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Relativistic galaxy number counts

The leading local contributions to the number density contrast of
galaxies ale [Yoo (2010); Bonvin & Durrer (2011); Challinor & Lewis (2011)]:
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A(X) = b6(x) — o7 OrVr (x) — av.(x),
with:
sa=—E+20—2 i;[l n g; ’ " 3 = conformal Hubble factor,
= r = comoving radial distance, V= VEIOC'_tY f'e_ld' _
= b = linear galaxy bias, "0 = magnl_flcatl-on bias,
p(R)-D _ = £ = evolution bias.
=5 = = matter density contrast,
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Relativistic galaxy number counts

The leading local contributions to the number density contrast of
galaxies ale [Yoo (2010); Bonvin & Durrer (2011); Challinor & Lewis (2011)]:

AR =[B5 (@) ——a () ~@pr (),

with: Sample-dependent quantltleE‘
.y — mz@/z = 1 = conformal Hubble factor,
et = v = velocity field
= r = comoving radial distance, o ! .
= b = linear galaxy bias, @ = maght |cat|_on >
p(#)-p _ = £ = evolution bias.
" § = = matter density contrast,
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Auto- and cross-correlation
measurements
« <8y (k)8y (k") >oc 8°(k + k' ) Pyy (k)
Pyy(z, k, 1) =
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- X = Y — auto-correlation

- X #+Y - cross-correlation




Auto- and cross-correlation

measurements
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Auto- and cross-correlation
measurements
« <8y (k)8y (k") >oc 8°(k + k' ) Pyy (k)
Pyy(z, k, 1) =

_ P
= [(bx + fu®)(by + fu*) + (%) Ax Ay

H
I{,u (“X(by + fu*) — ay(by + fliz)) P (k)

* PXY(Z' k, ,ll) — P{;X(Zi k: .u) — PXY(Z' k: ,Ll) = PYX(Z' k' _.u)

- The Doppler contribution is proportional to k1 in the
Imaginary part of the cross-power spectrum [McDonald (2009)].
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Multi-tracer power spectrum

We can put together information given by auto- and cross-power spectra
to obtain tighter constrains [Percival et al. (2004); Fonseca et al. (2015)].

- We have now:

p Pix PxxPxy Py \
XX 2 PyxPyy + PxyP
_ _ 5B xxPyy ™ Fxylfyx 5 5
P=|Fx | F_N Pxx Pyx > Pxy Pyy
PYY modes ~, e -
Pyx Pyx Pyy Pyy /

- Multi-tracer power spectrum with Prp, Prg, Pgg [Montano & Camera
(2024)].




The Doppler
contribution is
sample-dependent

We use:

- A low-redshift DESI-like Bright Galaxy Sample
(BGS) [Smith et al. (2023)];
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The Doppler RAGEER:
contribution is
sample-dependent

- A low-redshift DESI-like Bright Galaxy Sample
(BGS) [Smith et al. (2023)];

- A population of Ha galaxies observed by a Euclid-
like survey [Maartens et al. (2021)].
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Luminosity cut technique

[Bonvin et al. (2014, 2016, 2023); Gaztanaga et al. (2017)]

= Complete sample (T): all the
galaxies that are observed with

—— Total sample

a flux density F higher thana < 010 Faint sample
fixed minimum flux S 0 os —— Bright sample
F > FC Oj% ' x50
: all the =00
galaxies with Z 004 \ <50
F.<F<E < x50
. 2 0.02
= Bright sample (B): all the 5 K
galaxies with “ 0.00
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Information matrix analysis
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= Ha emitters, Model 3 luminosity = BGS:

function [Pozzetti et al. (2016)]: = m, = 20.175
= [L.=2%x10"1%ergem™2s71! = Az ~ 0.17
"« Az ~0.23 " firy = 0.36

Ha — {ANJ AK' }
103
BGS Ho (Model 1)
102
g 1 In Fourier space:
Y Hfu

; A(R) = <b bf+i 2 a) 5(F)

RN — e e e
é}lol 1 o
Z 02 A(k) = (ANb + A fu® + i4p /{ - a> 5(k)

107 0.1 0.3 0.5 1.0 1.2 1.5 1.7

Redshift bin, z; Redshift bin, z;



= Ha emitters, Model 3 luminosity = BGS:

function [Pozzetti et al. (2016)]: = m, = 20.175
= [L.=2%x10"1%ergem™2s71! = Az ~ 0.17
= Az ~ 0.23 " foxy = 0.36
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= Ha emitters, Model 3 luminosity = BGS:

function [Pozzetti et al. (2016)]: = m, = 20.175
= [L.=2%x10"1%ergem™2?s71! = mg, =19
= [, =28x10"ergcm 257! = Az ~ 0.17
" Az ~ 0.23 " firy = 0.36
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= Ha emitters, Model 3 luminosity
function [Pozzetti et al. (2016)]:
= [L.=2%x10"1%ergem™2?s71!
= [, =28x10"ergcm 257!
= Az ~ 0.23
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= Ha emitters, Model 3 luminosity = BGS:

function [Pozzetti et al. (2016)]: = m, = 20.175
= [L.=2%x10"1%ergem™2?s71! = mg =19
= [, =28x10"ergcm 257! = Az ~ 0.17
" Az ~ 0.23 " fixy = 0.36
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What about multiple splits?
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What about multiple splits?
Detection significance analysis
10°

Can we further
Increase the signal
by considering more

S9Od AN-I1S3d

hypothesis of no Doppler

than 2 sub-samples? / £ 10° </
Q
=
o A
— %
Ax*(z;) = z AP"T~1 AP ;:3 [ SRS F—— 4" —
k,u S
AP computed with a null- j T S O S S

0.1 0.3 0.5
Redshift bin, z;




What about multiple splits?

