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Inflaton (actual) dynamics
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Equation of state
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Towards radiation domination
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Towards radiation domination

n > 1
M < Mmpl M ~ mpl
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Silverstein and Westphal (2008)
McAllister, et al. (2014)
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Equation of state

— M < my) (efficient resonance)

— M ~ my (inefficient resonance)
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Matter domination?

— 1 KL and M. Amin (2016)

Non-perturbative decay (parametric self-resonance)
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See also Amin, Hertzberg + (2011), Fukunaga, Kitajima and Urakawa (2019) m? = V'(@osc)/Posc
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Matter domination?

— 1 KL and M. Amin (2016)

Non-perturbative decay (parametric self-resonance)
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Matter domination?
—1

M < myp) M ~ mp,

/”
|
|

* §¢(t,x) production shut off

e Posc(t) = pressureless dust

* ¢ forms oscillons (stable)
See also Amin, Hertzberg et al (2011),
Urakawa’s talk, Kitajima’s talk, Torrenti’s talk

matter-like eos: w =0

couplings to other fields?
See also Hertzberg (2010), Adshead et al (2015)



Summary

KL and M. Amin, PRD 97 023533 (2017)
KL and M. Amin, PRL 119 061301 (2016)

~M
191 0.12

0.10

—n=1.5

—n=2

observationally o
favored V(o) . o.06!

0.04-

—n=23

0.02
0.00

0.96 0.97 0.08

Reduction in
simple result theoretical uncertainty of
inflationary models
0 fn=1 (even without

: couplings to
1/3 ifn>1 other fields!)

(at sufficiently late times)
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Other connections ...

* stochastic GWs from fragmentation KL and M. Amin (2019)
Transients

T T T

1079¢
10-10¢

f%? 10~
% 10712}
c I

10713

10—14_
108 10” 1010
fo/HZ




Other connections ...

* stochastic GWs from fragmentation KL and M. Amin (2019)
INFLATON oscillons
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|
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fo/HZ

See also Antusch et al (2016), Soda and Urakawa (2017), Kitajima, Soda and Urakawa (2018)
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* stochastic GWs from fragmentation KL and M. Amin (2019)
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See also Antusch et al (2016), Soda and Urakawa (2017), Kitajima, Soda and Urakawa (2018)
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* stochastic GWs from fragmentation KL and M. Amin (2019)
INFLATON oscillons
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See also Antusch et al (2016), Soda and Urakawa (2017), Kitajima, Soda and Urakawa (2018)



Other connections ...

* stochastic GWs from fragmentation KL and M. Amin (2019)
INFLATON oscillons
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See also Antusch et al (2016), Soda and Urakawa (2017), Kitajima, Soda and Urakawa (2018)



Other connections ...

stochastic GWs from fragmentation

T — models

KL and M. Amin (2019)
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stochastic GWs from fragmentation

E — models

KL and M. Amin (2019)
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Other connections ...

stochastic GWs from fragmentation
Monodromy ¢ = 0.5

. \/tig'oos, -

KL and M. Amin (2019)
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Other connections ...

stochastic GWs from fragmentation
Monodromy ¢ = 1

. \/tig'oos, -

KL and M. Amin (2019)
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* dark energy P. Agrawal, L. Randall, et al (2019)



Other connections ...

* stochastic GWs from fragmentation KL and M. Amin (2019)

* dark energy P. Agrawal, L. Randall, et al (2019)

e dark matter



Other connections ...

stochastic GWs from fragmentation KL and M. Amin (2019)
dark energy P. Agrawal, L. Randall, et al (2019)
dark matter

matter-antimatter asymmetry... KL and M. Amin (2014)



Oscillons and
matter-antimatter asymmetry

KL and M. Amin, PRD 90, 083528 (2014)



Main idea

complex
inflaton ¢

+ )

ldynamics at the end of inflation

inflaton/anti-inflaton
asymmetry

l decay

matter-antimatter
asymmetry
n=~6x10"10



The model

A variation of the Affleck-Dine Mechanism (1985)
Hertzberg & Karouby (2013, 2014)

S [[atey=g | 5rgR + 106 - Vi6.0)

V(9.9") = Villo]) + Va6, ¢") Vil@,9%) = (6" + ¢)

/ \ “small” symmetry breaking

e technically natural
e small during inflation
e small long after inflation

respects U(1) symmetry breaks U(1) symmetry

responsible for inflation responsible for generating
inflaton/antiinflaton asymmetry



Inflaton asymmetry — baryon asymmetry

AN¢ _ N¢ _ N& _ i/d?’xag(gb*gb _ gb*gb> inflaton number (not conserved!)

