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1. No-Scale

Inflation

‘ Simplest incarnation: a slowly rolling scalar field in FRW spacetime, ds® = dt* — a(t)?da?

|nﬂating spacetime

a 43 1/2 1
MG (m) Py = 59% - (@)

V(®) I

When inflation ends, reheating begins




1. No-Scale

Inflation

The horizon problem

AT/T ~ 10" in the CMB With inflation

during inflation §
Without inflation

present particle horizon

t comoving horizon

(aH)~!

Credit: Héctor Ramirez




1. No-Scale

Inflation The primordial fluctuations

Quantum fluctuations in ®, g, are strechted by expansion

Planck TT, TE, EE + lowE + lensing + BK15 (M 10, ¥ 20)

Y. Akrami et al. [Planck], Astron.
Astrophys. 641(2020) A10
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1. No-Scale

Inflation The primordial fluctuations

Quantum fluctuations in ®, g, are strechted by expansion

TT.TF,FF+lounF lensing
TT.TF,FF4lunF +lensing
BK15

TT.TEEE | luwE I lenzing
BK1b 1 BAD

r-| = inflation

Low ecae 5B SUSY

N3
H4 k ng—1
o i ()
4m292 \ aH

N OB
: | 2 np
1L 1 Pr = 2V i
Primordial it v} 2 aH




1. No-Scal . .
|n?'|at;::ne R? inflation

‘ Non-minimal GR (singularity-free cosmology)
2

_ Y [ pey=a(-py
S—a/dw\/g<R+6m2>

Scalar is hidden! ( g — Q(¢)g)

S — %/d4m\/_—g,[_k+(au¢)2—gm2 (1—6*/2/_3¢)2]

© Pr requires m ~ 10~°. What is ¢ then?

@ Inflaton traverses trans-Planckian distances: radiative corrections

A cry for supersymmetry?




1. No-Scale

Inflation

N @ Supersymmetry — ¢ can be light:

@ Local supersymmetry = supersymmetry + gravity = Supergravity

The only good (super)symmetries are local

(V) Couplings determined by just 3 functions!

- The real Kahler potential K(®, ®)

- The gauge kinetic function fo;(®)

- The holomorphic superpotential W(®)
© Problems for inflation

V= X [(K—l)j(m'WJr WY (K; W+ W;) — 3|W|2}

&’ too steep (—(’)(mg/ZMI%) AdS “holes”




1. No-Scal .
|n;at;::ne No-Scale Inflation

2 I%I

untwisted

string orbifold compactification




1. No-Scal .
|n;at;::ne No-Scale Inflation

A K=-3In T+T——Z|¢|2 +Z

Pure SU(N,1)/SU(N) xU(1)

W = V3mp(T —1/2)
Re T = %e‘)/‘h

= /3 tanh(z/V6)
V= eZK/3| W1|2

W= v3mg (1+¢/V3) (T-1/2)

S. Cecotti, PLB 190 (1987), 86 ¢ = V3 tanh(z/V6)
J. Ellis, D. Nanopou|os, K. Olive, PRL 111 (2013) 111301




1. No-Scale

Inflation

No-Scale Inflation

K= —3In|T+T— 1+ 2 __leaf
n | T+ Z|¢| +Z T+ T}

Pure SUN,1)/SUN) x U(1)

W = V3mp(T —1/2)
Re T — %ez/:lr

need for moduli
stabilization

S. Cecotti, PLB 190 (1987), 86
J. Ellis, D. Nanopou|os, K. Olive, PRL 111 (2013) 111301




1. No-Scale

Inflation

No-Scale Inflation

7 1 |<Pa|2
—3In |T+T— = P+ =

%/—/

ne = 3 twisted matter
W = V3mp(T — 1/2)

1 \V2/3z +

W

J. Ellis, MG, D. Nanopoulos and K. Olive, JCAP 08 (2014), 044; JCAP 01(2015), 010




String-inspired GUT embeddings: flipped SU(5) < U(1)

‘Regular’ SU(5) Flipped SU(5)xU(1)
9 {dc7 Q7 l/c}i )

2. Flipped

cosmology

SU(5) = SUB)c x SU@2)L x UL)y | SUB) x Ul)x - SU3)c x SU2)p x U1)y
L SUB)e x UL)em ' SUB)e x UL)em
1 1

1
diag(2,2,2,—3,—3 Y= Tos+ =
Joo el ) [ e

Y= Tou=

S. Barr, PLB 112 (1982) 219; J. Derendinger, J. Kim, D. Nanopoulos, PLB 139 (1984) 170
|. Antoniadis, J. Ellis, J. Hagelin, D. Nanopoulos, PLB 208 (1988) 209




