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problem tends to spoil slow-roll inflation, the construatiof convincing and technically natural
models of inflation is challenging. We discuss some receveldpments regarding the quest for
particle physics models of inflation in supergravity.
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1. Introduction

Inflation model building offers a multitude of possibilgidor realizing inflation [1]. Among
the many classes of models, hybrid inflation is especialyising to make a connection between
the inflationary paradigm and particle physics: The “watkrfending hybrid inflation may be
associated with particle physics phase transitions sut¢heaspontaneous breaking of the gauge
group of a grand unified theory or a flavor symmetry. In SUGRAicl provides a solution to the
hierarchy problem associated with such new physics at glgees, they-problem is well known
to put inflation models under considerable pressure [2]his talk, we discuss a new variant of
hybrid inflation models within SUGRA, referred to as “trithrinflation”, where in addition to the
inflaton and waterfall field, the model contains a third 'dry field which contributes the large
vacuum energy during inflation by its F-term. We discuss hoevjt-problem of SUGRA inflation
can be solved in “tribrid inflation” using either a Heiserdpaymmetry or a shift symmetry of the
Kahler potential.

2. Tribrid Inflation

In the following, we will discuss inflationary models of theibrid inflation” type, where the
superpotential is given by
W =k S(H?—M?) + g(®,H). (2.1)

We denote the chiral superfield containing the slow-roliimitaton as scalar component Byand
the one containing the waterfall field by, The F-term of the fiel&contributes the vacuum energy
that drives inflation in this class of models whereas inffagads when the waterfall field acquires
a vacuum expectation value (veihl) ~ M. For simplicity, we use only singlet fields. Using
gauge multiplets, one would substitut# — HH, with H being another field in the conjugate
representation. Note that in contrast to the “standard” Bbgorid inflation models [2, 3], where
the driving field is identical with the inflaton, in tribrid filation each of the three main ingredients
of the inflationary model is distributed to a separate fieBistays at zero during inflation and only
contributes the large vacuum energy by its F-term. A largeswsabilizing S at zero is typically
generated by SUGRA effects from generic non-minimal Kaplatentials. @ is the flat inflaton
direction which slow-rolls and stabilized via the couplingg(®,H) until ® reaches a critical
value and thus triggers the waterfall. This ends inflatioa tduthe fact that develops a tachyonic
mass squared and quickly falls towards the true vac(idim~ M. With S=H = 0 during inflation,
tribrid inflation satisfie$ =Wy = 0 during inflation.

3. Tribrid Inflation and Solutions to the n-Problem

With a general expansion of the Kahler potential in terms elfdfi over some cutoff scale
and a suitable adjustment of the expansion parametersalivisys possible to “tune away” the
n-problem in both the “standard” hybrid [4] and the tribridlation scenarios [5].

However, if one attempts to solve tipeproblem by a fundamental symmetry in the Kéhler
potential, this turns out to be extremely difficult to aclden “standard” hybrid-type models [6, 7].

IHence the name tribrid inflation.
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The reason for this is that such symmetries typically lead tachyonic direction in the potential
which can only be stabilized at the cost of some extra comfiins, for instance by using the
couplings to additional moduli fields which themselves hatabilization problems and induce
dangerous couplings to the inflaton via the SUGRA F-termesqaitentialf

Ve = &K [K”_DiW DW —3W[?| , (3.1)

where the derivativ®;W =W +WK; has been introduced.

These problems do not arise if one combines the tribrid seemaEq. 2.1 with a symmetry
protecting the Kéhler potential. The main reason is thavvémeshing of the inflationary superpo-
tential W, and its derivative with respect to the inflaton during infatavoids the appearance of
tachyonic directions in the potential. In addition, vagquotentially dangerous terms in the scalar
potential, concerning for example couplings to moduli ielare automatically absent in tribrid in-
flation compared to the “standard” hybrid case. We now distws realizations of tribrid inflation
in supergravity where the-problem is solved naturally by either a Heisenberg synyrmata shift
symmetry of the Kéhler potential [8, 9].

3.1 Heisenberg Symmetry Solution

As a specific realization of tribrid inflation, in Ref. [8] wae considered the superpotential

in Eq. 2.1 with (c.f. [5])

g(P,H) = Micszz, (3.2)

in combination with a Heisenberg symmetry invariant Kélpletential of the form
K= |HP?+ (1+ks|S%+kop) S+ f(p). (3.3)

The invariant combination under the non-compact Heisengeoup transformations is given by
p=T+T*—|®J

The Heisenberg symmetry of the Kéhler potential, or in otherds the fact thaK depends
on p only, together with the absence of kinetic mixing in tipe ®)-basis, protects the potential
Eg. 3.1 from containing SUGRA corrections to the mass of tifiaton |®|. We have shown that
it is possible to stabilize the modulywsby the additional coupling, with the help of the vacuum
energy during inflation. While the Heisenberg symmetry sslthen -problem by keeping the tree-
level potential exactly flat in®|-direction, one-loop corrections due to the Heisenbergrsgtry
breaking operator 3.2 with the waterfall sector fermiomglars and pseudoscalars running in the
loops lift the flathess of the potential and generate theestmressary for slow-roll inflationary
dynamics.

3.2 Shift Symmetry Solution

As another realization of the tribrid scenario, in Ref. [ tnave considered the superpotential
in Eq. 2.1, again with the same functigi®, H) defined in Eq. 3.2. This has been combined with
a Kahler potential

K=|H]>+|9%+ e (@+0°)2+ 58 g4, KO g eyt KSH g2 (3.4)
2 N2 4N2 N2 ’
2We use units where we set the reduced Planck ddale 2.4-10'8 GeV to one.
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where the ellipsis symbolize all possible similar termshef $ame order and the suppressed higher
order terms. For fairly generic values of the couplings mKhler potential, it is possible to make
all scalars in the theory except for the inflaton heavier tih@Hubble scale during inflation.

Due to the shift symmetrep — @ +i u in the Kahler potential we obtain a tree-level flat infla-
ton directiong = v/2Im(®) and hence evade teproblem. Again, radiative corrections induced
by the shift symmetry breaking term in Eq. 3.2 lift the flatmes the potential. For sufficiently
large values of the parametegy, the loop-corrected potential can be of hilltop-form lewsgdto a
stronger negative curvature of the inflaton potential anallfirallow for a reduced spectral index
consistent with best-fit values to the WMAP 5 year data.

4. Summary and Conclusions

In summary, we have discussed how tgroblem of SUGRA inflation can be solved in a
novel class of F-term inflation, which we have referred taibsitl inflation. When tribrid inflation
is combined with a Heisenberg or shift symmetry invarianhlépotential, higher order operators
from the SUGRA expansion that give rise to tipgoroblem are forbidden. Furthermore, due to the
properties oW =Wy = 0 during inflation, tribrid inflation avoids stability pradihs which appear
when “standard” hybrid inflation models are combined withdamental symmetries in the Kahler
potential. Therefore, we conclude that tribrid inflatioriedor-made for solving theg-problem by
symmetries in the Kahler potential. Furthermore, it al$oves for attractive connections to particle
physics: The right-handed sneutrino, for example, pravide interesting inflaton candidate in
tribrid inflation.
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