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Consider a tiny universe of a smallest possible size 10-32 cm at the
Planck density. If the potential energy of the scalar field in this domain
was greater than its kinetic and gradient energy, it starts growing fast.

Within 102 s the universe becomes homogeneous and completely
dominated by the potential energy of the scalar field.

Equation for the 1 . — 2
scalar field Qb _l_ 3H¢ m¢ m gb
Einstein’s equation H — %

The solution shows that the universe grows approximately exponentially.
At the end of inflation, the universe grows up by a factor

L$2/4

Here ¢0 Is the initial value of the field.



A newborn universe could be as small
as 103% cm and as light as 10> g
(it could be born from nothing at all...)

[ ~ 1073 cm

m~ 107" g



Inflationary universe 10° seconds old




The universe after inflation becomes huge and almost
absolutely uniform, but quantum fluctuations make it slightly
non-uniform. This leads to formation of galaxies and tiny
perturbations of the temperature of the universe




Origin of structure:

In this theory, original iInhomogeneities are
stretched away, but new ones are produced from
guantum fluctuations amplified during the
exponential growth of the universe.

Galaxies are children of quantum fluctuations
produced in the first 10-3° seconds after the birth

of the universe.



Planck satellite: Perturbations of temperature

This is an image of quantum fluctuations produced by inflation
1073 seconds after the Big Bang. These tiny fluctuations were
stretched by inflation to incredibly large size, and now we can
observe them using all sky as a giant photographic plate




Planck satellite: Perturbations of temperature (red
dots) and predictions of inflationary theory (green line)
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Inflation and Planck 2018
(2 = 1.009 £ 0.0018  scciracy abour 10°

Planck + SPT + BAO

n, = 0.965 £+ 0.004 Spectrum of perturbations

IS nearly flat

According to Planck 2018, non-inflationary HZ spectrum with ng = 1 is
ruled out at a better than 6o level, just as predicted in 1981 by
Mukhanov and Chibisov. (This is an important prediction of inflation,
similar to asymptotic freedom in QCD.)

local __ L Agrees with predictions of the simplest
NL 0.91 x5 inflationary models with accuracy O(10%).

An impressive success of inflationary theory



Can we test inflation even better ?

B-modes: a special polarization pattern which can be
produced by gravitational waves generated during inflation.
A discovery of the gravitational waves of this type could
provide a strong additional evidence in favor of inflation.

A.A. Starobinsky, Pis'ma Zh. Eksp. Teor. Fiz. 30 (1979) 719
V.A. Rubakov, M.V. Sazhin, A.V. Veryaskin, Phys.Lett.B 115
(1982)

BICEP/Keck, LiteBIRD and other experiments

A non-discovery of B-modes is fine too: many models
predict gravitational waves with a tiny amplitude.

A discovery of inflationary gravitational waves is NOT
required for proving inflation, but it would be a great gift
Indeed, and not only for inflation, but for investigation of

guantum gravity and processes at energies many orders
above LHC.



Testing predictions of inflation

1) The universe is flat, Q = 1. (In the mid-90’s, the consensus was
that Q = 0.3, until the discovery of dark energy confirming inflation.)

2) The observable part of the universe is uniform (homogeneous).

3) Itis isotropic. In particular, it does not rotate. (Back in the 80’s we
did not know that it is uniform and isotropic at such an incredible level.)

4) Perturbations produced by inflation are adiabatic

5) Unlike perturbations produced by cosmic strings, inflationary
perturbations lead to many peaks in the spectrum

6) The large angle TE anti-correlation (WMAP, Planck) is a distinctive
signature of superhorizon fluctuations (Spergel, Zaldarriaga 1997),
ruling out many alternative possibilities



7) Inflationary perturbations should have a nearly flat (but not exactly
flat) spectrum. A small deviation from flatness is one of the
distinguishing features of inflation. It is as significant for inflationary
theory as the asymptotic freedom for the theory of strong interactions

8) Inflation produces scalar perturbations and tensor perturbations
with nearly flat spectrum, and it does not produce vector
perturbations.

