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Background

What is the kSZ effect (Sunyaev and Zeldovich, 1980)

kSZ effect: The secondary anisotropy of the
CMB temperature caused by the scattering off
of CMB photons by free electrons with bulk
motions

The kSZ effect directly detects the momentum
of the free electrons in the universe. It helps us
constrain the Dark Energy, Modified Gravity
models and the universal baryon distribution.

. Ve(X) - h
0Tsz(h) = _TCMBUT/dE%ne(X)
= —’T‘TCMBVQ(X) -n

(1)
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Background

Main interest

Interest

e The kSZ signal produced by baryons in dark matter halos;
e The distribution of baryons in dark matter halos is studied by kSZ signals.

Current. Universe Composition

/ Dark Bnergy (635%) \ baryon
j” (Cosmological Constant?) |

m The term baryon represents normal matter formed
from odd quark antiquark combinations,
overwhelmingly protons and neutrons. Hence baryons
make up the nucleons of the periodic table and all that
that entails, including us, the Earth and the stars.

Figure: Universe composition in standard cos-
mological model.
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The Planck CMB map (http://www.esa.int/Planck) and The Data
Release 9 of DESI Legacy Imaging survey (Yang et al., 2021) (Yang
et al., 2022)

Planck map

0 number of groups. 51

N . , 6 ,
Figure: A full-sky intensity map, HFI 217 GHz, of the public Figure: Bafaeg"e sample: ~ 5.7 x 10° clusters with M >
Planck Release 3 data. 107°"Mg /h.

Reporter:  Shaohong Li Super SPA-SYSU October 27, 2023 7/29



The Data Release 9 of DESI Legacy Imaging survey (Yang et al., 2021)
(Yang et al., 2022)

Baseline sample: ~ 5.7 x 108 clusters with M > 10'3-9M¢, /h.
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Figure: The mass, redshift and angular radius distributions of the clusters.
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Methodology
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ATysz (AP filter) (Chen et al., 2022)

To suppress the large scale-noise, such as
primary CMB fluctuation, we apply aperture
(AP) filter on the Planck CMB map.

1, 0 < 0Oap
Wap(0) = —5— { —1.0ap <0 < V20ap
Al
v 0, 6 > V20,p
@

ATAE (6) = / 20" Wap (0 — 6') Tomap(6') ,

0.01 '/pix, 2000x2000 pix

®)
Actually, we apply the AP filter in the
spherical harmonic space: (-179.425,27.505)
2 Figure: AP filter, 0o p = 3’
Wap(¢) = mm (€0ap)—V2J1 (V200 5p)].
P

(4)
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Methodology
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Pairwise kSZ

The kSZ temperature:
0 Tysz(M) = —TTempVe(X) - 1 (5)
The pairwise kSZ:

Toksz(r) = (6Tjxsz(X + 1) — 6Tj xsz(X)), # 0.
(6)

By symmetry,
Tpksz(r) = TkaZ(r) COS@, (7)

where Tpisz(r) is the pair kKSZ when r is parallel to
the line of sight.
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Estimator of the pairwise kSZ power spectrum multipoles

The pairwise kSZ power spectrum multipoles:

O [ &t [ @ssemsnry k- ma)5T(s1)on(s2) — dn(s1)6T(sz).

A
(8)
Furthermore, we average the measured ’sﬁsz within each k bin:
A dQy - 1 .
Pisz (k) = F'Dﬁsz(k) =N > Pz 9)
mode j<k<hisy
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Theory model

The linear density-weighted pairwise kSZ power spectrum:

T T ) P (k
Pusathon) = (T2 ) iabito-+ 11t) 2 expl 2202 H. (10)

We expand Pygz in Legendre polynomials £,:

204+1 1
Ploa(k) = 25— [ duntulu)Pussathp). (1)
- — ppho-z
° e PR
— =1

N

=3

N

(=]

—ikPjgz(k) [K(Mpc/h)?] x 10*

0.05 0.10 0.15 0.20
k [h/Mpc]

Figure: Theoretical predictions of the pairwise kSZ multipoles.
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Survey window functions (Wilson et al., 2017; Beutler et al., 2017)

Dipole including window function effect:

Pls(h = —idn [ ds Lisks)elsh(o) (o) + 52(s)) . (12
1.0 R — NGC
X 6 A —— sGe
0.8 ’s\ \ —— masked dipole
2 ---- dipole
06 T NGC s 4
- — SGC 13
00.4 —— monopole _’5; 2
---- quadrupole ‘E‘;ﬁ
0.2 =
o
0.0 ==y 5 o/_,/—P
= —10
101 10° 10!  10*>  10%  10° g
s [Mpc/hl 0.05 0.10 0.15 0.20
k [h/Mpc]

