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Outline,	  recent	  work	  
	  

•  Higgs	  Infla5on	  in	  Supergravity	  and	  	  LHC	  115-‐145	  window	  
•  Ferrara,	  RK,	  	  Linde,	  	  Marrani,	  	  Van	  Proeyen,	  2010	  

•  Supergravity	  with	  Generic	  Inflaton	  Poten5al:	  	  
	  	  	  	  	  	  ready	  for	  any	  ns,	  	  	  r,	  	  fNL	  	  ;	  Rehea5ng	  
	  	  	  	  	  	  RK,	  Linde,	  Olive,	  Rube,	  2010-‐2011	  

	  
•  Crea5on	  of	  MaPer	  in	  the	  Universe	  and	  Groups	  of	  Type	  E7	  
	  	  	  	  	  RK	  and	  Ferrara,	  work	  in	  progress	  



Can SM Higgs Field Be an Inflaton ?!

LHC !

Salopek, Bond, Bardeen… 1988!
Bezrukov, Shaposhnikov  2008-…!



Add !

   126 GeV < MH < 174 GeV!





The LHC data excludes at 95% confidence level the Higgs mass range from 
145 to 466 GeV. The window  of 115-145 GeV is still open. However, it is 
expected that during the next few months LHC will either discover the light 
Higgs of SM in 115-145 GeV  range or will exclude it at 95% CL.!
!
!
If they find SM Higgs 115-145  GeV, we will be happy about SM completion, 
if they do not find it, new physics is required. !

What does it  mean for MSSM with 2 Higgs  doublets? !
!
At the tree level even 115 is not valid, must be below Mz~91GeV. !
Assuming that stop is heavy, one can use loop corrections to barely reach 
115-125, however, other things tend to become inconsistent.!

At this point the trend is: we need more Higgses to explain the data, 
particularly if the window 115-145 will be closed. NMSSM requires in addition 
to  2 Higgs doublets also a Higgs singlet.!
 !



Higgs Inflation in Supergravity!
!
     Ferrara, RK,  Linde,  Marrani,  Van Proeyen, 2010!
!

Kofman, Mukohyama, 2008, conformal coupling and inflation,!
Supergravity???!



Supergravity was defined by the Kahler potential 
K(z, z*) and the holomorphic superpotential W(z)  
and was known only in the Einstein frame!

More general class of supergravity model was 
constructed in 2010 by Ferrara, RK, Linde, Marrani, 
Van Proeyen starting with the superconformal 
theory with the purpose to find a supersymmetric 
version of Higgs Inflation !

The new class of supergravities is defined by the 
Kahler potential K(z, z*), superpotential W(z) and an 
arbitrary frame function Φ(z, z*). !
This means that we now know how to construct 
supergravity in arbitrary Jordan frame. 
!



Textbook version: !
Einstein frame!

RK, Kofman, Linde and Van Proeyen 2000!
Einstein frame, 
by gauge fixing 
of the conformal 

compensator!
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New version:!
Jordan frame!
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Φ(z, z̄)R

Ferrara, RK, Linde, Marrani and Van Proeyen, 2010!
Jordan frame!

CSS!
CSS (canonical superconformal supergravity) is a special class of SUGRA 
models with canonical kinetic terms and a potential as in a global SUSY !



No Higgs Inflation in MSSM!

Higgs Inflation is possible in NMSSM!

2  doublets H and one singlet S !



Einhorn and Jones, 0912.2718!

This theory has the same potential in the Higgs direction as the 
Bezrukov-Shaposhnikov model, but it is unstable in the S – direction!

Ferrara, Kallosh, A.L., Marrani and Van Proeyen, 
1004.0712!

Fortunately, it can be stabilized by adding a term  -S4 to the Kahler 
potential!

H.M. Lee, 1005.2735, !
Ferrara, Kallosh, A.L., Marrani and Van Proeyen, 
1008.2942!
 !





