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The following corrections and additions are implemented and developed in the updated arXiv version [1].

I. ERRATUM

The method used in Appendix 0c to extract the finite part of the tidal term has been changed. There is a mistake in
equation (A19) and therefore we employ another method. Hence, (3.52) now reads

ELðωÞ ¼ eiωtl!π
�
ω

2
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2
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CL
reg: ð1:1Þ

Appendix 0c is then changed as follows.
A. Appendix 0c

In order to compute the response function we have to extract the finite part of the tidal term, ∂Lϕ. For that, we will directly
substitute the series representation of the Bessel functions and apply the symmetric trace-free tensor derivatives and their
identities. From (3.25) we obtain
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k¼0

ðCK
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reg þ CK

irreg∂L∂Kϕ
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where

∂L∂Kϕ
ð0Þ
reg ¼ eiωt

ffiffiffiffiffiffiffiffiffi
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We begin with the regular piece,
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In order to obtain the finite part we have to take 2m ¼ lþ k derivatives. Using (A14) of [2],

∂Pðr2jÞ ¼ 0 if j ¼ 0; 1; 2;…; p − 1; ð1:5Þ

implies that in order to have a nonzero result 2m ¼ lþ k ≥ l and 2m ¼ lþ k ≥ k. Therefore, the only possible choice is
l ¼ k for which m ¼ l. Using (A13) and (A12) of [2],

∂PðrκÞ ¼
κ!!

ðκ − 2pÞ!! nPr
κ−p; ð1:6Þ

∂iXP ¼ pδi<ipXP−1>; ð1:7Þ
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yields

∂L∂Lðr2lÞ ¼ ð2lÞ!!∂LðnLrlÞ ¼ l!ð2lÞ!!: ð1:8Þ

Hence,
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where we have used that ð2lÞ!! ¼ 2ll!. Similarly, we can compute the finite part of the irregular solution. Recall that the
Bessel function of the second kind reads
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The first term is proportional to the regular solution and therefore we will focus on the second term,
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Now the condition to have a nonzero result reads 2m − d̂ ¼ lþ k. Using (1.5) implies 2m − d̂ ¼ lþ k ≥ l and 2m − d̂ ¼
lþ k ≥ k and therefore m ¼ d̂=2þ l. Plugging (1.8) back into (1.11) yields
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where given that m ¼ d̂=2þ l is an integer and d̂ can be odd or even,
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Combining (1.9) and (1.12) into (1.10) yields

FP
r→0

∂L∂Kϕ
ð0Þ
irreg ∝ FP

r→0
∂L∂Kðr−d̂=2Yd̂=2ðωrÞÞ ¼ 0: ð1:14Þ

We can now compute the frequency-dependent tidal field

ELðωÞ ¼ FP
r→0

∂LϕðωÞ ¼ CL
reg FP

r→0
∂L∂Lϕ

ð0Þ
regðωÞ

¼ eiωtl!π
�
ω

2

�
d̂=2þ1=2þ2l ð−1Þl2lþ1

Γðd̂
2
þ lþ 1Þ

CL
reg: ð1:15Þ

where we use that ϕðωÞ ¼ ffiffiffiffiffiffi
2π

p
e−iωtϕðtÞ for a fixed frequency ω.

II. ADDENDUM

We have generalized the definition of the tidal response to generic couplings. Specifically, we set the coupling constants
of (3.1) and (3.8) to be the same. However, this is a particular choice and one can take into account more generic couplings.
In particular we denote the coupling of the tidal action as KQ,

Stidal ¼ −KQ

Z
dτ

ffiffiffiffiffiffiffiffiffiffiffiffiffi
−uμuμ

p X∞
l¼0

1

l!
QL∇Lϕ; ð2:1Þ
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which can be set to KQ ¼ 1 without loss of generality. This introduces a prefactor in the response function,

FlðωÞ ¼ KϕF̃lðωÞ; ð2:2Þ

where F̃lðωÞ is the normalized response function. This subtlety leaves the results in Sec. III B unaffected but it is important
when considering other, more generic coupling constants.
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