* generated at end of inflation

gb — b decay

Ny — Ny = by(Ny — Nq;) baryon number



Inflaton dynamics

© — V(i)

inflation

inflation ends:
oscillatory phase



Inflaton (homogeneous) dynamics

© — V(le)

inflation

inflation ends: 9@.

oscillatory phase

Rlo
IO O
|¢<t>| ~ a(t)3/2 sm(mt)




Inflaton (actual) dynamics

@ — V(o)

inflation

Surfaces K
inflation ends: drawn at: (.

oscillatory phase 4Xp

e parametric resonance of 5¢
* @ fragments
 forms oscillons
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Inflaton asymmetry
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Asymmetry-fragmentation

homogeneous

y o] ~ M
where the potential changes shape
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mp[/M

efficiency of fragmentation



Where is the inflaton/anti-inflaton
ASYMMETRY?

' 270% |

Surfaces Eel | 3,9‘ 0.8
drawn at: || |

0.6
0.4
02
0.0

tm ']

ADSC/AIOI

More than 70% of ASYMMETRY locked in oscillons!



Inflaton asymmetry — parameter
dependence

Ay ~ O(10%) x @su‘
/

(inverse) strength of instability

N

symmetry breaking

Vb(9,¢") =

= 3 *3
5 (@ +07)

initial conditions-inflation
3]

0;
R(¢]

c3 <KL 1, M < mp




Inflaton to baryons (qualitative)

n ~ O(10%) ><
N

from end of inflation
decay rate to baryons

caveats: uncertainty here!l particle physics details, inhomogeneous decay...



Inflaton to baryons (qualitative)

n ~ O(10%) >< ~ 1077
N

from end of inflation
decay rate to baryons

sample numbers: A¢N 10—4, Trop, ~ 107 GeV, m ~ 10M GeV

caveats: uncertainty here!l particle physics details, inhomogeneous decay...



Summary

KL M. Amin, PRD 90, 28 (2014
complex and min 90, 083528 (2014)

inflaton ¢
+ y.m

ldynamics at the end of inflation

inflaton/anti-inflaton
asymmetry

l decay very different dynamics from homogeneous case!

matter-antimatter
asymmetry
n=~6x10"10



KL and M. Amin, JCAP 1606 032 (2016)
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Gauge fields, inflation & reheating

KL and M. Amin, JCAP 1606 032 (2016)

1

5= [ dav=g|15-gR ~ (Dud) D 6 = V(o)) - 3 FuF"]



inflaton amplitude

Gauge fields, inflation & reheating

KL and M. Amin, JCAP 1606 032 (2016)

5= [ dav=g|15-gR ~ (Dud) D 6 = V(o)) - 3 FuF"]

AL oc exp(Euit) AF o exp(Epurt)

| B
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KL and M. Amin, JCAP 1606 032 (2016),
see also Yamaguchi’s and Torrenti’s talks

D,6)' D46 = V(I6) = 3 Fuu F

g = /d%\/—_g[ﬁ?%—(

(in progress)

with Eiichiro Komatsu and Mustafa Amin



Gauge fields, inflation & reheating

Adshead and Wyman (2012)
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Drive inflation



Adshead and Wyman (2012)

_ 4 — 1 _l o _la, auy_£a~auy
S—fd:z:\/ g[—mﬂGR S0u00"0 =V (0) — 7 Fp F L F ]

Non-trivial vevs:

()
Ab(t) = a(t)Q(t)d? See also Maleknejad (2011)

7

Drive inflation
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Adshead et al (2016, 2017)
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7

Drive inflation Spectator sector
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Adshead et al (2016, 2017)



Adshead and Wyman (2012)

4 2 N _1 a apr gb a apv
fd xr[mn—fﬂfpa 60— V(9) = 1 FiF fFWF ]

Non-trivial vevs:

0

Al(t) = a(t)Q(t)6? See also Maleknejad (2011)

7

Drive inflation Spectator sector

(+extensions) Dimastrogiovanni et al (2016)
Maleknejad (2016, 2018)

Adshead et al (2017)

Agrawal, Komatsu et al (2017, 2018)
Soda and Urakawa (2017)

Kitajima et al (2018)

Adshead et al (2016, 2017)
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Adshead and Wyman (2012)
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Non-trivial vevs:

0
AL(t) = a(t)Q(1)d;

Linear coupling between Gauge Fields and GWs!
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. Figure from
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Adshead and Wyman (2012)
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Non-trivial vevs:
ai(t)
Ab(t) = a(t)Q(t)d?
KL, Maleknejad and Komatsu (2018)
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Non-trivial vevs:
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Ab(t) = a(t)Q(t)0!

KL, Maleknejad and Komatsu (2018)

1
51= [ d'ev=g] - (Due) Do~ V(1) o= (%)
Mirzagoli, Maleknejad and KI.1(2019)
Y — — 0, Y
Sy = /d T/ —¢ [zw’y’“’”DMd} — map) — )\%JE’”] Y = ( 2 )
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Conclusions

Reheating at the end of inflation:
e very rich dynamics

Future plans:
* more realistic models (e.g. gauge fields)
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