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Fundamental scalars in physics:

•  HIGGS            EW masses
                                
•  INFLATON       Cosmology

•     (AXION             CP  ?)
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Fundamental scalars in physics:

•  HIGGS OBSERVED!!!
                                
•  INFLATON       Cosmology

•     (AXION             CP  ?)
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• Branching Ratios look also like SM (so far..) 

• First elementary scalar ever seen in Physics  
(Both SUSY and Strings predict elementary scalars !)

No sign of  new physics in the Higgs couplings..
Wednesday, September 24, 14



 The SM Higgs problems get sharper:

• 1)  The gauge hierarchy problem more 
explicit: the Higgs is there, light and weakly 
coupled. 

• 2) A new ‘problem’: the `Stability  Problem´: 
the Higgs potential becomes unbounded well 
below the Planck scale....

       
  

Why mHiggs � MPlanck ??

5

56 Supersymmetry

Figure 2.3 One-loop corrections to the Hu (mass)2, controlled by the top Yukawa coupling
yt. After SUSY breaking the negative contribution from the first diagram wins over the
positive contribution from the second.

SUSY is broken, the squarks get masses and the second diagram is suppressed
compared to the first, leaving an overall uncanceled negative contribution

�µ2
u ⇤ � 3

16⇥2
y2t m

2
q̃ log

M2
GUT

(Q2
0 +m2

q̃)
, (2.82)

where the contribution is evaluated at a scale Q0. For large enough yt i.e. heavy
enough top quark, this negative contribution may, at low energies, exceed the orig-
inal positive contribution and trigger EW symmetry breaking. Similar diagrams
exist for the Higgs field Hd but they are controlled by the bottom Yukawa cou-
pling, and so give smaller contributions, which we ignore for simplicity.
One may worry that similar diagrams correcting the squared masses of squarks

like t̃, b̃ could drive them to negative values, leading to minima breaking charge and
color symmetries. However, for these coloured scalars there are additional large and
positive contributions from diagrams involving gluino loops, controlled by the large
QCD coupling constant, which thus prevent SU(3) ⇥ U(1)EM breaking. Also for
this reason, squarks are in general heavier than sleptons.
The resulting pattern of running masses for the Higgs scalar and the various

SUSY particles of the MSSM is sketched in figure 2.4. Hence the structure of the
MSSM is such that quantum corrections produce the desired pattern of SU(3) ⇥
SU(2)L⇥U(1)Y symmetry breaking in a natural and elegant way. This mechanism,
known as radiative electroweak symmetry breaking, requires a heavy top quark,
e.g. mt ⇤ 70 � 190 GeV in the simplest constrained MSSM. The experimentally
measured value of mt ⇤ 170 GeV thus fits quite well with radiative EW symmetry
breaking in the MSSM; this is a remarkable success of this mechanism, in particular
given that at the time of its original formulation the existing theoretical prejudice
was mt ⇤ 30� 40 GeV.

A more complete treatment of loop corrections makes use of the RGEs to run the
soft terms down to low energies, producing a potential (2.81) for running couplings.
In this description, µ2

u ⌅= µ2
d at low energies, and the potential can trigger correct

Wednesday, September 24, 14
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Just-SM unlikely to survive all the way to Planck scale:
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Figure 1: RG evolution of the Higgs self coupling, for di↵erent Higgs masses for the central value of mt

and ↵s, as well as for ±2� variations of mt (dashed lines) and ↵s (dotted lines). For negative values

of �, the life-time of the SM vacuum due to quantum tunneling at zero temperature is longer than the

age of the Universe as long as � remains above the region shaded in red, which takes into account the

finite corrections to the e↵ective bounce action renormalised at the same scale as � (see [11] for more

details).