Well known problem of domain walls due to Z3 symmetry in NMSSM is 
solved in our model and the solution of µ-problem is proposed!



The term S4 must be large enough to achieve stability, as in the 
left part of the figure. Then we have inflation in the NMSSM.!

If the term S4 is small, the field falls to one of the two AdS minima 
which look like white eyes of an alien, and the universe collapses.!

Compare with the dramatic Higgs-LHC story!!



Recent	  new	  supergravity	  models	  
of	  infla5on	  (discussed	  in	  Linde’s	  talk)	  

Bottom up approach: !
!
1. get ns and r and fNL from Planck and B-mode experiments!
!
2. identify the supergravities which fit the data!
!
3. find the fundamental theories (superstring models?) which lead to such 
effective supergravities!



Our goal is to develop a theoretical framework which 
would give us maximal flexibility to describe upcoming 
observational data in the context of supergravity/string 
theory motivated models:!

1)  Functional freedom in the choice of the potential, to 
adjust ns and r.!

2)  The possibility to go beyond the single-field models to 
describe a possible non-gaussianity, to tune fNL.!

3)  Solving the cosmological moduli problem and the 
gravitino problem!



	  	  	  	  	  	  	  	  	  	  Chaotic inflation in supergravity	  
Main problem: 

Canonical Kahler potential is 

Therefore the potential blows up at large |φ|, and slow-roll 
inflation is impossible: 

Too steep, no inflation…!



The Kahler potential is any function of the type!

The potential as a function of the real part of      at S = 0 is!

Φ

FUNCTIONAL FREEDOM  in choosing inflationary potential!
Heavy S:  very small non-gaussianity,  light S: curvaton?!

K((Φ− Φ̄)2, SS̄)

RK, Linde 1008.3375, RK, Linde, Rube,1011.5945, RK, Linde, Olive, Rube, 1106.6025!
!
! W = S f(Φ)

V = |f(Φ)|2

Chaotic inflation in supergravity Kawasaki, Yamaguchi, Yanagida 2000!
!



In the models where                             there is a generic interaction 
of the inflaton field with all scalars in the observable sector, which 
results in the decay rate !

Kinfl = ΦΦ̄

There is no such decay in our models where the 
Kahler potential does not depend on the inflaton field!
Reheating occurs only because of the coupling to gauge fields !

This may contain the inflaton coupling to gauge fields !

Γ ∼ 10−2
m3

φ

M2
p

RK, Linde, Olive, Rube, 1106.6025!
!



This interaction results in the decay rate for the inflaton field!

COBE normalization requires!

In this case the reheating temperature, which is proportional to 
is given by !

For d < 0.1, this temperature is low enough to avoid 
the primordial gravitino problem!

Γ1/2



Why	  should	  we	  deviate	  from	  the	  simplest	  	  N=1	  
supergravity	  which	  allows	  minimal	  coupling	  of	  vectors?	  

Is there a reason not to use Ockham's razor principle?!

Since we try to understand creation of matter in the universe 
after inflation, why shall we use something which looks artificial 
from the perspective of phenomenological N=1 supergravity?!

First of all, in our new supergravity models, as well as in some 
models of modular inflation in string theory there is no other 
way to create matter in the universe.!



Examples	  of	  Non-‐minimal	  Vector	  
Couplings	  from	  String	  Theory	  

When	  SM	  par5cles	  live	  on	  D7-‐brane	  wrapped	  over	  a	  4-‐cycle	  
�

4−cycle

��
g + F + F2 ∧ F2 ∧ F4

�

Effective supergravity acquires a non-minimal couplings of volume 
modulus and its axion partner!

v FµνF
µν + aF F̃

In racetrack inflation this was the only route of 
decay for the inflaton and creation of matter!