Detection significance analysis

Can we further BN 2 sub-samples

Increase the signal
by considering more
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What about multiple splits?
Detection significance analysis
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What about multiple splits?
Detection significance analysis
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What about multiple splits?
Detection significance analysis

10°
2 sub-samples

Can we further
Increase the signal
by considering more
than 2 sub-samples?
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What about multiple splits?

Detection significance analysis

Flux Tomography m, = 22 Flux Tomography m. = 20.175
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What about integrated effects?

[Marco Novara, FM & S. Camera, (2024 TBS)]

Effects included in the angular power spectrum analysis
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What about integrated effects?

[Marco Novara, FM & S. Camera, (2024 TBS)]

Effects included in the angular power spectrum analysis [Di Dio et al. 2016)]
A = AV + + AT

Study of the relevance of the Doppler, local and integrated potential
terms In a faint-bright multi-tracer angular power spectrum.

Ay? = z tr[ST-1 ST

z \
S=(d-m) _) I' = Covariance




Also In harmonic
space we can study
how the statistical
significance of the
relativistic

contribution depends
upon the splitting
flux adopted.

Null-hypothesis: AP°PP*T = AGR = OJ
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[Novara et al. (2024 TBS)]
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DESI-like BGS

T+ 3 bins
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DESI-like BGS

00— T 5 bins - 3 bins
Also In harmonic e
space we can study [EEEk
how the statistical fﬁ
significance of the [IIERR
relativistic [
contribution depends R E .
upon the splitting  [EEHENE
flux adopted. [T N s S
=
0 18.0 18.5 19.0 19.5 20.0

Splitting magnitude, mq
[Novara et al. (2024 TBS)]




DESI-like BGS

Also In harmonic

space we can study &‘E; ;
how the statistical [l

significance of the § 0
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Null-hypothesis: AR :ﬂ DESI-like BGS

--------- 3 bins ) -—=— 5bins = —— 7 bins

Without considering
the Doppler term the
GR contribution
seems to be

undetectable

Detection significance,
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Splitting magnitude, my
[Novara et al. (2024 TBS)]




Future work

Take-home

IMesSages

An analysis of the performance of the
luminosity cut technique using simulated
data will demonstrate its reliability.

Including wide-angle effects.

A multi-tracer approach is able to beat
cosmic variance, even within a single
dataset.

Thanks to the increased sensitivity and the
enhanced volume the upcoming galaxy
surveys will shed light on the largest
scales of the universe.




Thanks for your
attention!
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Relativistic galaxy number counts

In Fourier space, our assumptions give us:
A(k) = 2 (k)5 (k)

(1) | 2 [Castorina & Di Dio (2022)]
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Relativistic Doppler in galaxy power

spectra

Magnification
Bias

Evolution bias

Doppler term Kaiser RSD

Luminosity function

L inear bias

Clustering term

N 7

Pyx (k)

A sample optimisation work is required.




The clustering bias for the faint population can be

written as [Ferrmacho et al. (2014)]:
nrbr — ngbg

Linear bias in the
case of multiple

targets bp =
ng
6 —— F.=2or me = 20.0
————— F.=3or me=19.5
/1) S S E. =4 or m. = 19.0

Clustering bias, b(z)

Magnification bias, Q(z)
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Magnification ed
evolution biases for
the sub-samples

Biases for the bright sample can be easily
obtained from those of the total sample by
substituting F, - E..
dIn(ng)
Op = — 91
n(Ls)
d In(ng)

g —
b 0 In(1 + 2)
In the case of the faint sample, we have

Instead to consider the upper cut [Bonvin et al.
(2023)].

dln(ng) 0dlIn(ng)
~ 9ln(L,) T3 In(L,)
d In(ng)

gF —

- dIn(1 + 2)

OF =
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Information matrix lop () = z 0P (z;, i, kn) ro1 0P @i iy Ky)
analysis

90 06p)
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- Covariance:
F( k) = Pyx(z, 11, K)Pyy (2, 11, k) + Pxy (2, 1, k) Py x (2, 1, k)
o Nimodes(Z, k, 1)
Ox

Pyy = Pyy + —
XY XY Ny

V(z,Az)
Nmodes (Zr k} ,Ll) — (27_[)3 ZﬂszkA.u

s §)- (8]

- Lowest and highest scale:
Knin = , kmayx = 0.2 h Mpc™1




= Ha emitters, Model 3 luminosity = BGS:

function [Pozzetti et al. (2016)]: = m, = 20.175
= [L.=2%x10"1%ergem™2s71! = Az ~ 0.17
"« Az ~0.23 " firy = 0.36
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= Ha emitters, Model 3 luminosity = BGS:

function [Pozzetti et al. (2016)]: = m, = 20.175
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= Ha emitters, Model 3
luminosity function [Pozzetti et al.
(2016)]:

" F.=2x
107 ergem™2s71
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