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1. How can we infer cosmic dynamics?
2. How to include them properly in inference?

3. How to use them as new probes with Stage-IV and -V surveys?
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Late-time cosmology is a dynamics problem
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Precise and accurate tests of cosmic dynamics
to fully exploit next-generation data and avoid biases
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Redshifts encode dynamics as a systematic effect and a probe

1+ 2Zobs = (L4 2¢) (1 4+ 2pec) (1 4+ 25,) (1 +€2)

expansion velocities grrae\ggﬁiigrlm uncertainty
Hy/ fog/ gravity
standard clustering /
candles anisotropy

Regime: systematics to control or signals to exploit

Why now?
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What data are needed to optimise constraining power?
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A multi-scale view of late-time cosmic dynamics

gravitational redshifts peculiar velocities clustering for fo,
for modified gravity in H, inference inference

Eleni Tsaprazi | Imperial College London



Inferring gravity on cluster scales with gravitational redshifts



Gravitational redshifts: an emerging probe of gravity
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SDSS DR16: 30% gravity constraints ~ 2003.25339

Direct probe of gravity: @(M)

DESI / Euclid: underway

ST

WST: conceptual design

forecasting

Which uncertainties How to optimise
matter? surveys?
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Mock cluster and member galaxy catalogues
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https://docs.google.com/file/d/1YeG737SogIQaHDC5ruHyZpcwndS1uMKd/preview
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Model contributions
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A forecasting pipeline

Observational:
® Redshift uncertainty
® Incompleteness
® Flux limits

e False cluster identification
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Potential mis-centring creates spurious signal

BCG: proxy for the true potential centre
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Conclusions
® Resource efficient setting: z < 1 spectroscopic galaxy survey
® 4% constraints on a , _ for a limiting magnitude of 22-23 mag %12_
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Mis-centring: marginalisation - averaging - multiwavelength 16
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From intracluster to local Universe dynamics
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https://arxiv.org/abs/2512.13221

Inferring cosmic expansion with local transients
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Field-level inference of HO

e Inhomogeneous cosmic | rd <[h Qug[to structure
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Build & validate forward model to N
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study impact of PVson H _
Tsaprazi+22a
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https://arxiv.org/abs/2502.08385
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A constrained simulation of supernovae in the local Universe

e Validate pipeline against supernovae placed realistically in the LSS
e SIBELIUS-DARK: synthetic galaxies using GALFORM on constrained DM

60 2M++ galaxies

i MWy = “'___M___“‘"(LavaUX & Hudson 11)

McAlpine+22, Sawala+21a

Eleni Tsaprazi | Imperial College London

16



Introduction | Gravitational redshifts | H, inference | Clustering | Outlook

Building a SN simulation in the large-scale structure
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For supernovae local dynamics doesn’t reconcile the H tension
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® We can recover H, accurately from SNe at z > 0.023
e Exploit SNe at z < 0.023 which would otherwise be discarded
® Inthe very local Universe we do have to worry about dynamics

Eleni Tsaprazi | Imperial College London
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For Cepheids, local dynamics can matter
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https://arxiv.org/abs/2509.09665

Inferring gravity with cluster clustering
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Number of Clusters
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Cluster clustering with Stage-IV and beyond
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Modelling the redshift-space signal is complex
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® Spectroscopic surveys: higher-order non-local bias + loop corrections
® Photometric surveys: Is the same complexity required?
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https://arxiv.org/abs/2604.25762
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What do we expect from Euclid DR1?

Euclid DR1-like halo catalogues:
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.

A hierarchy of redshift-space clustering models

loop corrections

P5(k, p, 2) = Dlkpoy(2)] {1 + %M] b%(2)Pss(k, 2) divergence

spectro-z photo-z
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guadrupole
hexadecapole &
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e Different predictions on small scales, for spectro-z: model comparison
e Photo-z: small difference, down to what scales can we trust the simplest model? ”
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Which scales can be trusted for cosmological inference?
_ <z<04 4
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® Permissive: dispersion model down to 10 h* Mpc

® Restrictive:
o redshift- and £-dependent cut off scale
o z>1inference may require non-linear halo bias

25
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Outlook

e Dispersion model — inference robust to clustering model > 10 h™* Mpc
o Models are very similar above that scale — CLOE
e DR1 data: Criteria will guide choice of Foine
e DR2/3: x 4-7 # of clusters in DR1
o Non-linear halo bias at high-z

o Move from 3LPT — Euclid Flagship N-body

Eleni Tsaprazi | Imperial College London
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Dynamics: From systematic effects to cosmological probes

oooooo
mmmmmm

20h

Shear forward

R : modelling
%-level constraints on Toward sub %-level Optimistic 30% . Mendoza+26
modified gravity with Stage-V constraints on H, constraints on fg, for DR1 . 2604.22048
mis-centring with increased statistics from will require nonlinear halo : ‘
JWST, LSST, Roman bias - N-body -\ |
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