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Why LSS?
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Why LSS?

Initial conditions!
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Larger scales!
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Why LSS?

time

More volume, more modes!

Larger scales!
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More volume, more modes!

Larger scales! Credit: Millennium-XXL
Nonlinear physics!
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General considerations




Understanding the large-scale distribution of dark matter

N(n,2)—N(z)
N(2)

é(x,t) = (m;)(t)p(t) = A(n, z) =

Different objects will trace the dark matter distribution
differently.

P,(k,z) = b3(2) P, (k, 2)
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Understanding the large-scale distribution of dark matter
1.7 <z<2.1

# Mean mass Bias n(z) 3700 =
halos [Mo/h] (fit) [Mpc/h]™3
z=1.89
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Understanding the large-scale distribution of dark matter

§(m,t) = L2 = A(n, 2) = 202

(wl’ L2, .’133)
xz1 = 1(2)cospsinb Source Source
x2 = 1(2)cospsind .

x3 = 1(2) cosf

/

Observer Observer

Credit: Camille Bonvin
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Redshift-space distortions

I"O

S1 ICTP

CAROLINE GUANDALIN (c.m.guandalin@qgmul.ac.uk) 7/19 WORKSHOP ON CLASSICAL GRAVITY AND APPLICATIONS ' SAIFR



FAPESP 2018/10396-2

RELATIVISTIC FEATURES IN
THE CLUSTERING OF DARK
MATTER HALOS

Julian Adamek (UZH), Phil Bull (QMUL =
Manchester), Chris Clarkson (QMUL), Raul

Abramo (IFUSP) & Louis Coates (PhD at QM) w, ST
5 TR

2009.02284
[MNRAS, 501(2), 2021, 2547-2561]




Relativistic effects: breaking the symmetry of the correlation function

dy # dy i
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The theoretically observed number counts
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Bonvin 2014
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Dipole in the cross-correlation

§¥)(n, z) = DY — %ar(v R + <b‘§ — 5Sq — ;‘2 — 2;?}*) v-h

0 (k) = 8" (k) [ba + fug +if (HE™") Aapir]

2

PE)(k) = PO(K) |(ba + F11°)(bs + F1i®) + AuAg f%ﬁ% Fifu (05 + fu2)Aa — (ba + f12)As] %

PO(k) = z’P(T)(k)g [Aa(3f + 5bs) — Ag(3f + 5by)]

"
k
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Relativistic effects: attempted measurement

P — PP o« 2[Ao(3f + 5bg) — Ag(3f + 5by)]
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CLUSTERING REDSHIFTS WITH THE

GALAXY-HI CROSS-BISPECTRUM

Isabella P. Carucci (UniTO), David Alonso (Oxford) &
Kavilan Moodley (UKZN)

2112.05034
(published in MNRAS)

FAPESP 2018/10396-2




Photometric redshift surveys

Broad-band photometry

u A g &rki/\z
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Photometric redshifts

o, = 0.02(1 + 2)
o, = 0.03(1+ 2)
g, = 0.05(1 + 2)
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Problem of cross-correlating photometric galaxies with HI IM

redshift survey
21-cm IM

=== 21-cm wedge
photo-z survey
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2- and 3- point statistics

Power spectrum
B k) = Ky Baill) + Ny 8.y
Bispectrum

B:L'yz(kla kQ, kg) — Icw:ng<k1, kg, kg) + jllQP(Afl>P(l{?2) -+ jlzlp(kl)PUﬂg) —+ jQHP(kg)P(Iﬂ;;)

ryz ryz ryz
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Attempt to reconstruct the long-wavelength modes
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Impact of photo-z width

k¢ = 0.02hMpc™, Emax = 0.3 Mpc™
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Conclusions

Relativistic effects:

e A dipole signal emerges from relativistic corrections in the cross-power spectrum of
dark matter tracers;

e We developed a pipeline to model, estimate and interpret the dipolar modulation
induced by relativistic effects in the 3d clustering of halos obtained from a fully
relativistic simulation;

e Integrated effects were neglected;

e No dipole detection could be claimed with our simulations.