	  
	  
	  

Studies	  of	  rehea5ng	  based	  on	  scalar-‐vector-‐
vector	  cubic	  vertex	  in	  effec5ve	  supergravity	  

	  
in	  the	  framework	  of	  Kofman,	  Linde,	  Starobinsky	  general	  

proposal	  on	  	  rehea5ng	  a_er	  infla5on	  
	  •  Blanco-‐Pillado,	  Burgess,	  Cline,	  Escoda,	  Gomez-‐Reino,	  RK,	  Linde,	  

Quevedo,	  Conlon	  
•  Braden,	  Barnaby,	  Bond,	  Huang,	  Kofman	  

	  	  	  	  	  Endo,	  Kadota,	  Kawasaki,	  Olive,	  Takahashi,	  Yanagida	  
	  	  	  	  	  RK,	  Linde,	  Olive,	  Rube	  

How general is the case of such a mechanism of matter creation?!



Crea5on	  of	  MaPer	  in	  the	  Universe	  
and	  Groups	  of	  Type	  E7	  

S. Ferrara and RK, work in progress!

The universal mechanism of matter creation in the universe !
after inflation is related to a simple and universal mathematical 
property of all extended  supergravities and related superstring 
theory compactifications. !

We prove that in all N >1 models which depend on scalars the !
non-minimal vector coupling is compulsory, no exceptions.!



The  proof is based on the fact that all extended supergravities !
 N > 1 described by symmetric coset spaces G/H have groups G !
 of type E7 (except U(p,n), p=3,1, which are not groups of type E7). !

For N=2 special geometry requires a non-minimal vector coupling. !

Upon consistent truncation to N=1 supergravity, 
extended supergravity models generically preserve 
the non-minimal vector coupling (with exception of 
CPn models which are not type E7). !



Groups	  of	  Type	  E7	  	  
were	  introduced	  in	  math	  in	  1969:	  Brown,	  Kac,	  Adams	  

All extended supergravities!
 !
                          were constructed in 1976-1979!

2 ≤ N ≤ 8

Recently realized in studies of supersymmetric black 
hole attractors  and stabilization of moduli near the 
horizon that all extended supergravities are based on 
duality groups G of type E7 with one exception.!
!



Groups	  of	  Type	  E7	  

Groups	  with	  a	  symplec5c	  representa5on	  R	  admigng	  
a	  symmetric	  quar5c	  invariant	  polynomial	  



 extended supergravity sequence !
N=2 sequence!3 ≤ N ≤ 8

All type E7, but U(3,n) and U(1,n)!
Add N=2 special geometry models, not coset spaces!



Non-minimal vector coupling is compulsory!!

There are also various Pauli couplings !



Consistent truncation of extended supergravity/compactified !
superstring theory to d=4 N=1 phenomenological supergravity!
always preserves the non-minimal vector couplings, with 
exception of models which are not of E7 type.!

Truncation to N=1 supergravity!

Simplest string theory example: the  effective action of type N = 1  
Calabi-Yau orientifolds derived from the compactification of the 
string theory!

Calabi-Yau  threefolds intersection numbers!

Λ → (α, p)

dΛΣ∆



String theory example of exceptional cases were N=1 vector 
coupling in truncated theory is minimal: !
!
Frey, Polchinski model of N=3 supergravity derived from string 
theory on!

Corresponds to U(3,n) case of “not E7 type” models, !
reduced to N=2 produces U(1,n) CPn “not E7 type” models,!
Reduced to N=1 produces model with minimal vector coupling.!



In conclusion!

1. It will be incredibly interesting to know what LHC will say about the light     
Higgs 115-145 GEV  few months from now.  Is the gauge singlet Higgs 
required to reconcile the LHC  data with supersymmetry?  Supergravity 
Higgs inflation hints towards such a possibility.!

We relate the universality of the non-minimal vector coupling and creation 
of matter in the universe to universality of the mathematical structure of 
compactified superstring theory/extended supergravity.!

2. We proved that!
!
The non-minimal vector coupling is compulsory in N > 1 supergravity!

Upon consistent reduction to N=1 all (but “not E7 type” models) preserve !
non-minimal vector coupling. !


