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Inflationary Model

V()—A_4t hp(£>
cb—p anh” ( —

Inflation

Inflationary model: a-attractor  «aiosn, Linde 12



Vi
(
p="
tanh?” ( )

V(@) 4

4
E
ne
of Tr?y ;
fla’ci(c:>ale
N




(

Vi/nf(§b )

Vinf(¢)

)

2 2pzcsch2(%)

Slow-roll parameters

2 V1,1,1f(¢) _ dp(p — COSh(%))CSChz(%)

(MIm,)? = V®) (MIm,)?



Slow-roll parameters
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Slow-roll parameters
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CMB constrains for a-attractors
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CMB constrains for a-attractors
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CMB constrains for a-attractors

They look better in the Asymptotic limit /4 < 1
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Energy Scale of inflation for a-attractors
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Inflaton oscillations
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Inflaton oscillations
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Inflaton oscillations

V($) 4 " Preheating
| - Direct couplings
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Inflaton oscillations

| - Indirect couplings
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Inflaton oscillations

‘ Indirect couplings
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Inflaton oscillations
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Briefly description of Geometric (p)reheating
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Inflaton oscillations
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Inflaton oscillations

| How are inflation oscillations
|  affected by lowering M? |
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Inflaton oscillations
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Inflaton oscillations

| 1st: Inflation ends at field |
§ value above inflection point {§
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Inflaton oscillations

| oscillations dominated by |}
| monomial potential ~ ¢” |
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I oscillations dominated by
| monomial potential
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Inflaton oscillations
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Inflaton osclllations

‘  > can relate Ricc osc311a,t10ns
| to the Equation of State (EoS) }
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Inflaton oscillations

! We can relate Ricci oscillations to §
| the Equation of State (EoS) w |}
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Inflaton oscillations

(M =5x10"*m,; p = 2)
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Inflaton oscillations

(M =5x%x10"*m,; p = 6)
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Inflaton oscillations
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Inflaton oscillations
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Inflaton fragmentatlon

" Inflaton inhomogeneous |
| perturbations d¢(X, r) couple to
- ‘_theba,okground“ o
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- Inefmenteffeot: "M :
| Fragmentation time scale very |
i long Ny,e ~ O(1 — 10) f

| Fragmentation time scale very }
short Ny, ~ @(10—2) |

| Lozanov m|n 17
Antusch, Figueroa, Marschall, Torrenti 20




Geometric preheating: Linear regime

Let us congider the action :
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Geometric preheatlng Linear reglme

Let us consuier the a,ctlon i

1 1 1 |
£ Q — | 4%, /— _ PN 1 _ oM _
S — Jd x\/—8 (2 mR ch)( 5 g"0,x0,x 2g“ 0,90, V(qb,;()> |

Non-minimal coupled field EoM in a-time
YV +B-a)Fy —a OV 4 g <§R)( + V)() =0

In the linear regime we can focus on the y;, modes
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Geometric preheating: Linear regime

Xt w:y, =0, with w? = k2+a2<§—€)R

Whenever cok2 < 0 modes grow exponentially
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k:« is a treshold momenta i



Geometrlc preheatlng Linear reglme

We can solve lmea,r equatlon for )(k modes |
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Geometrlc preheatlng Linear reglme

We can solve lmea,r equa,tlon for )(k modes |
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Geometrlc preheatlng Linear reglme

We can solve lmea,r equa,tlon for )(k modes |

(E=50; M =b5m,; p=06)
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Geometrlc preheatlng Linear reglme

We can solve 11near equa,tlon for )(k modes {
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5 What happens if M is smaller?
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Geometrlc preheatlng Linear reglme

We can solve lmea,r equa,tlon for )(k modes |
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Geometrlc preheatlng Linear reglme

We can solve lmea,r equa,tlon for )(k modes |
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Geometrlc preheatlng Linear reglme

We can solve lmea,r equa,tlon for )(k modes |
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Geometrlc preheatmg Linear reglme