2 Stability and metastability bounds

We first present the analysis on the Higgs instability region at zero temperature. We are

concerned with large field field values and therefore it is adequate to neglect the Higgs mass

term and to approximate the potential of the real field h contained in the Higgs doublet H =

(0, v + h/
p
2) as

V = �(|H|2 � v2)2 ⇡ �

4
h4 . (1)

Here v = 174 GeV and the physical Higgs mass is mh = 2v
p
� at tree level. Our study here

follows previous state-of-the-art analyses (see in particular [9, 11, 12]). We assume negligible

corrections to the Higgs e↵ective potential from physics beyond the SM up to energy scales of

the order of the Planck mass. We include two-loop renormalization-group (RG) equations for all

the SM couplings, and all the known finite one and two-loop corrections in the relations between

3

•  `Stability  Problem´: 
the Higgs potential
unbounded well below 
the Planck scale....

Metastable

at ' 1011 � 1014 GeV

Elias-Miró et al.’12
Wednesday, September 24, 14



Low-energy  SUSY?

•  SUSY predicts   mh � 130 GeV
In principle 126 GeV Higgs good news for SUSY

However... this value is a bit high....

... and  no hints as yet of  SUSY particles at LHC!

(CMSSM)7

56 Supersymmetry

Figure 2.3 One-loop corrections to the Hu (mass)2, controlled by the top Yukawa coupling
yt. After SUSY breaking the negative contribution from the first diagram wins over the
positive contribution from the second.

SUSY is broken, the squarks get masses and the second diagram is suppressed
compared to the first, leaving an overall uncanceled negative contribution

�µ2
u ⇤ � 3

16⇥2
y2t m

2
q̃ log

M2
GUT

(Q2
0 +m2

q̃)
, (2.82)

where the contribution is evaluated at a scale Q0. For large enough yt i.e. heavy
enough top quark, this negative contribution may, at low energies, exceed the orig-
inal positive contribution and trigger EW symmetry breaking. Similar diagrams
exist for the Higgs field Hd but they are controlled by the bottom Yukawa cou-
pling, and so give smaller contributions, which we ignore for simplicity.
One may worry that similar diagrams correcting the squared masses of squarks

like t̃, b̃ could drive them to negative values, leading to minima breaking charge and
color symmetries. However, for these coloured scalars there are additional large and
positive contributions from diagrams involving gluino loops, controlled by the large
QCD coupling constant, which thus prevent SU(3) ⇥ U(1)EM breaking. Also for
this reason, squarks are in general heavier than sleptons.
The resulting pattern of running masses for the Higgs scalar and the various

SUSY particles of the MSSM is sketched in figure 2.4. Hence the structure of the
MSSM is such that quantum corrections produce the desired pattern of SU(3) ⇥
SU(2)L⇥U(1)Y symmetry breaking in a natural and elegant way. This mechanism,
known as radiative electroweak symmetry breaking, requires a heavy top quark,
e.g. mt ⇤ 70 � 190 GeV in the simplest constrained MSSM. The experimentally
measured value of mt ⇤ 170 GeV thus fits quite well with radiative EW symmetry
breaking in the MSSM; this is a remarkable success of this mechanism, in particular
given that at the time of its original formulation the existing theoretical prejudice
was mt ⇤ 30� 40 GeV.

A more complete treatment of loop corrections makes use of the RGEs to run the
soft terms down to low energies, producing a potential (2.81) for running couplings.
In this description, µ2

u ⌅= µ2
d at low energies, and the potential can trigger correct

= 0

e.g. Mg̃ = Mq̃ � 1.7 TeV !

Wednesday, September 24, 14
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High Scale SUSY breaking

•   It is a simple solution to the stability problem

•   One assumes  MSSM applies at scales 

        enough to stabilize the potential

  
•   Additional motivation: SUSY is a fundamental 
symmetry of string theory and guarantees absence
of tachyons in explicit compactifications  

Mss > 1011 � 1013 GeV

V = D2 + F 2 � 0

Hall,Nomura ‘09,13

 L.I.and Valenzuela  2013
L.I, Marchesano,Regalado,Valenzuela arXiv:1206.2655 Hebecker.and Weigand ’12,’13

Wednesday, September 24, 14



SUSY would be needed NOT to 
stabilize the hierarchy 

but to stabilize the SM vacuum 

(before � becomes negative)

The solution of  the hierachy problem would 
be then anthropic...

