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Neutrino-induced scale-dependent bias (NISDB)

SV, T. Brinckmann, et al., JCAP 1809 (2018) 001 [arXiv:1807.04672]

Should we worry about the scale-dependent galaxy bias induced by massive neutrinos?
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Why care about all this?

Why care about massive neutrinos
and scale-dependent galaxy bias?

3 / 18



Why care about all this?

Why care about massive neutrinos
and scale-dependent galaxy bias?

Because neutrino masses are the only direct evidence for BSM physics

Because cosmology should measure the total neutrino mass soon...

...and galaxy clustering is a powerful probe in this sense...

...but galaxy bias (and modelling systematics thereof) is an important
nuisance towards a robust modelling of galaxy clustering data!
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Neutrinos and their impact on the LSS

Credits: Abazajian et al., Astropart.Phys. 63 (2015) 66

Two important effects:

Small-scale matter power
spectrum suppression: size of
effect ≈ 8fν

Reduction in the rate at which
perturbations grow: size of
effect ≈ 3/5fν

One fictitious effect (this talk):

Large-scale scale-dependence of
galaxy bias: size of effect ≈ fν
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(Large-scale) galaxy bias

Galaxy formation is a threshold process

Credits: ned.ipac.caltech.edu

Peaks which collapse to galaxies more clustered than the underlying matter
distribution Kaiser, ApJL 284 (1984) L9 ; Bardeen et al., ApJ 304 (1986) 15; Mo & White, MNRAS 282 (1996) 347

Heuristically: galaxy bias tells you how hard it is (how high is the
threshold) to form the tracer in question on a certain scale
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(Large-scale) galaxy bias

We measure a scaled version of the matter power spectrum:

Credits: ned.ipac.caltech.edu

Pg (k) = b2(k)Pm(k)

Pm(k): what we want to measure (neutrino mass signature is here)
Pg (k): what we measure
b2(k): what makes life hard; b(k) −−−→

k→0
constant on large scales
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(Large-scale) galaxy bias

What does this expression mean?

Pg (k) = b2m(k)Pm(k)

Heuristically: tracer g (galaxies) forms from field m (matter)

Does this picture make sense in the
presence of massive neutrinos?
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Large-scale galaxy bias with massive neutrinos

On the scales relevant for galaxy formation neutrinos free-stream and
suppress structure formation

Pg (k) = b2cb(k)Pcb(k)

Tracer g (galaxies) forms from field cb (cold dark matter+baryons),
NOT from field m=cb+ν

→ bcb is a more meaningful/physical definition of galaxy bias in the
presence of massive neutrinos
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Neutrino-induced scale-dependent bias (NISDB)

The “bad” definition of bias bm features a spurious scale-dependence on
large scales, which depends on Mν :

Pg (k) = b2m(k ,Mν)Pm(k) , bm(k ,Mν) −−−→
k→0

���const

The “good” definition of bias bcb is approximately constant on large scales
and does not depend on Mν (it is universal): Castorina et al., JCAP 1402 (2014) 049

Pg (k) = b2cb(k)Pcb(k) , b2cb(k) −−−→
k→0

const

Linear RSD formula modified as expected: Villaescusa-Navarro et al., ApJ 861 (2018) 53

Pg (k) = (bcb + fcb(k ,Mν)µ2)2Pcb(k)
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An inconsistency in the literature?

Inconsistency in the literature: using bm but treating it as bcb

In other words: defining the bias with respect to the total matter field but
treating it as if it were a constant on large scales

Is this inconsistency a problem for current
and future galaxy clustering analyses?
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Getting the bias model wrong: a simple analogy

Credits: ISS
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Getting the bias model wrong: a simple analogy

Credits: ISS 13 / 18



Does this inconsistency affect galaxy clustering analyses?

Not with current data, but it will be a problem in the future!

Fisher matrix analysis

Raccanelli et al., MNRAS 483 (2019) 734

Full MCMC analysis

SV et al., JCAP 1809 (2018) 001
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Neutrino-induced scale-dependent bias (NISDB)

Forecast for Euclid (montepython likelihood euclid pk)

0.00 0.04 0.08 0.12 0.16
M (eV)

0.0

0.2

0.4

0.6

0.8

1.0

P/
P m

ax

NISDB correction
No NISDB correction

SV et al., JCAP 1809 (2018) 001

0.00 0.04 0.08 0.12
Mν (eV)

0.960

0.966

n
s

0.1197 0.1211
ωcdm

0.00

0.04

0.08

0.12

M
ν

(e
V

)

0.960 0.966
ns

NISDB correction
No NISDB correction

SV et al., JCAP 1809 (2018) 001
15 / 18



Neutrino-induced scale-dependent bias (NISDB)

Shifts in recovered central value and uncertainties of Mν and cosmological
parameters correlated with Mν ...

...i.e. not only inferring wrong parameters, but also thinking you are more
sensitive than you actually are!

Shifts in Mν and σMν are a factor of ≈ 3/4:

∆Pm/Pm ≈ −8fν , ∆Pcb/Pcb ≈ −6fν
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Neutrino-induced scale-dependent bias

Bad news: if you don’t correct for the NISDB, you mess up not only Mν

but also other parameters (e.g. σ8 and ns)

Good news: our patch to CLASS is now public with v2.7 → use it!

17 / 18



Conclusions

In the presence of massive neutrinos the meaningful definition of bias
is with respect to the CDM+baryons field, not the total matter field

An inconsistent galaxy bias treatment can bias 1 future galaxy
clustering analyses...

...leading to incorrect inference of cosmological parameters (e.g. Mν ,
ωc , ns ,...) and spurious increase in sensitivity

Find out more on JCAP 1809 (2018) 001 [arXiv:1807.04672]

1No pun intended
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