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θ̇γ = k2
(
1

4
δγ − σγ
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+ aneσT (θb − θγ) + k2Ψ
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δ̇b = −θb − 3Φ̇,

θ̇b = − ȧ

a
θb + c2sk

2δb

+
4ρ̄γ
3ρ̄b

aneσT (θγ − θb) + k2Ψ.

+
ρχ
ρb

Rχ (θχ − θb)

Rχ =
aρb

mχ +mH
〈σv〉FHe
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mχ 1MeV 100MeV

σ0 (95% CL.) 2.2× 10−41 cm2 2.3× 10−41 cm2

Tb(z = 17.2) 0.01K 0.14K
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mχ 10MeV 100MeV

σ0 (95% CL.) 5.2× 10−9 1.9× 10−7

σ̃0 (95% CL.) 1.2× 10−51 cm2 1.4× 10−52 cm2

Tb(z = 17.2) 6.97K 6.71K
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Further Results

ε [MeV] mχ = 10MeV mχ = 100MeV

1× 10−11 σ0 = 1.05× 10−8 σ0 = 3.46× 10−7

1× 10−10 σ0 = 2.52× 10−9 σ0 = 8.36× 10−8

1× 10−9 σ0 = 1.39× 10−9 σ0 = 2.09× 10−8

1× 10−8 σ0 = 2.84× 10−9 σ0 = 1.61× 10−8

1× 10−7 σ0 = 9.88× 10−8 σ0 = 5.29× 10−8

ε [MeV] mχ = 1000MeV mχ = 5000MeV

1× 10−11 σ0 = 1.05× 10−5 σ0 = 1.25× 10−4

1× 10−10 σ0 = 2.59× 10−6 σ0 = 2.95× 10−5

1× 10−9 σ0 = 6.79× 10−7 σ0 = 7.09× 10−6

1× 10−8 σ0 = 1.93× 10−7 σ0 = 2.25× 10−6

1× 10−7 σ0 = 2.07× 10−7 σ0 = 2.52× 10−6

Table: Inferred 95% confidence upper limits of σ0. Obtained with
MontePython using Planck 2015 TT+TE+EE data.
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ε [MeV] mχ = 10MeV mχ = 100MeV

1× 10−11 σ̃0 = 4.43× 10−52 cm2 σ̃0 = 5.29× 10−53 cm2

1× 10−10 σ̃0 = 3.36× 10−52 cm2 σ̃0 = 4.04× 10−52 cm2

1× 10−9 σ̃0 = 5.86× 10−50 cm2 σ̃0 = 3.19× 10−51 cm2

1× 10−8 σ̃0 = 3.79× 10−48 cm2 σ̃0 = 7.78× 10−50 cm2

1× 10−7 σ̃0 = 4.17× 10−45 cm2 σ̃0 = 8.08× 10−48 cm2

ε [MeV] mχ = 1000MeV mχ = 5000MeV

1× 10−11 σ̃0 = 1.29× 10−53 cm2 σ̃0 = 1.48× 10−53 cm2

1× 10−10 σ̃0 = 1.00× 10−52 cm2 σ̃0 = 1.10× 10−52 cm2

1× 10−9 σ̃0 = 8.36× 10−52 cm2 σ̃0 = 8.38× 10−51 cm2

1× 10−8 σ̃0 = 7.52× 10−51 cm2 σ̃0 = 8.41× 10−51 cm2

1× 10−7 σ̃0 = 2.55× 10−49 cm2 σ̃0 = 2.98× 10−49 cm2

Table: Inferred 95% confidence upper limits of σ̃0. Obtained with
MontePython using Planck 2015 TT+TE+EE data.
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Figure: The evolution of the momentum exchange rate Rχ for
ε = 1× 10−10 MeV, using the inferred CMB upper limits for σ0.
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Figure: Percent residuals of the TT (upper) and EE (lower) spectra with
respect to ΛCDM for ε = 1× 10−10 MeV, using the inferred CMB upper
limits for σ0.
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Figure: The evolution of the momentum exchange rate Rχ for
mχ = 100MeV, using the inferred CMB upper limits for σ0.
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Figure: Percent residuals of the TT (upper) and EE (lower) spectra with
respect to ΛCDM for mχ = 100MeV, using the inferred CMB upper limits
for σ0.
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Figure: Inferred 95% upper limits for σ0 (upper figure) and σ̃0 (lower figure)
as a function of ε for each tested mχ.



Interacting
Dark

Matter

Markus R.
Mosbech

Evolution

DM
Interactions

Numerics

Results

Further Results

10−8

10−6

10−4

σ
0

ε = 10−11 MeV

ε = 10−10 MeV

ε = 10−9 MeV

ε = 10−8 MeV

ε = 10−7 MeV

101 102 103

Mχ [MeV]

10−51

10−48

10−45

σ̃
0

[c
m

2
]

Figure: Inferred 95% upper limits for σ0 (upper figure) and σ̃0 (lower figure)
as a function of mχ for each tested ε.
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