2. Flipped

cosmology

Flipped phenomenology
Superpotential
W= AUF,Fih+ MIF i+ AIfilsh+ Ay HHR + \s HHR
+ )‘éaFiHQba + /\ghﬁqsa + /\(Slbcqsad)bﬁﬁc + Nab¢a¢b

(Partial) Yukawa unification / p-term

Woor = Yuhu Qi+ 9 hoLv® — yahaQd — ychgLe + phyha

NS T
A2@Mour A% ba)

Z5 in H: doublet-triplet Higgs splitting
HHR £, (vi)dihs; notfor hy g

J. Ellis, MG, N. Nagata, D. Nanopoulos, K. Olive, JCAP 07 (2017), 006; PLB 797 (2019), 134864; JCAP 04 (2019), 009




Flipped No-Scale Inflation

Strongly segregated inflaton sector, )\gij < pv

3 5 —+/2/3s 2 81 \/2/3s
= — 1 — —_—
2. Flipped v 4m ( ¢ ) + 16Cme

cosmology

4 6 8

5 = V6 tanh™!(¢o/V/3)




Flipped No-Scale Inflation

Random parameter scan ¥ ~ (0.1 — 0.8) Mgur, )\gij, )\éjk ~ (0.1 -1)

2. Flipped

cosmology

Inflation OK, but mixing during reheating




The GUT phase transition

SU(S)x U(1) must be broken after inflation

Yo (395 ’ ) (75 = 75%)° + gmeV*/ola5? +
2. Flipped 10~ 80

cosmOIogy GUT broken along flat-direction

() = () =




The GUT phase transition

SU(S)x U(1) must be broken after inflation

' (395 " ) (75 = 175)° + gmeV* i +
2. Flipped 10~ 80

c°5m°|°g)’ GUT broken along flat-direction

(o) =(pp) =@
Asymptotic freedom of SU(5) takes care of this! (A)(Ce— Cp — ~ 4

condensates decouple

@ Q A ~108 1014 GeV %




The GUT phase transition

2. Flipped

cosmology




2. Flipped

cosmology

The GUT phase transition

Tlnax < A c

(weak reheating)




The GUT phase transition

2. Flipped

cosmology

Tnlax > AE

(moderate reheating)

As/s ~ 10'7




2. Flipped

cosmology

The GUT phase transition

Tmax > Ac > 10'°GeV
(strong reheating)
As/s ~ 10*




Flipped reheating

Unbroken SU(5) x U():

2. Flipped
cosmology Broken SU(5) x U(1):




Planck TT, TE, EE + lowE + lensing + BK15 (M 1o,

2. Flipped

cosmology

/e

[0y

LY e
Strong reheating
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Flipped gravitinos

4 ...

2. Flipped

>X0
cosmology

LSP dark matter

SUBG)x UM

SU3)xSUR)x U()
Ll Lol Lol Ll Ll Ll L
107° 107° 107 1073 1072 107!
NP




g also controls neutrino masses...

2. Flipped

cosmology

2
mmuct

|)‘10|2 GUT

Random parameter scan 107 < N <1

Normal Ordering Inverted Ordering
Best fit 30 range Best fit 30 range
Am3, [10_5 eVz] 7.39 6.79 — 8.01 7.39 6.79 — 8.01
Am3,[107% eV?] | 2.525 2.431-2.622 | —2.512 —(2.413-2.606)




g also controls neutrino masses...

my =3 X 10" GeV, () = 10'6 GeV my =3 X 101 GeV, (D%) = 10'° GeV

2. Flipped NO

cosmology L2210

NO
10
Planck 2018

T TTTTT

T T T

500

iy, > 0.12 eV

LU

[
1 [l LS 1 0 b
1%—16 0% 10~ 107 102 10— 6 x 102 101
mlightest [eV] 21 My, [eV]

J. Ellis, MG, N. Nagata, D. Nanopoulos, K. Olive, JCAP 01(2020), 035; JHEP 05 (2020), 021




... the dark matter abundance ...

