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Hybrid inflation
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- For vev of fieds: vev of @ can be much smaller than
Planck mass.

* From high energy physics BSMs, global and local
susy, and superstrings (brane/antibrane collisions)
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Global susy, in 1 page

» Ingredients:

- Supermultiplet, minimum field content is one complex scalar
field and one Majorana fermion (Wess Zumino model)

- Superpotential, W(¢,), Fayet-Iliopoulos term, &, charges, q's
and coupling constant, g.
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- If susyis br'oken,
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F- and D-term hybrid models

- SUSY model from F-term
Superpotential: W = —MZS + A SCI)+(I)_

.
mass parameter  pimensionless Chiral superfields
parameter

+ SUSY model from D-term with nonzero g and &
Superpotential: W=AL50 D

Dimensionless Superfields with charges

Chiral ield
parameter ira superfie +1 and -1
with no charge
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* F term inflation potentials
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*+ D-term inflation potentials
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» End of inflation leads to cosmological defects
(strings) of linear energy density pyor &
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Extensions ?

* Within global Susy (more fields):
- Curvaton type models
- Multiple field inflations

* Within local Susy (Sugra)
- Modulated inflation
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Susy extensions

* What is happening if field content is
extended ?

W=-uS +v.S’ + A (a,-S, )(EJ.(I)J.)
with only cubic terms

+ Interesting cases are (in context of D-term
inflation)
- W=A5DD+u°C curvaton model
- W=v,5+i (a5 )0@  multiple-field inflation
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» Last example leads to a model of the form
(FB & Uzan '03)

A massive transverse
. _ field that eventually
The inflaton A light transverse field undergoes a phase

\ transition/
AN,

| A
Viooo) = V(@) + 5+ 5 (0= ad)
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Focusing of the

classical trajectories if A > 0 Active quantum

fluctuations

N Inflationary period stops
¢ at a time that depends on
both the @ and x values

End of inflation Horizon crossing
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Multiple field inflation

* You can have significant self coupling in
transverse directions (slow-roll conditions do
not apply): ndively A can be as large as unity

- Is the mass protected against radiative
corrections ?

- What are the effects of quartic self-coupling on
the statistical properties of the metric
perturbations

> Quantum field theory of a test field in (quasi) de
sitter space time beyond linear theory..
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Quantum fields in de Sitter space

: . . . 1
- de Sitter space (s* '111 — (—dn?® + §;;da’da?) 7 —Ht
(L£17)=

H -0 <n<0’

* Quantification of scalar field

en(x. 1) / [:'.](/.'.f;)hk(-’l"x oy (k. n)bie :kx]
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* Perturbation theory: the In-In formalism (Weinberg '05)

Q(t) = UDY L, t;) QO 1) uUD (¢, ¢, *
0 = @)t OOUPEE) g [,,exp(_i/ H(ndt)]
Jt;

- Thus we have:

Nky -« Xko ) = O Mnoom) Xiey - -~ Xaw, Ulng.1)0]
Pak
Free vacuum
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Radiative corrections to scalar mass

(Brunier, FB, Uzan PRD, hep-ph/0412186)

- Case of a scalar field imbedded in a chiral
super-multiplet (Wess-Zumino model)

om’ = i
+ / .....

\ N ~ ) 3/\ H2 j\ /\ H2
om? = o +omi = 21 (2) 4 2 (1)

22 7, T2 Air

“classical IR divergence”

= M = LH°
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Self-coupled scalar field in de Sitter
space time

The motion equation of a test scalar field is the
following,

1
X +3Hx — —Ax = -V
a

_— R

Negligible Non-linear source
at super-Hubble scales term.

For a quartic potential, the first non trivial high-
order correlator is the fourth

(x(ky) ... x(ky))e :><: + % n ><><
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Exact results from quantum theory

For a quartic coupling and in the super-horizon limit
(FB, Brunier & Uzan '03)

o P AH 4 ODiracl ki) ., .

Py(hey. ko kg ey = Ne folde

Polky ) Pal ko) Palka) + sym.

(Qa(Fy. ok ky) =

square configuration

-2, 0. 2. 4.
Log[k: 7]
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Physics at super-horizon scales

General : the computation of the four point correlation function (at
tree order for a scalar quantum field in de Sitter space) is possible;

After horizon crossing one has to deal with a classical stochastic field
that follows a well defined evolution equation,

&+ 3H & = S()

o A a4 . )
For Vi) Tmﬁ isocurvature fluctuations are bounded

The non-linear evolution of a classical stochastic field can be described
by a perturbation theory approach (FB & Uzan '03); KG with a non-
linear source term.

- (Gaussian

Q"‘“ : (_iq(':':l . (_%(1:') b

Leading order in A

S (0 A l9)
- (1), - (ng) , .\\'-.Q"'" ) A [— ]
s s (f —fy) ——N :
e =a =ty ERN7E
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A classical perturbation theory approach

* Cumulant computation (at tree order) following PT techniques
(Peebles, Fry, Bernardeau, Scoccimarro, etc...)