9) In the early 80’s it could seem that inflation is ruled out because
scalar perturbations are not observed at the expected level 10-3
required for galaxy formation. Thanks to dark matter, smaller
perturbations are sufficient, and they were found by COBE.

10) Scalar perturbations are Gaussian. In non-inflationary models, the

parameter fy, '°°@ describing the level of local non-Gaussianity can be as

large as 10%, but it is predicted to be O(1) in all single-field inflationary
models. Confirmed by Planck. Prior to the Planck2013 data release,

there were rumors that fy, '°¢@ >> O(1), which would rule out all single
field inflationary models
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FIG. 5. Many favorite string inflation models from a decade ago,
with very low r, are now ruled out by precision data on ns. 7-year
WMAP results [37] are in red, Planck 2018 results [12] are in blue.



Tensor-to-scalar ratio (r9.002)
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One can fit all Planck data by a polynomial,
with inflation starting at the Planck density

B m2¢2

=

3 observables: A, n,, r

3 parameters: m, a, b

Example: m =102, a =0.12,
b=0.29

(1 —ag + bp?)

-

Destri, de Vega, Sanchez, 2007
Nakayama, Takahashi and Yanagida, 2013
Kallosh, AL, Westphal 2014

Kallosh, AL, Roest, Yamada 1705.09247

No problem with initial conditions

/



https://arxiv.org/abs/1705.09247

A simple polynomial superpotential with 3
parameters can describe the full range of all possible

values of A;, ngand r, all theway tor=0and ny =1
Kallosh, AL, Westphal 2014
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FIG. 3. Predictions for ns(a) and r(a) in at 55 e-folds the

model with V (¢) = # (1—a¢+ab ¢2))2 for various values of
b =0.334...5. All curves have a running from 0.001 to 0.2. The red
(b = 0.34) and green (b = 5) balls correspond to a = 0.01...0.13



List of models favored by Planck2018

Inflationary model Potential V(¢) Parameter range AX? InB
R+ R/ (6M2) 4 ] - e T30V
Power-law potential AMSY 3?3 28 -26
Power-law potential AM3 o 25 -19
Power-law potential AME 33 104  -45
Power-law potential AM3 ¢? 223 -71
Power-law potential AMp @3> 409 -19.2
Power-law potential N . 89.1 -33.3
Non-minimal coupling A“_(){i)“ + «@?R/ 2 - -4 < log,, < 4 31 -16
Natural inflation . 1+ cos(¢f f) 0.3 < logy(f/Mp) < 25 94 -42
Hilltop quadratic mode! 1= @ g+ 40 0.3<10g,(Uo/ M) <485 17 -20
Hilltop quartic model et :1 -yt ... -2 < l0g;5(Ma/ Mpy) < 2 -03 -14
D-brane inflation (p = 2) A 1= 2, P -6 < l0gy(Mp2/ Mp) < 0.3 -2.3 1.6
D-brane inflation (p = 4) V- -6 < log,y(Mpa/Mp) < 0.3 -22 0.8
-l I—
Potential with exponential tails et 1-epa@gMe)+ ... -3<log,yq<3 -05 -10
Spontaneously broken SUSY 1+ dnlog (9 Mp) + ... —25<l0gy¢n <1 90 -50
¢ Ql#) 2n
E-model (n= 1) W l-exp - 2¢ 3<¢EMp -2<log,y¢f < 4 02 -10
( ! p_ \/q - ‘l#) 2n
E-model (n = 2)  l-exp - 2¢ 3<¢EMp -2<log,,¢5 < 4 -0.1 0.7
g et
T-model (m= 1) x4 tanh?™ 9 6¢] Mp -2<log,y¢] <4 -0.1 0.1
\/q - ‘1#
T-model (m= 2) Hanh®™ @ 641 Mpy ~2<logy, <] < 4 -0.4 0.1