This would require MSS  1011 � 1013 GeV

Wednesday, September 24, 14
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�
Hu , H⇤

d

�✓ m2
Hu

m2
3

m2
3 m2

Hd

◆✓
H⇤

u

Hd

◆
Most genereal MSSM Higgs masses:

For m

2
Hu

m

2
Hd

= m

4
3 ' (1011 � 1013 GeV )4 :

h = sin�Hu � cos�H⇤
d , massless ! SM doublet

H = cos�Hu + sin�H⇤
d , massive,mH ' 1011 � 1013GeV

(fine-tuning)

tan� = |mHd/mHu |

Wednesday, September 24, 14
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SM Higgs

h = Hu �H⇤
d ; H = Hu +H⇤

d

Vh(Q) ' 0 �! m0
h(QEW ) = 126± 3 GeV

at Q ' 1011 � 1013GeV :

(massless) (massive)

For cos2� ' 0 (tan� ' 1) :

V = m2
H |H|2 +

g21 + g22
8

cos22�
�
|h|2 � |H|2

�2

Wednesday, September 24, 14
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 L.I.and Valenzuela  2013

For MSS � 1010 GeV ! mH = 126± 3 GeV

Wednesday, September 24, 14



Observed Higgs mass indicates:

�!
�
Hu , H⇤

d

�✓ m2 m2

m2 m2

◆✓
H⇤

u

Hd

◆

Suggests looking for SUSY-breaking sources leading to this 
kind of  structure...

We will see later that certain classes of  string 
compactifications lead to this structure

tan� = |mHd/mHu | ' 1 at Q ' 1011 � 1013GeV

Wednesday, September 24, 14
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Inflation and strings
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�

n
, n � 2 close to exclusion. . . .

Planck:

Inflation before March 17-th 2014

Wednesday, September 24, 14



BICEP2
Primordial
B-modes

r = 0.1 � 0.2

16
Wednesday, September 24, 14



But the dust still has to settle....

17
B-mode power spectrum

Wednesday, September 24, 14



Slow roll inflation

✏ =
M2

p

2

✓
V 0

V

◆2

⌧ 1 , ⌘ = M2
p
|V 00|
V

⌧ 1

Scalar spectral index : ns � 1 =2⌘ � 6✏

tensor/scalar ratio : r = 16✏

Number e� folds : N⇤ =
1

Mp

Z �⇤

�end

d�p
2✏

Perturbations:

Lyth bound: ��

Mp
� 0.25

⇣ r

0.01

⌘1/2

Large r   requires trans-Planckian inflaton excursions
18
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Simplest large r:  Chaotic Inflation 

V (�) = µ4�p�p

N⇤ ' 1

2p

✓
�⇤
Mp

◆2

! trans� Planckian

ns � 1 = � (2 + p)

2N⇤
, r =

4p

N⇤

Linde 88

19

(Bauman McAllister book)

Wednesday, September 24, 14



If BICEP2 correct:

V 1/4 '
⇣ r

0.01

⌘1/4
⇥ 1016 GeV ' 1016GeV

HI '
⇣ r

0.20

⌘1/2
⇥ 1014 GeV

mI ' 1013 GeV

20
Wednesday, September 24, 14



If BICEP2 correct:

V 1/4 '
⇣ r

0.01

⌘1/4
⇥ 1016 GeV ' 1016GeV

HI '
⇣ r

0.20

⌘1/2
⇥ 1014 GeV

mI ' 1013 GeV

21

Related to 
SUSY-breaking scale?