Clustering redshifts:

e We employed the multiple-tracers technique to combine photometric galaxies with
21-cm intensity mapping to recover the redshift distribution of a photometric galaxy
sample;

e The galaxy-HI bispectra helps to recover the large radial scales apparently lost to
foreground contamination;

e The bispectrum is capable of calibrating the redshift distribution in situations where the
two-point function is not.
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Relativistic effects (extra)




Obtaining the halo properties
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following Beutler & Di Dio [2004.08014] 6
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Obtaining the halo properties
PY (k) = ¢P<”'°>(k)§3 f +5bg) — As(3f + 5bs)] %
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Galaxy-HI complementarity (extra)




Galaxies-HI/IM synergies

integrate the

Iight of all .
stars Photometric surveys

and resolve a
galaxy
b Individually resolved

galaxies

High number density

Poorer redshifts

Low-pass k-filter
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Galaxies-HI/IM synergies

integrate the
light of all

stars Photometric surveys
nd resolve a
galaxy
Individually resolved
galaxies
0, = U:,()(]- + :)
= High number density
é 10° —0.0=0
E 102 w0, 0=0.003 .
[l I Poorer redshifts
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' - 0.0=0.05 2= 0.6
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integrate the

T SAC
e light of all
stars
X and resolve a
K galaxy
K

Ko

integrate the
HI emission
of many
galaxies
to resolve
large-scale
fluctuations
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Photometric surveys

Individually resolved
galaxies

High number density

Poorer redshifts

Low-pass k-filter

Galaxies-HI/IM synergies

Intensity Mapping

Unresolved map
(intensity)

Large volumes

Excellent redshifts

High-pass k-filter
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Galaxies-HI/IM synergies

foregrounds

Pui(k) [mK2 h—3Mpc?)

1078 10-2
k [hMpc™]

integrate the
HI emission
of many
galaxies
to resolve
large-scale
fluctuations
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Photometric surveys

Individually resolved
galaxies

High number density

Poorer redshifts

Low-pass k-filter

Intensity Mapping

Unresolved map
(intensity)

Large volumes

Excellent redshifts

High-pass k-filter
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Clustering-z (extra)




Clustering redshifts to calibrate photo-zs
Clustering-z to calibrate the redshift distribution

s [_ : 2_0;”) ] o(r)) = Y bawal(ry)

DNyl ) = Z el ri)s 05(1L) = /dr” Wa (7)) Og(r), TL)

e.g. Hl slices [Alonso et al., 1704.01941]
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Cunnington et al. [1904.01479]
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Clustering redshifts with 2-point statistics

=3 % / dky by 05PFY (5 )G PFY (k)T ) T (L)
0
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1.0
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FAPESP 2018/10396-2
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3-point statistics

HI

- T galaxies

HI

k q.p 1INt o7t / rr ’
FQ% Z / dk, dg. dpy L;ZIL OB (k1,p1,q1) aﬁBX V2 (kL pr,q) T (k) TV (q0) I77 (py)
XX’ 7

FAPESP 2018/10396-2

2 zB k k — ;k . :
N / dp dky K2y o) e~ (R, Py =Ky — P kL, Py, q0)
2w 27 Phh(p|§7q_L)P}LiL<_k|| - p||apJ_)

We can avoid the foreground-dominated region!
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Single-dish mode
Area: 20000 deg®

Beam and noise

Redshift coverage: 0-3
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Intuition: behaviour with characteristic scales

@Ax kFG [A Mpc™]

— 102 101

FAPESP 2018/10396-2

kFG [h Mpc ]
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Intuition: behaviour with characteristic scales
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Intuition: behaviour with characteristic scales
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Intuition: behaviour with characteristic scales
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Intuition: behaviour with characteristic scales
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Forecast for Stage-1V surveys

(single-dish vs. interferometer)

by =0
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Forecast specifications

thh(kapa q) — T’}?(Z)Sb(pj_j QL)SFG(])H, QH) X
[bg,lb}QL‘,lB(k'}pv q) + b_q,lbh,lbh,QP(k)P(p) + bg,lbh,Qbh,lP(k)P(Q) + bq2b}2L,1P<p)P(Q)]

21-cm signal

FAPESP 2018/10396-2

6T (z) = T (2)0n(x) = Th(2) |br1(2)d(x) + bh‘22(z>52(:1:)

br(z) = 1.307 (0.66655 + 0.17765 2 + 0.050223 2?)