Tensor-to-scalar ratio (79.002)
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Subsequent developments:

Inflationary model Potential V(p) Parameter range AX? InB
R+ R/ (BM?) o 1- g T3

wer-law potential AME 3?3 28 -26

AM3 @ 25 -19

AME 33 104 -45

AM2 @7 223  -71

AMp @* 409 -19.2

Power-law potenti A¢* .. 89.1 -333

Non-minimal coupling A“_()|I>4 + «@?R/ 2 - -4 < log,, «< 4 31 -16

—Neteral-Haflation . 1+ cos(¢/ f) 90 0.3 < log,,(f/Mp) < 2.5 94  -42

“Hthtopemeskatic model S O AVEE ‘90 0.3<logyy(M2/Mp) <485 1.7 -20

Hilltop qUartTcmotel— et :1— @ g+ ... -2 < 10g,(Ma/ Mpy) < 2 -03 -14

D-brane inflation (p = 2) A '1— W2, QP+ ... ~6 < logy(Mp2/ Mp) < 0.3 -2.3 1.6

D-brane inflation (p = 4) :4 1- ME QP+ .. -~ -6 < log,o(Upa/Mp) < 0.3 -2.2 0.8

Potential with exponential tails et 1-ep(-q@/Mp)+... -3<log,,q<3 -05 -10

Spontaneously broken SUSY < 1+ dylog (@f Mpy) + ... " -25<log,p¢p <1 90 =50

Vg &
E-model (n = 1) ' l-exp - 2¢ 3<¢EMp —2<log¢f <4 02 -10
( " p_ \/q - ‘1#) 2n
E-model (n = 2) l-exp - " 2¢  3<¢EMp —-2<log¢5< 4 -0.1 0.7
\/C] - ‘1#
T-model (m=1) «* tanh®™ @ 64TMp ~2<logy, €] < 4 -0.1 0.1
\/C] - ‘1#
T-model (m = 2) Htanh®™ @ 6<¢]Mp -2 <logy, ¢] < 4 -0.4 0.1




Natural inflation, new inflation, and monomial potentials
are disfavored by Planck + BICEP/Keck 2021

0.25 - Planck TT,TE,EE+IlowE+Ilensing
+BK18+BAO
Z. 6
0.20 o N New Inflation
o (Coleman-Weinberg
) potential)
0.15
NN
S
&
0.10
0.05
0.00

|
0.99 1.00



2208.00188

Updated constraints on amplitude and tilt of the tensor primordial spectrum

Giacomo Galloni,1’2’|i| Nicola Bartolo,®%?® Sabino Matarrese, 4 5:6
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FIG. 12. 2D 68 and 95% CL intervalsin the (ro.002, Ns)-plane
for PL18 (publicly available MCMC chainsE}, PL18+ BK15
and PL21+ BK18+ LV21. rg.002 IS Obtained from our chains
assuming ny = 0. For more details on the various inflationary
models, see |13].



Constraining Cosmological Physics with DESI BAO Observations

Deng Wang|

Instituto de Fisica Corpuscular (CSIC-Universitat de Valéncia), E-46980 Paterna, Spain

20 congraint

roos = 0.017

+ 0.02C
-0.017

0.25 + BN BK18+CMB+DESI
Z
A\
R \D
0.20 - \\%
NP
0.15 \
o~ |
8. CO”I/G* 3“’ N
S CO/, j"
RN
0104 / .
0.05 T
0.00 . . — . .
0.95 0.96 0.97 0.98 0.99 1.00
Ns

FIG. 1: The two-dimensional marginalized posterior distribu-
tions of the parameter pair (ns, 70.002) from CMB (green),
BK18+CMB+SDSS (grey) and BK18+CMB+DESI (blue)
observations in the A+r scenario, compared to the theoreti-
cal predictions of selected inflationary models. Here ¢ denotes
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How do we park H, ?

