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" sumple abmost commutative space
extend to less trivial noncommutative geometries

" purely classieal model
[t cannot be used within EU when @C cannot be neglected

= action functional obtatned through perturbative approach in
nverse powers of cut-off scale

Lt ceases to be valid at lower energy seales (ﬁstmphgsias )

" model developed Ln euclidean signature

physical studies must be aone bn lorentzian signature




noncommutative spectral geometry (NCG with spectral triples):
purely geometric explanation for the SM of BW § strong interactions

chamseddine connes, marcolli (2007




noncommutative spectral geometry:

a two-sheeted space M x F

LA svmooth compa ct JULSCrete noncormmutative
viemannian manitold space composed by 2 points
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noncommutative spectral geometry:

a two-sheeted space M x F

+Alm Smooth compact discrete moncommutative
viemannian manitold space composed by 2 points

(A, H, D)




= CP(M)QAr =CU" (M. Arx) .,
— L*? (M. O) R Hr =L ‘(M. S RDHFE) .
Iy®l+1QDrF ;

A= M al IHi) — AN B C)

k = 2a

k=4 leading to the corvect number of 16 fermions
Ln each of the 3 generations




spectmt actlown prlmclpte:

the bare bosonic euclidean action is given by the trace of the

heat kernel associated with the square of the noncommutative
dirac operttor

Tr(f(D/A))

the bare action at mass scale A (4 la wilson)

4dim riemannion geometry: perturbatively tn terms of
geometric seeley- de witt coefficients An

TX(f(D/A)) ~ 2A%fia0+ 2A% faao + foas + ==+

_-_:FI_. - .
+ A fokaa ok + 0

: smooth even cut-off function which decays fast at tnfinity




asy mptot’w EXPANS LOW:

Te(£(D/A)) ~ 2A% faag + 2A2 foaa + foas

f ()

/ flu) rrh‘_lt_ lw . for k>0
J 0

fos f2, 4 velated to coupling constants at unification,
gravitational constant, cosmological constant




asy mptot’w EXPANS LOW:

Tr(f(D/A)) ~

cosmological term

4

elnsteln-hilbert actlon {uwc’g’io nal

yang-wmills action for the gauge fields




asy mptot’w EXpO NSLOW:

geometric explanation for the SM

VEV of higgs is related to moncommutative distance between 2 sheets




commes discusses the relatlon between meatrix wechanies
(physical quantities are governed by noncommutative algebra)
to

m e)qser’ume nts

® dlscretisation 0{ energy 0{ atomic levels and angular momentum







?f) of a gquantum po rticle Ls sptit ko two
) (forward in time) and x_(t) (backwara)

the coovdinate :E(
coovdlinates T (t

the forward and backward in thme evolution of the density
matrix s descrtbed by 2 coples of the schroedinger equation







derived from a delta functional classical constralnt representation as

a functional tntegral







the constraint condition at the classical level tintroduced a new
coordinate Yy and the standard euler-lagrange eqs are obtained:

dOL; OL;  dOLy OLy
dt Oy Oy = dt Oi  Ox




the constraint condition at the classical level introduced a new
coordinate Yy and the standard euler-lagrange eqs are obtained:

d 0L f 0L f d 0L f 1 f

dt Oy Oy =~ dt Oi




canonical formalism for dissipative systems




classieal Todbm damped harmonte oscillator (open ggstem):

tlme-reversed Lmaoe

Y= =

closed system

roy) =miy+ =(ey — yi) + fy

Y.




canonieal transformation:

x(t) +y(t) oy x( ) — y(t)
— . Y L) ; ﬁ

r(t) =

D = —HJ.;':} | ] |

)

-~ rr
, 5 A o
P2+ 1) — ¥




1 f ko

Lntroduce vector pot@mtmt

with







nonstngular
the system’s hamdiltonian H DENUE ] (v ctions of g's

eqs. for g's

class of hamiltonians considered by € hooft g =1{4i, H} = fi(q)
are decoupled of p's




nonstngular
the system’s hamiltonion SRS SNET AU} functions of q's

eqs. for g's

class of hamiltonians considered by € hooft g =1{4i, H} = fi(q)
are decoupled of p's




Lmpose constraint H II‘¢> =0

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




LMPOSE constrabing HH‘¢> =0

Lt defines physieal states and guaranties that H is bounded from below

Ht describes o 2dim Lsotropie (radial) harmonic oscillator

P+ Q% =0




phgs’wat states arve Lnvariant wnder time reversal

and periodical with period 7= 27 /()

(0 (7)|(0)) g

H (w(0)|exp ( / At :n-h‘") (0))H,

LD
{




((7)|0(0)) g

H. 10 ) exp ( / Al f"‘ | ¢ It ) (0)) H}

LD
{

caleulate tntegral by rewriting as a contour tntegral in a
complex plane

dimensionless




effective nth energ Y Llevel of the ph ysteal system,
energy  h{dn corvected by lnteraction with environment




oS __ 1

ou T

H=H—-Hy=U-TS=F

[t controls the d[ss[pﬁt[z/f
(Lrveversible) part of the dgmﬁm[as

constraint to define physical states: condition for an adiabatic system

the thermodynamical picture is consistent with canonical
quantisation of Adissipative systems in QFT




coneluslons

tm two-sheeted geometry Ls the construction that can
Zmd to the gauge fields required to explain the SM

L the NCSG classical construction carvies in the
L dowbling of the algebra the seeds of quantisation




revmarie

n NCSG, the doubled degrees of freedovn ave assoctated with
MWLLR@L@ Processes L the classieal Limalt

P pervturbative approach: drop higher order terms
(quLVeeLg processes n the classieal Limit)

BUT

higher order terms are responsible for quantum
corrvections, so the secona sheet cannot be neglecteo
at the classieal level




