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Current status of neutrino mass constraints

Direct searches
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ralaxy bias
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Redshift space
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Redshift space distortions
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czynski effect
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Bispectrum
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Non-linearities
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Eulerian standard cosmological perturbation theory
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Time-sliced perturbation theory

Probability distribution function
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IR-resummation: real space
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IR-resummation: redshift space
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Non-linear galaxy bias

b
6y = b1den + 526313 + g, Go + bryTs—RIE 0ct, + €

G2(®) = (8:0;®) — (8°®)?
[3(®, ®y) = Go(P) — Go(Ps)

Po,g(k) =F5i55 (k) + Pogo™ (k) + b (Polis (k) + Py g5°" (k) + b1 (PS555 (k) + Po 35" (k)

0,86
+0.2505 Ts252 (k) + b1baTy 552 (k) + baT g52 (k) + brbg, Lo, s, (k) + ba, Lo 00, (k)
+ babg, Iy2g, (k) + bg,La,0, (k) + (2bg, + 0.8br, ) (b1Fo,s6, (k) + Fo,00, (k)
+ C(JR),V25(I€) ~+ Pshot ,
Pa,g(k) =P5%55 (k) + Py o (k) + bi(Pss5 (k) + Py a3 (k) + b1 Py 33" (k)
+ b1b2T; 552 (k) + b2Ts g2 (k) + b1bg, L2665 (k) + bg,T2,60, (k)
+ (2bg, + 0.8br;) F2,00, (k) + c2 Py v25(k)

Py g(k) =Py56 (k) + Py o™ (k) + bi Py 43P (k) + b1 P55 (k)
+ 0274 g2 (k) + bgyLa,0g, (k) + caPy v2s(k),

Chudaykin Anton (INR RAS)

COSMO’19

September 2, 2019



Effective field theory approach
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@ Inaccuracy of integration over infinite momentum in perturbation theory loop

integrals
o Beyond the perfect-fluid approximation: shell-crossing and virialization

o Fingers of the God effect
@ Velocity bias
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© Euclid specification and methodology
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Statistical error : € [0.01,1] - hMpc ™!

Pozzetti et al., 2016
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Theoretical error: power spectrum k€ [0.01,1]- hMpc™! N, =40

Baldauf, Mirbabayi, Simonovié, Zaldarriaga, 2016
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Statistical error: bispectrum k €[0.01,0.5] - hMpc™t N, = 20
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Theoretical error: bispectrum k €[0.01,0.5]- hMpc™! N, =20
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One-loop power spectrum and tree-level monopole bisy
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Fiducial cosmology Asfq =2.1 x10

Parameter Definition Fiducial value
h Hubble parameter Hy/100km/s/Mpc 0.6736
Wedm Cold dark matter density Qeamh’? 0.12
wp Baryon density Qyh? 0.02237
A= A;/Assa Amplitude of the primordial power spectrum 1
Ns Spectral index of the primordial power spectrum 0.9649
my Total neutrino mass 0.1eV
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00 Bl 560 b0 G ) @@ al)
0.6 1.14 -0.765 -0.04 0.077 0.536 13.398 13.398 0.536
0.8 1.22 -0.757  -0.063 0.121 0.442 11.060 11.06 0.442
1.0 1.30 -0.737  -0.086 0.164 0.369 9.236 9.236 0.369
1.2 1.38  -0.703  -0.109 0.208 0.312 7.799 7.799  0.312
1.4 | 1.46 -0.658 -0.131 0.252 0.266 6.658 6.658  0.266
1.6 1.54 -0.600 -0.154 0.296 0.230 5.740 5.740 0.230
1.8 1.62  -0.531 -0.177  0.340 0.200 4.993 4.993  0.200
2.0 1.70  -0.450 -0.200 0.383 0.175 4.380 4.380  0.175
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Markov Chain Monte Carlo: 6 cosmological and 40 nuisance paramet
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Markov Chain Monte Carlo: 6 cosmological and 64 nuisance paramet

N.=8
(@, e, s, By A,m) - [ 087,087,660, e, e, e, PS),, BEL,)
i=1

-
- B
0.20 {mmm P!l +Planck B

— P, %P By +Planck

o= PR B | Planck

0.08

0.04

0.960 0.975 0.990 1.005 1.020 1.035
A

Chudaykin Anton (INR R COSMO’19 September 9 30 / 36



Final constraints

Set 10°h 10°A  10°weam 10%w, 10°n. | m,, meV
Planck 54 14 1.2 1.5 4.2 -
pl-oop 374 189 13.8 38.1 62.2 406
ploop 4 giree 17.3 7 6.6 17.8 22 121
plloop L B¢t Planck | 0.8 1.3 0.2 1.1 3 48
P, 0P 7.9 1.8 2.7 13.8 7.6 55
p,loop 7.7 1.7 2.7 9.3 6.5 48
PP 7.6 1.6 2.4 9.1 6.2 38
P, ool + Bl 55 1.1 2 6 4.6 28
P, 02P +Planck 1.8 1 0.4 11 2.9 24
P, W +Bi*°+Planck | 0.8 0.9 0.2 1.1 1.9 19
P, +By %P 48 0.9 1.8 5.2 3.8 23
PP 4B P £ Planck | 0.8 0.7 0.2 1 1.7 17
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Information content of baryon acoustic oscillations
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Conclusions

o Complete analytical model which does not rely on any semi-analytical and
phenomenological prescriptions allows to robustly and systematically address
galaxy clustering on mildy non-linear scales.

e Accuracy of perturbative calculations controlled by the correlated theoretical
error allows to accumulate the whole wavenumber range thus providing with
additional cosmological information.

o Even under the most agnostic assumptions about the short-scale physics and
galaxy bias the Euclid data alone are able to constrain the total neutrino mass
with an errorbar of 28 meV. When combined with the most recent Planck
likelihood this uncertainty decreases to 19 meV. Reducing the theoretical error
on the bispectrum down to the two-loop level marginally tightens the bound to
17 meV.

New pipeline predicts the detection of the minimal total neutrino mass with 3.20
(5.30) significance in the case of the direct (inverted) hierarchy. J
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Nuisance parameters
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