Figure: Multipoles of survey window function for the base-

line sample, which are used to compute the Figure: Theoretical predictions of the pairwise kSZ dipole
masked pairwise kSZ power dipole. gure: P P pole.
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Pairwise kSZ dipole
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Figure: The pairwise kSZ dipole measurements of the baseline samples compared with the theoretical template (solid
line).
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7and S/Ns
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Figure: Left: The detection S/N profiles (blue line) of the baseline sample by adopting different AP filter radii (0 A p ),
and the black line is the null test. Right: The corresponding measured 7 profiles.
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Figure: Constraint on fgas and oy for the baseline sample.
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Other samples: different masses
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Figure: The results of cluster samples with different mass threshold values.
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7 — M relationship
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Figure: # — M relationship with 6 A p = 4.2 armin. Fitting model: log ¥ = ~(log M — 14) + log c.
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Other samples: different redshifts
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Figure: The samples shown on the previous page are further divided into two redshift bins.
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Appendix: Survey window functions (Wilson et al., 2017; Beutler et al.,
2017)

The masked kSZ power spectrum including the window function is described by
(Sugiyama et al., 2018):

Be _ ne 2: ety b \? e
Plsa(k) =4n(-i' e+ 1) [dssPiutke) Y- (00 ¢ ) 6ka(900uls)  (13)
040

and the window function multipoles characterizing the distortion of the survey geometry
are gived by

Qus) o 305 L AR(S, iz - )Lu(rz - 8)dn(s — [sial), (14

S1 S2

For the dipole, the expansion of eq. (13) can be linearly truncated as

Pleh) = —iar [ ds iy (k96isHE) (ul9) + £ 0x(9)) . (19
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Survey window functions (Wilson et al., 2017; Beutler et al., 2017)
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Figure: Multipoles of survey window function for the base-
line sample, which are used to compute the

Figure: Theoretical predictions of the pairwise kSZ dipole.
masked pairwise kSZ power dipole. 9 P P P
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Nonlinear model
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Figure: Nonlinear model.
Figure: Run memc.
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Theory model

The pairwise kSZ power spectrum:

% _ik-s;
Pisz(k) = <_N2 Z [ATi sz — ATjysz] e s’f> . (16)
ij
The LOS pairwise velocity power spectrum:
% N S0 ks
Pov (k) = <N?Z[V/'"i"i'"/]e '“”>- (17)
ij
We get
T -

Pisz (k) = ~2 Po(K), (18)

Theoretically,

aHf\ o
Pov(k) = | i—= | =Ps(k), 19
0 = (1250 2Ptk (19)
where Ps(k) is the galaxy power spectrum.
The galaxy power spectrum for photo-z:
Ps = (b + f1?)? P (K) exp[—k® 202 /H?]. (20)
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Covariance Matrix (The jackknife (JK) method) (Sugiyama et al., 2018)
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Figure: The correlation coefficient Cj; /(1/Cjs,/ Cjj) of Baseline sample.
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Past work

kSZ effect measurement - status

Current ~ 50
Credit: Sudeep Das
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Past work

x10%
2.5 { § WPR2+LOWZ 1
§ § WPR2+CMASS

& 2.0 —  best fit: TE=3.95x 10 []
é —  best fit: tE=1.25x10"°
= L5 i
;‘5 1.0
2 o0s
- = iy e R
i 0.0 } I

-0.5

0.02 0.04 0.06 0.08 0.10 0.12 0.14
k [hMpc!]

Figure 5. Pairwise kSZ power spectrum dipoles measured from the WPR2
CMB map (Section 2.1) with both the LOWZ (red symbols) and CMASS
(blue symbols) samples (Section 2.2) compared with the best-fitting models
(Section 3) including the window function correction (Section 5) (red and
blue solid lines). The kSZ temperature per each galaxy is estimated using the
AP filter with 5 arcmin (4 arcmin) aperture radius for the LOWZ (CMASS)
sample. The errorbars shown are derived from the 1o JK errors (Section 6).
Using the fitting range k = 0.015-0.135 s Mpc~" with 7 separation bins, we
find 7E = (3.95 + 1.62) x 10~ for LOWZ and 7E = (1.25 % 1.06) x 107
for CMASS, corresponding to S/N = 2.44 and 1.18, respectively.

SPA-SYSU

Appendix
000000e

MNRAS 475, 3764-3785 (2018)

October 27, 2023

29/29



	Background
	Data
	Methodology
	Results
	References
	Appendix

