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Supergravity inflation model building

Slow-roll conditions: the eta problem

Shift symmetry - R-symmetry - No-scale models

Minkowski vacuum: fine-tuned value of the cosmological constant. In

particular, SUSY breaking in flat space at the end of inflation.

- DW = 0,W = 0 at the vacuum for SUSY case

- No-scale supergravity

Single-field inflation, the simplest option and a sufficient condition to

avoid unacceptably large isocurvature fluctuations.

Guarantee that all other fields are stabilized during the inflation

Connection with low energy physics (TeV SUSY breaking scale)

Study the reheating scenarios, leptogensis,.....
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Supersymmetric Hybrid Inflation

The most general form of a

superpotential that is renormalizable

and respects U(1)R symmetry

W = κS(φ1φ2 −M2)

True vacuum: 〈φ1φ2〉 = M2, 〈S〉 = 0

D-flat direction |φ1| = |φ2|. During inflation φ1 = φ2 = 0 and

universe is dominated by constant vacuum energy κ2M4.

CW 1-loop correction provides a slope for S roll down.

R-symmetry - important advantages:

preventing higher order terms in S

supergravity corrections to the inflaton mass (no η-problem)

Low energy phenomenology ....
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No-scale Supergravity Inflation

No-scale supergravity offers a natural solution to the η-problem, and

can yield an inflation potential with a plateau adequate for slow rolling

due to the noncompact SU(N, 1)/SU(N)× U(1) no-scale symmetry.

No R-symmetry. SUSY can be broken at Minkowski vacuum.

The model of Ellis-Nanopoulos-Olive (ENO) 2013, relies on the

no-scale symmetry SU(2, 1)/SU(2)× U(1)

W =
µ

2
S2 − λ

3
S3,

K = −3 log
[
T + T̄ − |S|

2

3

]
The superpotential doesn’t respect R-symmetry and the resulting

inflation potential for canonical scalar field x is the Starobinsky

potential for µ̂ = λ

V =
µ̂2

4

(
1− e−

√
2/3x

)2
, µ̂ ≡ µ√

6τ0
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Hybrid Inflation in No-scale Supergravity 1

A renormalizable superpotential with non-exact R-symmetry, and no-scale

structure for the Kähler potential

W = κS
(
φ1 φ2 −M2

)
− µ

2S
2 + λ

3S
3

K = −3 log
[
T + T̄ − |S|

2

3 −
|φ1|2
3 − |φ2|

2

3

]
D-flat direction |φ1| = |φ2|, and SUSY vacuum

〈S〉 = 0 & 〈φ1φ2〉 = M2

During inflation φ1 = φ2 = 0, and the effective potential

Vinf =
1(

2τ0 − |S|
2

3

)2 ∣∣κM2 + µS − λS2
∣∣2 ,

1A.M. (2021)
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Hybrid Inflation in No-scale Supergravity

The squared mass matrix contains a mixing between the inflaton and the

waterfall fields

M2 =

 27τ20 (2M2κ2+µ2)
2(3τ0−M2)3

−27
√
6Mτ

3/2
0 κµ

2(3τ0−M2)7/2

−27
√
6Mτ

3/2
0 κµ

2(3τ0−M2)7/2
81τ0M2κ2

(3τ0−M2)4


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Hybrid Inflation in No-scale Supergravity

Field redefinitions ⇒ canonical kinetic terms

S =
√

6τ0 tanh

(
χ√
3

)
, χ =

x+ i y√
2

Vinf =
a

4

(
(1 + b) + (b− 1) cosh

(√
2

3
x

)
+ f sinh

(√
2

3
x

))2

a = |3λ|2 , b =
κ M̂2

λ
, f =

µ̂

λ

Ahmad Moursy (Cairo University) No-scale Supergravity Hybrid Inflation with Broken R-symmetry 8 / 19



Hybrid Inflation in No-scale Supergravity

Asymptotically flat potential arises in the limit f = 1− b

Vinf

∣∣∣∣∣
f→1−b

=
a

4

(
(b+ 1) + (b− 1)e

−
√

2
3
x
)2

f=1

f=1-b
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Hybrid Inflation in No-scale Supergravity

Inflation observables : For f = 1− b

ns ' 1− 2

N
− 3

N2
, r ' 12

N2
, AS ∼ 2× 10−9 for a ∼ 10−10

For f = 1− b+ ε

N=50

N=60

f=1-b
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r

ε ∈ [-10-4, 10-4] , b=10-3
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FGUT Model as a Realistic Example and Reheating

5̄Hu 5Hd 5̄F 10H 10H 10F 1F 1S

U(1)X +2 -2 -3 1 -1 1 5 0

Z2 - + + + + - + +

W = κS
(
10αβH 10Hαβ −M2

)
− µ

2
S2 +

λ

3
S3 + λ1 εαβγδζ 10αβH 10γδH 5ζHd

+Yu 5̄Huα 10αβF 5̄Fβ + Yd εαβγδζ 10αβF 10γδF 5ζHd + Ye 5λHd 5̄Fλ 1F

FGUT symmetry allows the term
λ2
MP

10F 10F 10H 10H , that gives

rise to right-handed neutrino masses and allows for decay channels for

the inflaton to right-handed neutrinos and sneutrinos.
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Reheating and neutrino masses in FGUT model

Lint =
λ2M

MP
ν̄cH ν

c νc +

(
2κλ2M

2

MP
S ν̃c ∗ ν̃c ∗ + h.c.

