Structure of Kahler potential for
D-term inflationary attractor models
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Abstract

® Focus on D-term dominated large field inflation

models in supergravity

® Discuss general conditions of Kahler potential
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Introduction

® |nflation: attractive scenario of the early universe
® Solution to flatness and horizon problem
® Almost scale invariant, adiabatic, and Gaussian density fluctuations

® The microphysical origin of inflation remains a mystery

® Supersymmetry (supergravity) is desirable, as it can limit
the size of radiative corrections to the inflaton mass




Large field D-term inflation

Kadota and Yamaguchi (2007), Kawano (2008), Kadota, Kawano and Yamaguchi (2008)

® [wo superfields charged under U(l) gauge symmetry

Oy (¢g+=+1) and & (¢g_ =—1)

Cinflaton s = /2|, |  <reqiired by nomaly anceliston

® |Introduce a gauge-singlet superfield S and superpotential

W = )\Sq)_|_(I)_
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Large field D-term inflation

for N, ~ 50-60
cf. ropbs < 0.10 Planck (2015)

However...
® The prediction of the simple " | (=103 x10™
quartic potential conflicts with & VN — 60
observational results k= e
16 °|c3 kg/k% = 0.38
r=— ~0.27-0.32 2
Ne e
5

® |Introducing higher-order
terms in the Kahler potential
can change the prediction

kg k3
AK = — (124" +]2-|* + 19]*) + = (a2 e SR ik
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spectral index
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Kahler potential is not controlled by any symmetry,
which poses some doubts about the predictability

gt ko b
e = (1 NS —904> with tuned k9 and ks
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X-attractor models

. . Ferrara, Kallosh, Linde and Porrati, 1307.7696
Consider a model with a real scalar field P Kallosh. Linde and Roest, 131 1.0472

1 3 Galante, Kallosh, Linde and Roest, 1412.3797
o 8 2
(V=9)"'L=3R 152 Oup)” — V(p)

2nd order pole at p = 0

The potential becomes almost flat in canonical variables,
if inflation occurs near the pole

Planck TT+lowP
Planck TT+lowP+BKP
+lensing+ext

1 1 5
§R—§(8M§0)2—V()(1—6_ 3_04@—|-)

Observables approach the “attractor” regime,
almost independently on V(p)
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Our work: to apply this procedure to D-term inflationary models
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Kahler potential for D-term attractor model
® Introduce a real variable C' = A + A s ce o

A =log(®,) transformsas A — A + igf under U(I)

I e JOLA AL T (O

Sigis Galante, Kallosh, Linde and Roest, 1412.3797
e C on d Itions fo r X-attractor mo d c I S Broy, Galante, Roest and Westphal, 1507.02277
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® The form of the Kahler potential is determined

K = —3alog |C| 4 38C + (const.) C=A+A=log|P,|°
= —3alog (log|®4 |°) + 36 1og || 4 (const.)

» i = (35 20 )2 = 9°F° (1 — e 3%95)2

log [® |7 K
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Canonical inflaton field ¢ = v/3a/2log [(8/a)(A +
| .,..\,,...._,.has an app roxmate Shlft symmetry P =
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0.960 0.965 0.970 0.975 0.980
spectral index




Stabilization of other fields and their masses
® Non-inflaton fields (& _, S ) must be stabilized during inflation
W — )\S(I)_|_(:D_

B 2 e 17— >\2902
mq,_—ms_e KSSKqD i

2 O(H)
® But, their masses tend to be large for naively extended Kahler potential

K = —3alog [log (|®4]° + |®_|* + [S|?)] + 38log (|®4 | + |P_|* + ‘S|2)
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Summary

® Structure of Kahler potential is limited in the context of
D-term inflationary attractor models

K= —3alog(A+ A) +33(A + A)
—3alog [log (|<I>\2)] + 30 log (|(I)‘2)
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Symmetry of the potential

For the transformation A — A/ — ¢~V 2/3acp
(OI" b — €A e (I)/ _ q)l/é with & = 6\/2/30&6)

® One can define the transformation of vector superfield
/ A
VoV =V/é
such that the gauge invariant combination transforms covariantly
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Comments on the reheating

The inflaton and gauge boson masses around the potential minimum
are given by

V/6yg 12 \/E g VB
S oy e Lo R M A e (105 (1018Gev>

To reheat the universe, we may introduce a kinetic mixing between
the U(l) gauge boson and the standard model gauge boson




Modification of D-term attractor model

® The Kahler potential
ol 2 2
K = —3alog (log |®4]%) + 38 log [P
is defined only in the domain |®,| > 1 :

It cannot describe the Coulomb phase &, = (
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Properties of D-term attractor models

K = —3alog [log (*y \<I>+\2)] 33 log (”y \CPHZ)

Kinetic term

e =kp) 22 o=y,
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v <1

k(p) and V(p)

diverge at
op = V2(1 =)

V(¢) has a minimum at

Potential at ¢p = 0

has a finite value

A = r e




1 < v <exp(a/B)

Two minima at

@ =0 and © = Py,

exp(a/B) <7y

Only one minimum at

p =0

In the large 7Y limit, it approaches the minimal model V' ~ g2g54/8



Predictions of modified D-term attractor models
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Kahler potential for D-term pole inflation (1)

When the inflaton field C' has a pole of order p in
the kinetic term
1 a, ~ ~

—1p _ 1 2
(V=9)"'L = R - 522 (8,0 ~V(C)

® Condition for the kinetic term

K_”<£)2_a_p
A B
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Kahler potential for D-term pole inflation (2)

® Higher order poles in the kinetic term are

1 Broy, Galante, Roest and
regarded as symmetry breaking terms e kil

WD =R (24 2)@0P -V (O

where ¢ > D and a,/C? > a,/C? is assumed

® (Condition for the kinetic term is modified as
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