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Cosmological neutrinos

o Oscillation experiments (95%): M, =>m, > 0.06 eV

Gonzales-Garcia et al (2014), Forero et al (2014), Esteban et al (2017)

« [B-decay experiments (95%): m(v,) < 2.2 eV

Kraus et al (2005)

e In cosmology: hot dark matter accounting for a

fraction of total dark matter

M, <0.49 eV (Planck collaboration, 2015), M, <0.22eV (Pellejero-lbanez et al, 2016),
M, < 0.12 eV (Palanque-Delabrouille et al, 2015) and many many more...
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Cosmological neutrinos
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Growth of matter overdensities
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Suppression of clustering

Mz Ol

Poisson’s equation
Vzgp — 47TG/5a2 [(1 — fy>5cold -+ f_,/5,/]

.

Effectively = 0O, for k > k_,

* 2

DEMNUNni simulations by C. Carbone
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Suppressmn of clustermg
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Galaxy clustering ratio
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Galaxy clustering

o Galaxies are a discrete, biased sampling of the
underlying matter field

e If the bias function is local and deterministic
Og(x) = F|o(x)]
e Ifitis also smooth enough
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Clustering ratio

. 2PCF: g r(T) = bi&R(r)
e Variance: ER — blaR
§g,r(1) _ ER(T)
. CR: Ng,r(r) = “;2 =5~ =1r(r)
g,R R

e z-space (Kaiser): 779 r(1T) = nr(r)
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Clustering ratio: 2" order

e Hierarchical growth of fluctuations
(0%)e = Sn o

<52R5§7R>C = Cpun ER(T) 0_12%(n—|—m—2)
« With large enough R, CR is unbiased

Ng,r(r) ~ Nr(r) — {(533—012 R)zj + 5 (Zj) }fR( ) + (%)2 nr(r) Er(r)

Possible nonlocal contributions only affect b, (Bel et al, 2015)
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Clustering ratio: unbiased

FoF, M, = 0.53, z = 0.48551
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Constraints with SDSS DR7 + 12
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...and with a Euclid-like survey
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Galaxy power spectrum
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Galaxy bias: subhalo abundance
matching (SHAM)

« Matching according to v, = max(v/GM (< 7)/r)

« DEMNUni sims (C. Carbone) z ~ {0.0,0.5,1.0, 1.5, 2.0}

Carbone et al (2016), Castorina et al (2015), presented today by Andrea Pezzotta

e 7 =1{10"2,3x107%,107*} A Mpc~*
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Linear bias model
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N Derivatives
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Nonlocal, nonlinear model

Py 55(k) = b Pss(k) 4 2b1ba P, 5(k) + 2b1bs2 Py , 5(k)
+ 2b1bani05 (k)P (k) + b3 Pyz (k)
+ 2bybg2 Py, o2 (k) + b2 P2 (k)
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Nonlocal, nonlinear: free parameters

e In principle, 4 free parameters 01, b2, bs2, b3ny
e If bias is local in lagrangian coordinates

- Chan et al, 2012: .. = —é(b1 —1)
— Beutler et al, 2014; Saito et al, 2014: b3, = —%(b1 —1)

e Or even relaxing this assumption
- Chanetal, 2012: b,. = —%(b1 —1.43)

— Bel at al, 2015: b,. = —%(b1 —0.8)
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Conclusions

Extended clustering ratio to cosmologies that include massive neutrinos

Using SDSS data, 12% improvement on Q_,, constraints, but not yet competitive
for M,

Forecasts for Euclid show 40% improvement for Q_,,, and 14% improvement for
M

Galaxy power spectrum in the presence of neutrinos with SHAM technique

\

Neutrino mass parameter completely degenerate if only small scales are
included in the fit

Window of scales where this degeneracy is broken
MCMC approach to assess the effect on cosmological parameter constraints
Realistic galaxies (impact of SHAM flavour, different galaxy populations...)
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Clustering ratio: CR Jr.IBQSS_/C.I__e_.ns

100} -

90| -
- 80} -
=

OF mmm CMB 7

B CMB + CR
GO CMB + BAO T
BB CMB + CR + BAO
50 L L 1 1 L -
—28 —24 —20 -16 -12 —08
(i
12 = T T 1 T T —
Em C)\B
1.0} B CMB + CR |
CMB + BAO

0.8k B C)MB + CR + BAO -
506

0.4} |

0.2) |

0'92.8 —2.4 —2.0 —1.6 —1.2 —0.8

m

xmy,

100F

60

90 F
[0

70

CMB
CMB + CLeuns
CMB + CR

CMB + CR + CLens

1.2

1.0

0.6

0.2

-24 =20 -16 -12 =08

w

0.8}

0.4

0.0l

Hl C)MB
CMB + CLens

B CMB + CR + CLens
| CMB + CR

—-2.8 -24 =20 -12 08

33



Nonlocal, nonlinear: convolution terms

Pak) = [ S5 PGP - )75 (g b~ a)

2r)
By ,5(k) = /%PZ(Q)PZ(VC —q))F3"" (g, k — q)S2(q,k — q),
Pls(h) = =3 [ S5P @) | 2P0~ Pk~ aDSala.k — )
P, = =5 [ 55 @) [ 5P — Pk - aSHa.k — )|
Pe) = —3 [ 5P @) [P0 - P~ al)].
o3 (k) = /(;1:;3 P'(q) [g + %552(61, k—q)S2(—q, k) — ZSQ(q, k—q)
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