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Classifying	infla*onary	models	

Ø 	``Large-field’’	models	0<ηV<2ε:	
												
																																											typical	of	``caothic	infla*on	scenario’’	(Linde	`83)	
																									
																																											``power	law	infla*on’’	(Lucchin,	Matarrese	‘85)	
	

Ø 			``small-field	models’’:		ηV<0	

																																												from	spontaneous	symmetry	breaking	or	Goldstone,										
																																																					axion	modes	(Linde;	Albrecht,	Steinhardt	`82;	Freese				
																																																					et	al	‘90)	
	

Ø 			hybrid	models	ηV>2	ε:		
																																												supersimmetry;	typically	involve	a	second	field	to	end		

																																																					infla*on	(Linde	’91;	‘94)								
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Two	more	interes*ng	models	(as	an	example):	

Classifying	infla*onary	models	

Ø 	Natural	infla*on		
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For	μ>MPl	it	is	a	large	field	models	(Freese	et	al.	1990)	

Ø 		 R2	infla*on	
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Predicts	a	*ny	amount	of	gravity	waves			

For	μ<	MPl	it	is	a	small	field	models	

Related	to	a	shiw	symmetry	of	the	inflaton:	ϕ	à	ϕ+c,		
where	c	is	a	constant.	If	exact	this	symmetry	would	imply		
that		ϕ	is	massless	(the	poten*al	would	be	exactly	flat).			
Usually	the	symmetry	gets	broken	à	a	small	mass	is		
generated	à	pseudo	Nambu-Goldstone	field	(axion).		

Mo*va*on:	a	modified	gravity	theory	arising	from	quantum		
correc*ons.	The	R2	term	corresponds	to	an	addi*onal	scalar		
degree	of	freedom	that	plays	the	role	of	the	inflaton.		
In	fact	via	a	conformal	transforma*on																											with		
																												one	can	rewrite	this	ac*on	in	the	so	called		
Einstein	frame,	where,	besides	the	Ricci	scalar	R	of	the	usual		
Hilbert-Einstein	ac*on,	there	is	the	ac*on	of	a	minimally		
coupled	scalar	field	with	standard	kine*c	term	and	a	poten*al		
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FIG. 1. Potential as a function of the two scalar fields. 'G describes the “scalaron” field that accounts for modifications of
Einstein gravity while 'I is the one driving inflation. Significant non-Gaussianities (|fNL| ⇡ 1 � 30) are generated for generic
initial field values, provided 'G > �3. Parameters are chosen for illustration purposes. In particular we chose a quadratic
potential [26] for the inflaton field 'I . The right panel shows the potential around the minimum.

proportional to f2, f3, f6 and f8 will be set to zero, as
well as f10 as we are not interested in parity violating sig-
natures. We are interested only in the terms that could
give rise to a possibly enhanced local (or quasi-local) NG
in the squeezed limit, di↵erent from the well-known re-
sult fNL ⇠ O(✏) that is valid in standard gravity [19–21].
Therefore we will not consider inflaton derivative self-
interactions, which are known to generate NG mainly in
the equilateral configuration. This is valid also for the
ghost-free combination that can be built with the oper-
ators proportional to f4 and f5 [28], which would not
generate significant NG in the local configuration. The
only term left to consider is therefore the term R2, which
is nothing else than the first term in an expansion in
powers of the Ricci scalar of a more general f(R) theory:
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By performing a Weyl transformation gµ⌫ ! e�2!gµ⌫ ,
with e2! = �, to go to the Einstein frame, the action
appears as a two-field interacting model:
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As expected, there is an equivalence between
“f(R)+scalar” and a two-field model with a spe-
cific field metric, a generic potential for '1 and a
“conformally-stretched” potential for '2. Then it is
conceivable that the interactions between the two fields
could induce some observable e↵ects, possibly enhancing
also local NG to an observable level. It is important to
note here that if both fields contribute to the dynamics
of the background, we should rigorously impose slow-roll
conditions on both of them. However, if the field
associated to the R2 terms is subdominant, then this
condition could be relaxed and its possible NG could
be transferred to the inflaton field. In the Einstein
frame this is equivalent to a transfer of non-Gaussian
isocurvature perturbations to the adiabatic perturba-
tion mode [29]. To study this e↵ect, we will consider
f(R) = 1

2M
2
PlR+R2/12M2.

This choice is motivated by the fact that it corresponds
to the leading order term in an expansion of a generic
f(R) in powers of R (or equivalently in derivatives of
the metric). In this case, we obtain a complete potential
V ('1,'2) given by:
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initial field values, provided 'G > �3. Parameters are chosen for illustration purposes. In particular we chose a quadratic
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(Starobinsky	1980)	
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Small fieldmodels V (φ)∝1− (φ p /µ p ), p ≥ 3
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for examplep = 3 out of 95%CL
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Natural inflation V (φ)∝1+ cos(φ / f )
consistent for f ≥ 5MPl


