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EFT perspective: feature

’preferred scale = excited state

Bunch-Davies — Excited state

Cap(7 < Tou) = Cas(kr)ac + Cis (k)AL | Cis(kr) = Cas(—kr)

~

C(7 > Tout) = [anCas(kr) + BiCig(kr)] 3¢ + [ 173
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UV completions

*

turn in 2-field inflation: £ 2 1) (7 — Tout)CV¥

* multi-stage inflation: e(7 — Tout)
* time dependent ¢s(T — Tout)

* particle production: m, (7 — Tout)
*

PTs during inflation: T(7 — Tout)

General characteristics: Bump and oscillations in P,
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Concrete example: sharp turn in multifield inflation

¢, w1 = [xaea? [ (¢ = M) - S(Ve + 1\ v,

r) = [ar(m)Cas(7) + Bu(m)¢is(7)] 31 + [i(T)Cas () + 6k(T)¢is(7)] 22
+ c.c.

B WWW

l Vot Uy

Palma, SS, Zenteno; Fumagalli et al. '20

’ SCOpe: how do these affect Ql(l:{\? ( rGa\()lv Fumagalli, Renaux-Petel, Witkowski ‘2[))
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Primordial GWs

2nd order source for tensors
h=hy+ hs

hﬁ//(T) + 2Hhﬁ/(7) + thﬁ(T) = Si(T)

~ 3 ~ ~ ~ ~
50(1) = [ 55 (kP | 26 p(7) + Bl

2—field generalisation

<f,iﬁ?> (1) = /T dr’ Gg(r,7") /T dr”" Gy (r,7") <§i(7,)§;(7")>ﬁ

Tout Tout

Can also proceed via in-in formalism.
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Primordial GWs

14y
Pn(k 167?/ dy/ dx T(x,y) x

2
‘ > AZ (xk) AE (yK) G (Ex, £y; kTout)
+

At =a, A~ = 3; Gg(kr) = (as(—kT)

model dependence

G(% y; krout) = [ d7 Cas(xkr)Cas (vkr) Im Cas (kr)

Universal kernel for excited states and
(Generalisation of Biagetti, Fasiello, Riotto '13)
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Observational signatures

Dominant contribution:
1+y
> [y [ @ Tl PO PRI k)P

We can compute this explicitly and derive a template for ;s:

LK R\ (. 1 — cos (k/kour) |
Qly (k) o N* 515 (1— m) ~<sm(k/kout)—2(io/s#>

out
Bump Oscillation
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Observational signatures

Three characteristics (analytical predictions):
% Max: kB~ kout

* Spectral frequency: W™ = 2/ ko

and comparing to

2v/3k
QEd (k) = F(k, k) [1 + cos + ¢
S—— out
peak at ki,
Fumagalli, Renaux-Petel, Witkowski '20

* Enhancement: Dmax 10_2./\[262,(5& ~ 10 — 100

Qrad ‘max out
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Observational signatures

Qs (r:p) =
)

LISA sensitivity

10 1073 1072
f/Hz

Identifiers: spectral frequency vs max position

Infi wine- KB~ 5 | Rad: wyaq - K29 = 4k, /kout > 1

If both peaks observable: wyaq ~ wins & KM = 10/w;aq
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Scope

Primordial GWs
Observational signatures

“Realistic” examples with perturbativity and backreaction under

control:

h2 Qe ~ 10712
== [P =2
(AN =2 12
— = Qg ~ 1071

0>1

£
& Perturbativity
Ed
= S D
S
10* 10°
¥ = ki /kout

LISA forecasts:
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Scope
Primordial GWs

Observational signatures

: 2111.14664

smoking gun for excited states:

bump at low fvs bump/oscillations at high f

10-10

* Analytical templates

1012

* single/double peak

diagnostics € o .,{\f
* Best case scenario: o) —
observing both peaks T st \
10 )
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Scope
Primordial GWs
Observational signatures

Obrigado!
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