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Primordial tilt (ns)

Single-field inflation models are very consistent with CMB observations

We don’t know the shape of the potential yet.
We are not sure if the inflation is driven by potential energy.




Introduction

Horndeski model (generalized G-inflation):
the most general single-field inflation
without additional heavy (ghost) modes

G. W. Horndeski (1974)

C. Deffayet et al. (2011)
Lo =K (gb, X )7 T. Kobayashi, M. Yamaguchi, J. Yokoyama (2011)
£3 — _G3(§b7 X)nga

where X = —%(8@2

Ly = Gy(¢, X)R+ Gux [(505)2 — (V,Nygb)z} ,

£5 — G5(¢7 X)G,ul/v'uvygb _ G%X [(D¢)3 — 3 (ng) (vuvu¢)2 + 2 (vuvu¢)3

Gix = 0xG;

E.O.M are second-order diff. eqs.

(No additional pole appears in the propagators of graviton/scalar)
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Horndeski model (generalized G-inflation):
the most general single-field inflation
without additional heavy (ghost) modes

G. W. Horndeski (1974)

C. Deffayet et al. (2011)
Lo =K (gb, X )7 T. Kobayashi, M. Yamaguchi, J. Yokoyama (2011)
£3 — _G3(§b7 X)nga

where X = —%(3@2

Ly = Gy(¢, X)R+ Gux [(505)2 — (V,Nygb)z} ,

£5 — G5(¢7 X)G,ul/v'uvygb _ G%X [(D¢)3 — 3 (ng) (vuvu¢)2 + 2 (vuvu¢)3

Gix = 0xG;

Can we embed this model into some UV theory?
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Supersymmetry (SUSY)

SUPERSYMMETRY

Standard particles SUSY particles

Symmetry between particles with different spins

Q|B) = |F), Q|F)=|B)

(guwwu) (2, 9) (Auv?])

In (N=1) minimal supersymmetry,
1 boson & 1 fermion forms a SUSY “pair”



Supersymmetry (SUSY)

SUPERSYMMETRY

Squarke ' Sleptons ) susy force
particles

Standard particles SUSY particles

Symmetry between particles with different spins

QB) = |F), QIF)=|B)

o # of fermion d.o.f =2 — # of scalar d.o.f=2

e we cannot fine-tune the Lagrangian to avoid ghosts



cf.

SUSY higher-derivatives

What kind of ghost-free higher-derivatives
are allowed in supergravity ?

— Only a few of them are known

Ghost-free higher-derivative terms within supergravity :

= T(¢, ¢, 09,00)(06)*(0¢)’

M. Koehn, J.L. Lehners, B.A. Ovrut (2012)

£5 — G'uyau ¢8y¢ F. Farakos et al. (2012)

Ly = K (6, X). L1 =G, X)R + Gax [(06)" = (V,V,0)?]

L3 = —G3(¢, X)0o, L5 = Gs5(p, X)Gu VIV — GLX [( ¢)® —3(0¢) (V,V,¢)* +2 (Vﬂyqﬁ)ﬂ
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SUSY higher-derivatives

This seems the answer

Horndeski-
model

supergravity

Non-supersymmetric models

What about low energy theory below
spontaneous SUSY breaking ?



Spontaneous SUSY breaking

In reality, SUSY should be (spontaneously) broken
because we have never observed such new particles

— Mass splitting between fermion & boson

(P, T) Mme > My Or Mg <K My

e.g. in SUSY standard model 1 << Mg



Spontaneous SUSY breaking

In reality, SUSY should be (spontaneously) broken
because we have never observed such new particles

— Mass splitting between fermion & boson

(P, T) Mme > My Or Mg <K My

e.g. in SUSY standard model 1 << Mg

It is also possible to split masses of real scalars
O =0+ 1y Mg < My

If mass splitting happens,
some components decouple from low energy theory

(¢ + X ¥



Nonlinear supergravity

How can we express decoupling of boson/fermion
in a manifestly supersymmetric way??

