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Rise of PS at small scales (small ≡ sub-Hubble at all time)

PT(k, η) = 4k3|µk(η)/a|2/(π2M2
Pl
)

where hk ≡
√
2µk/(MPla) and µ′′

k +
(
k2 − a′′/a

)
µk = 0

U(η) =
a′′

a
=

{ 2
η2 , for η ≤ ηe,

0, for η > ηe.

PT (k, η) ∝ k2 at k ≫ ke
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Regularized PS for instantaneous transition

Performing adiabatic regularization: Preg
T

≡ PT − Pad
T
, where

Pad
T
(k, η) =

2k2

π2M2
Pl
a2

(
1 +

a′′

2k2a

)
Preg

T
(k, η) ∝ cos(2k/k0) at k ≫ ke
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Regularized PS for a smoother transition

U(η) =
a′′

a
=


2
η2 , for η ≤ ηe,

− 2
η2
e∆η

[η − (ηe +∆η)] , for ηe ≤ η ≤ ηe +∆η,

0, for η ≥ ηe +∆η.

Preg
T

(k, η) ∝ k−1 cos(2k/k0) at k ≫ ke
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Conclusion

▶ Regularization is required to truncate the k2 rise of PS of PGWs at small
scales: adiabatic regularization.

▶ For a scenario with instantaneous transition, regularized PS is oscillatory
with fixed amplitude at small scales.

▶ Smoothing the effective potential U(η) is necessary to get a decreasing PS
at small scales.
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