)

TR ≈
(8π)1/4

7
(ΓMp)

1/2 ,

M ∼ 1015 GeV and

λ2 ∼ 0.35× 10−4,

Mνc < 108 GeV,

sinβ ∼ O(1) and

Yu < 10−3 ⇒

mν =
Y 2
u v

2 sin2 β

Mνc
∼ 0.1

eV

M=1017 GeV

M=1016 GeV

M=1015 GeV
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Tribrid Inflation Model in No-scale Supergravity2

S1 S2 φ1 φ2 S N

U(1)B−L 1 -1 2 -2 0 -1

R 1 1 0 0 2 -1

Z3 ω2 ω ω ω2 1 ω

Winf = κ1S (φ1φ2 − µMP ) + κ2 S1S2

(
φ1φ2

MP
− µ

)
+

λ1

MP
(S1S2)2 +

λ2

MP
S2S1S2

K = −3M2
P log

[
T + T

MP
− |S|

2

3M2
P

− |S1|2

3M2
P

− |S2|2

3M2
P

− |φ1|2

3M2
P

− |φ2|2

3M2
P

]

S1,2 contains the inflaton

S1,2 contribute to inverse

seesaw mechanism

φ1,2 are the waterfall fields

S is a driving field and flattens

the inflation potential

2A.M. (2021)
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Tribrid Inflation Model in No-scale Supergravity

V = A cosh4

(
x√
6

)[
B2 tanh6

(
x√
6

)
− 2B tanh4

(
x√
6

)
+ tanh2

(
x√
6

)
+ f

]

A =
3µ2κ2

2

2τ0MP
, B =

6λ1τ0
κ2 µ

, f =
κ2
1MP

6κ2
2τ0

f=3.33×10-9 , s=0

f=3.33×10-9 , s≠0

f=3.33×10-5 , s=0

f=3.33×10-5 , s≠0
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Observables

λ2 f µ κ1 κ2 λ1 τ0 M
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SUSY breaking, Reheating and Neutrino Masses

Wν = YνLHuN + YS S N S1 +
λ3

MP
S φ1N S2 +

[
λ2

MP
S2 + κ2

(
φ1φ2

MP
− µ

)]
S1S2

SUSY breaking effects results in shifts in the minima

〈S〉 '
m3/2

κ1
, 〈|φ1|〉 = 〈|φ2|〉 'M

(
1−

m2
3/2

κ2
1M

2

)

Neutrino masses Lagrangian

Lν = mD ν̄LN
c +MR1 N̄

c Sc1 +MR2 N̄
c Sc2 + µS S̄1

c
Sc2 + h.c.

mD = Yν v sin(β) , MR1 =
YSm3/2

κ1
, MR2 =

λ3m3/2M

κ1MP
,

µS =
λ2

MP
〈S〉2 +

κ2

MP

[
〈φ1φ2〉 −M2]

=
m2

3/2

κ2
1MP

[
λ2 − κ2 +

κ2m
2
3/2

2κ2
1M

2

]
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SUSY breaking, Reheating and Neutrino Masses

Mν =


0 mD 0 0

mD 0 MR1
MR2

0 MR1
0 µS

0 MR2 µS 0



mνl '
m2
D µS

2MR1
MR2

,

mν1 '
µS

(
− m2

D
2MR2

− 2MR2

)
MR1

∼ µS ,

mν2,3 ' ±
(
MR1

+
m2
D +M2

R2

2MR1

)
+
MR2

µS

MR1

∼ ±
(
MR1

+MR2

)

m3/2 λ2 λ3 κ1 κ2 Yν YS |mν1 | |mν2,3 |
103 0.008 0.002 10−5 10−3 0.05 3× 10−5 3× 10−5 4.4× 103

0.1 0.9 0.4 10−7 0.1 0.9 0.01 2.1× 10−7 1.06× 104

105 0.1 0.01 0.01 0.01 0.5 0.0032 6.6× 10−7 3.21× 104
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SUSY breaking, Reheating and Neutrino Masses

λ2=0.01, Yν=0.01

λ2=0.005, Yν=0.05

TR = 2×1010 GeV

m3/2 = 1 TeV, τ0 = 10-3
MP

κ1 = 10-5, κ2 = 10-3
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