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D KBFI « NI vs Planck 2018 data «

0.20

0.10

Tensor-to-scalar ratio (rg.002)

0.05

TT,TE,EE+lowE+lensing
TT,TE EE-+lowE+lensing
+BK15
TT,TE,EE+lowE+lensing
+BK15+BAO

Natural inflation

Hilltop quartic model

a attractors

Power-law inflation

R? inflation

Voo ¢?

Voo 61/3
Voo
Vx 6??

Low scale SB SUSY
N.=50

0.00

0.94 0.96 0.98 1.00
Primordial tilt (1)

onio Racioppi Lisbon, June 4th, 2024 Natural Metric-Affine Inflation




KBFl « NI vs Planck 2018 data
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® NI became strongly disfavored after BICEP/Keck 2018 data

® several proposals to save it by modifying gravity:

&[1+ cos(¢)]R — OK only at 20 (Ferreira et al. 1806.05511)
£P"R — OK only at 20 (Bostan, 2209.02434; dos Santos et al. , 2312.12286)
Palatini R2 — OK! but (8¢)* (Antoniadis et al., 1812.00847 )

probably more?
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KBF « Gravity preliminaries «

The properties of torsion-free spacetime are essentially described by:
® the affine connection: .Af;ﬁ — parallel transport

® the metric tensor: g, — distance

The connection coefficients and metric tensor are fundamentally independent
quantities. They exhibit no a priori known relationship. If they are to have any
relationship, it must derive from

® additional constraints (metric formalism A7, =T ,*,)
® EoM for A & g (Palatini formalism)
- minimal theories = Aupa = FHP(7

= metric ~ Palatini

- non-minimal theories = A,°, T, 7,
= metric # Palatini (e.g. Koivisto & Kurki-Suonio: 0509422)
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KBFI « palatini NI action
NICPB

Sni

[ dxv@[ator - 2222 v(y)]
V(g) = /\4[1+cos($)]

o)

R — curvature from generic A,°,
R — curvature from Levi-Civita ',

a(9)

. notation: {

® Einstein frame: gfl, = F(d))gjl, , F= % [N.B. Palatini = R, = F Re

5NI

M2 8, x O
f d*x\/~ge [PRE - M - U(x)]

EF\2
% s ”F(q& =9\ 224(; F) like in metric

RN
V0 = Eetn)
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@ [!(BFI e Palatini results o
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D KBFI « palatini » Metric-Affine «

® any way to get better results?
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KBFI « palatini - Metric-Affine «

® any way to get better results?
® YES! allow for torsion - MAG

The properties of Mspacetime are essentially described by:

® the affine connection: AQB — parallel transport

® the metric tensor: g, — distance

but in a way that new dof’s are not generated!
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KBFI « palatini - Metric-Affine «

® any way to get better results?

® YES! allow for torsion - MAG

The properties of Mspacetime are essentially described by:

® the affine connection: AQB — parallel transport

® the metric tensor: g, — distance

but in a way that new dof’s are not generated!

o A+ A,

A A
fy,upo' = 8MAVP¢7 - aVA/,Lpo' i AMPAAV T AVPA‘A# o
. ~ 1
Holst inv. - R = ﬁewpopra
where €*Y*? is the totally antisymmetric Levi-Civita symbol with €% =1
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KEF' e MAG NI action e
NICPB

Su= [ dx/ @ a@Rs+s@R - 2208 - v(p)]
V(¢)=A4[1+cos($)] a(¢) = 2[1+£(1+cos(‘?))]>0

2

B(p)=Po + M;’E(cos (%) + 1) 4&50 —> Barbero-Irmizzi par.

® it is possible to integrate out the R term

® performing all the computations ...

, § Fey2
Su= [ evrglor-[1r 2DV ] 2020 ]

® allowing torsion changes the inflaton kinetic term

2024 Natural Metric-Affine Inflation
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KBFIl « MAG NI action o

NICPB

Einstein frame:

© gf =F(¢)gl, . F=2  [N.B.MAG >R, =FRe|

Mz
2
s = [ MR 20y
d 1[. 12(«B+aB)? ~
Tz = MP\‘ % [1 + M] < new term from AR
Ulx) = % < same as before

N.B.
® B<0 allowed

® symmetry: > -8 = |£>0,620
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@!(BF' e {=0&E>0& By<0 e
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%!(BFI o £20 & io e o .

