TOR VERGATA

UNIVERSITY OF ROME

CINFR

Istituto Nazionale di Fisica Nucleare

DEMNUni: CMB - galaxy cross-correlation
in the presence of massive neutrinos

Viviana Cuozzo
viviana.cuozzo@roma?2.infn.it

Carmelita Carbone (carmelita.carbone@inaf.it), Matteo Calabrese (calabrese@oavda.it),

Elisabetta Carella (elisabetta.carella@unimi.it ), Marina Migliaccio (marina.migliaccio@roma2.infn.it)

International conference PUMAZ22: Probing the Universe with Multimessenger Astrophysics
September 28, 2022



ISWRS

—— Total | 6000
Sachs-Wolfe
We need to study CMB x Galaxy to detect the late — Doppler
Integrated Sachs-Wolfe (ISW, R.K. Sachs and A.M. Wolfe,1967) —— Integrated Sachs-Wolfe [ <000
effect and its nonlinear counterpart, the Rees Sciama (RS,
R.K. Sachs and A.M. Wolfe,1967 ) effect: ~
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ISW is mainly due to the presence of Dark Energy. | |
: ) — , WAy - 1000
RS is due to structure formation. = ‘ /

(R.G. Crittenden and N. Turok, 1996) L
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Is the RS effect detectable?
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RS detection

102 T T T T T

ILC : Internal Linear Combination
— foreground + noise

2,
~
NCQ CV : Cosmic Variance
™~
— B
| =
S— O.W. : Optimal redshift weight

— w(z) estimated for every galaxy
based on its photmetric redshift

Pl ¢

10" - - CMB-S4 ILC + CV LSS
— CMB-S4 ILC + LSST O.W.
- = CMB-HD ILC + CV LSS
— CMB-HD ILC + LSST O.W. ||

10'2 1 Il 1 1 Il
1000 2000 3000 4000 5000 6000

' max
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Why in the presence of massive neutrinos?
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Massive neutrinos in cosmology

- 104
Massive neutrinos are responsible for the suppression of — C
structure formation at small scales because of neutrino = i
free-streaming. Ie) -
§- —— M,=0eV .
The net consequence is a suppression of the matter = | — M,=0.6¢eV i
power spectrum on small scales that directly depends on
Mv = Emv (Lesgourgues etal., 2008) QE - 103
103 102 101
k [h/Mpc]
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ISWRS in the presence of massive neutrinos
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Credit: Carbone et al. 2016
[ Simulated ISWRS induced temperature anisotropies for M = 0, 0.17, 0.30, 0.53 eV at z=21 |

The presence of massive neutrinos induce a slow decay of the gravitational potential that generates the ISWRS effects even
in absence of a background expansion.

On cosmological scales smaller than the characteristic neutrinos free-streaming length, neutrinos suppress the time
derivative of the gravitational potential in a measure that depends on M, = 2, .
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Analytical computation of the ISWRS - galaxy cross-spectrum with CAMB

WHAT:

develop an analytical method to compute the cross-correlations between ISWRS and the galaxy distribution
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Analytical computation of the ISWRS - galaxy cross-spectrum with CAMB

WHAT:

develop an analytical method to compute the cross-correlations between ISWRS and the galaxy distribution

HOW:

® using Takahashi + Bird2014 and Mead2020 nonlinear modelling of P (k) in CAMB code

N
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bg _
C,7 =
e validating against the ‘Dark Energy and Massive Neutrino Universe’ (DEMNUni) N-body simulations
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Analytical computation of the ISWRS - galaxy cross-spectrum with CAMB

WHY:

e produce accurate modelling for future galaxy

and CMB surveys

® try to infer new constraints on Mv
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Analytical computation of the ISWRS - galaxy cross-spectrum with CAMB

WHY:

e produce accurate modelling for future galaxy

and CMB surveys

® try to infer new constraintson M, ———»

DEMNUnNi XC ISWRS — Galaxy (ACDM)
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Analytical results: ISWRS x Galaxy distribution

XC ISWRS — Galaxy XC ISWRS — Galaxy
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Credit: Cuozzo et al. in prep
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Predictability of Mv
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Forecasts and outlook

Euclid - like (Mead2020)

® The analytical method implemented allows us to

model future CMB and galaxy surveys
L 10—2
CAMB 3 ) )
) o 10 ® The results here presented will be soon submitted
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ot (Cuozzo et al., in prep.)
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Thank you for your attention!

Viviana Cuozzo
viviana.cuozzo@roma?2.infn.it
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DEMNUni N-body simulations

The “Dark Energy and Massive Neutrino Universe” (DEMNUni) simulations (Carbone et al., 2016) are a set of
16 high-resolution cosmological N-body simulations with L = 2 b Gpec, N = 2048> cold dark matter particles
and the same number of neutrino particles

The neutrino mass considered are: My = 0, 0.17, 0.30, 0.53 eV
For this work, three DEMNUni map sets have been used:

1. ISWRS maps produced via ray-tracing fromz__=0.02toz = 1.89 (Carbone ct al. 2008, Carbone ct al.
2016)

2. CMB-Lensing maps produced via ray-tracing fromz _=0.02toz _=1.89 (Carbone ct al. 2008, Carbone et
al. 2016)

3. Galaxy maps produced from the projection of 3D lightcone shells, that go from z =0.02toz =1.89,
onto 2D spherical maps (Calabrese et al. 2015, Calabrese et al. in prep.)
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ISWRS - Galaxy cross-spectrum
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Testing different b( z ) functions (Takahashi+Bird2014 modelling)
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Testing different b( z ) functions (Mead2020 modelling)

M, =0.17eV, Znax=1.89
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Current constraints on neutrino mass

Planck2018 constraints on neutrino mass and wg,-w,

Planck TT,TE EE+lowE+lensing TT,TE EE+lowE+lensing —— e

. +BAO ===
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2
Z my <0.12:eV +lensing+BAO).
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Takahashi+Bird2014 VS Mead2020

P(K) / Pemu(K) P(K) / Pgmu(K) P(K) / Pgmu(K)
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Spectra from DEMNUni maps
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Analytical results: ISWRS - CMB Lensing cross-correlation

XC ISWRS — CMB-Lensing

Zmax = 1.89 (Takahashi + Bird2014)
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Modelling for different n(z) with Takahashi+Bird2014

Zm = 0.9 (Takahashi + Bird2014)
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Modelling for different n(z) with Mead2020

Zm =2 (Mead2020)

CAMB

g — M,=0eV
Bl --- M,=0.17eV
g —— M,=0.30eV
G M,=0.53eV 5
O :
Q ;
< :
H ]
+
LS
<
iof R0
. | ;.'
60 640 660 680 700
]

Viviana Cuozzo

L 10—2

1073

L 10—4

- 10—5

L 10—6

L 10—6

2(2 + 1)ABS(C29) /21 [uK]

Zm =2 (Mead2020)

CAMB
— M,=0eV

M,=0.17eV
M,=0.30eV
M,=0.53eV

- 10—2

Zor 10

L 104

- 10—5

- 10—6

650

o -

—y—
—

850

L 10—5

- 10—6

2(2 + 1)ABS(C2%) /21 [uK]

Zm =3 (Mead2020)

CAMB
— M,=0eV

--- M,=0.17eV
—-— M,=0.30eV
M,=0.53eV

840 900 950 1006

700 750" 800

650

[

DEMNUni: CMB - galaxy cross-correlations in the presence of massive neutrinos

L 10—6



Cosmic Variance

XC ISWRS — Galaxies
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