(I call SUSY breaking scale the size of the SOFT TERMS)

 L.I.and Valenzuela  hep-ph/1403.6081

Wednesday, September 24, 14



1013 1014 1016 1018 1019

mI HI V 1/4 Mp �⇤

NEED:

2) Large �⇤ � Mp possible

1) Stable mI ⌧ Mp (mI ⌧ HI if SUSY ) : ⌘ problem

3) Corrections under control for �⇤ � Mp

1), 3) �! shift symmetry :

� �! � + c

22

2) ! periodic inflaton field

Wednesday, September 24, 14



1013 1014 1016 1018 1019

mI HI V 1/4 Mp �⇤

m
moduli

Mc,Mstr

Scales in string large inflaton

D = 4 field theory ok

�⇤ ' 10Mp ok, as long asV (�)1/4  Mc,Mstr

23

Disclaimer: we will assume that moduli

are fixed somehow well above inflaton mass

R. Blumenhagen  talk on friday
Wednesday, September 24, 14
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Large field inflation in string theory:
•   Inflaton identified with either an axion, a Wilson line 
 or a D-brane position

•  Periodicity in those fields allows for large trans-
Planckian excursions without exciting heavy KK or
string states  

  
•   Gauge symmetries of those fields make potentials
stable against corrections to the potential. 

Wednesday, September 24, 14



Monodromy inflation

V (�)

B2, C2,�brane, ...

Silverstein, Westphal 08;
McAllister,Silverstein, Westphal

Kaloper, Sorbo 08
Gur-Ari, 13

Marchesano, Shiu, Uranga , 14

25

Alternative: two axions 
Kim, Nilles, Peloso , 04

Ben-Dayan,Pedro, Westphal, ’14
Kappl, Krippendorf,Nilles , 14

Palti, Weigand  14
Hebecker, Kraus, Witkowwski  14

Blumenhagen  14
........

Wednesday, September 24, 14
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Higgs-otic inflation

 L.I.and  Valenzuela arXiv-ph/1403.6081; th/1404.5235 
 L.I.Marchesano and  Valenzuela  2014, to appear  

Wednesday, September 24, 14
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•  Atractive: having a light SM                        
is already an amazing  miracle.
                                
•  Having an additional inflaton scalar with 
mass                                  is an additional 
miracle. Can we relate both miracles?                    

•  In the SM this identification is complicated.
Present implementations lead to non-minimal          
gravity                    and   to small r.

Higgs inflation?
mh = 126 GeV ⌧ Mp

mI = 1013 GeV ⌧ Mp

Bezrukov, Shaposhnikov ’07

Z
|h|2R

Wednesday, September 24, 14
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•  The SUSY-SM case looks more promising.
For large SUSY breaking we saw:

                                
                      
• Large inflaton excursions and stability
required:

VH(Mss) ' m2|H|2Vh(Mss) ' 0 ,

Chaotic inflation with H the inflaton?

Look for a string implementation with 
some sort of monodromy inflation with 

H = Wilson line or D-brane position
 L.I.and  Valenzuela arXiv-th/1404.5235  L.I.Marchesano and  Valenzuela  2014, to appear  
Wednesday, September 24, 14
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Higgs MSSM fields
in string 

compactifications

Possible both in Type II orientifolds and Heterotic

Wednesday, September 24, 14



6 D7-branes at (C2 ⇥T2)/Z4

Matter fields:
Gauge group: U(3)⇥ U(2)⇥ U(1)

2(3, 2) + 2(1, 3) + (1, 2) + (1, 2)

U(2)⇥ U(1) ! U(1)⇥ U(1)

� = diag(↵13,↵
212,1)

↵ = exp(i2⇡/4)

(z1, z2, z3) ! (↵z1,↵z2,↵
2z3)

 A SM toy model with D7-branes at singularities

vector pair: Hu , Hd

One U(2)-brane + U(1)-brane can leave 
the singularity in opposite directions
in 3-d torus

L.I. Valenzuela 14

SU(3)⇥ SU(2)⇥ U(1) ! SU(3)⇥ U(1)

Inflaton breaks SM gauge symmetry

T 2
3 :

in 3� d complex plane

Wednesday, September 24, 14



‣ Position on

Inflaton

T 2
3 :

Hu = � , Hd = �ei✓D-flat: �, ✓ 2 R

z3 = ⇡↵0hh+ iHi = �ei✓/2

H = |Hu +H⇤
d | = 2�cos

✓

2
h = |Hu �H⇤

d | = 2� sin
✓

2

Wednesday, September 24, 14



Counting of degrees of freedom:

