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Galaxy surveys are perhaps the most promising modern way of
pinning down the precise nature of the cosmos.There’s a real
possibility that we’ll ~finish mapping the Universe in our lifetimes.

* How spectroscopic galaxy surveys constrain cosmology and
particle physics

* Current constraints

* Future outlook
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Credit: Michael Schubnell

Statistical analysis of the large-scale
structure of the Universe — mapped via
galaxy redshifts — provides a huge amount
of cosmological information

Credit:Ahilan Parameswaran
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The most advanced
(timeline) is the Dark
Energy Spectroscopic
Instrument (DESI)
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One of our simplest but most
useful tools is the two-point
correlation function.

This describes the
probability, above random, of
finding two galaxies
separated by some distance
and can be theoretically
modelled for different
cosmologies
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Because we expect the BAO to be fixed since
the early Universe, they act as ‘standard rulers’

They are great
for measuring
distance ratios.
For absolute
distances we
need their
intrinsic size (ry)
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1+z)=1+v/c)(1+2Z)

Galaxy positions This should
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Furthermore, the clustering of
inferred galaxy positions depends
on the angle to the line of sight
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0.4<2<0.6 —— MultiDark Patchy

* DR12NGC

Fourier transform and
compress based on
angle to line of sight.

o*
- Beutler et.al, 2017

S T Y v T v T Particle Physics and Cosmology 2026 @ UNSW

002 004 006 008 01 012 014
k [Mpc/hl . veys 3rd September 2026




. THE U
3 Dark Energy Constraints 3 o qurinsiany

AUSTRALTIA

A key unknown in cosmology is the equation of state of Dark Energy.

The simplest models have this as a Cosmological Constant (A).
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DESI Collaboration 2025

Dark Energy Constraints
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Lodha et al, 2025
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Tests of General Relativity

For more
information,
we can fit the
full-shape of
the clustering
over cosmic
history

Cullan Howlett, Uni
Cosmology with lar_
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@ Neutrinos - Masses

Neutrinos act as a form of warm dark matter and
suppress the growth of small scale structures.
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Neutrinos — Ne_ff

Different numbers of relativistic
species also change the evolution
of the BAO and small-scales

(Elbers et al., 2025)

DESI DR2 BAO + CMB:

{Zm,, < 0.0741eV

Neg = 3.1610-32
Neutrinos can also be seen as a
phase-shift in the BAO

5%).

Detected at ~30 in DESI data
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©® Primordial non-Gaussianity

(local) primordial non-Gaussianity changes the tails of the PDF of density
fluctuations which then changes the abundance of massive halos

This adds scale-dependence to 10
large-scale galaxy clustering

Desjacques & Seljak 2010 z=0.51
b,(M)=2.53

Clustering constraints are
comparable to CMB

—

— = — —

‘rﬁlu]

Power / 105

©
—_

Planck DR4 (Jung et al., 2025)
¢ = —0.1£5.0

DESI DRI (Chaussidon et al., 2025)
0.01

loc — —3 6+9.0 0.005 0.01 0.05
NL *Y—-9.1 k / hMpc~!

Cullan Howlett, University of Queensland Particle Physics and Cosmology 2026 @ UNSW
Cosmology with large-scale spectroscopic surveys 3rd September 2026



Primordial oscillatory features
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Different inflation models can give rise to oscillatory features in the
primordial spectrum that can be constrained in clustering akin to BAO
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ULAs and other DM candidates can modify
the non-linear galaxy power spectrum
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* DESI has completed its original 5-year plan
* public Data Release 2 ~mid 2027
* We are currently observing run-Ib, with
run-2 to start ~2029.
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* Euclid expected to release first galaxy @
clustering results and data over the next 9 euclid

months.

* The 4-metre Multi Object Spectrograph
(4MOST) starts main survey operations
later this year.

The linear z<=1.5 universe will be almost cosmic
variance limited after these surveys
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Galaxy surveys are perhaps the most promising modern way of
pinning down the precise nature of the cosmos.There’s a real
possibility that we’ll ~finish mapping the Universe in our lifetimes.
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