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» Non-linear, non-perturbative, out-of-
equilibrium physics.

> PREHEATING (first stage of reheating)
is a strong source of PRIMORDIAL GWs.




Inflationary potential
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Post-inflationary oscillations
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Parametric resonance after inflation

PARAMETRIC RESONANCE after inflation:
power-law potential + quadratic interaction term

A4 1, ., ¢ inflaton
V(g) = ngp T8 P°X°| ¥ daughterfield

. /

— —

/ Spacetime: 7> Z=w:T X > Y = W« X
» Redefinitions for

, X ¢
Fields: X© = a(t)g @ = a(t)—

l l

4 . ™
Eom for daughter field modes Dynamics depend
on resonance parameter:
d2 c 2 2 C
d—szlE ) + (K +q¢ (t)) Xlg ) 04— )= g?
2@E4=p)p2

Challenges and Opportunities for high-frequency GW detection (ICTP, 15th October 2019) Francisco Torrenti (U. Basel) 5



Parametric resonance after inflation

d2
2 2 ~ (c) 2 ~ 2u.(q,a)t Kofman et al
d_ZZXliC) + (K +q@ (t)> Xlgc) ~ () _’ |Xk | e (1994, 1997)
Floquet
index
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» Two scenarios:
gl g 2 1 BROAD RESONANCE:
-l wide resonance bands,
stronger particle production
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Parametric resonance after inflation

Preheating generates huge gradients in field distributions
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GWs from preheating
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GWs from preheating

» Prediction for peaks in GW spectra from parametric resonance, linear
regime: [Figueroa & F.T., JCAP 2017]
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» Parameters C, 5, n: fixed with lattice simulations: n,0<kK1?)

C Frequency increases with g. Amplitude decreases with q. )
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GWs from preheating - p=2
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GWs from preheating today

6 = <i> N GW predictions today:
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GWs from preheating - p=4

V(g) = th
4

Peaks : Peaks
frequency amplitude
100:7‘ — - - - 7 5 x10°°F ( (f) ) -
- | ® Ki -® * Qgw(k1) ||
50/ | = ke o ® = Qu(ko)
A K3 0.54 o@~ & o QUy(Kno) | |
® Knp <q" o 5 l )
I oS 1 1.x10 7
/',,’ E E s
X 10} K ] 5 5 1078 3
: xq’ o A-k--hga ] e
55 - - " EE N oER Wy aN g gE_ ] |
_67 42 TR
| __.‘__.'_‘__Q_’..’__._,_.__Q_?‘__‘__“,_‘.‘A_‘_.__‘_‘.__‘__‘__. | 1 x 10 E
. 5.x107"¢
5 10 50 100 5001000 5000 ]
q q

Challenges and Opportunities for high-frequency GW detection (ICTP, 15th October 2019) Francisco Torrenti (U. Basel)1 2



GWs from preheating today

1-3w
6 = (%) GW predictions today:
RD
/ N N
g 0.67 ]
f=¢" (1—04> x 2.0 - 10° Hz fi~15-10" Hz

q 0.54
~ | — x5.3-10"H
Ty (100) ‘

-0.43
2 _ (4 . 10-1!
h QGW(];)_ef<104> x1.5-10

K / s g —0.42 , o g -0.56
3.4 - 10 (W) < 20w (fi,) S 2.4+ 10 <W>
—0.68 -0.94
Fr 107 — 10°Hz 3410712 <%> < R2Qaw(fi) S 1.6 - 1071 (%)
h*Qgw ~ 10711 — 10712 N Y,

Challenges and Opportunities for high-frequency GW detection (ICTP, 15th October 2019) Francisco Torrenti (U. Basel)13



GWs from excitation of other species

» GW from parametric excitation of other species:

» BOSONS L € g2 y? ~1/2

Qsw x g

>» FERMIONS g - gl/_/l//¢ QGW X q3/2 Figueroa (2014)

¥ Figueroa, Garcia-Bellido,
>» GAUGE BOSONS g & (Dﬂ¢) (Dﬂ¢) QGW X q3/2 FT.(2015)

... but still ]; X ¢
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Conclusions

» Preheating generates huge field gradients —> strong source of
PRIMORDIAL GRAVITATIONAL WAVES.

f~ 10" — 10%Hz
h*Qcw ~ 1071 — 10712

> Typical frequencies and amplitudes:

» GW spectra depend on details of inflationary potential and

interactions. Scaling of peaks:
goip W2Quy x g fo g'?

» GW spectroscopy?
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