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Higher-Curvature Corrections in String Theory

v Stringy tree-level (a’) and 1-loop level (gs) corrections to 10
dimensional SUGRA has been computed in type II theories.

|Green-Schwarz 1982] [Gross-Witten 1986] [Grisaru-Zanon 1986] [Freeman-Pope 1986]

v/ Corrections are at 8-derivative level, Quartic in the Riemann Tensor

v Corrections are uplifted to 11 dimensional SUGRA
|Green-Gutperle-Vanhofe 3x1997] [Antoniadis-Ferrara etal 1997] [Russo-Tseytlin 1997]
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Higher-Curvature Corrections in String Theory
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Higher-Curvature Corrections in String Theory

v KK Reduction on compact manifolds to get 4D minimal SUGRA
+Corrections

v The Road Map:

CY3 CY4

5D N=1 SUGRA G2 3D N=2SUGRA

[Antomadls—Ferrara etal 1997] [Grimm-Savelli etal 2013]



Higher-Curvature Corrections in String Theory

v’ A glimpse of what we get
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v’ Note we also have



The 4-dimensional Effective Action
A phenomenological view:

v/ A scalar field non-minimally coupled to a higher-derivative gravity:

1 1
S = [ d'a(-g)" 2 (3mbif (0. R)= 59" 0us0,p-V ().

—2 2 —2 P2
flo, R) = (1 +&mp ") R + amp R
If not at tree-level, will be loop-induced anyway

v A Weyl transformation from the Jordan to the Einstein frame:

gfu = frOu = (1 +Emp@” + 2ampR) g = XQW/{
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The 4-dimensional Effective Action

v/ The action in the Einstein frame: Weyl scalar
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non-canonical kinetic term

v/ The scalar potential:



The Equations of Motion

v Embed this model in a cosmological setup

v EOMs for the scalars and metric in an isotropic/homogenous b.g.

ds® = —dt” +a(t)dx, p=¢(t), x=x().

X+ 3Hy +67 12 Xp* + VI =0,
b+ 3Hp — (2/3)*mp o+ V.E =0,
1 1

3H?m32, = 5;‘8 + 56‘%2 + Vg

v Numerically solve the equations for varieties of potentials.....
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No Scalar Potential in the Jordan Frame

v’ A potential is induced in the Jordan frame:
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Starobinsky Curvature-Driven Inflation

[Starobinsky "80]
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Starobinsky Curvature-Driven Inflation

|Starobinsky “80]
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Massive Scalar in the Jordan Frame
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Higgs-like Field in the Jordan Frame

v/ The scalar potential: .
o _ _s _ 2
V(e x)=e V(p)+ga™ mp (1= e X1+ Empre?)),
P 1 1
il Vip) = §m2902 + Z)\904
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Higgs-like Fields in the Jordan Frame

v The minimum of the potential:
—m?/\

2 N 2
G R = (m/mpy)2E /A (246 GeV)

mg ~ 2¢5(A + £7/2a) ~ (125 GeV)?
~ Epgmp ~ 107°¢ eV
1

mi 6_()sz1 ~ (10" GeV)?

v/ 2 parameters get determined
—m(mz)*/AMmyg) ~ (246 GeV)?
Amz) + E(my)?/2a ~ 0.13
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The Metastable Electroweak Vacuum

v/ The Standard Model extrapolated to HE:
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v/ Fine-tuning of the Higgs value!
[see Lebedev-Westphal 2013] e

y  Howe come not kicked off from here?

Stable enough, however
How Inflation began at all?
How come we end up exactly here?




Higgs-like Field in the Jordan Frame

v The Higgs potential
) ) 1
Vel e) = Vi) + %Q_QX (m? = €(e™X = D)mipi/20)¢" + e X (A + €7/2a)p"
v Boundedness from below implies that
A(mpr) + &(mp1)? /200 > 0
66 + 1 3., 1,

Q. Is it too big a number?
v Certainly consistent with cosmology & 900 < mPl £ 5 1032

Q. Is that consistent with collider phenomenology?

CMS+Atlas exclude || > 2.6 x 10" at the 95% C.L.

| Atkins-Calmet PRL'13]
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No Scalar Potential in the Jordan Frame: Revisited

v Higgs potential induces non-zero vev for Wely field
Xo = Epgmp, ~ 107°€ eV
v/ Anon-zero vev and mass is induced by non-zero Weyl vev
0o ~ & mpixo & € Eigest”

m?a — (52/@)90(2) ~ ggHiggsqﬂ/a'
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Starobinsky meets DBI in the Sky

| Kaviani-MT, to appear]

v The effect of the higher-order correction and non-minimal coupling
on DBI inflation.

v/ An interesting brane-inflation model in string theory.
Not consistent with observation though: too much non-gaussianities.

v/ Scalar with non-minimal coupling and non-canonical kinetic term

S = [ d'a(-g)" 2 (3mbif(B.g) + P(X. )

f(R, ) =(1+ fm_Q ©*)R + oszIQRQ

P(X,0)=—f ") [(1 —2f(p)X)"/? 1] = V(¢

1 174
X = —59“ 5:%90(%90,




Starobinsky meets DBI in the Sky

v A Weyl transformation from the Jordan to the Einstein frame:

95;/ — (1 =+ gm512902 =+ QnglzR)guu — exg,uw

v The Einstein frame action:

1 |
S = /d4ﬂ3(—gE)1/2 (§m%IRE—§g% Oux0 X — Ve(X) + Pe(X, 90))
1 ~
Ve(x) = gg_lmél(l — G_X)27

Pp(X,¢) = —e X Ho)[(1 + feXg 0,00,0)? — 1] — e 2XV (i)
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Starobinsky meets DBI in the Sky

v/ The dynamics on the FRW geometry

) o 1 o1 _ _
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v’ A double-inflation model
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Summary

A phenomenological study:

v/ The non-minimal coupling of scalar fields to an f(R) theory of
gravity changes the behavior of both the scalar and the gravity sectors.

v/ If the Standard Model is to be extrapolated to high scale, this
coupling can stabilize the electroweak vacuum. Besides it explains

why the Higgs ended up here.

v/ All (non-minimally coupled) scalars get stabilized even if they have
no potential in the Jordan frame.

v/ This framework also changes the dynamics of scalars with non-
canonical kinetic terms (DBI, K-essence).
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