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cutoff spectral actlon principle:
A= Za][D}", } , (lj,bjE Ar
J

Di=Dsr+ A+ JAJ!
the action functional depends only on the spectrum of
the (generalised) Divac operator and is of the form:
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the rest follows after a long caleulation ...
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the rest follows after a long caleulation ...
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+other O(A?) +0O (A7?%))

)

~g}(A) = g3(A) = g3 (A) A~ (10% = 10'7) GeV
e )

use RGE to get predictions for sSM

chamseddine, connes, marcolli (2007#)

compatible with 126 Gev higgs mass

stephan (2009) connes, chamseddine (2012)

chamseddine connes, van su{/'lekam (2013)

devastate, Lizzi, martinetti (2013)




gravitational terms coupled to matter:
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» EH action with a cosmological term

> topological term.

>

> conformal coupling of higgs to gravity

the coefficlents of the gravitational terms olepend upon
the yukawa paraveeters of the particle physics content

chamseddine, connes, marcolli (2007)




successes of the cutofF bosonie 2, 42
spectral action I'r ( (D / A ) )

= description of geometry in terms of spectral properties of operators
=) wodel of particle interactions very close to real phenomenology

" SMdoes and the Pati-salawm gauge groups fit tnto NCG wmodel,
but SU(5) or SO(10) oo not

=) absence of Large groups prevents proton decay

- Lnter quantities velated to (higgs) bosown vasea r)/\,Lf,J O Lput

[rom Termionie parameters tw tluctuated dDirac operator

- the Dlvac operator oefines also the termionic part of the action




" gravitational terms coupled to matter:
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" gravitational terms coupled to matter:
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A~ (10 —10'7) GeV

ﬂ assume 4 Wick rotation to Limaginary time
framework to address early w—=> lorentzian signature

universe cosmology
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i couations of motion
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=

weyl tensor vanishes B==>
NCSG corrections to elnstein equations vanish

nelson, sakellarviadouw, PRD £1 (2010) 085038




gravitational § coupling between tHiggs fleld annd Ricel curvature

i couations of motion
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=

NCSG corrections to einstein's egs. are present only
ln inhowmogeneous and anisotropic spacetimes

nelson, sakellarviadouw, PRD £1 (2010) 085038




at energles approaching higgs scale, the nonminimal coupling of
higgs field to curvature cannot be neglected

1 D
R/i 1/ - (] Qv R — H(“] : : T .;__1_,‘ 1/

. ¢ ~ matter
2 2 6

m——"> effective gravitational constant

Lm| = —+ | DH[|D Hay - + Mo[H !
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——> {nereases the higgs VEV

nelson, sakellarviadouw, PRD £1 (2010) 085038




gravitational terms coupled to matter:
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welsom, ochoa sakellarviadou, PRD §2 (2010) 085021




gravitational terms coupled to matter:
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with conservation egs:

EF v

welsom, ochoa sakellarviadou, PRD §2 (2010) 085021




energy lost to gravitational vadiation by orbiting binaries:

strong deviations from GR at frequency scale
2w, = Be ~ (foG)_l/ZC
set by the moments of the test function f

scale at which NCS& effects become dominant

welsom, ochoa sakellarviadou, PRD §2 (2010) 085021




energy lost to gravitational vadiation by orbiting binaries:

magwnitude of deviations from GR stance| Orbital

< accumcg to which the rate D‘f PSR J0737-3030 | ~ = C | 0.088
. y ’ PSR J1012 ~ 840 14.5 <106

change of orbital period agrees with | i o

GR predictions ) 6 > 755 x 107 m B 6400 0617

. ~ 1100
PSR B2127+11C| ~ 9980
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set by the moments of the test function f
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CPB/LARES

() geodesic — (%% geodesic(GR + ) geodesic(NCG)

fixed to the gr predicted value ’Q geodesiC(NCG)‘ < 0{) geodesic

3> 7.1 x107°m~!

Effect Measured Predicted
Geodesic precession 6602 4+ 18 6606

Lense-Thirring precession 372772 39.2

lambiase, sakellariadow, stabile, JCAP 12 (2013) 020




CPB/LARES

() geodesic — (P4 geodesic(GR + ) geodesic(NCG)

fixed to the gr predicted value ’Q geodesiC(NCG)‘ < 0{) geodesic

SN G >T7.1x10°m~!

constraints from torsion balance:
NCSG wmodifications to newtonlan potentials are similar to

those by a fifth force vin Vi) — — GMm(] o b )

eot-wash and trvine experiments  1IE==—=> 8> 1 04 m~!

lambiase, sakellariadow, stabile, JCAP 12 (2013) 020
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nelson, sakellariadon, PLB &80 (2009) 263

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




effective potential at high energies: V(H ) = A (H )H !

