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* Universe is isotropic

 Universe is flat

Planck 2018

Period of accelerated expansion (= 60 e-folds) can explain both
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V(qb) * Slow-rolling scalar field has negative

‘ pressure
RN b +3Hep +V' =0
\_'_I
Hubble friction

0¢p~H (quantum fluctuations)

M2, (V'\° > 4
_ H? =
=7 (V) «1 3M3,
¢ Ny = M7 V—”<<1

14 Pl y
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Inflaton field fluctuations 6 ¢ source anisotropies

* Predicts an almost scale invariant CMB power spectrum:

k

S OEVNC
\_Y_I
~107°

e r=16¢, < 0.1
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)ns—l } ~ —0.035
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Challenges
 Simplest models overpredict r
* AQb > Mpl

*  Models undistinguishable




Phys.Rev.Lett.75:3218-3221,1995 Berera, 1995

3(N)¢p +V' =0
4Hppr =~ V¢ 2

0p~VHT (classical) '} suppresses r

M2, 3H (v’)z —
gy =——|—] «1

larger non-gaussianities fy;*" " ~50 3HV"

Unigue bispectral shape
Bastero-Gil, Berera, Moss, Ramos JCAP12(2014)008
Mirbabayi, Gruzinov JCAP02(2023)012

—  reduces Ag
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| | |
Microphysics of Warm infiation 2 _d o
———— =0

¢ dtad

* Couple scalar fields to light degrees of freedom Liyt = —¢ Jint

QB + 3H§b +V' = _Uint>non—eq(¢)

(]int>non—eq(§b) ~ m%hqb + qu T 0(¢)

Usually m2,¢ > Y¢ , unless symmetry or other reason suppresses mg,
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oL d dL _

dp dtagp 0

* Couple axion to non-Abelian gauge group Lt = —¢— e T >H

16mf

¢ +3Hp +V' = — <160;Tféc> (d)

sphalerons enhanced by sphalerons

<%c‘;’(;> (P) ~ m?){+ xlfc/i + 0(¢)

Not allowed by symmetry

gauge field vacua
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|

sphalerons

gauge field vacua

Herranen, arXiv:0906.3136
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t
Npo(t) = j dt j dx3 TrG G
0

aKU_

1677:f

Nonzero (qb) JEN:R
sphaleron transitions

_¢16

Real time sphaleron processes

change topology and efficiently
T

3
f2

Llnt

source particles: Y =~ a°N° —



Hybrid Warm Inflation

1
V= My +5my?¢% Line = 1657

o drives inflation

¢  rolls towards ¢,

0] reheats into Standard Model

¢  sources radiation bath

> T
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Can we have warm inflation with SM QCD?
Lint = —qblgjsrféG SM strong force SU(3)
¢

Vuvy = A* (1 — COS f_> heavy QCD axion
¢
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sphalerons  Topology changes built up chiral charge
* Chiral chemical potential counteracts (qb)

/

gauge field vacua

Herranen, ar Xiv:0906.3136
T 3

N°> —
fz
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| | | |

sphalerons QCD Sphaleron heating

/ suppressed due to light
S quarks

I hir
Y, ;r = Y( - )
°r l_‘chir + ZfZ/TZ Y

2
Yerr~a N ZTifm < a?N?T

gauge field vacua

Herranen , arXiv:0906.3136 SOIUtlon heavy SM quarkS

3
Y ~ QSNS;_Z during warm inflation
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1
V(h) = =5 u*h? + A(W)h*
/
The Standard Model quartic

of the Higgs runs negative at
high energies

Higher dimensional
operator can stabilize a
second UV Higgs vev
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1
V(h) = =5 u*h? + A(W)h*
/
The Standard Model quartic

of the Higgs runs negative at
high energies

Higher dimensional
operator can stabilize a
second UV Higgs vev

QCD guark masses are
proportional to vyy
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restores Yerr = Yifm » a?N°T



08/29/24 TeVPa

Wh”(‘ d\\:arfs
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SIAB SN;‘HmM?., S
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Gonclusions & Outiook

 Warm inflation is interesting alternative to cold inflation

* Axion coupling to SU(N) is a simple model for thermal particle
production via sphaleron heating

* Proof of principle realization for warm inflation with SM particles
* Analysis of chirality violation in full SM sector exciting avenue forward

08/29/24 TeVPa Kim V. Berghaus, Caltech 17



08/29/24 TeVPa

Thank You
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T3

Cold Inflationvs. Minimal Warm Inflation | » « vy xa5—

f2
E
. A2(K)  Gp? o H2 e AZ(k) «x 62 x HT (—)>
R ¢ R 3H
Bastero-Gil, Berera, Ramos et al JCAP07(2011)030
* Tensor to scalar ratior = 16¢y, e Tensorto scalarratior =~ 0
o o Ma (VN :’"ﬁ\\ M2, 3H (V')
NS S NI Ty y) «F
:MZ V_”<<1 E/Iq’ 2 3HV”
Ny Pl % T‘]VZMPlTV K1
* Small non-gaussianities * larger non-gaussianities frr® ™ ~50

* Unique bispectral shape

Bastero-Gil, Berera, Moss, Ramos JCAP12(2014)008
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Reheating

~

Couple waterfall field to Standard Model: 1“6%283

108 GeV 1073 GeV 10 GeV 10* GeV

—

\ )
[

H T
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