Cosmological Constraints with HIRAX and
Spectroscopic Galaxy Surveys

Mponeng Kopana, PhD Candidate
Supervisors: Prof Roy Maartens & Dr Sheean Jolicoeur

DSU2023 (The Dark Side of the Universe)

10July, 2023

The Abdus Salom

International Centre

for Theoretical Physics

UNIVERSITY of the
WESTERN CAPE -




Modelling Large-scale Structure formation

> Tiny fluctuations in the number count of sources lead to the formation of large scale
structure.

5> The nature and amplitude of these fluctuations can be understood from correlation
functions.

o> Fourier transform of the 2-point correlation function (2PCF) is the power spectrum.

> Understanding the growth of LSS can help to constrain cosmological parameters.
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Multiple Tracer Surveys

We use the multi-tracer (MT) technique of for the following
reasons:

® We look at two different spectroscopic surveys - galaxy and HI IM.
® We want to overcome cosmic variance.

® In the cross-power spectrum, the noise and foregrounds vanish.

5> Viljoen etal(2021).

> Jolicoeuretal(2023).

> Karagiannis et al(2023).
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https://arxiv.org/pdf/1507.04605.pdf
https://arxiv.org/pdf/2107.14057.pdf
https://arxiv.org/pdf/2301.02406.pdf
https://arxiv.org/pdf/2305.04028.pdf

Two tracer surveys to use

HIRAX range : 0.8 < z < 2.5

Euclid range : 0.9 < z < 1.8
Sky area: 15000 deg? with [ty : 17.5><1O3hr}
Sky area: 15000 deg?
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How MT Surveys works
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® We can directly measure the ratio free
from cosmic variance

Villaescusa-Navarro et al.

® Both the galaxy and HI IM surveys should
overlap perfectly in redshifts and sky area.

b .
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e Additional information can be obtained
from the non-overlapping regions of the
individual surveys. 5/11


https://franciscovillaescusa.github.io/im.html

Power spectrum for Multi tracer

® We consider Euclid and HIRAX with the following overlapping information:
e Redshiftrange: 0.9 < z < 1.8
e Skyarea 10000 sq.deg with observation time of 11700hrs

<AA(Z, k)AB(Z, k/)> = (27T)3PAB(Z, k)(SD(k + k/) — PAB(Z, I’(’) = (BA—HC,UZ) (BB—HCMZ)P .

Here, u = k- i, where 7 is the unit vector in the line-of-sight direction.
1 g

f is the linear growth rate parameterized as: ’ f(z) = Qu(z)?, v= 0.55‘

We constrain the primordial non-Gaussianity parameter via:

bz, k) = b(@) + b0 o




Power spectrum for Multi tracer

We define a row vector for the power spectra as follows:

P:[PHH Pon PM]

where

PHH(Z, k) e Db(z)z PHH(Z, k’)
Pz, k) —  Dp(z) Pyu(z, k).
Pz, k) = Pz k).
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Power spectrum Estimation

o The observed HI IM auto-power spectrumis: | Pupi(z, k) = Py (z, k) + PLES™ (2)

o Pyyincludes the effect of beam (typically a damping Gaussian function).
o Pherm s the thermal (instrumental) noise.

o The observed galaxy auto-power spectrumis:: | Pyy(z, k) = Pyy(z, k) +

In the cross-power spectrum, the cross shot noise is 0.

Pg(2, k) = Pgn(z, k)




Multi-tracer Fisher Matrix

Region of interest in k-space is defined as:
kmin(z) = Hla.X{kf( kfg7 kme( )}
kmax(2) = min{kY"(2), k0 (2)}

k’max
ﬁ_z Y 8aP-Cov(P,P)" - 5 PT
== = kmm

Cov(P,P) oc | PyyPp 3 [PagPrts + PAy]  PriPyu
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P;H ﬁFHf)yH Scales for HIRAX~ H
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Results
In(1010A,) = 3.047 In(1010A,) = 3.047
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ns = 0.9665 ns = 0.9665
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Conclusion & Future Work

® We find improvement on the constraints for the power spectrum amplitude parameter A
and tilt parameter n; from MT.

® We do not gain much improvement on fyr, constraint from MT. This is because HIRAX (IF)
cannot probe the large scale mode of fxr, due to its long baseline.

® We are working on a similar parallel project using the angular power spectrum in
harmonic space. This will include cross-correlations between redshift bins which is
omitted in Fourier space calculations.

® We are writing a paper.
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