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




effective potential at high energies:  V(H) = A(H)H !

€ needls to be too small to allow for sufficient e-folds N ~ ¢ 1/%do
i E— (V* / : *) L/4 becommes too Large to fit the CMB constratnt

buck, fairbairn, sakellariadou, PRD £2 (2010) 043509
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= expansion is valid when fields g their derivatives are small wrt A
weak-fielol approximation
what does it happen in the ultraviolet regime (high momenta)?

Lssues with super—rewormausabuitg
van gg’iﬂleom (2011) lochum, levy, vassilevich (2012)

high energy bosons do not propagate
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" (not very strong) dependence on particular shape of cutoff function

" wmagwnitude of dimensionful parawmeters (hierarchy of scales):

cosmoloolLeal constant
7




the € spectral action

Se = lim Tr D™ = (0, D?) _ as [D?] = / dz /gL

s—30)

kurkov, lizzi, sakellariadow, watcharangkool, PRDI1 (2015) 065013




the € spectral action

Se = lim Tr D2 = ¢

s—0

the lagrangian density obtained from the § spectral action Ls of the form:

= ay4(D? x)
— a1 M* + o MR + asM?*H?

—|—r.;.:-|__.1B}[”,B,u.r_..- 1+ asW ; Whre 4 15}{-1’;1 GHva

R
—|_{:.I'h ( Th — _) H ‘|‘1‘1-\H ‘|_Hu'[( AL/ pT ",Uf;f"" —|_1’1J_l|-i“Jr IH:

G

dimensionless constants

kurkov, lizzi, sakellariadow, watcharangkool, PRDI1 (2015) 065013




the € spectral action

M: dimensional constant in the Dirac operator e=pmajorana mass of right hanoleo newtrino

= ayl D2, x)
— a1 M* + aoM?R + asM?*H?

+'::"-4E,m BHY + o H ; v« iy IE}{—TL( L

R
—|_'f:.'-"' ( Th — —) H ‘|‘H-\H ‘|‘Huf’ AL/ pT T'mfrT —|—HJ_I|IH_E_”

G

dimensionless constants

kurkov, lizzi, sakellariadow, watcharangkool, PRDI1 (2015) 065013




the € spectral action

" all dimensionless constants are normalised to spectral values
= 3 dimensionful parameters normalised from experiments

M: dimensional constant tn the Dirac operator e=spmajorana mass of right hanoleo neutrino

L(r) = ay(D? x) A ~ (10" —10'7) GeV
— o M* + asM*R + asM*H?

+y By, B + asWa WH' e L gGa GHY

ps — Qv

I_J 4 T
—|_“h ( Th - _) H + HHH —+ Hq{( P—'“P!T ( THVPO 1+ ”J_“IH ]}#

§

dimensionless constants

kurkov, lizzi, sakellariadow, watcharangkool, PRDI1 (2015) 065013




the € spectral action

" all dimensionless constants are normalised to spectral values
= 3 dimensionful parameters normalised from experiments

M: dimensional constant tn the Dirac operator e=spmajorana mass of right hanoleo neutrino

L(z) = a4(D* x) A~ (10" = 10'7) GeV
— a1 M* + o M°R + asM?*H?

_|_E.:.I4Eir‘-” *,‘-H _|_ ‘1 II r[l: II T O —I_ 15}(1':;1 ( (UL @
R ]
_|_|5-:-|-- ( T“ — _) H _|_ ”*-.H _|_ ””‘( w PT rrur pa _|_ HJ_“IHIH

§

"no higher dime (>4) operators mm=) renormalisable and Local
" no issues about asywmeptotic expansion and convergence
" S, s purely spectral with no dependence on cutoff function

kurkov, lizzi, sakellariadow, watcharangkool, PRDI1 (2015) 065013
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spectral dimension

