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To have inflation starting at the Planck density, it is 
sufficient to have a single Planck size domain with a 
potential energy V of the same order as kinetic and 
gradient density. 
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FIG. 2: Trinomial Inflat ion. We plot r vs. ns for fixed values of the asymmet ry parameter h and the field z varying along the
curves. The red curves are those of chaot ic inflat ion with h ≤ 0 (only the short magenta curve has posit ive h), while the black
curves are for new inflat ion. The color–fi lled areas correspond to 12%, 27%, 45%, 68% and 95% confidence levels according

to the WMAP3 and Sloan data. The color of the areas goes from the darker to the lighter for increasing CL. New inflat ion
only covers a narrow area between the black lines while chaot ic inflat ion covers a much wider area but , as shown by fig. 9,

this wide area is only a small corner of the field z - asymmet ry h plane. Since new inflat ion covers the banana-shaped region
between the black curves, we see from this figure that the most probable values of r are defini t ely non-zer o within t rinomial
new inflat ion. Precise lower bounds for r are derived from MCMC in eq.(5.2).
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Therefore, we reach the Harrison-Zeldovich spectrum ns = 1, r = 0 as a limit ing value. This is a strong coupling
regime y → ∞ where in addit ion we must keep the rat io M / (h + 1)

1
4 fixed for h → − 1+ since it is determined by the

Destri, de Vega, Sanchez, 2007 

Polynomial inflation: 



3 observables:  As, ns, r 

3 parameters:  m, a, b 

But the best fit is provided by models with plateau potentials 
 

Destri, de Vega, Sanchez, 2007 
Nakayama, Takahashi and Yanagida, 2013 
Kallosh, AL, Westphal  2014 

Example: m =10-5, a = 0.12, 
b=0.29 



Starobinsky-like models in modified no-scale SUGRA 

Ellis, Nanopoulos, Olive 1305.1247 

Ferrara, Kallosh, AL, Porratti 1306.3214 

 

Kallosh, AL, Roest 1311.0472 

 

Galante, Kallosh, AL, Roest 1311.0472 
 

 

a-attractors 

Ellis, Nanopoulos, Olive 1307.3537 





Start with the simplest chaotic inflation model 

Modify its kinetic term 

Switch to canonical variables 

The potential becomes 



A projection of the Escher disk of the radius             on the 
quadratic inflationary potential 



The same potential in terms of the canonical  

inflaton field for a = 1/3 



General chaotic inflation model 

Modify its kinetic term 

Switch to canonical variables 

The potential becomes 

This is a plateau potential for any nonsingular 



Suppose inflation takes place near the pole at t = 0, and 

V(0) > 0,  V’(0) >0, and  V  has a minimum nearby. Then 

in canonical variables    

Then in the leading approximation in 1/N, for any non-singular V 

Galante, Kallosh, AL, Roest  1412.3797 



THE BASIC RULE: 

For a broad class of cosmological attractors, the spectral index ns 
depends mostly on the order of the pole in the kinetic term, while 

the tensor-to-scalar ratio r depends on the residue. Choice of the 
potential almost does not matter, as long as it is non-singular at the 
pole of the kinetic term. Geometry of the moduli space, not the 
potential, determines much of the answer. 

Galante, Kallosh, AL, Roest  1412.3797 

An often discussed concern about higher order corrections for 
large field inflation does not apply to these models. 





