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Quintessential inflation: runaway potential

The cosmon field ¢ drives the accelerated expansion in the early and late
universe: primordial inflation 4+ quintessence (Dark Energy).

Inflation Kination

Bettoni et al, “Quintessential Inflation: A Tale of Emergent and Broken Symmetries”’ =2021.
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Quintessential inflation: EoS

The energy density p = %qbQ + V and pressure p = %gf)Q — V of the scalar

field are related via the equation-of-state parameter w = %.

Bettoni et al, “Quintessential Inflation: A Tale of Emergent and Broken Symmetries”’ =2021.
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Evolution from inflation to kination

The Ricci scalar generically switches sign at the end of inflation

R =3(1 — 3w)H?
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Spectator scalar x non-minimally coupled to gravity

/ /g [@‘R — 500 ~ V() + £(9)

e If x = higgs, all couplings are fixed, but complicated to solve and
possibly weak PT.

e Instead, let y = BSM scalar singlet extension and choose couplings in
parameter space for a strong phase transition (PT).

PT after inflation, because the barrier of the renormalizable potential
2
m o A
vV = 2,9 3, A4
g X T3X T gX

is suppressed as (m? + £R)x? decreases due to R(t).
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Evolution of barrier for sample values of the couplings
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Barrier decreases — PT — bubble collisions — GWs

: 4(55\? s
e Bubble nucleation rate I' = R, (ﬁ) e °E where

472
3\

is the Euclidean action for O(4)-symmetric bounce solution, with
a1 = 13.832, ap = —10.819, a3 = 2.0765.

SE() = ——(2—0)7? [a16 + 26 + a3

e The parameter 6(t) = M varies between 2 (degenerate

minima) and O (vanishing barrier) and the critical thin-wall bubble
1

radius is Ry = (fstEv) T where AV = V(xt) — V(xw) oc 04 /23,

e Nucleation condition T'(t,,) = H*(t,) LBy R, = —5/Sp(ts).
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GW spectra: peak frequency and GW signal today
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Qaw,o(f) =
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The signal is boosted to the observable region as R, increases, but
successful bubble nucleation demands

3
g 5 107THjnf\/g and A (0') 5 WC
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Preliminary results of Qaw vs f with H, = 10'? GeV

M= A& Hinr, 201, 0=101 , A=1077 , Hipr = 10'2, Hpepy = 10°, #=0.71
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Overview and objectives

e Proof-of-concept study of generating GW signals from Ricci induced
PT due to decreasing (m? + ¢R)-term after inflation.

e |dentified parameter space of BSM scalar couplings for strong FOPT.

e Preliminary GW spectra beyond detector sensitivities and seemingly
H;,¢-independent, but we need to incorporate reheating more carefully.

: : 2
e Investigate Gauss-Bonnet coupling to curvature gGTX where

G? = R —4R" R, + R** Ry p0 = —12(1 + 3w)H*, to reach
more favourable values of H, , H, .
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