddine connes, marcolli (2007)




comment

Lf you leave g ., unconstrained, you get the unification scale:

my ~ 170 GeV

stepnan (Qij )




= see-saw mechanism for 110, with large TNy ieht —handed

" constraint on Yyukawa couplings at unification scale:

D09+ 00 +300) + 309) =4¢’

O

" mass of top quark:

at wnification scale. A ~ 1.1 X 10"GeV, tne g ~ 0.517

--------------------------------------------------------

the RGE predi,ats §mtop ~ 179 GeV

........................................................

chamseddine connes, marcolli (2007)




" L zervoth order

approximation: Trhi ggs ;\J.:l?o Gev

chamseddine connes, marcolli (2007)

0 sensitive to the value of unification scale

o sensitive to deviations of spectral function from cut-off function

gtl/le higogs mass will be determined bg considering higher orolerg
: corrections anol tncorporating them to the appropriate RGE :




remarke

top quark mass consistent wWith experimental data, but
predicted higgs mass is ruled out

Mitop Lless sensitive to ambiguities of unification scale than TMhiggs

S — Sbosonic + Sfermionic

g/rpﬁnsmn assuming com/érgence
of mgher order terms




Last devetopmewts

such low higgs mass may Lead to an tnstability in v (H)
(quartic coupling of higgs becomes negative at high energy)

- big desert lflgpotl/\es’us ruled out (used here)

“‘ -~ nvalidating positivity of coupling at unification
 (prediction of spectral action)

there is a real scalar singlet associated with the majorana mass of
right-handed neutvine; this field is nontrivally mixed with higgs

responstble for breakdowwn of symmetry of discrete space:

CONNES, chamseddine 1208.7030




comment

extension of SM with NCS& approach

model: minimal spectral triple which contains SM particles,
new vector-like fermions and a new WU (1) gauge subgroup

in addition, a new complex scalar field appears that

couples to pp, the new fermions and the standard higgs

mp, ~ 120 GeV my, > 170 GeV

stephan (2009)




SU(3) x SU((2) x U(1)

chamseddineg, connes, marcolli (2007#)



olo yLoe yyedee

= mass of higgs field in zeroth order approximation of spectral

action Ls around 170 Gev
—- depends on value of gauge couplings at unification scale, which

LS uncertain

chﬂmsgmg, connes, marcolli 200 l
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COYVEOELONS to eLnsStern’s equat’wws

welsom, sakellariadou, PRD £1 (2010) O85038




bosonic action in euclidean signature:
1 o et
Tff —+ ”D( pr.fp::r(- Yo T Tﬂj—"l R

Y0
........ IH;;I&ﬂ;;&lpp
(~ - FHT;F -+ lB Bp.:_;

g

DH-—-,H H|2

. o < a :
meonlnaal | . .........;o .""T"“
“EoRIH[? +M\o|H|Y) /g d*x

coupling

A

scalayr

cosmological term
mass term

v

EH term
topoLog’waL thus nondynamical

Y
= (va 0/W
. vy *« Rx — Lepwpo oj
- R*R* = 3" € 3.5 RW/R




from bosonic action, consider the gravitational part including
coupling between Higgs fleld and Ricel curvature

equations of motion

IV VT S | HAVE THAVE T — K25 THY
i 59 "R 5 Occ {‘E {"'f:ﬁ;ﬁ. + C* ‘}AH.] = KgOccd matter

(34

welson, sarellariadou, PRD £1 (2010) O0£5038




neglect nonminimal coupling between geometry and higgs

matter

P{" w‘&\ih + C* A H}‘xﬂ-] —n D“-":':Tﬁ”




corvections to elnstein’s eqs. will be apparent at
Leading order, only tn anisotropic models

bitancht V . integer

g = diag [—1, {ay(t })-:_)” {aa(t)}Pe™"* {as()}?]

arvi trary functions




same order as
standard EH term,
but o N2

so it vanishes for
homogeneous types
of bianchi v

for slowly varying
functions:
small corrections M {_71,'__; 1 3A. A,

welsom, sakellariadou, PRD £1 (2010) 05038




same order as
standard EH term,
but o 2
so it vanishes for
homogeneous types :
of bianchi v neglecting nomminimal coupling between
Sl o comcetry and higgs field, NCSG corrections
A;(t) = Ina;(t) to elnstein’s egs. are present only in
Bl [ howmogeneous and anisotropic space-times

