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Motivations

o Models that relate three scales

o In this talk, we will consider models in which the inflaton and the goldstino are
in the same multiplet [Alvarez-Gaumé , Gomez, Jimenez, (2010,2011)]

SUSY spontaneously broken
(81) ~ (F) ~ (D,W) #0
for ® = (¢,y,F)
¢ sgoldstino = inflaton

inflaton potential with
small tuneable

cosmological constant

o We look for a UV model which gives such models as low energy effective
theories, as a step toward a fundamental theory for inflation.



Inflation in supergravity : tips

consider d=4 N=1 supergravity with one chiral multiplet ® = (¢, y, F)

o an action is specified in general by

Kahler potential K(®, D)
superpotential W(D)
gauge kinetic function F(P) (if an internal U(1) is gauged)

o the scalar potential for ¢ in the chiral multiplet

(F-term potential)
Vi) = (g | D,W|° = 3| W%
g% = (K¢§5)_1

- a gauged internal symmetry ———p another contribution
(D-term potential)



Inflation in supergravity : problems

1) n-problem

consider a canonical Kahler potential: K = ®®

V//
Ny = 7 =y 5 TheE 1+ .- violating SR condition

2) trans-Planckian initial condition

Starobinsky type : trans-Planckian inflation

[t may break validity of effective field theory

3) ¢ is complex : inflaton is one of the two real degrees of freedom

What's the fate of its companion?

others : moduli stabilisation, de Sitter vacuum, ...

We propose models avoiding 1) 2) 3).



Inflation from SUSY breaking

1) consideramodel K=0® 4+ ..., W=D D= (¢p,y F)

linear superpotential breaks SUSY <D¢W> =f+:->0

goldstino : x » O as sgoldstino

[inﬂation and SUSY breaking by a single multiplet]

scalar potential:  Vi(¢) = eX(g?’ | D;W|* - 3| W[*)
=1~ |p P+ 141"

[ 42+ o141*)

1 is almost zero around the origin

!

let the inflaton start rolling around the origin
- J




Inflation from SUSY breaking

1 is small around the origin

!

let inflation start around the origin

}

small field inflation




Inflation from SUSY breaking

3) inflaton is one of the two real degrees of freedom of ¢

introduce a gauged U(1) invariance D - e 4P

inflation occurs near but away from the origin

» the phase of ¢ gets absorbed (Brout-Englert-Higgs)

[W = f® is NOT invariant under the gauged U(l)]

- U(1) = a gauged R-transformation



Inflation from SUSY breaking

3) agauged U(1) invariance @ — ¢ '9dD

7 w

bonus : | D-term scalar potential Vp = 592
. v

D =gXKy+1=ql¢|’+1

D-term potential : positive definite

F-term potential : with a term -— fzeKlqu2

» global minimum by tuning them

o cannot be big near the origin : due to +ve contribution to n

bigger contribution away from the origin is welcome.



Inflation from SUSY breaking

Near the origin: K = XX -+ A(XX)z 4 ... W =fX

_4 2
potential : Ve VD -+ VF VD_?“ to )

2 452

2
slow-roll parameters (near the origin) I +4Ap

nzv"=2<x2_4A>+O(p2) <x=%>

1% x2 42

1 /V'\2 )
e=—|—] = + O(p*

2<v) nep (P

For F-term dominant: x <1 —— 5~ —4A + O(p?)
o 1 very small & having minimum at the origin require: 0 < A < 0.25

o tosatisfy CMB observation data: 1~ —0.02 = A ~ 0.005
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example 1:

KX, X) = XX + A(XX)? + cXXeBXX
W =X

correction term

(0 = 1X1)

('"

-

Question: Can we derive them as an effective theory

"\!

from a UV model? 3

— —mosidea???
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example2: K(X,X) = Xe™?'X +v%e ™ + (x — 1)qV

W = X

\
% eV ( S JA
where V satisfies XX = ve 1 —x+1+ ;

o to express the Kahler potential solely in the inflaton,

solve the equation for V perturbatively.
V=Vo+WViXX+V(XX)*+V(XX)+-..
—p K =>4+ K XX+ K,(XX)*> + -
or in terms of the canonically normalised chiral superfield @
K =33+ A|®D|* + - --

o One can fine-tune parameters Z,q,v, A such that ) < A < (.25



UV model?