‣ Massive states (            and the scalars                )W±, Z H±, h

! M2
W,Z ' R2

(↵0)2

Mass given by D7 distance to rest of U(2)xU(1) D7-branes

even though one can have |Hu +H⇤
d | �

R

↵0
(may be trans-Planckian)

M

2 =
1

(2⇡↵0)2
(2⇡R6w + x)2

(for e.g. h = 0)

Wednesday, September 24, 14



Addition of fluxes creates potential

Imaginary self-dual closed string fluxes:

G3 = F3 � iSH3

G(2,1) (SUSY)

! insert fluxes in DBI+CS action

IIB closed string fluxes :

G(0,3) (non-SUSY) ,

Wednesday, September 24, 14



Inflaton potential from D7 DBI+CS

SCS = µ7gsSTr

✓Z
d8⇠P [�C6 ^B2 + C8]

◆

B12 =
gs�

2i
G⇤

(0,3)�

(C8)11̄22̄ =
gs�2

4
|G(0,3)|2|�|2

(C6)12 = � �

2i
G⇤

(0,3)�

Pull-back: 

SDBI = �µ7g
�1
s STr

✓Z
d8⇠

p
�det(P [Eab] + �0Fab)

◆

Eab = g1/2s Gab �Bab ; �0 = 2⇡↵0 ; µ7 = (2⇡)�3(�0)�4g�1
s

 L.I., Marchesano and  Valenzuela  2014, to appear  

� =

0

@
03

02 Hu

Hd 0

1

A

In the presence of fluxes : (here only G(0,3) for simplicity)

Wednesday, September 24, 14



' =

Z �

✓1/4(�0)d�0 =
1

4
|�|

q
4 + |Ĝ|2|�|2 + |Ĝ|�1sinh�1[|Ĝ||�|/2

SCS = �µ7gsSTr

Z
d8⇠

 
|Ĝ(0,3)|2

4
|�|2

!

where ✓(�) =

✓
1 +

1

4
|Ĝ|2|�|2

◆2

,

Canonical kinetic term needs redefinition:

V (') = µ7gsV4


✓1/2 (�('0)) +

1

4
|Ĝ|2 |� ('0)|2 � 1

�

DBI CS

Ĝ = 0.1

Ĝ = 1

Ĝ = 4

SDBI = �µ7gsSTr

Z
d8⇠ ✓1/2(�)

�
1 + (�0)2✓(�)Dµ�Dµ�̄+O(@4)

�

Ĝ ⌘ g1/2s �0G(0,3)

TO

canonical
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V (') = µ7gsV4

✓
1

2
|Ĝ|2|�('0)|2

◆
Inflaton potential:

µ7gsV4 ' 0.005gsM
4
s

for large|'| :
1

4
|Ĝ|2|�(')|2 ! |'|

Ĝ ' 0.1 ⇠ 1

Mp

' = �

x6 ' ⇡↵0|Hu +H⇤
d |

almost linear

for large inflaton

'0

(take here ✓ ' 0)

Ĝ ⌘ g1/2s �0G(0,3)

Wednesday, September 24, 14



Tensor to scalar perturbations ratio

✏ =
m2

p

2

✓
V 0

V

◆2

; ⌘ = m2
p
V 00

V
N =

1

mp

Z '0

'end

1p
2✏

r = 16✏|'='0 , ns = �6✏+ 2⌘ + 1

For 60 e-folds ! '0 = 13.1mp ! r = 0.078 , ns = 0.973

For 50 e-folds ! '0 = 12.1mp ! r = 0.095 , ns = 0.967

For 60 e-folds ! '0 = 15.4mp ! r = 0.124 , ns = 0.967

For 50 e-folds ! '0 = 14.1mp ! r = 0.150 , ns = 0.961

For | ˆG| = 0.1/mp , Mss ' 5⇥ 10

11 GeV :

For | ˆG| = 1/mp , Mss ' 5⇥ 10

12 GeV :

�' = '0 � 'end

'end ' Mp
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G = 0.1

G = 1

Mss ' 5⇥ 1012 GeV

Mss ' 5⇥ 1011 GeV

 L.I.Marchesano and  Valenzuela  2014, to appear  

Wednesday, September 24, 14



Planck

 L.I.Marchesano and  Valenzuela  2014, to appear  

Wednesday, September 24, 14



End of inflation:

