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Chaotic Inflation in Super Gravity

Inflation and Supersymmetry Breaking

Minimal SUSY breaking Set Up : Bound on the Gravitino Mass

O'Rafeartaigh Attempt

o Moduli Stabilization ?
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Introduction

o Horizon Problem : Need de/e ~ 10™* on 108 initial patches!

o Flatness Problem : Need initial kinetic energy to cancel
potential energy with very, very high fine tuning..

@ Inflation idea : Source a period of acceleration for the
universe expansion !



Introduction

é:—%’rG(eJr?)p): Ask that e ~ —p
- =30+ V(9)

One scalar field ¢ : € 2¢. +
i p=3*-V(¢)

Chaotic Inflation : V(¢) = m?¢?

4

; ¢+3Hp+ V=0

A r\1/2
Lyth Bound : M—f =0 (1) x (g%7)

1
Gend PcMB

Ao

r~0.1=A¢~10Mp



Standard set up

Idea : Provide a shift symmetry for ¢ in the Kahler :
i.e. Inv. under ¢ - ¢ +ic
+
Simplest attempt : Add a stabilizer field S

Simplest attempt : W =mS¢
K=3(0+0)2+|S]2-¢[S|*
e ¢ : needed to stabilize S, arising through raditative corrections

o Inflaton : ¢ =~/2- Im(¢)
Integrating out S gives effectively : Vg () ~ m?@?



SUSY Breaking

Super-symmetry needs to be broken...

SUSY sector \ Inflation sector

Chaotic
W =mS¢ + Shift sym.

Polonyi field O’Raifeartaigh
WofX  W=fX+mSp+252X

Idea : Build explicit models —> SUSY + Inflation

+ Impose effective chaotic inflation



Inflaton + Polonyi field
w
p

mS¢+f X+ Wy

@+ )2+ S5+ XX - £1(XX)? - £(55)?



Inflaton + Polonyi field
w
p

@ Only gravitational interactions

mS¢+f X+ Wy

@+ )2+ S5+ XX - £1(XX)? - £(55)?



Inflaton + Polonyi field
w
p

@ Only gravitational interactions

mS¢+f X+ Wy

@+ )2+ S5+ XX - £1(XX)? - £(55)?

e ©=/2-Im(¢) is the inflaton



Inflaton + Polonyi field
w
p

@ Only gravitational interactions

mS¢+f X+ Wy

@+ )2+ S5+ XX - £1(XX)? - £(55)?

e ©=/2-Im(¢) is the inflaton

@ &1 needed to stabilize X with high mass in the ground state



Inflaton + Polonyi field
w
p

@ Only gravitational interactions

mS¢+f X+ Wy

@+ )2+ S5+ XX - £1(XX)? - £(55)?

e ©=/2-Im(¢) is the inflaton
@ &1 needed to stabilize X with high mass in the ground state

@ & needed to stabilize S with high mass during inflation



Inflaton + Polonyi field
w
p

@ Only gravitational interactions

mS¢+f X+ Wy

@+ )2+ S5+ XX - £1(XX)? - £(55)?

e ©=/2-Im(¢) is the inflaton
@ &1 needed to stabilize X with high mass in the ground state

@ & needed to stabilize S with high mass during inflation

o x =+/2-Im(S) shifted during inflation, due to SUSY



Inflaton + Polonyi field

SUGRA scalar potential :
V=e"{ImS+ (¢ + @)W + Kgzlmo + Ks W[ + Ky & |f + Kx WP = 3|W|*}
Fields stabilization :
o End of Inflation
(9)=(S) =0, (X):ﬁ and m3/2:W0:%

¢ During Inflation

<  can take high values, other vev's at 0, except :

2mW090
2= 2W2 + m? + 2m2p2&,

\/E-Im(S)Exz—



Inflaton + Polonyi field

t mg
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Bound on the gravitino mass

o Need to estimate &1,& -

Heavy modes couplings Wheayy 2 Alswf + Angg + mass terms

Kiutoop = SS[1- iz log (1+ 2355 | = S5 - 120 (S5)?