= ;)

for slowly varying
functions:
small corrections M {_Zg AR

Mlson, sakrellariadou, PRD £1 (2010) 085038




at energles approaching higos scale, the nonwminimal coupling of
higgs fleld to curvature cannot be neglected

e.o.m. (neglecting conformal term, for sbmplicity):

1 1
RHY _ —{]/“/R h() 8l 1%

1 — hr))‘H‘Z/G TIIlEi.t.t.er

the effect of a wonzero higgs field is to create an
effective gravitational constant

welson, sarellariadouw, PRD £1 (2010) O0£5038




alternatively, consider the effect on e.o.m. for the higgs field
Ln some constant gravitational fielo

actlon for pure higgs field:
L = — + 3/ D°H|| D H|gas — po|H|* + Ao|H|*

for constant curvature, the self interaction of the higogs field
Ls inereased:

— o = — (o +£) [H]

for static geometries, the nominimal coupling of the higgs
field to the curvature tnereases the higos mass




redefine higgs:

rewrite higgs lagrangian in Ly = —EH|* + 3| D*H||DH| gas — po|H|* + Ao|H|*
terms of +dim dilatonic gravity

Link with compactified strving models




chameleon models
scalar field with nonminimal coupling to standard wmatter

NC&G
scalar field (higgs) with nonzero coupling to bekg geometry

in 0 regime where e.o.m. are well approximated by einstein's egs.,
the bekg geometry will be (approx.) given by standarod wmatter

w— 0SS § dynanmics of higgs field are explicitly dependent
ow Local matter content

link with chameleon cosmologly




O aVEatLonal WaVES b NCS &

welsom, ochoa, sakellarviadou, RD £2 (2010) 085021

welsom, ochoa, sakrellariadou, PRL 105 (2010) 101602




Linear perturbations around minkowski background in
sywnehronous gaunge:




Linear perturbations around minkowski background in
sywchronous gauge

g = diag ({a(t)}? [=1, (055 + hqj (2))])

linearised egs. of motlon from NCSG for such perturbations:

@- 2 o = 2107

;_,[. L'

A matter

with conservation egs:

ﬂ2 PLQMS the vole D'f a mass, so Lt must be POSL‘CL\/& 1 — Qo < 0

_ —3Jo
QX0 = T2 ggfo 1

272 T 4




constraint on cunature squared terms (of different form but of the
same order to the weyl term) from orbital precession of mercury

stelle (197S)




energy lost to gravitational radiation by orbiting binaries:

in terms of the

Ln the far fleld Limit
i the far field Limi quadrupole moment

strong deviations from GR at {requency scale

2w. = B ~ (foG) 3¢

set by the moments of the test function {

scale at which NCS& effects become dominant

binaries must have w < W,

otherwise when f 0o — 0 SR cannot be reproduced




PSR JO737-3039 | 3 > 7.55x 10713 m~1
PSR J1012-5307 | 3 > 7.94 x 10714 1
PSR J1141-6545 | 3 >3.90 x 10713 31
PSR B1913+16 | 8 >239x 10713 ;1
PSR B1534+12 | 3 >183 x 10713 m~1
PSR B2127+11C | 3>230x 1073 m~1

future obsenvations of rapidly orbiting binaries, relatively close to the
earth, could tmprove this constraint by many orders of magnitude

amplitude of effects is proportional (1 —2w/c3)™!




blation throwohithe wonminimal coupling
Oetweens Ehe gepwietily avwol e hitojojs uelo

nelson, sarellariadou, PLB &R0 (2009) 263

buck, fairbair, sakellariadow, PRD £2 (2010) 043509




proposal: the scalar field of the SM, the higgs field, could
play the role of the inflaton

but

within Gr cosmology, to get the correct amplitude of
density perturbations, the higgs mass would have to be 11
orders of magwnitude higher thaw its particle physics value




) 1 — QFI'Q{;DHE 1 2 7 ] 74
SEy = /[ 2}% R—E(VH) — V(H)|v/—g d™a

oo W2 subject to radiative
bovw\,daYH / 2 corvections as a
conditions at o s function of energy

unlification

. a pn’ori

: ctrained - yukawa and m@bm/w
s unconstrained

PArAMELErsS subjfct to
rR&E




flat potential through 2-loop quantum corrections of SM

classical potential: V(H) = \oH* — 2H?

