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EFT perspective:

’preferred scale = excited state‘

_ : bump/oscillations in P¢
R (CMB, PBHs)
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UV completions

* turn in 2-field inflation: £ D n (7 — 7¢)(¢
* 2-stage inflation: e(7 — 7¢)

* time dependent ¢5(7 — 7¢)

* particle production: m, (7 — 7¢)

* PTs during inflation: T(7 — 7¢)

* .

Universal prediction
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scalar spectrum

$(r > 1) = [awCoo () + BiGhn (7)) ac + [ (7) + BiCin (7)) "4}
with (gp(7) = e (1 + ikT)
e:l:ikT[-)

The Bogoliubov coefficients inherit a phase difference ( from

the BD states (7 < 7t = k; 1):
2 2 2 2k
Pe = lot BI7 = |af” + A" + [ad|Blcos 7 -
How excited and how observable (||, ki) depends on UV
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Example: PBHs in multifield inflation

14 4662 if k< k. CMB
1e200VMN=k2if Kk~ k, PBH
1 if k> ki

analytics vs numerics

Scope: how do these affect QUL and Q1?7 (Lukas/Matteo)
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Primordial GWs

Suppose that the amplitude of the feature in the scalar PS is
significant: 2" order source for tensors

h= —|—h5

" (7) + 2HhY (1) + K2hp(7) = Si(7)

3
547) = [ g€ tep) | 26 pl(7) + Dol ()
—_——

2—field generalisation

—~~

(Bhg) ()= [ a7 Grn) [ 4" Gulrr) (Su()30(")

Tt Tt
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Primordial GWs

. . e T w e =w =T
|7 ’;]lk
Ck—p o , Tn
'
Ck —p

Q = [dr’ [dkd|k—p| T(k,p)

<hkhk /dT /dT” _/thdC( )hh( ) lhdfaé(T”)>

with excited (:

B

¢ = (akCep + BrGip) & + (ke + Balip)” aF
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1+y
16774/ / dx T(x,y) X

‘ZAi (xk) AT (yk)G(£x, £y; ka)

Ph » T

A+ =aq, A =/ <§D(k7—) = CBD(*kT)

model dependence

0
G(£x,Ly; k1) = / d7’ (gp(£xk7")(BD (£ykT") G (7', 0)

Tt
Generalisation of Biagetti, Fasiello, Riotto '13 to excited states
(and )
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Observational signatures

14y
/ dy/ " dx T(x,y) Pe(xk)Pc(yk) x

(16(x, y: ka)\2 +1G(x, —y; k75)?)
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Observational signatures

Pt = €Pc(k)Pe(ke) Gke) | PR = Pe(ka)Pe(ke) Traa

Gx,—y k) D e W INF(x, —yikm) | B = e
, P)]i(nﬂ Phr""d
VAN
Fe
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Observational signatures
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Concluding remarks

smoking gun for excited states:

bump at low f vs bump/oscillations at high

* ety ~ Wright s
fright ~ M 10"
ficft H? ;w -
* spectral feature (07) M N
5 . /{/,/ Y \ / \M
* PBHSs? M\‘s \Y
. _ ! \
fs Qpest
= Qe ~ €(71) Caveats: observability
right g
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Scope
Primordial GWs
Observational signatures

Concluding remarks

Merci!
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0
G(x,—y; ktr) = / dr’ (gp(xk7")¢D(—ykT")GK (7', 0)

J T

but if d7 # 0 (and it is not)

-0 TE—0T 0
/ dr’' = / dr’ + dr’ + / dr’
J T —0o0 Te4+0T

f
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w0
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¢ = [afcep + iG] & + [alcep + B Gp] &
+ |agdsp + BECBD} s+ [Q?QBD + ﬁgCﬁD] al,

a¢ep + B3Ghn | & + [aep + BYGin | 4

<
I

+ [abicon + B5Ghn| 4l + [alicen + BGan| 4.

((26CoCiupl + Pobip—p) (2eCalipr—q) + Patir—g) ) =
4 (&pCik—p1 Calipr — g1 ) + 4¢ Re (Cplit—piDaBiar — g1 ) + (Pobik—p Bathir g1 )

Noting that [4(k — p), 4T (p)] = 0, k # 0

(ColipiCadir—ar) = (&Ca) (CltmplCiur—a1) + (EoC1kr—ar) (Clk—piCa)
(Sl Patbi—q) = (&ba) ClumpPiwr—q) + (P —a1) (Gik—piPa)
(oot —q) = (Do) (Piumpi Pr—gt) + (Fobier—qt) (Pie—pida)
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