George Efstathiou, April 2024




Planck2018 — BICEP/Keck2021 constraints
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Parking Inflation:
Predictions for n_ in a-attractor models at a< O(1) practically
do not depend on the choice of the potential

0.25 - Planck TT,TE,EE+lowE+lensing
N\ ( +BK18+BAO
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o-attractors|saving
monomial potentials

Starobinsky model and Higgs inflation



o~attractors

To match observations, the simplest chaotic inflation model

1 1 1 1
L L — IR 2802 — Zm242
Tk Tt g0 mgme
should be modified:

1 2
L Ly 10 1
vV —9g 2 2(1_2?_&)2 2
2

Switch to canonical variables ¢ = Vv 6« tanh \/6_
Qo

Kallosh, AL, Roest 2013

m2 ¢2

The potential becomes
V = 3am? tanh? £

V6o

This model (ot-attractor T-model) is consistent with observational
data for m ~ 10 and any value of o smaller than O(5).



What is the meaning of a-attractors?

More generally:

L R 2
pr= - P v
92 Q- g
In canonlcal variables
R (@) , P '
p—g— 5 5 V ( 64tanhp§)

Asymptotically at large values of the field .
pP— o "z

V()=Vo-2 6¢Vye 3

Here V) = @V|¢_ P=2 This factor can be absorbed in the

redefinition (shift) of the field. Therefore, at small o, values of

n, and r depend only on V, and o, not on the shape of V(¢).

2 12«

—1_ = _ ea
e N, T N?



E-models of a-attractors

_ Kallosh, AL, Roest 2014
Start with the model

L R 3a (0p)?

= 7 —V
Switch to canonical variables
L R 1 5 /2
\/—_—g ~ 5 2(590) Ve ).

In particular, for V(p) = Vo(1 = p)? the potential becomes
_./2,\2
V=W (1 — € 30#9)

This model (E-model) coincides with the Starobinsky
model for o =1. In general case these models predict

2 12«
nS=1—E, T:NQ

e




Planck2018 — BICEP/Keck2021 constraints

0.25 o Planck TT,TE,EE+lowE+lensing
+BK18+BAO
020 %z g a-attractors T-models

O % eo— a-attractors E-models

0.15

r0.002

0.10

0.05

I
0.99 1.00

Starobinsky model and Higgs inflation



Inflation in supergravity

Main problem:

V(g) =e" (Kgg [DaW[* = 3[W[?)

Canonical Kahler potentialis /X = ®®

Therefore, the potential blows up at large |®|, and slow-roll
Inflation is impossible:

V ~ el®l?

Too steep, no inflation...



A general solution

Kallosh, A.L. 2010, Kallosh, A.L., Rube, 2010

W =X f(®)

Superpotential must be a real holomorphic fustion. The Kafiler potential is
any function of the type

K(@ — )%, XX)
The potential as a function of the real part of @ at X =0 is
_ 2
V= [f(®)]
FUNCTIONAL FREEDOM In choosing inflationary potential

This method and its generalizations are especially powerful if X is

a nilpotent field, X2=0.
Antoniadis, Dudas, Ferrara, Sagniotti 2014
Ferrara, Kallosh, A.L. 2014



Model-building Paradise

Kallosh, A.L, Roest, Yamada 1705.09247;
Gunaydin, Kallosh, A.L, Yamada 2008.01494,
Kallosh, A.L, Wrase, Yamada 2108.08491,
2108.08492

Consider a theory with a Kahler potential
_ _ F?
K(T,T) = Ko(T,T) + X
F)Q( + ‘/inﬂ (T7 T)

and superpotential
W= (Wy+ FxX) e "(1)/2
Here X is a nilpotent field, and
K(T) = Ko(T,T)
Then the potential along the direction 7' =T =t is given by
V:cotal(T) — A -+ Vvinﬂ (T, T)| .