2. Flipped

cosmology

800
600
400

200

Toen [GeV]

ms =3 X 10" GeV, () = 10'6 GeV, A =10*

[

-
=1

NO
10
Planck 2018

LFT_:|||||I Thaaninl
fo=2 107!

g)DMh2 non—thermal * (10 Tev/mLSP)
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... the matter-antimatter asymmetry

Out of equilibrium decay of v/{
ng/s >0, A = 10*

in equilibrium at T'ep,

2. FlIPPed sphaleron conversion
cosmology

28 / s \ 135¢(3)
= 75 (2s) Trigy 2

i=1,2,3

P-dilution /

2 100
Z]'#i I |:( UIC(}V‘?)Z Uyc)jii| ¢

2m [UF. (D)2 Use] I\, L

€; =

d L
10—12 10—10
ng/s




... and proton decay

2. Flipped

cosmology

L(p = 7™ )nipped
F(p — 770 e+)ﬂipped

_ ((7°I(ud) rusp)u)® |( U)o |2

((m°|(ud) uz|p)e)® |(U1)1s |2

(SIS poddiguy
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Supercosmology Superstring

Inspiration

No-Scale Flipped
Supergravity
l Ag coupli
2. F|ipped Starobinsky-
cosmology

ae

Like Inflation

Leptogenesis

Incoherent
flaton transition

Gravitino GUT Phase
Production Transition
§ Flaton d
Qﬁ) laton decay

Non-Thermal ilution Entropy Dilution
DM A~ 10*

sso001d TOT0TEYdg

Thermal DM

Total DM density T 21 Mey | BBN
and 1,




No-Scale susy breaking

Untwisted gravity mediation

K = —3In|T+ T—lz:|¢>'|2—1\z|2+ﬁ
34" 3 A2

Twisted gravity mediation

|2

= 1
K= -3ln|T+T- - 12 2_ =
n|T+T— 2 16| + 14

A2

3. Heavy i

gravitinos

Featuring T-inflation

W = V3mg(T —1/2) + p?(2+ b)

J. Ellis, MG, D. V. Nanopoulos, K. A. Olive, JCAP 10 (2015), 003
E. Dudas, T. Gherghetta, Y. Mambrini, K. A. Olive, PRD 96 (2017), 115032




High scale susy breaking

superpartners

inflaton

3. Heavy 5
gravitinos itino

N

E. Dudas, Y. Mambrini, K. Olive, PRL 119 (2017), 051801
K. Benakli, Y. Chen, E. Dudas, Y. Mambrini, PRD 95 (2017), 095002




Out-of-equilibrium Dark Matter Production

K . . . L
inflation matter N radiation
U

non-thermal thermal v
"

Oyy—xx(E) o< B"

3. Heavy z
gravntmos
non-thermal ——> Y;bs <1

thermal

T
tend

MG and M. Amin, PRD 98 (2018), 103504




The phase space distribution for ¢ — Ynp

3
Ny = /(;171))3]‘;11(1)7“’)

no equilibrium

equilibrium

3. Heavy

gravitinos




A heavy gravitino

Leading-order universal Goldstino-matter interactions (F = V/3ms 2 Mp):

;CQG S Ga“@”@—@”GU”@) T,uu

7
a7 (

G
154mg

(FAeFe,) il
w Fux (ou)NT 5602 F7

3. Heavy
gravitinos ot = 6400711 76
7UT T (045)2((3)2F 1

(8,H8, H' +h.c.)




A heavy gravitino

L

3. Heavy

gravitinos

instantaneous

1076 1073
F¢ (t - tend)




Freeze-in from preheating

Sensitivity to early times = sensitivity to non-perturbative dynamics

Scalar preheating

strong
10722 T T T

4

— Non-pert.
—23
10 --- Non-pert., y

10>

= 10-%
=
L

1026

10727

4. Preheating

1072

5
a/@ena a/Gend

MG, K. Kaneta, Y. Mambrini, K. Olive, S. Verner, arXiv: 2109.13280 [hep-ph]




— Non-pert.

-~ Non-pert.,

—- Pert. non-thermal |
-+ Pert. thermal

5 10 30 5 10
a/ Gend ll/ Qend ll/ Aend

4. Preheating

N\




Freeze-in from preheating

Sensitivity to early times = sensitivity to non-perturbative dynamics

Fermion preheating

= Yoy

strong

==+ Pert.
— Non-pert.

4. Preheating

5 10
a/@ena a/end




— Non-pert.
—- Pert., my #0
-+ Thermal

5 10 30
a/aena

3 n+5
endMP

nDMa3A"+2/a

4. Preheating

N/ ' 10 10 '
a/aend

a/Gend a/@end




Dark matter from fermion preheating

~ q3(6-1)

Perturbative (thermal) ‘

- Perturbative
Non-perturbative
(non-thermal)
~ const. 3/2

~a

Post-thermalization ‘

~ const.

4. Preheating




Dark matter from fermion preheating

~ q3(6-1)

Perturbative (thermal) ‘

- Perturbative
Non-perturbative
(non-thermal)
~ const. 3/2

~a

Post-thermalization ‘

~ const.

iGracias!

4. Preheating