We can solve 11 near equa,tlon for )(k modes {

i p=6 shows to be the best candidate to |
_achieve reheating for low enerdy scales. |
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Geometric (p)reheating: Non-linear regime
|In linear regime y; modes grow unbounded

| 1 1 ! 1 |
o __ 4 — 2D 2 T U ) -
S - Jd W8 ( ) M, R ) Ry 5 80,0, x > 8" 0,0, V(Qb,)()) ;

and the NMC-field EolM

Y +B-a)Fy —a OV 4 g (ch)( + V%) =0

, can we get the effect of the y growth on R dynamics? l



Geometric (p)reheatlng Non-linear reglme

Let us erte tra,oe of T for the NMC seotor
: | j,
I, = 0,x0,x — g””(agp"f?pxaax + VNMC) + f(G,w + 8,87V, V5=V, V, )xz %
_ 2 |
; T, = g"T,, = (6§ — 1)(0°)0,x + ERy”) + 65x0, Vinic — 4Vanmic(Y) ,g
using trace part of Einstein’s equations ng =71

(L =68)(%0,00) + AV) = 65V, ) + (0"¢0,9)
- m3 + (6& — E(x2)




Geometric (p)reheating: Non-linear reglme

We ha.ve now a, full system of equa.tlons tha.t cha,ra,otemze the
system
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7/ I\ 2 200
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a a 6
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Geometrlc (p)reheatlng Non Ilnear regime

- We have NOwW &, full system of equatlons that charactemze the system 2

a’ 2 a2a
2 —
7 = <—) (E,+E,

a 3m2

where

: 1
Ey= 3 (#2) 57 ((V02) + (Viash)

| 1 3 6

Figueroa, Florio, Opferkuch, Stefanek 23



Geometrlc (p)reheatlng Non Ilnear regime

” We have NOwW &, full system of equatlons that charactemze the system 2

—— oy g c = - R - - e o e o P, 27 e

Full non- lmea,r system
lIIlpOSSlble to solve a,na,lytlca,lly




Geometrlc (p)reheatlng Non Imear regime

We have NOwW a, full system of equatlons that Charaetemze the system */

 Full non-linear system '
1mpossﬂo1e to solve analytleally

\ 4

Lattice simulations
,. %SmOSZ attice -

Figueroa, Florio, Torrenti, Valkenburg 21, ’23



Geometrlc (p)reheatlng %
Let us have a common la,nguage

Preheating: ‘Reheating:

All energy is stored in
' the daughter fields, |
| and Radiation
Domma.tlon has been
a,chleved

Any non-perturbative |
. transfer of energy |
from iniflaton to any |

other sector '



Geometric (p)reheating: Lattice results p=2
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Ezxpectation values

Geometric (p)reheating: Lattice results p=2
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Geometric (p)reheating: Lattice results p=2

(£=500; M =b5m,; p=2)
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Geometric (p)reheating: Lattice results p=2
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Geometric (p)reheating: Lattice results p=4
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Geometric (p)reheating: Lattice results p=4

Ezxpectation values

(E=25; M =5m,; p=4)
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Geometric (p)reheating: Lattice results p=4
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Geometric (p)reheating: Lattice results p=4
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Geometric (p)reheating: Lattice results p=4
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Geometric (p)reheating: Lattice results p=4
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Geometric (p)reheating: Lattice results p=4

(6E=300; M =m,; p=4)
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Geometric (p)reheating: Lattice results p=4
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Geometric (p)reheating: Lattice results p=4
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Geometric (p)reheating: Lattice results p=4

N

— Ly E,

(£ =300; M =bm,; p=4)

2 3 A
N

(£=300; M =5m,; p=4)

(E=300; M =m,; p=4)

102

107° » ~
1 2 3
N

(E=300; M =my; p=4)

10—2

. When £, < £, EoS restores to
,, - homogeneous oscillations. _

10—10

(£=300; M =10"'m,; p=4)

1 )
N

(€=300; M =10""m,; p=4)

I




Geometric (p)reheating: Lattice results p=4

| As we decrease M preheating :
’, becomes less efficient. ,
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Expectation values