£=0  fo=-6Mj
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%!(BH e {=0&E>0& By<0 e

£€=0 Bo=-6M3 N.=60 n,=~0097

-9
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10—10

Of = f/Mp (5A=/\/Mp

N\

m r=4

] 5f=10

— MAG

® X=XN

-20 -10
(X-Xnex)/Mp

® inflection point inflation!!!
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@KBH e >0&E>00

£=1/3 Bo=-2M} N.=60 & =Ff/Mp 6n=A/Mp
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@KBFI of>0&5>0: |0Wf§M,D0
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KBFI .§>0&5>O: low f S Mp e

NICPB

Bo=-10M2 N.=60 &;=Ff/Mp op=NA/Mp
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§r=10""
0.003 0.003 7 m ir=1
0.002} 0.002{{
--£=0
a, 0.001} a; 0.001
—£=1/3
0 0
20,001 LTI T A T
000 g5 0.96 0.97 0.98 0.99 10 12 14 16 18 20 B IVSHs
ns 4 Qs VS Ns
by Planck

e ¢>0&&>0= f< Mp allowed!!!

Antonio Racioppi Lisbon, June 4th, 2024 Natural Metric-Affine Inflation



KBF « Summary & Conclusions «

® NI strongly disfavored after Planck-+BICEP 2018 data

® introducing a non-minimal coupling to gravity
- compatible at 20 in the Palatini formulation

* allowing for torsion (i.e. R) (MAG formalism)

- compatible at 1o with data
- allows also for subPlanckian fI!!
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Grazie! - Thank you! - Aitah!
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BACKUP SLIDES
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KBFI « Jordan frame potential «

NICPB
U(e)
I (1+c05(@))
U(x) = 2
[1 +§(1 +cos(#))]
—+-0
... 0< f < %
- - §> %
Ay 1
410 Uso(h) = S -E55
Stationary b2 = f Use(¢2) = /%: — (absolute) min

points:

B 400 < L NA
¢3=farccos(%) Upg(93) = As(si%z&) Q'{ §>% max

2
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KBF|

NICPB

® SR parameters

e Inflationary observables e

MUY
%S T(Um)
B U"(x)
nu(x) = Mp Utx)
> e UV ()
&o(x) = Mp e

® observables

Antonio Racioppi

Ne =

r =
nNs =

as =dng/dInk =

A =

Lisbon, June 4th,

1 XN U(x
Mp -/Xend dx U’((X))
16eu(xn)
L+2nu(xn) - 6eu(xn)
16c0(xn)nu(xn) - 24€h(xn) = 265(xn)

1 Ulnw)
247T2M£ €U(XN)
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KBFI e Palatini results o

NICPB

2
* a(p) = % [1 +& (1 + cos (%))] >0 = otherwise repulsive gravity
® 0<(l+cos)<2=¢>-1/2

® -1/2 < ¢ <0 predictions very disfavored - Q & A

® £>0 - now
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@ KBFI « palatini results: ¢ <0 «
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KBFI « Palatini: o vs. n, s
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KBFl « MAG £=0: 0, vs. . »
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KBFI « mAG £=1/3: as vs. n; e

NICPB
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P KBFI « inflaton mode! completion «

dark QCD (SU(3)r) with confinement scale f
§ mass terms break the axial part of SU(3)r

Lunass = GMq = § exp(-insB/(V2f) ) Mg exp(-irs B/ (V2F) )&

where §; are the Goldstone-free quark fields §' = exp(ivsB/(\/2f))d
tilde-mesons as PNGBs

2 7 ek o+
‘/§+‘,r/6 07'( ] K
— ~+ _\f 7 <0
B=| (*7) VARV K

Zyt 0\t 2.0
(ROT (RO /%7
the lightest acts as the inflaton

natural inflation potential arising from the § mass terms

® minimal couplings §'s with gravity = minimal couplings of ¢ with gravity

GJGR, §J R = aR, AR
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