Just presenting such models may be too a priori

-~

"

Question: Can we derive them as an effective theory

‘\’

from a UV model? }

1) KX X)=XX+AXX) + cXXeBXX —_noidea

2) KX, X) =Xe* ¥ X Fige 4k (v 1gWd

—— We proposed such an UV model
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A generalised Fayet-Iliopoulos model

o two chiral multiplets charged under gauged U(1) : D, = (P, vy, Fy)

o one vector multiplet for the gauged U(1) : V=(@A,A1D)

o under U(1) transformation:

O, > e AP, O e D_

o Kahler potential, superpotential, gauge kinetic function

4, = 4_
q. ¥ q9_

K=®,e+Vd, +® e -VP_

W=D d_

P to cancel U(1)r anomaly
g = 1 2ol = b_(61+—61—)3

M & 24772

Fayet-Iliopoulos model

generalised Fayet-Iliopoulos model

14



A generalised Fayet-Iliopoulos model

Remark
q, = q_ Fayet-lliopoulos model
well-defined both for global and local SUSY

dy 7+ q_ Fayet-Iliopoulos model

well-defined ONLY for Local SUSY
because the superpotential is not gauge invariant

but it transforms as W =f®, ®_ > e~ 4 AW
So the SUGRA action is still invariant.
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A generalised Fayet-Iliopoulos model

scalar potential V=Vy+ Vg

2 2
Ve =m2e P H0-V (g P4 | |7 = |, 1° 1 d_|7)

1Ll - 1o Gy

Yo A i L bing.) "\\

We focus on the vacuum (¢,) =0, (¢ )=v#0

4+

FI parameter and 7 = ;

U(1)r and SUSY spontaneously broken
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A generalised Fayet-Iliopoulos model

scalar potential

el ) e R e ) i
V=g +m’e (e P+ 19-1> = 1D, P 1o-17)

() =0, (p_)=v#0 U(1)r and SUSY spontaneously broken

We can find a parameter set for which
-massesof A, ,¢@_> massesof ¢,

roughly speaking, this condition means  m? < g*v?

- We integrate out the heavy supermultiplets V,®_ in tree level
to find an effective action only with @,

17



Integrating out

rough recipe of integrating out

1. write down the action

L[ s 4 42
$ = |axd'0 81 + e Wew, +de xd%0 €0,®_ +h.c.
+de4xd49 Eexp |—-®, e ®, — CiD_e‘q—VCI)_—%(q+ —q )V

2. work in the unitary gauge ®_=v — only ®_,V remain.

3. EoM of V — VW, + e g (x®,e¥-"D, —v2e ™V +x-1)=0

discard derivatives to find the effective EoM

4. Substitute it back into the unitary gauge action

5. Identity the effective Kahler and superpotentials

18



Inte gr ating Out: warm up example in global SUSY

We adopt the unitary gauge: ®_ = v , the action reads
1
S = T /d4$ (WW]ge + /d4x mv [P, |gg + h.c.

i / B (8, eV D, + 12V 4 £q_V]poss
E.O.M. for V is
s i
ZDDQDV txg B e®-V B iy fer T — ().

Due to FI-term £g_, V = 0 is not vacuum solution but it highest component get vev.

~ e 5
To remove tadpole, we introduce: V' =V + 50999 (D)
E.O.M becomes

B 3
ZDDQDV +1q ©,eV0, +q v*(1—e ") =0.

Integrating out condition: m?* < ¢>v* or A K e (A = ¢ —v?)
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Inte gr ating Out: warm up example in global SUSY

This gives the relation: &, &, = x_1v26_q—v(x+1)(1 . eq_v).

We can derive the effective Kahler potential:

v? it ) o VAR S P - e
ci et CAERL O vl SR
1% 2 T

Behaviour near the origin can be explore by expand (in terms of canonically normalised superfield)

’Ceﬂ-‘ — ’(i)q)| 5 A2|(I)(I)|2 e Ag‘(i)q)'g AR (@ :=+/1—2A/202 D)

with
z? (2v? — A2z + 1))

(202 — zA)?

Ay = —

The condition for A> >0 implies A > v* and violates the integrating out condition.

We move to supergravity !
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Integrating out in SUGRA

Remark

Obviously, integrating out reshuffles the fields in a complicated fashion.
So, identifying Kahler and superpotentials becomes difficult.

Furthermore, the normalisation of the kinetic terms change.
We need SUSY covariant Weyl rescaling to control the normalisation.

Controlling the normalisation is crucial
when we compute the inflaton potential and slow-roll parameters

To overcome such intricacies, we adopted the formulation with
compensators in conformal supergravity [Butter, Kugo-Yokokura-Yoshiokal,
in which such rescaling degrees of freedom are manifest in superspace.