H =Hu +H⇤
d ! m2

H ' gs
2
|G|2

h =Hu �H⇤
d ! m2

h ' 0

Inflaton:
SM Higgs:

(The massive Higgs states decouple at low energies)

h'i = hHi = 0 (SU(2)⇥ U(1) restablished)

Now h is the lightest field and will play the role of the SM Higgs

! �SM ' 0 at 1011 � 1013 GeV ! mh(EW ) ' 126 GeV

Reheating:

(allow for leptogenesis)
TR '

p
�'Mp ' g

p
m'Mp ' 1011GeV

VSM = m

2
hh

2 +
g

2 + g

2
1

8
cos

22�|h|4

Wednesday, September 24, 14



(Hu +H⇤
d )(H

⇤
u +Hd) ]

A supergravity description 

KH = �log[(S + S

⇤)(U3 + U

⇤
3 ) � ↵

0

2

W = W0 + µHuHd +Wf

For µ = 0 and onlyFT 6= 0 :

After SUSY breaking : V (Hu +H⇤
d )

(to leading order in ↵0
)

V ' |FT |2

Mp
|Hu +H⇤

d |2

Wednesday, September 24, 14



SL(2, Z) duality symetries :

Structure of Kahler potential essentially dictated by

KH ! KH � log|U3|2 Kahler transformation

The Kahler potential is NOT invariant, the potential IS

U3 ! 1

U3
; S ! S � HuHd

2U3
; Hu ! Hu

iU3
; Hd ! Hd

iU3

! expect ↵0 corrections : V n(Hu +H⇤
d )

Consistent with what we obtained from DBI+CS expansion

 L.Cardoso et al; Antoniadis et al ’94  

Wednesday, September 24, 14



•  The                      and the Higgs fine-tuning 
problem not independent. Need inflaton mass 
of order               to stabilize the SM potential

• Large inflaton from multiple winding around 
a one-cycle. Common in string theory.

•Generic: flattening of potential for large 
inflaton: N=1 SUGRA leading effective
action may be not sufficient. On the other
hand DBI+CS exact in  

43

⌘ � problem

1013 GeV

↵0

Wednesday, September 24, 14



•  A complete analysis would require a 
complete global model with all moduli fixed. 

• Typical danger in monodromy inflation 
models are induced RR-tadpoles:

turns out to be cancelled by term from

• Generalize to other geometries (e.g cycles 
on Riemann surfaces)
  44

Z

D7
C4 ^B ^B !

Z

D7
C4 tadpole

Z

D=10
C4 ^H3 ^ F3

Wednesday, September 24, 14



• The observed Higgs mass leads to an 
unstable vacuum at 

•                                            stabilizes the
potential and consistent with 
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Conclusions

1010 � 1013 GeV

SUSY at 1010 � 1013 GeV
mH ' 126 GeV

• Minimality suggests to study whether the 
SUSY Higgs sector with SUSY broken at
                                       can give rise to 
inflation.
• We find a massive MSSM Higgs field H
may be identified with an inflaton

Mss ' 1010 � 1013 GeV
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• Higgs/Inflaton may be realized as a D7-
brane position moving over a 2-torus (also
as W.L. in Type II and Heterotic)

• ISD fluxes induce a potential which may be 
obtained from the DBI+CS action

• Leads to a variant of chaotic inflation with a 
leading linear behavior at large Higgs vev:
Higgs-otic inflation?

• One obtains:                                                    
which hopefully will soon be tested! 
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r ' 0.078� 0.15 , ns ' 0.97� 096
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Thank you !!
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8� 10 October 2014
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Back-up
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