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KBFI e Metric vs Palatini e
NICPB 77 1 X Froile A

The properties of spacetime are essentially described by:
® the affine connection: rgﬁ — 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 V.gy.. = 0)

® EoM for both I' and g (Palatini formalism)

If Einsteinian gravity (~ R), EoM = V,gu, =0 (i.e Palatini = metric)

With non-minimal theories, metric and Palatini formalism generate different
physical theories. (Koivisto & Kurki-Suonio: arXiv:0509422)
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KBFI « Palatini F(R) + £(0) «
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® We start with the following action in the Palatini formulation
1
s = [dxrm [EF(R(F)) +z:(¢)]
1
L(¢) = —*gJ 0u90,¢ - V(¢)
® we rewrite the F(R) term using the auxiliary field ¢, obtaining

Si= [ d'xvE, [5 (FO + F O (RN = 0) + £(9)

® we move to the Einstein frame: gfy = F'gd,, N.B. now

R 1 v
SE=/d4x\/—gE[2—2F,(OgE 8u¢au¢_U(X7<):|

V) FQ . ¢
Ux, Q) = F'(¢)2 B 2F'(¢)? " 2F'(¢)

ox . .
e (canonically normalized scalar)
00 \JF(C)

3 ( OF . . . . . .- . . .
® no —5( 7 ) like in metric gravity! ( still auxiliary! still single field setup!
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ﬁ%ﬁFl e EoM and problems e

® The full EoM for ( is

G(Q) = 5 900,6 F'(C) + V(9)
with

6(0) = 5 [2F(O) ~¢F'(Q)]

® The standard procedure would be now to solve the EoM and determine
¢(¢, 0" 0, ¢) and insert it back into the action — Problem!!!!

® Higher order scalar kinetic term because ¢ depends also on (8(;5)2

® manageable if F ~ R? (e.g. Enckell et al., 1810.05536)
® disastrous if F ~ R" and n>2 (A.R. et al., 2212.11869)

® solution — F(R-X), X = g/ 8,40, ¢
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KBFI « Beyond F(R): F(R.X) «
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® We consider the following F(R, X)
1
S- fd4x\/—g1(§F(Rx)— V(¢))

where Rx = R - X, X = g/"0,¢$0, ¢ denotes the inflaton kinetic term

® again rewrite the action with the auxiliary field :

S= [ d'x/g(3F(Q)+ 3FOR =81 0,006 - O) - V(9))

N.B. the only difference is the F’ prefactor in front of (9¢)>

® the corresponding Einstein frame action:

5= [ d'x/gF(5 - Sat 0,006 - UG, )

® ¢ already canonically normalized! = no disastrous dynamics

® J same as before!
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The full EoM for ¢ now is
G(¢) = [2F(C) CF'(O)]= V(o)

e V- Gin U:
Vv F

U0 = ErNSEERT B
G __F©O ¢
F'()2 2F/(C)2 2F/(C)
_ FY ¢ FOY ¢
T O2FQ?AF(Q) 2FIQ?  2F(C)
1 ¢

- iFg VO] =@

* valid for any F(Rx) and V(¢)
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KBFI « Quadratic F(Ro) »
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* Now we focus on the class of quadratic F's
F(Rx) = 2A + wRx + aR%
® EoM for ( = A+ 3(= V(o)

® Einstein frame potential: fractional attractors

V(¢)

80T (0) 1 7 with V(¢) = V(¢) - A

U(e) =

N.B. U ~ Enckell et al., 1810.05536 but no %
= different predictions

Antonio Racioppi Stockholm, October 23rd, 2023 Palatini F(R, X): a new framework for attractors



KBFI « Quadratic F(Ro) »
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. F(Rx) =2A+wRx +C¥R)2<

V(¢)

80T (0) 1 7 with V(@) = V(¢)-A

U(e) =

® Requiring U(¢) >0, F'(¢) > 0 allows only:
1. w>0,A<0,V(¢) >0 = V>0 - canonical - Q&A
2. w<0,A>0,V(¢)<0 = V<0~ tailed

2
® |n both cases o > g—/\ for A+0
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KBFI « Quadratic F(Rq): w<0«
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E . U(¢) = V(e) _ V(9
8aV(g)+w? ~ 8aV(4)-w?

