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Abstract.
The impact of dark matter-neutrino interactions on the measurement of the cosmological

parameters has been investigated in the past in the context of massless neutrinos exclusively.
Here we revisit the role of a neutrino-dark matter coupling in light of ongoing cosmological
tensions by implementing the full Boltzmann hierarchy for three massive neutrinos. Our
tightest 95% CL upper limit on the strength of the interactions, parameterized via uχ =
σ0
σTh

( mχ
100GeV

)−1, is uχ ≤ 3.34 · 10−4, arising from a combination of Planck TTTEEE data,
Planck lensing data and SDSS BAO data. This upper bound is, as expected, slightly higher
than previous results for interacting massless neutrinos, due to the correction factor associated
with neutrino masses. We find that these interactions significantly relax the lower bounds
on the value of σ8 that is inferred in the context of ΛCDM from the Planck data, leading to
agreement within 1-2σ with weak lensing estimates of σ8, as those from KiDS-1000. However,
the presence of these interactions barely affects the value of the Hubble constant H0.

ar
X

iv
:2

01
1.

04
20

6v
1 

 [
as

tr
o-

ph
.C

O
] 

 9
 N

ov
 2

02
0

2



Our paper

• Boltzmann Hierarchy

• Class
• MCMC

CPPC-2020-17

Prepared for submission to JCAP

The full Boltzmann hierarchy for
dark matter-massive neutrino
interactions

Markus R. Mosbech,a Celine Boehm,a Steen Hannestad,b Olga
Mena,c Julia Stadler,d and Yvonne Y. Y. Wonge

aSchool of Physics, University of Sydney, Camperdown, NSW 2006, Australia
Sydney Consortium for Particle Physics and Cosmology
bDepartment of Physics and Astronomy, Aarhus University, DK-8000 Aarhus C, Denmark
cIFIC, Universidad de Valencia-CSIC, 46071, Valencia, Spain
dMax Planck Institute for Extraterrestrial Physics, Giessenbachstraße 1, 85748 Garching,
Germany
eSchool of Physics, The University of New South Wales, Sydney NSW 2052, Australia,
Sydney Consortium for Particle Physics and Cosmology

E-mail: mmos6302@uni.sydney.edu.au, celine.boehm@sydney.edu.au,
sth@phys.au.dk, omena@ific.uv.es, jstadler@mpe.mpg.de,
yvonne.y.wong@unsw.edu.au

Abstract.
The impact of dark matter-neutrino interactions on the measurement of the cosmological

parameters has been investigated in the past in the context of massless neutrinos exclusively.
Here we revisit the role of a neutrino-dark matter coupling in light of ongoing cosmological
tensions by implementing the full Boltzmann hierarchy for three massive neutrinos. Our
tightest 95% CL upper limit on the strength of the interactions, parameterized via uχ =
σ0
σTh

( mχ
100GeV

)−1, is uχ ≤ 3.34 · 10−4, arising from a combination of Planck TTTEEE data,
Planck lensing data and SDSS BAO data. This upper bound is, as expected, slightly higher
than previous results for interacting massless neutrinos, due to the correction factor associated
with neutrino masses. We find that these interactions significantly relax the lower bounds
on the value of σ8 that is inferred in the context of ΛCDM from the Planck data, leading to
agreement within 1-2σ with weak lensing estimates of σ8, as those from KiDS-1000. However,
the presence of these interactions barely affects the value of the Hubble constant H0.

ar
X

iv
:2

01
1.

04
20

6v
1 

 [
as

tr
o-

ph
.C

O
] 

 9
 N

ov
 2

02
0

2



Our paper

• Boltzmann Hierarchy
• Class

• MCMC

CPPC-2020-17

Prepared for submission to JCAP

The full Boltzmann hierarchy for
dark matter-massive neutrino
interactions

Markus R. Mosbech,a Celine Boehm,a Steen Hannestad,b Olga
Mena,c Julia Stadler,d and Yvonne Y. Y. Wonge

aSchool of Physics, University of Sydney, Camperdown, NSW 2006, Australia
Sydney Consortium for Particle Physics and Cosmology
bDepartment of Physics and Astronomy, Aarhus University, DK-8000 Aarhus C, Denmark
cIFIC, Universidad de Valencia-CSIC, 46071, Valencia, Spain
dMax Planck Institute for Extraterrestrial Physics, Giessenbachstraße 1, 85748 Garching,
Germany
eSchool of Physics, The University of New South Wales, Sydney NSW 2052, Australia,
Sydney Consortium for Particle Physics and Cosmology

E-mail: mmos6302@uni.sydney.edu.au, celine.boehm@sydney.edu.au,
sth@phys.au.dk, omena@ific.uv.es, jstadler@mpe.mpg.de,
yvonne.y.wong@unsw.edu.au

Abstract.
The impact of dark matter-neutrino interactions on the measurement of the cosmological

parameters has been investigated in the past in the context of massless neutrinos exclusively.
Here we revisit the role of a neutrino-dark matter coupling in light of ongoing cosmological
tensions by implementing the full Boltzmann hierarchy for three massive neutrinos. Our
tightest 95% CL upper limit on the strength of the interactions, parameterized via uχ =
σ0
σTh

( mχ
100GeV

)−1, is uχ ≤ 3.34 · 10−4, arising from a combination of Planck TTTEEE data,
Planck lensing data and SDSS BAO data. This upper bound is, as expected, slightly higher
than previous results for interacting massless neutrinos, due to the correction factor associated
with neutrino masses. We find that these interactions significantly relax the lower bounds
on the value of σ8 that is inferred in the context of ΛCDM from the Planck data, leading to
agreement within 1-2σ with weak lensing estimates of σ8, as those from KiDS-1000. However,
the presence of these interactions barely affects the value of the Hubble constant H0.

ar
X

iv
:2

01
1.