G f ! :
4 v _ - 5™
<§S >e _K} * Nt

* Tree order calculation of the four point function

1 - ]° IAN 12y
/ sod - (1) | o () <V - ()
() =4 &W (& AR [ s0)

» Tree order calculation of the six point function...

Loop terms are ill defined

+ Sym. + ... (Sub_hor'/'zon effeCfS)

(2
57 fsym. + ...

1]? () 4 /ey .15
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GGI Florence, 2006 Francis Bernardeau SPhT Saclay 15



.. good up to a PDF reconstruction

The complete PDF of the curvature fluctuations can be obtained from
the resolution of the motion equation for 2s(f)

. : 'R /\ - y .53
Motion equation in the Slow Roll limit:  3H &s(f) = — 'g—'ﬁg ()
i t IS.\;('] ) th v i . /‘\ i /\‘\-l‘l
> (i) — W1 all) — — :
m e [e®1 s . 3H 3 H2
\"' | — /3 Ilf | [ﬁ\ ] /o

The PDF for ds(#)can then be obtained from a simple nonlinear
transform, or from an inverse Laplace transform of the cumulant
generating function if one wants to keep only the tree order contribution.
The cumulant generating function is obtained from the vertex generating
function through a Legendre transform.
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Reconstructed PDF shape:

/3 ‘ 1 — 20
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The curvature PDF evolution

4
Focusing of th Active quantum
ocusing of the '
N classical trajectories if A > 0 AN fluctuations

End of inflation Horizon crossing 1.000F ' '
[ s,==-0.74284648
0.100F
’;S( L
=
>
=
0.010F
Evolution of the curvature B
. : 0.001 L.
PDF, a numerical experiment i 2 0
X/ oy

GGI Florence, 2006 Francis Bernardeau SPhT Saclay

18




Extensions in Sugra context :
modulated inflation

» Fluctuations of coupling constants can
modulate reheating or the end of inflation

processes (Dvali, Gruzinov and Zaldarriaga ‘03 and
Kofman '03)

» In hybrid inflation, preheating in fachyonic, almost
instantaneous
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Sugra : a new ingredient, the
Kahler potential

- Kdhler potential determines the kinetic terms of scalars
y“" = ('a“(,b"*)K,,*,,,('(ﬁ_\.’“(f)m)
Kij» = 02K /0®;00"
- It changes expression of D-term
I.‘,-’Z
D; = 1/M% 0K /0®; 4+ 9/0®;, K7™

» It changes expression of F-term

2
=9 E T
1‘[)— 5 ( ‘ q'zUz.H.t+£)

Vi = eK/Mp [KJ” ‘Dje WD;W -3

2

K; = 0K /9,
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SUGRA effects

Natural candidates for extra light fields are the moduli fields
that naturally enter in the Kdhler potential

- Typically a Kéhler of the form
K= |Bf

leads to global susy if [®:[<<« M,
+  Consequences for hybrid models: moduli fields may
enter the coupling constant

. 1 2 2y 2 1 . N 2 92 re Y
| I(cr“ —v7) igg“cr“ FVip)

part of inflaton field isocurvature modes +
modulation
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Sugra D-term inflation

Choice of Kdhler (with moduli fields from compactification of
extra dimensions with single-torus)

K = —3log (t +t =) |<I>l-|2>

leads to field redefinition only.
Kahler potential of the shape (compactification with three fori)

K _10”( Zm» ) — log(to + t5) — log(ta + t3)

implies that A is independent on moduli fields and

S}
[ O]
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Phenomenological consequences

+ Extended models of hybrid inflation
can lead to a richer phenomenology ...

- Breaking of the relation between tensor and
scalar metric fluctuations

- Possibility of having Non-Gaussian adiabatic
fluctuations

- Part of effects is due to finite volume effects
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Finite volume effects

» Super-horizon value of fields is non-zero

- Different observable quantities share a
common history, e.g. originate from
the same value of Y

- The typical excursion values
of the field can be obtained . :
Orizon Crossing

from a Langevin equa’rion for survey size

1 dV ( Xu ) Horizon crossing

£ (X R ‘J for smoothing scale‘.{/.

" 3H dy, @

.\":.1:

_Endofinflation /.~ /

As
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Finite Volume effects for multiple-field models

Metric fluctuations are, & = adit + 3y , what

IS observed is 5P — @ —
Average over whole sky

What is measured is measured for a fixed value of x

Consequences : non-zero third-order correlations
Ox(ko)x(ke)x(ka))y = Ox(ko)x(ke)x(ka)x), ;2

2
/\\ *2109; ZL n [P 1)P(k2) + perm.] & Zk
3112

and a non-zero skewness
IV ; nl2/37.1/3
(Xa)g = —A x log (20k2/*k}/?)

X

4
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Consequences for quartic couplings

Late time expression of the PDF of

b L (mAYE T 4}
- & exp | — =X
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