Supersymmetry multiplets are well described by superfields
eg.  O(z,0) = d(x) + V20 (x) + 00 F ()

The decoupling of components can be
realized by imposing some constraints on superfields

e.g. ®%(x,0) =0

_ v
- o=

Scalar d.o.f. disappears due to the constraint = scalar decoupling



Nonlinear supergravity

Simplest supergravity model with positive c.c. = E. Bergshoeff et al (2015)

Pure de Sitter supergravity F. Hasegawa, YY (2015)

Goldstino su ' — ¢S¢S | S S
perfield  S(x,0) = Y \/§9¢ + 00 F

satisfying S%(x,0) = 0

No scalar field



Nonlinear supergravity

Simplest supergravity model with positive c.c. = E. Bergshoeff et al (2015)

Pure de Sitter supergravity F. Hasegawa, YY (2015)

Goldstino su ' — ¢S¢S | S S
perfield  S(x,0) = Y \/§9¢ + 00 F

satisfying S%(x,0) = 0

No scalar field



Nonlinear supergravity

Simplest supergravity model with positive c.c. = E. Bergshoeff et al (2015)

Pure de Sitter supergravity F. Hasegawa, YY (2015)

Goldstino su ' — ¢S¢S | S S
perfield  S(x,0) = Y \/§9¢ + 00 F

satisfying S%(x,0) = 0

No scalar field

S = /d% U d*0E(—3e55/3) + (/ d*02E (?S + Wy) —|—h.c.>]

In SUSY unitary gauge ws =0

1 .
L= —¢ §R + 5klmn¢k5—lpmwn — Wo(%(fab% + hC) o (MZ _ 3VVOQ)

tuning the parameters, dS is realized A* = p* — 3W¢



Nonlinear supergravity
Consider an additional constrained chiral superfield
®(z,0) = ¢ +ix + V20u® +00F®

(®—D)S =0

P(x,0) = d(x) + - --

vanishing in SUSY unitary gauge

(¢ + i, )

Only a single scalar is physical

pure de Sitter supergravity + this constrained superfield
= a single-scalar & tensor system with massive gravitino



Horndeski action in supergravity

Consider the following couplings

,C = /d49E D2SD25 Z F YY, J. Yokoyama (2019)

1=2,3,4,5

Fo=P(X,0)

Fs = —G3(X,0)(D"Dy9)

Fi = Ga(X,0)Rs + Gax[(D"Dag)® — (Do D)’
Fs = G5(X,0)G“"Da Dy — %Gmx, P)(D*De9)’ — 3(D*Dadd)(DeDetp)” + 2(Da D)’

~ 1 _ 1 A A
where ¢ = 5((1) +®) X =;D.gD%



Horndeski action in supergravity

Consider the following couplings

,C = /d49E D2SDQS Z .F YY, J. Yokoyama (2019)

1=2,3,4,5

=P(X,¢) — G3(X,¢)V?p + G4(X, )R
+ Gax[(V29)* = (Vi V)] + G5(X, 9)G™"V 1, Vb

— 2 Gox[(V20)* — 3(V?6) (Vo V0d)® + 2V V)’

All the Horndeski couplings are realized

Any difference?



Horndeski action in supergravity

Physical d.o.f. : graviton, (massive) gravitno, a real scalar

(gW, %, ¢)

Gravitino couples to Horndeski sector
through super-gravitational couplings

w,f,ff — — ekaé’[mez] — elbﬁ[lefn] + ekaelbemca[kelc]
o %wmo_[a?ﬁb] o %w[agb]&m T %w[aamﬁb]

Maybe, the gravitino coupling leads to some deviation
from non-SUSY Horndeski model



Energy

A few of Horndeski

/ interactions are possible
unbroken SUSY -

at very low energy scale,
no consequences of SUSY



Summary

We have embedded the Horndeski model into supergravity

SUSY restricts possible ghost-free higher-derivative terms

Once SUSY is spontaneously broken,
more general couplings are allowed

Nonlinearly realized supergravity allows us
to construct the Horndeski model,
which nontrivially couples to gravitino