04
20

6v
1 

 [
as

tr
o-

ph
.C

O
] 

 9
 N

ov
 2

02
0

2



Our paper

• Boltzmann Hierarchy
• Class
• MCMC

CPPC-2020-17

Prepared for submission to JCAP

The full Boltzmann hierarchy for
dark matter-massive neutrino
interactions

Markus R. Mosbech,a Celine Boehm,a Steen Hannestad,b Olga
Mena,c Julia Stadler,d and Yvonne Y. Y. Wonge

aSchool of Physics, University of Sydney, Camperdown, NSW 2006, Australia
Sydney Consortium for Particle Physics and Cosmology
bDepartment of Physics and Astronomy, Aarhus University, DK-8000 Aarhus C, Denmark
cIFIC, Universidad de Valencia-CSIC, 46071, Valencia, Spain
dMax Planck Institute for Extraterrestrial Physics, Giessenbachstraße 1, 85748 Garching,
Germany
eSchool of Physics, The University of New South Wales, Sydney NSW 2052, Australia,
Sydney Consortium for Particle Physics and Cosmology

E-mail: mmos6302@uni.sydney.edu.au, celine.boehm@sydney.edu.au,
sth@phys.au.dk, omena@ific.uv.es, jstadler@mpe.mpg.de,
yvonne.y.wong@unsw.edu.au

Abstract.
The impact of dark matter-neutrino interactions on the measurement of the cosmological

parameters has been investigated in the past in the context of massless neutrinos exclusively.
Here we revisit the role of a neutrino-dark matter coupling in light of ongoing cosmological
tensions by implementing the full Boltzmann hierarchy for three massive neutrinos. Our
tightest 95% CL upper limit on the strength of the interactions, parameterized via uχ =
σ0
σTh

( mχ
100GeV

)−1, is uχ ≤ 3.34 · 10−4, arising from a combination of Planck TTTEEE data,
Planck lensing data and SDSS BAO data. This upper bound is, as expected, slightly higher
than previous results for interacting massless neutrinos, due to the correction factor associated
with neutrino masses. We find that these interactions significantly relax the lower bounds
on the value of σ8 that is inferred in the context of ΛCDM from the Planck data, leading to
agreement within 1-2σ with weak lensing estimates of σ8, as those from KiDS-1000. However,
the presence of these interactions barely affects the value of the Hubble constant H0.

ar
X

iv
:2

01
1.

04
20

6v
1 

 [
as

tr
o-

ph
.C

O
] 

 9
 N

ov
 2

02
0

2



Why this?

• Why not?
• Cosmo parameters - H0, σ8
• Neutrinos and DM
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Outcome
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The Boltzmann Equation



General Boltzmann Equation

Pα ∂f
∂xα − ΓγαβP

αPβ ∂f
∂Pγ = m

(
∂f
∂τ

)
C

f(x,p, τ) = f0(p) [1+Ψ(x,p, τ)]

∂Ψ

∂τ
+ ipE (k · n̂)Ψ +

d ln f(0)(p)
d lnp

[
ϕ̇− i Ep

(
k̂ · n̂

)
ψ

]
=

1
f0

(
∂f
∂τ

)
C
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Cold dark matter

δ̇cdm = −θcdm + 3ϕ̇

θ̇cdm = − ȧaθcdm + k2ψ

+ Kχµ̇χ (θν − θχ)

Kχ ≡ ρν + Pν
ρχ

=
(1+ wν)ρν

ρχ

µ̇χ (θν − θχ) =
3
4k

∫
p2dppf(0)(p) Cχ(p)

(
θχEν(p)
3kf(0)(p)

df(0)(p)
dp +Ψ1

)
∫
p2dppf(0)(p)
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Neutrinos

∂Ψ0
∂τ

= − pk
Eν(p)

Ψ1 − ϕ̇
d ln f(0)(p)
d lnp

∂Ψ1
∂τ

=
1
3

pk
Eν(p)

(Ψ0 − 2Ψ2)−
Eν(p) k
3p ψ

d ln f(0)(p)
d lnp

∂Ψl
∂τ

=
1

2l+ 1
pk
Eν(p)

(lΨl−1 − (l+ 1)Ψl+1) , l ≥ 2

Cχ = auνχ
σThρχ
100GeV

p2
E2ν
, uνχ =

σ0
σTh

( mχ

100GeV

)−1
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Results



Matter power spectrum
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CMB power spectrum
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CMB power spectrum
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CMB power spectrum
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Posteriors
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Posteriors
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Boring numbers

Planck +
Lensing + BAO

100ωb 2.24+0.03−0.03
ωDM 0.119+0.002−0.002
100 θs 1.0419+0.0010−0.0004
ln 1010As 3.05+0.03−0.03
ns 0.967+0.007−0.010
τreio 0.057+0.017−0.014
uχ 3.34 · 10−4∑
mν [eV] 0.14

H0 [km/s/Mpc] 67.6+1.0−1.0
σ8 0.81+0.01−0.06
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