= cutoff spectral action

taking the full momentum-dependence of the propagators
— DS (T)=0 forall spins

mm=) one needs a UV completion (e.9)., asymptotic safety)

alkoter, saueressig, zanusse (2014)

kurkov, lizzi, vassilevich (2013)




spectral dimension

= C spectral action

actions for higgs scalar, gauge fields have same bahaviour in LV § IR

=) spectral dim = topological dim of manifold (=4)

kurkov, lizzi, sakellariadouw, watcharangkool, PRDI1 (2015) 065013




spectral dimension

= C spectral action

actions for higgs scalar, gauge fields have same bahaviour in LV § IR

=) spectral dim = topological dim of manifold (=4)

gravitational spectral dim = 2

=) gravitational propagators decrease faster at infinity due to
presence of fourth derivative (lmprovement on LV convergence)

there exists “low-energy” Limit for which gravitational spectral dim =4

mms) at very Llow energies dynamics does not feel weyl square terms

kurkov, lizzi, sakellariadouw, watcharangkool, PRDI1 (2015) 065013




remark:  to get higgs quadratic term, we need a terme in dirac
operator corresponding to neutrino majorana mass
this term is also necessary to get corvect Niggs mass
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Ve(a;o(x) + M;)

a;Vo(x)

I

these constant mass terms Lead to the tntroduction of
M*, M?H? and MR terms in the action,
and the corresponding counter terms tn LV renormalisation

L(z) = |loyM* + aaM*R + asM*H?
+a IB £ rB H + o ;ﬂ?'tr W + {-;.tll v GH e

+a7 H ( —Ti G H+ asH : + Qg !.r:';.! vpo C*P? + agR'R*

L)
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remark:  to get higgs quadratic term, we need a terme in dirac
operator corresponding to neutrino majorana mass
this term is also necessary to get corvect Niggs mass

a;Vo(x)

Ve (a;o(x) + M;)

there are no !(’Lm o and dim 2 operators L the classieal actlon
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scale invariant thfary

= dywnawmical generation of the 3 scales upon quantisation

sakharov (19&67)

coleman, weinberg (1973)

= remain without EH action and the cosmological constant

(conformal gravity)

maldacena (2011)
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do the quadratic curvature terms tmply negative energy massive
graviton woodes ? ostrogradski (linear) Znstab[l[tg



aly l ] (W) (W)
Hvpc + Yo + ToR'R” ‘|'4—_m.(#“ +4Fqu“t

1 v 1 .
+-B"V T +_;.|£‘.rHH|*—,i.:.5|H| —5SRH] + HH) 2 d

do the quadratic curvature terms tmply negative energy massive
graviton woodes ? ostrogradski (linear) Znstab[l[tg

generalise a higher derivative theory nto an SO(2,4) gauge theory
and fino conditions so that the e.o.m reduces to vacuum elnstein’s eq.

varying independently all connection fields, and not only the
metric, Weyl gravity transforms from a 4 oroer theory into a
theory of conformal equivalence classes of solutions to GR,
provided the torsion vanishes

wheeler 2015)




rl-| |{ “_ ! "I:T{

1

D, H

UV P l J_J_'l J‘ 'R Lvor
—|—}—|—Lﬂﬁ_—|—4 + —FF

-11.1 - _1 v

— g |H|* —&R[H|” + Ao[H|*)

"—1-

1
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dependls on S'pf,w connection

S (triad, spin connection)

= S
9

(triad, spin connection) + (S (H, )
Yav

A

/

Levi-Clvita connection + term depending on torsion

hanisch, pfatfle, stephan (2010)

sakellariadow, watcharangkool (in progress)




remaining challenges

= almost commutative manifolds are based on riemannian ST
==) to do physics we need a generalisation to pseudo-riemannian ST
(e.9., lorentzian, minkowskian)

hawkins (2995)

moretti (2003)

pashke, verch (2004)

van suiflekom (2004)

paschke, sitarz (200¢)

strohmaier (200&)

Franco (2010)

van den dungen, pashke, rennie (2012)

" almost commutative geometry describes physics at classical Level
combine toleas from (L) Ra and quantum gauge theorles

aastrup, grimstrup (2006, 2005%)
marcolli, zm’ng, yasry (2o0g)
aastrup, rimstrup, nest (2009)




remaining challenges

= almost commutative manifolds are based on riemannian ST
==) to do physics we need a generalisation to pseudo-riemannian ST
(e.9., lorentzian, minkowskian)

get within NCG setup a unified
and geometrical formulation of

" almost cont QC( with V%ﬂt’t@f assical level
combine toleas from (L) G and quantum gauge theorles
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