Th(z) = (0.055919 + 0.23242 z — 0.024136 2*) [mK]
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Bain(k, P, q) = Tj; (2)Se(pL, 41)Src (), q) X

Forecast specifications

[bg,lb}QLle(kapv q) + bg,lbh,lbh,QP(k)P(p) + bg,lbh,Qbh,lp(k)P(Q) T bq2b}2L,1P(p)P(Q)]

FAPESP 2018/10396-2

0T (k) =|3b(ki)

Single dish (SKA-like survey)

Sra (k) 6T (k)

CAROLINE GUANDALIN (c.m.guandalin@qgmul.ac.uk)
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Forecast specifications

Pry(k) = Koy Pu(k) + Nay 0ay

Bain(k, P, q) = Tj; (2)Se(pL, 41)Src (), q) X

[bg,lb}Q;,,lB(kapv q) + b_q,lbh.,lbh,QP(k)P(p) + bg,lbh,Qbh,lP(k)P(Q) T b(JQbi,lP(p)P(Q)]

Single dish (SKA-like survey)

(ST}(L)bS(k) = Sb(lxl) SF(;(.ZCH) (5Th(k3)
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https://arxiv.org/search/astro-ph?searchtype=author&query=Pourtsidou%2C+A
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https://arxiv.org/search/astro-ph?searchtype=author&query=Crittenden%2C+R

Forecast specifications

Pry(k) = Koy Pu(k) + Nay 0ay

thh(ka D, q) — Tﬁ(:)Sb(p_]_, q—L)SFG (p” ) q”) X

[bg_lb',zhlB(k,p, q) + by 1bn 16 2P(k)P(p) + by 1bp.2bn 1 P(K)P(q) + bg’gbiflP(p)P(q)]

Single dish (SKA-like survey)

FAPESP 2018/10396-2

(ST}(L)bS(k) = S}_,(lfl) SF(;(A?“) ()Th(k)
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N hh — Upix Vpix
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Av ttot Qpix i\/diShCS*’\/bL‘al}lS

Pourtsidou, Bacon & Crittenden [1610.04189]
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SKA1-MID: 133 dishes with 15 m in diameter.
While it is required Bands 1 and 2 to fully
observe the redshift range 0 < z < 3 [Santos et
al. 1501.03989], for simplicity we fixed Band 1
specifications: sky coverage of 20000 deg?
frequency resolution of 15.2 kHz, and
integration time of 10000 hours [SKASWG:
Bacon et al. 2019].
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Forecast specifications

Pry(k) = Koy Pu(k) + Nay 0ay

Bonn(k, P, q) = T;;(2)Sb(pL, 41)Sra(py, q1) %
[bg,lb}Q;,,lB(kapv q> =+ b_q,lbh’lbhjgp(k)P(p) 1 bg,lbhﬂgbhlP(k)P(Q) T b(JQbi,IP(p)P(Q)]

Interferometer (HIRAX-like survey)

FAPESP 2018/10396-2

0T3™ (k) = Spa(ky) 6Th (k)
AT faey X2 (2) (1 + 2) T2 O3 wam
H(2) tiot A21(2) Na(d = k1 x(2) A21(2)/27)
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e.g. Alonso et al. [1704.01941]
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Forecast specifications

Pry(k) = Koy Pu(k) + Nay 0ay

Bonn(k, P, q) = T;;(2)Sb(pL, 41)Sra(py, q1) %
[bg,lb}Q;,,lB(kapv q> =+ b_q,lbh’lbhjgp(k)P(p) 1 bg,lbhﬂgbhlP(k)P(Q) T b(JQbi,IP(p)P(Q)]

% Galaxy survey (LSST-like)
1
£ Ngg = — >
Ng sty (deg®) nsources Zmin  Zmax 20 @ B
g 13800 48 0.2 3 2 09 0.28
ng(2) = A2 exp | — <i>
<0
bg1(z) = 0.95 D7(2) e.g. Ballardini, Matthewson & Maartens [1906.04730]

’ ICTP
CAROLINE GUANDALIN (c.m.guandalin@qgmul.ac.uk) WORKSHOP ON CLASSICAL GRAVITY AND APPLICATIONS SAIFR


https://arxiv.org/search/astro-ph?searchtype=author&query=Ballardini%2C+M
https://arxiv.org/search/astro-ph?searchtype=author&query=Matthewson%2C+W+L
https://arxiv.org/search/astro-ph?searchtype=author&query=Maartens%2C+R

Horizon and primary-beam wedges
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Impact of horizon wedge
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