Geometric (p)reheating: Lattice results p=6

| Reheating is achieved for any value of M | =
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Geometric (p)reheating: Lattice results p=6
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Geometric (p)reheating: Lattice results p=6

i Npr = when w (EoS) envelope falls bellow 90% its Max
| value
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Geometric (p)reheating: Lattice results p=6

| We summarize Ny and Ty for allowed cases |

| - o & =508 & =100 0 & =200

M =10"1m, M =m,, M = 5m,
NRH TRH [GeV] NRH TRH [GeV] NRH TRH [GGV]

§=50 || 4514 5.465 x 1012 | 2.992  6.836 x 1013 | 2.258  1.7561 x 104

£=100 || 3.5 1.706 x 10*® | 1.2223 4.692 x 10** | 1.5585 3.759 x 104

£=200 || 2.75 3.947 x 1013 | 1.905 2.253 x 10** | 1.391 4.835 x 10'*

£=300 || 249 5.287 x 10*3 | 1.6143 3.077 x 10'* | 1.3285 5.319 x 10%4

£=500 || 237 6.043 x 1013 | 1.243 4.659 x 10 | 1.276 5.753 x 104

() Le . | | |
10~ 104 10~} 1 10

M /m,




Geometric (p)reheating: Lattice results p=6 and

1
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Geometric (p)reheating: Lattice results p=6 and

1
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Geometric (p)reheating: Lattice results p=6 and

1

V(y) = —Ay*
(x) R

o M =0m, oM = 10_1mp

M = 5my,,
NRH TRH [GGV]

NRH

// A=10"% || 1.281 6.511 x 10"

- A=10"° | 8.747 3.382 x 10"
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Conclusmns

a- attraotor models allow for low energy 1nﬂat10n desomptlon |

Inﬂa,ton oscillations are deeply a,ffected by low M scenarios "

- Oscillations are potential dominated R > 0
- Enhances Fragmentation % ]

p=R does not reheat the universe |
p=4 partially reheats the universe for large M ‘
Fails for low M
p=6 reheats for any M but inflaton fragmentation kills
homogeneous oscillations for low M
v - self interaction prevents preheating for almost any 4 and M



Inflaton fragmentation

| perturbations 8¢ (X, f) couple to

V(@) 4

Sepy + [K2+ (P — 1)\¢\p_2] o =0

Lozanov, Amin ‘17
Antusch, Figueroa, Marschall, Torrenti ’20



Inflaton fragmentation

| Inflaton inhomogeneous
{ perturbations d¢)(X, ) couple to}
the background ‘

S+ |2+ (0= DIGI? | =0

For M 2 m, _,
! Inhomogeneities grow due to {
{ parametric resonance ;

("Teading i the fragimentation
’ of the homogeneous




Inflaton fragmentation

| perturbations d¢ (X, f) couple to

V(@) 4

S+ |2+ (0= DIGI? | =0

For M 2 m, _
! Inhomogeneities grow due to
{ parametric resonance ;

j Fragmentation time scale very §
long Ny, ~ O(1 — 10) :




Inflaton fragmentation

| perturbations d¢ (X, f) couple to

V(@) 4

For M < m, initial effective mass |

of n;odes is negative
oV
(@) <0

0 j




Inflaton fragmentation

| perturbations d¢ (X, f) couple to

V(@) 4

5$k + K2 +

0* V()
220) e

¢end
| Avery large range of modes |
| K< (M/ mp)_1 ‘

grow exponentially (tachyonic 1}

j Fragmentation time scale very §
short Ny, ~ O(1072) 1




Inflaton fragmentation
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Inflaton fragmentation

—_— M = 10_3mp
M =10"*m,,
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M = 3.5 x 107?m,,
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For M > 1()_2mp competition

between tachyonic and
parametric resonance

Long Ny, |

i For M < lO_zmp dominated |
| tachyonic resonance ;
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—0.25

Inflaton fragmentation

| Fragmentation kills homogeneous -

'mula,tlons for p 6

oscillations! D

$en tachyonic and
Inetric resonance

§ Long N frag

102m oompetltlon

Frustrates geometric geometric
(p)rehea,tmg

M 35><10 mp

10_2mp dominated

2 4 6
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 Short Vg |
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