T=T=t

|T—>T

and the cosmological constant is

A= F5 — 3W§



Example: single-field o-attractor

_ _ 2 _
K(T,T) = —3alog(T +T) + X XX
W(T) = (Wy+ FxX)Vv2T
Viea = m?*(1 =T)(1 = T)

In canonical variables, along the real T flat direction one has the a-attractor
potential

Viotal (8) = A +m? (1 - e_\/%¢)2




Towards sequestered inflation

The same results remain true in the theory with many moduli T,
if we add to the superpotential any function W /) (T} ) such that

wi(T) =0, o WIN(T) =0
along the direction T, = T; = t;

In the absence of the nilpotent field X, this theory would describe
supersymmetric Minkowski flat directions, but in our construction
the potential along the flat (inflaton) directions is given by

%otal( ) A —I_ V;nﬂ (TZ7 T )qu;:Ti:ti

Importantly, this potential does NOT depend on the value of the
superpotential W(I)(Ti) outside of the flat inflaton directions.

This allows to disentangle, sequester, dynamics of inflation from
the large energy scale encoded in ) (T3).



IIB string theory: STU model

Kallosh, A.L, Wrase, Yamada 2108.08492

3 U ULU
W:eo+iZ€]U[—ZqI 1Uj 3 + imU1U3U3
I=1 I=1
3 S U ULU
S |ihg — U a7 273 holUyUsU- .
oMo ;al r IZ_‘;C” U, v Superpotential due to Aldazabal,
3 3 3 U Ul 3 Camara, Font and Ibanez, 2006
. .7 1V2U3 T
+ZTI —ihy — ZUJbJI+ZleI T, + hU1UxUs _SZfITI
I=1 J=1 J=1 I=1
3 3 U U U 3
. _ 1Y2 . ra
-+ Z ig7rSUTT + Z gyrSTr 3 _ISUlUQngf]TI.
1,J=1 1,J=1 J =1

Tadpole cancellation: Bianchi Identities in 10D supergravity with local sources

. 7 5 hohy + arbry + ajbky — axbry +mfs — qgrs — q1977 — exgrs =0,

Nps =16=5 [mho —eoho+ ) (arar+ 61‘”)} : hohy + arbry + ajbyy — axbis —eofs — ergry — esgss — axgrs =0,
; = hobrs + arbyy + asbry — axhy +mgxs — qrgss — ¢s915 — ex fr =0,

Nxs7, = % [hofz — hofr — ;(&Jgﬂ — aJ!_]JI)] hobrcs + arbyy + asbry — axhy — eogxs — ergss — esgrs — qx fs = 0.

3
1]
Nz, =—5 leofl —mfr+ Y (a9 +€sgsr)

—91197k + 91 fx + f19xx — 9191k = 0,
J=1 ]

—G1197K + 9x1fK + fraxx — Gurdrx =0,
—911G1J + G197 + frf7 — gx1gxs =0,

grrgrs — 971977 + frfr — gxrgrs = 0.
—brrbyk + brrhi + hibrx —byrbix =0, brrdrs — hifr—bixgss +bikgrs + gxxbrs — fxhy — Gixbrs + grxbry =0,
—bribyi + brrhi + hibgg — byrbix =0, brrgrs —hxgrs —bix f1+brxgrs + gxxbry — fxbys — grxhy + g1xbrs = 0,
—brrbry +byrbyy + hrhy — biibry =0, brkgrs — higrs —bik fr+brxgrs + grrbis — frbrs — gixchy + Gixbis =0,
birbry = byrbyy + hihy = birbiy = 0. brxgrs — hxfr—bixGss +bixgrs + gxxbrs — fxhs — 9sxbss + grxbrs = 0.