for very Large values of the field H , one needs to caleulate

the normalised value of the parameters )\ and (4
0 0




effective potentinl
at high energies:

for each value of

MMtop there is a value
of Mlhiggs where

Vi s on the verge
of aeveloping a
MeEtastable mintmuom
at large values of H

anad Vhi ggs
locally flattened

LS




prrmch

mealeulate remormalisation of higos selfcoupling for minimal couplin
99 pLng pung

="construct effective potentiol which fits the RG lmproved potentinl
around flat region

"find wmodifications in that fit when conformal coupling is tncluded




minlma LLa covqaLed SM

analytic fit to the higgs potential in the region around the minimum:

— Xy (H)H'
a In* (bsH ) + c|H '

e o il v
a(my) = 4.04704 x 1077 —4.41909 x 10~ (( t\
AaeV .

; — = 4 fff N 2
+1.24732 x 1077 (=)
N (-_'.r{:‘-i-’" ;

o C TNt —
b(1me) = exp {—{_1.5}71-_.1315_;1 ( o 1;--:3.1._.151)]
1 ) Ce \

C — c(mt, m¢) encodes the appearance of an extremuum
an extremum oceurs iff ¢/a < 1/16




find wodifications in the fit when conformal coupling is included

{or inflation to occur via the higgs field, the top qua rl@
mass fixes the higgs masss extremely accurately

buck, fairbairn, sakellariadou, PRD £2 (2010) 043509




the reglon where the potential becomes flat ts narvow, so slow-roll must be very slow

€ wneeds to be too small to allow

for sufficient e-folds, ana then

N (V, /e ‘) /4" becomes too Large
to fit the CM®B constraint
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coulol & be awn Y from its conformal value?

there ave no nonconformal values for the coupling £ for which
there is a renormalisation group flow towards the conformal
value as one runs the SM parameters up in the energy scale

1

there are no quantum corvections to &, if it is exactly
conformal at some energy seale

buchbinder, odintsov, lichtzier (1989)

Youngsoo toon, Yongsung Yoon (1997)




NCSq provides another (massless) scalar field O which does not exhibit
a coupling to the matter sector:

1 > 1
: ':._, "';_' H | : L

e e

g

EyRH® — EgRO™ —

'*Fr::r'__;:uj —V(H,0)| /—¢ d*x




can we accommodate an inflationary era without
ntroducing (by hand) a scalar field?

the arbl‘cm% mass seale tn the spectral action for the Dirac
operator can be made dynamical by tntroducing a dilaton field,

_-;.r ::E:'TDH — / 0T

1+ dilaton decay constant

dilaton  scalar field

couldl this dilaton field play the role of the inflaton?

chamseddine and connes (200&)




CONCLIASTONS




how can we construct a quantum theory of gravity coupled to matter 2

" purely gravitational theory without matter

below planck scale:  continuum fields and an effective action

NCSG:

the SM fields and gravity are packaged into geometry and wmatter on
a certain kaluza-klein noncommutative space




alain connes’ formulation of NC&:

mathematical/physical notions deseribed in terms of spectral
properties of operators

mapping
aim: diﬁeyewtial, geometrg e » aLgebraac terms

topology of space described in terms of algebras

NCSG depends crucially on cholce of algebra Ar represented on
a tHilbert spaaeH F and the Dirac operator [) F




spectral triple (A r Hr D )

tntormation on S Té-_cjometrg

0 describes metric aspects of the moael and the behaviour of matter
. flelds represented by vectors on Hilbert space

. 0 Auctuations of Dirac operator contain boson fields, including
L mediators of forces and Higgs field




hysical picture of the discrete space

I ()

o left/right-handed fermions are placed on two different sheets

0 Higgs flelds: the gauge fields in the discrete dimensions

0 inverse of separation between the two sheets: EW energy scale

p[cmm similar to the randall-sundvum scemario

+dim brane embedaed into Sdim manitold as 3dim bramne

placed at x5 =0 , I'5= TTcompactification




meaning of the two-sheeted construction:

0 the doubling of the algebra is related to dissipation and
gauge field structure, required to explain the SM

o the classical construction of NCSG carries tn the doubling

of the algebra the seeds to quantisation (‘t hooft’s conjecture)