Potential in the original 

variables with kinetic term 

 

Potential in canonical 

variables flattens because of 

the stretching near the 

boundary 

All of these models predict 

Kallosh, AL 2013 









Red line – GL model 

1984 

Similar model has been proposed 32 years ago by Goncharov and AL 

in JETP 59, 930 (1984). It was the first paper on chaotic inflation in 

supergravity, but it was nearly forgotten. It corresponds to  

for 



Starobinsky model 

Whitt 1984 

 

Identified with 

the Starobinsky 

model only in 

1988: 

 

Barrow 1988 

Maeda 1988 

Coule, Mijic 1988 

 



Simplest T-models Simplest E-models 

Coincides with the Starobinsky 

model for  a = 1.  
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 Kallosh, AL, Roest 2013 Ferrara, Kallosh, AL, Porrati, 2013 



In canonical variables  

This gives 2 copies 
of the Starobinsky 
potential 



Large M forces the two fields coincide: 

This is equivalent to a = 2 

In canonical variables  

If we have 7 independent fields with a=1/3, coupling them to each 

other can similarly increase a from a=1/3 to a=7/3. 





One cannot rule out large field inflation defined 

above by not finding tensor modes with any r. 

AL  1612.00020 



One cannot rule out large field inflation during the last 
50-60 e-foldings unless one does not find gravitational 
waves all the way down to  r = 2 x 10-5 

Garcia-Bellido, Roest, Scalisi, Zavala 1405.7399 
 
AL 1612.00020 



For many models of a-attractors, the typical values of r are in the 

range 10-2 – 10-4.  Models with a < 1  (r < 4 x 10-3) correspond to 

M < 1.2, i.e. to sub-Planck characteristic scale).  

 

This does not mean that inflation with r < 4 x 10-3  is small field. 

Finding r and scale of inflation M is important for determining 

geometric properties of the theory:  The curvature of the moduli 

space in the theory of a-attractors is – 1/M2. 





At large fields, this potential remains 10 orders of magnitude 
below Planck density. Can we have inflation with natural 
initial conditions here? The same question applies for the 
Starobinsky model and Higgs inflation. 

Carrasco, Kallosh, AL  1506.00936 
East, Kleban, AL, Senatore  1511.05143 
Kleban, Senatore 1602.03520 
Clough, Lim, DiNunno, Fischler, Flauger, 
Paban 1608.04408 
 



To explain the main idea, note that this potential coincides with 
the cosmological constant almost everywhere. 



Start at Planck density, in an expanding universe dominated by 
inhomogeneities. The energy density of matter is diluted by the 
cosmological expansion as 1/t2. What could prevent exponential 
expansion of the universe which becomes dominated by the 
cosmological constant L after the time t = L-1/2 ? 
 
Inflation does NOT happen in the universe with the cosmological 
constant L =10-10 only if the whole universe collapses within 10-28 

seconds after its birth. 
 

In other words, only instant global collapse could allow 
the universe to avoid exponential expansion dominated 
by the cosmological constant. If the universe does not 

instantly collapse, it inflates. 

 

For the universe with a cosmological constant, the 
problem of initial conditions is nearly trivial.   



This optimistic conclusion related to the cosmological 
constant applies to a-attractors as well, because their 
potential coincides with the cosmological constant 
almost everywhere. 



These arguments are valid for general large field inflationary 
models as well. Recently they have been confirmed by the same 
methods of numerical GR as the ones used in simulations of BH 
evolution and merger. The simulations show how BHs are 
produced from large super-horizon initial inhomogeneities, 
while the rest of the universe enters the stage of inflation. 

East, Kleban, AL, Senatore  1511.05143 



It is well known that dropping money from 
a helicopter may lead to inflation 



A simple interpretation of our results 

Money dropped from a helicopter 
have no choice but lend on an 
infinitely long plateau. This 
inevitably leads to inflation 



Potential in canonical variables has a plateau at large values of the inflaton field, 
and it is quadratic with respect to s.  



Chaotic inflation with a parabolic potential goes first, at nearly 
Planckian density. When the field down, the plateau inflation 
begins. 

                    No problem with initial conditions 



During the last 3 years, a new class of inflationary 
models was constructed: cosmological attractors. 
These models give predictions matching Planck data, 
generalize Starobinsky model, GL model and Higgs 
inflation, can be implemented in supergravity, and can 
simultaneously describe inflation, the cosmological 
constant, and SUSY breaking.  
 