Type IIB string theory and sequestered inflation

Kallosh, A.L, Roest, Yamada 2108.08491, 2108.08492

Seven chiral superfields (S, Ti,U;) wherel = 1,2,3

Example of a flux superpotential satisfying tadpole cancellation conditions with
supersymmetric Minkowski flat directions

W= (5-U)(Tr —=Uz) + (S = U2)(T2 = Us) + (5 = Us)(T5 — Uh)
1 flat direction S =17 =1, =T5=U; =Uy = U;
After uplifting of this flat direction and transformation to canonical variables,

one finds a-attractor inflationary potential with 3ot = 7 and r = 1072
= EURL L L LR R

Viotal () = A +m? (1 = e_\/%)

horizontal line in this figure

0.955 0.960 0.965 0.970 0.975
Ng



r0.002

BICEP/Keck2021 do not claim a discovery of the gravitational waves. The
error bars of their result ros = 0.014 0010 are too large, o(r) = 0.009
However, it is quite intriguing that the yellow and red dashed lines, which
show the predictions of the largest option a = 7/3, go straight through the

center of the dark blue ellipse favored by Planck/BICEP/Keck data.

0.25 A Planck TT,TE,EE+lowE+lensing

\ Ny TBK18+BAO BICEP/Keck hope to reach
0.20 - ¢\\ \\% a-attractors T-models G(r) = 0.003 within 5 years.
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Can we use the same method to “park”
inflation AND dark energy?
Akrami, Kallosh, AL, Vardanyan 2017

Consider the simplest linear potential
V(g) =79+ A

The corresponding a-attractor potential in canonical variables is

V(y) = vv/6a(tanh \/% +1) 4+ A

v

: inflation
1-Of

V(p) = 29V6a(l — \rw

0.8

2
V(p) = A+ 2vV6a eV 3a? Requires 0L ~ 102

darkenergy /-
-3 ~2 -1 : 1 2 3(70




LiteBIRD

Probing Cosmic Inflation with the LiteBIRD Cosmic Microwave Background Polarization Survey

2202.02773
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https://inspirehep.net/literature/2029403
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The gray area shows predictions of T-models. The two red lines show
predictions of E-models. The purple and orange lines correspond to the

polynomial a-attractors Eﬁi—} and ?‘i—zz. These models completely cover

the dark blue area favored by Planck/BICEP /Keck



Some authors trying to address the HO problem
complain that they do not know any inflationary
model that could describe a broad range of ng

Inflationary potential as seen from different angles

Giare, Pan, Yang, Di Valentino, De Haro, Melchiorri 2305.15378

“Despite significant efforts to explore various inflationary scenarios,
no single model emerges as a comprehensive solution”



A simple polynomial superpotential with 3
parameters can describe the full range of all possible

values of A;, ngand r, all theway tor=0and ny =1
Kallosh, AL, Westphal 2014
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FIG. 3. Predictions for ns(a) and r(a) in at 55 e-folds the

model with V (¢) = # (1—a¢+ab ¢2))2 for various values of
b =0.334...5. All curves have a running from 0.001 to 0.2. The red
(b = 0.34) and green (b = 5) balls correspond to a = 0.01...0.13



A possible comprehensive solution:
Hybrid a-attractors

There is a special class of inflationary models where ng =1

IS an attractor point: Hybrid Inflation
AL 1991, 1994

1 m2 2
| Vied) = (M =20 4 g 4 Gt

For o = 0, it is just the quadratic potential
uplifted by M%/43,

V! 2 V!
c=1-3(— 27
" (V) Ty

By increasing the uplifting term Vaplies = M* /4 one can increase V
without changing any derivatives of V. Therefore, in the large uplift limit,
for generic V we have an attractor prediction ng = 1.



Hybrid o-attractors: Two attractor regimes

L R (@9)° (@o)?
79_::5_ @(pz 2 @Gzz—V(O',(p)
J 2(1- &))" 2(1- )
_i 2\ 2\2 m_2 2 f 2 2
Vig,¢) = (M"—A0")"+ —-¢" + 9%
Just as in all a-attractors, we have a universal large N attractor prediction
| 2 12a
ng=1——, r =
N, N?