V(Pluso with V($) = V(#) - A= -V(9)

Up .

e V=0= (o= —4wv Un = 8aA=w?
\\\__ U(@)w<o

s © V(g) > 200 = U Uy=

¢

Ll Ll h
3m2As 8Aa—w?

o V(§) ~ —Akg¥

e (o —> +00

} = k-hilltop inflation =
ns=1-54
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KBFI « Quadratic F(Rq): w<0«
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E
e U/\ = gA 3 > inflation
V(¢)uweo Siphmes
U/\_“ OUa:%ﬁCC
e U(@)weo * « gigantic = usually Up too small
Ua

With an extreme tuning of A and « it is possible to keep Up well
separated from U, — confirmation (not a solution!) of the problem
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KBFI « General behavior of F(Ry) «
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U(¢)

¢

A.R. et al,
2212.11869, 2307.02963

F.o(Rx)ie. R+R3, efx ...

(o
U(9) = arcinn

inflation around plateau < (g
tail > 0 = CC solved?

® expand F.2(¢) in Taylor series around (p up to the 2nd order:

Fa() ==

2\ + wC + ac>

A= ~6o6'(G) >0,
6(0) = 3 [2F(O) - ¢F'(©)]

w=4G"(¢) <0, 2a=F"({()>0

® same inflationary predictions as before
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KBFI e Conclusions e

NICPB

* We studied single field inflation within Palatini F(Rx) gravity

F(Rx) solves the problem of troublesome (9x)?

F(Rx) =2\ + wRx + aR%
® asymptotically flat U’s
w <0 — quintessential inflation(?) but overtuned

® overtuning could be solved by F.o(R - X)

More studies coming soon (or later ® )
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* We studied single field inflation within Palatini F(Rx) gravity

F(Rx) solves the problem of troublesome (9x)?

F(Rx) =2\ + wRx + aR%
® asymptotically flat U’s
w <0 — quintessential inflation(?) but overtuned

® overtuning could be solved by F.o(R - X)

More studies coming soon (or later ® )

Grazie! - Thank you! - Aitsh! |
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KBFI « > 0 configuration «

E In this case we have U, > Ux

V(#)wso Inflation happens at large ¢ close to the
U, plateau

In this region the potential shape can be

. .
Ua g approximated by U(¢) ~ Uan(1 - V(Ldf)c;)

Lo which generalizes the polynomial
®  ,-attractors

Since for oV >> w?® we generate asymptotically flat potentials — canonical fractional
attractors
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KBFI « > 0 configuration «

0.35

030 By choosing a monomial potential
0.25 V(p) = %gbk and taking the
020 strong coupling limit we get the
g;z polynomial a-attractors prediction
0.05 r~0
0.00 ;

0.94 ~ k+l 2

ns=1-15mW,

The plot above shows the results for V(¢) = ’"72¢2(blue) and
V(¢) = 776" (red)
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@ KBF! + Quadratic F(Ro): w<0 s

105! By choosing a monomial potential
V(p) = ——gbk and taking the
107 strong coupling limit we get the
- small r hilltop prediction
r~0
107 0es 095 o0s o097 0ok no=1_ks12
s k=2 N

The plot above shows the results for k = 4(blue),6(red),8(green)
and V(@) = —e*?(black)

Not every « is allowed in this case, a > a i, model dependent, but
always such that r < 107°

Antonio Racioppi Stockholm, October 23rd, 2023 Palatini F(R, X): a new framework for attractors



KBFI « > 0 configuration «

0.35

030 By choosing a monomial potential
0.25 V(p) = %gbk and taking the
020 strong coupling limit we get the
g;z polynomial a-attractors prediction
0.05 r~0
0.00 ;

0.94 ~ k+l 2

ns=1-15mW,

The plot above shows the results for V(¢) = ’"72¢2(blue) and
V(¢) = 776" (red)

Antonio Racioppi Stockholm, October 23rd, 2023 Palatini F(R, X): a new framework for attractors



KBFI . CC tuning e
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2
It is convenient to introduce the parameter ¢ so that oA = %-(1+0). We can

prove that
1 1+9

" oA o
It is immediate to check that

when a>> 1 and § ~ O(1)

A 11461
T 8aN-w? 8a & " 8a’

Un

Therefore, adjusting U, = % to the observed value of the vacuum energy
density also lowers the inflationary plateau making its value too low to be
phenomenologically consistent with the evolution of the universe. An
alternative option is to take § < 1, but adAs > 1 so that we still get a small

value
1

" 2masA,

For instance, if we consider U, = i ~ 107" GeV* we have that a ~ 10'?2. In

order to get a value of r ~107° (which still corresponds to a high enough
energy scale for inflation around 10°GeV) we would need an extremely
fine-tuned & ~ 1071
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