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MOTIVATION

WHAT DO WE NEED?

b . th o <5h5m>
hm — —

Pom  (Om0m)
Analytic methods (PT, EFTOLSS, E)
Om, <
Numerical methods (CAMB, CLASS, E)

0p, = Z b; - invariants(d, 67, ...)




MOTIVATION

WHAT DO WE NEED?

Ingredients LARGE SCALES SMALL SCALES

MASSIVE
NEUTRINOS

HALO BIAS




MASSIVE NEUTRINOS

Neutrino perturbations
|
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!m:(l_fu)!cb-l_fv!l/ fV:!m

cb = CDM + baryons
Some numbers

mi =0.11 0.6eV
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MASSIVE NEUTRINOS

Considerations

1. Massive neutrinos contribute to gravitational clustering through the

Poisson equation !

! 2 2

! _

| Vep = 4dnGa” pmom
!

soevenif 0., 2 0, the contribution is suppressed as  !f}, ~ 0.05

2. Neutrino perturbations stay linear up to higher k than CDM because
of large velocity dispersion (Hot DM) so they free-stream with a
characteristic scale !
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! m(z) ) m
1+ z eV

h' !Mpc COD8—0.47h *Mpc z =20

k >> kps no clustering (suppression of the growth)
k << kgrs clustering (behave like CDM)




MASSIVE NEUTRINOS

Ingredients LARGE SCALES SMALL SCALES

MASSIVE . Free-streaming
NEUTRINOS SO UG (Slohs (growth suppression)

HALO BIAS

Cold Dark Matter prescription

Assume that dark matter halos trace CDM plus baryons,
with a linear growth rate suppressed in a scale dependent way by

the massive neutrinos

Ih =) b dinvariants (I¢,!¢,...)
i




HALO BIAS

A model for the halo bias :
1
O, =b100 — bp1 V26 + 5192052

1
+§b5252+b¢¢+bsts-t+---

where
8
biop=1+0b%, bor = —R2+0b5, ba=by,+ ﬁb%o,
4 1 5
bs> = _§be07 by = _§be07 bst = _§b1f0-




HALO BIAS

¥ NONLOCALITY BY GRAVITATIONAL MODE-COUPLING
|

On sufficiently large scales, the number density of proto-halos through

cosmic time is conserved ! ] 4 1 —

~osmic ime | v +1a[@a+'!,nv]=0

We can thus solve 5.h _ 5 +V - [(5h _ 5)17] — () order by order in
perturbation theory ! Elia, Kulkarni, Porciani, Pietroni and Matarese (2011)

Chan, Scoccimarro and Sheth (2012)

¥ NONLOCALITY AT EARLY TIMES
|

We assumed (i) = ) - l(,T )5l(7'i) but the peak model allows for scale !
| l '

dependence at early times ! §, (Z, ;) = beo(Tz')5(£f, ) — b%l (13)V26(Z, 73) + ...

Desjacques (2013)
Y VELOCITY BIAS Baldauf, Desjacques and Seljiak (2014)

| Biagetti, Desjacques, Kehagias and Riotto (2014)

Peak velocities are statistically biased at linear order !
, Un(Z, 1) = v(Z, 1) — Ry;V(Z, ;)

RU characteristic scale proportional to the Lagrangian radius of the halo !
!




HALO BIAS + MASSIVE NEUTRINOS

Ingredients LARGE SCALES SMALL SCALES

MASSIVE . Free-streaming
NEUTRINOS HEE UG (el (growth suppression)

HALO BIAS Linear Non-local

Pum  (bio + bo1k?) PYr(k) + APum(k) 4+ Pec(k)I5(k)

~ PNL PNL (k)

bhm

Ath 0.¢ bsz, bgo

where 32 5 16 32 .
PCC(]C)Ig,(k') X ﬁ (bst — §b82 -+ ﬁbw) = %blo = bNL




HALO BIAS WITHOUT NEUTRINOS
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By (K) =P (k) /P (K)
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HALO BIAS WITH NEUTRINOS
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TAKE HOME MESSAGE

In cosmologies with massive neutrinos, scale
dependences arise at mildly non-linear scales, partly
due to linear suppression growth and partly to non
locality of bias: neither can be neglected to predict

N-body simulations.