However, if uplift is very large, the last 60 e-foldings occur at small ¢.
Then for N ~ 60 one has the standard hybrid inflation prediction ng = 1.

Thus, by changing V ,; one can obtain any value of ng in the range
between the two attractor predictions

2
l—— <ng <1 Kallosh, AL 2204.02425

Ne

Hybrid attractors are more complicated than the simplest o-attractors.
However, if Hy problem is real, this flexibility may be desirable.
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Hybrid o attractors: New possibilities

Original hybrid inflation model:

0 1 “ s 4 2 2)\2 m2 ~
- — Vo= [ P
‘} : 0
\/0.5‘}’j h.w’.....'.
"“i 7

It’s a-attractor generalization:

(X* — x5)°
4X(2)

+ 3a(m? + §*x?) tanh? L dx]

V(X,@:Mz[ N

The results that we discussed so far are valid for hybrid inflation where the
amplitude of spontaneous symmetry breaking is sub-Planckian, y,<< 1.

In the opposite case yx, > 1 the tachyonic mass of the field y along the ridge x=0
is smaller than the Hubble constant, which leads to eternal inflation with the
amplitude of perturbations O(1). It is very easy to produce large PBH and even
eternally inflating topological defects in this scenario.

Garcia-Bellido, A.L., Wands 1996,
Randall, Soljacic, Guth, 1996,
Braglia, A.L., Kallosh, Finelli, 2211.14262


https://arxiv.org/abs/2211.14262

Conclusions:

1. Many predictions of inflationary theory have been tested and confirmed
by observations during the last 40 years.

2. Some inflationary models, such as the Starobinsky model, the Higgs
inflation, and a broad class of a-attractors can describe all available CMB
inflation-related data by a single parameter.

3. Predictions of a-attractors are stable with respect to modifications of
the potential. These models can describe any small value of r, all the way
downtor=0.

4. BICEP/Keck results are moving close to the range necessary for testing
tensor modes in these models. LiteBIRD would move us much further.

5. There is a significant progress in implementing inflationary models in
supergravity.

6. Hybrid a-attractors can describe copious production of PBH, while
remaining consistent with the Planck/BICEP/Keck data.



Backup slides about the multiverse



Here comes the
multiverse







Pessimist:

If each part of the multiverse is huge, we will never see other parts, so it is
Impossible to prove that we live in the multiverse.

Optimist:

If each part of the multiverse is huge, we will never see other parts, so it is
Impossible to disprove that we live in the multiverse.

I'd rather be an optimist and a fool than a pessimist and right.  Albert Einstein

This scenario is more general (otherwise one would need to explain why
all colors but one are forbidden). Therefore, the theory of the multiverse,
rather than the theory of the universe, is the basic theory.

Moreover, even if one begins with a single-colored
universe, guantum fluctuations make it multi-colored.


http://www.goodreads.com/author/show/9810.Albert_Einstein

Example: SUSY landscape

Supersymmetric SU(5)

@

SU(5) SU(4)xU(1) SU(3)xSU(2)xU(1)

Weinberg 1982: Supersymmetry forbids tunneling from SU(5) to
SU(3)xSU(2)XU(1). This implied that we cannot break SU(5) symmetry.

A.L. 1983: Inflation solves this problem. Inflationary fluctuations bring us to
each of the three minima. Inflation makes each of the parts of the universe
exponentially large. We can live only in the SU(3)xSU(2)xU(1) minimum.




Kandinsky Universe




Can we test the multiverse theory ?

This theory provides the only known explanation of numerous
experimental results (extremely small vacuum energy, strange
masses of many elementary particles). In this sense, it was
already tested many times.

“When you have eliminated
the impossible, whatever
remains, however improbable,
must be the truth.”

Sherlock Holmes




TIME

Physicists can live only
in those parts of the
multiverse where
mathematics is efficient
and the universe is
comprehensible.



