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Peculiar velocities: applications for testing cosmology + particle physics
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Peculiar velocities: applications for testing cosmology + particle physics

density field

Literature:

Peculiar velocity field as an
unbiased tracer - Burkey and Taylor,
2004, Zheng et al 2015

Growth rate of structure forecasts/

constraints - Koda et al 2014, Howlett
etal 2017a,2017b, Qin etal 2019, Yan
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» Standard candles

« time for light curve to
fade allows luminosity to
be measured



How are peculiar velocities measured?

(1 + Zops) = (1 + Zpec)(1 + Zpec)

Spectroscopy/photometry distance measurements isolate the radial
peculiar velocity
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Using the bulk flow for testing cosmology

1 o0 ---- n(r) = constant
B = — d3r'v(r’) — n(r) x e~ T/RBY
174 500 -
V
400 -
2+P+ P+ =/ i
p £ 300
>Q
/.)' O .)' S
7 o’ 7 J
O 0’ 100 -
o’ o o ‘f .
.)' / / 20 40 80 160 320
® R Mpc h~1




CosmicFlows-4, largest compilation of peculiar velocities to date,
by Tully et al 2023
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Measurement with CosmicFlows-4 data
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Overview of neutrinos in cosmology
(see more detail in Lesgourges and Pastor, 2012)

Upper bounds ),m,, from cosmological
probes (Stocker et al, 2020, Alam et al,

2021)
———— ~0.11-0.17 eV

Vu

flavour states ‘

Mass

eigenstates ' ‘
(mixing)

Lower bounds
Y m, from
terrestrial
experiments
(Esteban et al,
2020)
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Overview of neutrinos in cosmology
(see more detail in Lesgourges and Pastor, 2012)

Oscillation experiments (Fuduka et al, 1998) give + cosmological probes give an upper bound
mass splittings Am?. to Y M, (Image: Colless, 2003)
1) Inverted Hierarchy: m; < m; <m, 2) Normal Hierarchy: m; < m, < m3
2 3
Am%1i I
Am§1

Am%z 2

3 | ¢Am%1

Figure inspired by Figure 1 in Lesgourgues and Pastor (2006)

Normal hierarch
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ms + \/m% + Am3, — Am3, + \/m% + Am3, (Inverted hierarchy)
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Overview of neutrinos in cosmology
(see more detail in Lesgourges and Pastor, 2012)

Massive neutrinos affect Large Scale Structure by:

1) Alters expansion rate of the Universe

,
aeq = @

2) suppressing the growth of Large-Scale Structure in
the Universe.
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Neutrino mass constraints with peculiar velocities

Aim to answer: can we use peculiar

velocities to improve neutrino mass
constraints?

Fisher information forecasts:

d*L
=

Generalizing to multiple variables.. x; =
[xl,xZ, xn]

d*L
XmdX]

Fij = —( )

The inverse of the Fisher matrix F;; gives the
best possible covariance C;; matrix for our
set of parameters x; (Cramér-Rao bound).
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Aim to answer: can we use peculiar

velocities to improve neutrino mass
constraints?

Fisher information forecasts:

S
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Generalizing to multiple variables.. x; =
[xl,xz, xn]
d*L
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The inverse of the Fisher matrix F;; gives the
best possible covariance C;; matrix for our
set of parameters x; (Cramér-Rao bound).

Dark Energy Spectroscopic
Forecasting for: Instrument (DESI)
Image: Marilyn Chung / LBNL

Legacy Survey of Space
and Time (LSST) S
Image: Rubin Obs/NSF/AURA 4-metre multi-object

_ spectroscopic telescope
0 (AMQOST) Image: G. Hidepohl
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Image: CSIRO



Neutrino mass constraints with peculiar velocities

Planck18 (estimate covariance)
Planck18 + WALLABY redsh@fts
Aim to answer: can we use peculiar velocities Flancis + WALLABY redshifts = FUs

to improve neutrino mass constraints?

Results: Yes * 5 1;_
& &

» Constraints improve by ~ 10% for low 1’»&

redshift survey data + Planck data Lo

» High redshift survey + Planck data: v

negligible improvement
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Planck18 (estimate covariance)
Planck18 + WALLABY redsh@fts
Aim to answer: can we use peculiar velocities | Flancis + WALLABY redshifts = FUs

to improve neutrino mass constraints?

Results: Yes * 2 ";_
» Constraints improve by ~ 10% for low ;’:::
redshift survey data + Planck data % g
» High redshift survey + Planck data: '
negligible improvement
» High redshift surveys (without Planck): ~ o °”:
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Neutrino mass constraints with peculiar velocities

Planck18 (estimate covariance)
Planck18 + WALLABY redshifts

Aim to answer: can we use peculiar velocities % Flancis + WALLABY redshifts = FUs
to improve neutrino mass constraints?

Results: Yes * 2 "
& &
» Constraints improve by ~ 10% for low ;;-
redshift survey data + Planck data L

» High redshift survey + Planck data: T
negligible improvement

» High redshift surveys (without Planck): ~ ¥
15-17% improvement (greater than 50%
when N is free)

> The best constraint we obtained from &
surveys without Planck was oy, = 0.139eV &

> future: constraints that dont depend on ko]
Planck? &
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Forecasts for
neutrino mass
constraint paper:

arXiv: 2112.10302
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Summary:

Bulk flow e Peculiar motions:
measurement

preprint: * contain info on Universe’'s matter
arXiv: 2306.11269 distribution

e can be used to test cosmology e.g., bulk
flow

@ xE @ » measured bulk flow from CosmicFlows-4
$93.5 o % osles 70 %ey 230000l o in tension with ACDM model
* * can potentially be used to help constrain
ST T Rt neutrino mass in future