A~O(1) and M ~ Mgyt = &1,& ~ O(10)Mp?
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Bound on the gravitino mass

Which dependance in 7

< Integrate out heavy fields (Stabilizer & Polonyi) to their vevs

fo(go):f2—3W2+lm2<p2 1- g
e 0792 £2-2W2 + m? + 2m2p2&
A High values of f — negativity of the potential !

@ Case f<m: Wp~-L

P

@ Casef>m: Wy % + corrections

2
Anyway, problems expected at least for m? < m§/2 S 2%@252



Bound on the gravitino mass

Observables
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Extended scenario

Can we circumvent the bound ?

— Possible extension :

w mSo +MX¢ + X + W
K = 2(¢+¢)?+S5+XX-&(XX)?

@ Only one quartic coupling needed : field X automatically
stabilized

@ M assumed to be real — new parameter § = M/m

@ Inflaton mass : V = %m2ap2 — V= %(m2 + M?)p?



Extended scenario : gravitino bound

@ Vevs are shifted slightly : fields can be integrated out
@ gravitino mass becomes :

m f
\/m2+l\/12%

m3/2 ~ WO ~
o Effective Inflaton potential :

1 8f2
V(p) = =(1+6)m?p? |1 -
(p) = FA+)mp ( f2(2+862+654)+3m2(1+62)2(2+52<p2))

2(1 1)
+f(1 1752)

- Negative contribution for high values of ...



Extended scenario : gravitino bound

@ Vevs are shifted slightly : fields can be integrated out
@ gravitino mass becomes :

m f
\/m2+l\/12%

m3/2 ~ WO ~
o Effective Inflaton potential :

1 8f2
V(p) = =(1+6)m?p? |1 -
(p) = FA+)mp ( f2(2+862+654)+3m2(1+62)2(2+52<p2))

2(1 1)
+f(1 1752)

Influence
. . . . of 6?7
- Negative contribution for high values of ...




Extended scenario : gravitino bound
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m=6x10"%and & =& =10

Best case : § ~ 4 = m3), $8x 10 GeV « H

(recall &> has been dropped...)
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Possible to combine inflation with an O’Raifeartaigh
SUSY sector?

W:X(f+%h52)+m5q§+ Wo
K=%(¢+$)2+5§+X)_<

A Problem : large cross terms V o> mp XS +c.c.

2 ~
tach

—> Tachyonic masses : m -my ~—-H
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Issues ?

@ Add quartic terms for S and X with high &1, & coefficients

§1,62 >

2
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—> not possible to achieve through loops... (string theory ?)
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Issues ?

@ Add quartic terms for S and X with high &1, & coefficients

§1,62 >

2
MGur
—> not possible to achieve through loops... (string theory ?)

o Completely decouple inflation from SUSY sector

W = Wor(xi) + mS¢
@ Use Non-linear supersymmetry with goldstino superfield

X - hxx

+V20yx +0%Fx ,  X?=0
2Fx
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With
= %(¢+J))2 +S5+ XX -¢|s*
W:X(f+%h52) +mSé+ Wy, and X2=0

Integrating out heavy fields

AW?
V(p) = F2 =312 1- :
(¢) = 073 ’”‘p ( f2—2W02—hf+m2+2§m2<p2)

Constraint on the gravitino :
o If |hf|>m? = msjp < m

o If [fl<m® = myp < H



Moduli stabilization

No-scale structure

W = Wrnod(p) + VVinf(¢7X) (01)
Wh (9, X) = 5 me? + X + We

1 _ _ _
K =-3log(p+p)+5(0+6)"+ XX - &1(XX)?
=\2
V=ef {@@WF ~(p+p)(AWW +9,WW) + KO‘C_“DQWD&W}

@ Seems to cancel negative unbounded terms

o Actually unboundness from below still present after integrating
out the modulus in its supersymmetric vacuum...



Conclusion

@ Supersymmetry breaking very hard to achieve
e Simple models without field interactions are possible to handle

@ Stringent bound on the gravitino mass in such cases :
myp S H

@ Inflaton difficult to integrate in an O'Raifeartaigh set up

@ Moduli stabilization does not cure undboundness from below
problems..