21



Integrating out in SUGRA

The action in unitary gauge reads

1
= / d*zd*0 EW W, + K >mu / d*zd*0 EC3®, + h.c.

i /d4a:d4«9 ECC_'e_”QK/3,

with 2
RAK = Qe @ ple 5V R g Y

The E.O.M is
— RN C’C_’e_"zlc/gq_ (a:cf>+emq—v<1>+ _te 1) — ()5

After removing tadpole and neglect derivative terms, the low-energy E.O.M is
CC_’B_“QK/?’q_ (x§>+exq—vcl>+ e st 1) —q_A ~0.

e
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Integrating out in SUGRA

We find the effective Kahler potential by fixing the gauge (' = ¢ = ¢~ Keit/6
We obtain

1
k2Kog = k2K + 31n (1 = EAq_V), W = mu® .

The E.O.M and gauge fixing give us the relation:

O, b Ao T4 (v26_q—v —xz+ 1+

A global SUSY limit is obtain in the limit £ — 0 and by defining;:

’U2 — liz?}z

)
sugra Susy? Asugra — K Asusy 2
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Behaviour near the origin

Behaviour near the origin can be explore (in terms of canonically normalised
superfield) and in the SUGRA case we get

3z2 (A* 4+ 12A3z — 30A%0? — 36Av?(2z + 1) + T2v%)

Ay = >
2 (A% — 6v?) (A? + 3Az — 6v?)

The coloured region in which A, > 0 are divided into 4 parts. Part III is the only possible
domain for slow-roll inflation with a nearby minimum with tuneable vacuum energy

v =1.86945, x = 0.08435,
y=4.07, m=3.77x10"°

N =60, ngy ~ 0.96, r ~ 107°
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Inflation from SUSY breaking revisited

Lack of U(1)r acting on @

|

add that acts ONLY on @ !

and is NOT broken at the vacuum (¢,) =0, (¢_)=v#0
to the microscopic model

Therefore, the UV generalised FI model has gauged U(1) such that
U(1)1 O e ~+MP E d® — ed-Md_

We then found parameter sets for which the mass hierarchy justifying
integrating out and the consistency with CMB data are satisfied.
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Conclusion and Outlook

We considered models in which the inflaton and the goldstino are
in a single multiplet.

For a concrete inflation in this class, we found its microscopic
model model leading to the inflation as an effective theory.

The microscopic theory is still a supergravity model, so may be far
from a fundamental, unifying UV theory, if any.

Can we realise the microscopic model from e.g. superstring?

26



Thank you very much!

Oth Banikok Nef"kéhep 3}l %lefl-@mfjg theacy
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FI term and gauged U(1) R

4. 1401 —K/3 4. 12
SUGRA —3Jd xd OFe + Jd xd“0EW +h.c. P, =P. 0. 0"

(P, M,,) super Poincare invariant
break (D, A, K,) by fixing C,C to1 (+ another fixing)

conformal SUGRA

(Py,M,,D, A, K,) superconformally invariant

g Jd“xd“@E CCeml it Jd“xdze% C°W+h.c.

C,C : chiral compensators
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FI term and gauged U(1) R

conformal SUGRA
-3 Jd“xd“@E CCLE ok Jd4xd29% C’W+h.c.

fields are characterised by charges (A,w) under D, A

DO =AD
AD = iwd

charge assignment for invariant actions

C'3@.2/9) C:(1,-2/3) matter (0,0)
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FI term and gauged U(1) R

—3 Jd“xd“@E 6 V-1 Jd“xdzeg C°W+h.c.

when invariant under SC + gauged U(1) R

chiral superfield R® = — ig® (OX=WE )
vector superfield V= V+i(A — A)

case : K,W change as RK =0 RW = —ibgW
example: K= ®e?®, W= Jiok

For the action to be invariant, the compensators must also change

| & | Gy
RO Eich’ RC = — Eich
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Inflation from SUSY breaking

3) introduce a gauged U(1) invariance d — e P

[ W = f® is NOT invariant under the gauged U(1) ]

- U(1) = a gauged R-transformation : allowed in supergravity

[ the component action is still J

W e W is compensated by a local transformation
of the fermionic coordinates

sze fo

- another reasoning : invariance under Kahler transformation

K el —aNe==sN W > eAW choice of (K,W) is not unique!!

The U(1) induces a Kahler transformation
32



