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Motivation

* How do diftferent cosmological probes BAOs, RSDs, the shape of P(k), CMB
contribute to constraints? lensing...

* What are the most significant

. . p
cosmological degeneracies: T — M,, degeneracy

* How sensitive are constraints from

difterent probes to the assumed .
cosmology? Varying (1., wo, wg

arXiv: 1811.07686, 1712.01857 CoSyne, IAP, 10th December 2019 Aoife Boyle



Extending to NL.O

Desjacques, Jeong & Schmidt, 2018
(1806.04015)

6y(x,7) = X bo(r)0(x,7) + €
Local bias expansion: b16 + %b262+, .
Higher derivative bias: byz 6V25
Tidal bias: by 2K?* — Iéz = Kij](ij .
biaOtq = Orq = ﬁKijDij (5,%1 — EKZ)
Velocity bias: byz, Vv
Stochastic parameters: PEO}, PEZ}, P‘Zﬁi

Many of these parameters change the galaxy
power spectrum in a scale-dependent way.
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Calculation Details

Fisher matrix with kp,,x = 0.2 h/Mpc.

Forecasts for Euclid spectroscopic survey and Simons Observatory.
Start with Planck TT, Simons Observatory EE/TE, ¢(1)=0.008.

Free parameters:
® wb,a)c,As,ns,Hs,T
* M,, Nege
* (+'Qki Wo, Wa)



Full Power Spectrum Constraints

Aoife Boyle
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M, — T Degeneracy (Linear Case)

Planck TT, Simons Observatory EE/TE, a(t) = 0.008/Fixed, Euclid F, 4 (k, u) — 0.2 1/Mpc.
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M,, — T Degeneracy (NLO Case)
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Degeneracies with New Parameters

* The bias and stochastic parameters are primarily all somewhat
degenerate with each other.

* Adding priors on any particular one does not significantly improve
constraints on the neutrino mass.



CMB Lensing (Linear Case)

Planck TT, Simons Observatory EE/TE, a(7) = 0.008, Euclid £, (k, u) — 0.2 4/Mpc, Simons Observatory
CMB Lensing
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CMB Lensing (NLO Case)
Planck TT, Simons Observatory EE/TE

CMB Lensing

>
—
O
+~
3]
>
—
)
7
e
®,
=
-]
©) -
£ S
P}
C’
=
~
= 20 o0
S = =
7 .
o = -
\_, <5
r—
~ /M
= >
= ©
s =1
P O S —
= -
o — .Lu Wn N
— o
Q B3
= W K2 M
= ] S
87 ....... X
o ey
S =
o -
Il
~
[
—
o
T AN\
S
-
CEEE——
-]
<
-

ACDM
+Wy
+$0,

=
g
I_I

—HUO, Qk
+Q/€7 Wo, Wq

Aoife Boyle

CoSyne, IAP, 10th December 2019

With CMB Lensing

arXiv: 1811.07636, 1712.018



Cosmology-Independent Constraints

* Isolating the relative suppression in the = 0001
power spectrum caused by massive =
neutrinos provides a cosmology- T 0014
independent measurement of M,,. <

* This suppression is actually enhanced § 0.02-
in the NLO case. ~

>
Method: o
S —0.03 -
* Pn(k) = P1. P,(k) T
* Calculate dF;4(k, u)/06 holding =
P; fixed and varying only P, (k). = —0.049
* Smooth out BAO wiggles. =
* Marginalise over P;. —0-08°7 T T T T S
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Cosmology-Independent Constraints
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BAO-Only Constraints

Planck TT, Simons Observatory EE/TE, o(7) = 0.008, Euclid BAOs — 0.2 #/Mpc, Simons Observatory
CMB Lensing
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Conclusions

Considering the 1-loop power spectrum has a significant qualitative and quantitative
1mpact on neutrino mass constraints.

* 7 new free parameters — full combined constraints degrade by 25 — 40 %, cosmology-
independent free-streaming constraints degrade by 20 %, BAO-only constraints barely
change. Realistic constraints, even up to k=0.2 h/ Mpc, should include these

parameters.
* T 1s less important than previously thought.
* CMB lensing becomes less irrelevant.

* Iree-streaming constraints remain cosmology-independent, though weaker.

Neutrino mass constraints (apart from the free-streaming only constraints we
developed) are strongly cosmology dependent.



