Probing the Baryon Content of BOSS DR15 Galaxies
with ACTPol and the SZ Effects
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The Sunyaev-Zel'dovich Effects [Erm— 2
] clustering RSD + kSZ yd

e kSZ effect probes peculiar velocities ~ [(AT/T)ksz = —Tg vr| ] clustering + kSZ J/
e Constrain neutrino mass sum, o, f, dark energy, 1 DESI x CMB-S4 /./'/

models of modified gravity - yd
e tSZ effect: sensitive to integrated line-of-sight el yd

pressure profile, can break optical depth degeneracy S '
e Measure ionized gas profiles, constrain feedback L

mechanisms, trace baryons: Amodeo et al. 2020, 1 /

arXiv:2009.05558, Schaan et al. 2020, {®

arXiv:2009.05557
e Pairwise correlation statistic: temperature differences 10729
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Data

e ACT+Planck coadded maps 150, f090 (Naess et al. 2020, arXiv:2007.07290)
e |LC Boss-N, D56 Compton-y, CMB+kSZ maps (Madhavacheril et al. 2019, arXiv:1911.05717)
e Selected BOSS-SDSS DR15 galaxies, three disjoint luminosity bins for joint SZ analysis
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e Aperture photometry on source-centered submaps £ -~ ==
w/2.1’ radius aperture 5 |
e Beam correction for f090, ILC maps g is : _ -
e Stack in luminosity bins for tSZ measurement w/JK & g ooagms _cage . .
e Pairwise estimator with temperature signal pairs for T emn e aemn N

kSZ measurement w/bootstr ap Vavagiakis, Gallardo, Calafut, Amodeo et. al., arXiv:2101.08373
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Cosmic Microwave
Background photons

ATkSZ,’L 0.¢ _pl . r’L Hot electron cloud

Ring radius = sqrt(2)*2.1’

e Pairwise estimator: statistical %
detection Over a” pairs of Hot electron cloud

. . _— AT
galaxies sharing similar 4 /
separation Compare temperature
P / signal pairs...

... and weight them
ZATi]'Cl‘j .
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Pairwise kSZ Results

e 5.4 sigma detection 0.1
e Fits to model yield - 00 | o
. . X Tt
estimate of optical depth 2-01
e Consistent across maps .£&_,,
e For more details see . DR5 f150 L43
Patricio Gallardo’s T
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tSZ results

e Average Compton-y in 2.1’ aperture from tSZ stacking results
e Herschel data used for dust contamination correction (Amodeo et al. 2020, arXiv:2009.05558),
e Measurements consistent across frequencies and maps
e Higher S/N (up to 12 sigma) in higher L bins as expected
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Optical depth comparisons

e Compton-y results used to estimate optical depths from hydrodynamical sim
model (Battaglia 2017, 1607.02442)

e “Theoretical tau” estimated for case in which baryons trace dark matter

e KkSZ and tSZ results agree within 10 in 2 bins, differ at 2-3c in highest S/N bin
e Estimates from the SZ effects account for 4 to all of the theoretically predicted
baryon content

2.00
1.75
1.50
1.25
4w’ 1.00
0.75
0.50
0.25
0.00

¢ DR5f150, tSZ
DR5 f090, tSZ
¢ DR4ILC, tSZ

244

® DR5 150, kSZ
DR5 f090, kSZ
® DR4ILC, kSZ

L79 L61D

L43D

Full Sample (L43)

Vavagiakis, Gallardo, Calafut, Amodeo et. al., arXiv:2101.08373

Energetic

electron ) CcMB

photon

/

Hot plasma

) Comptonized
photon

T. Mroczkowski
arXiv:1811.02310

5 T TTT
107 = AGN feedback —
: Radiative cooling + SF :
~ Non — radiative -1
e
2 - -
~
103 —
[ L1111l 1 L1 11111l .
10° 10
/ggi_ T T rrr] T T T T TTTT] ]
< 0.2} ; -
/g 0.0 &
~ 02 |c||:|||:IA 1 L1 1 1111l ]
-0 4
<1-0.4 10 107
<y>@ 7

Battaglia arXiv:1607.02442



Optical depth comparisons

electron

~ oMB
photon

e Step towards empirical y-tau relationship from tSZ and kSZ measurements —K

e Results are consistent with the hydrodynamical sim model in two bins, while *
the kSZ results in the highest L bin fall below the model line Ya

e Promising approach for estimating the mean pairwise velocity from pairwise Hot plasra
momentum measurements
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Review

e 5.40 measurement of pairwise kSZ in ACT+Planck data with
SDSS DR15 (arXiv:2101.08374)

e Check models with empirical y-tau relationship from tSZ and
kSZ measurements (arXiv:2101.08373)

e Step towards extracting mean pairwise velocity from pairwise
momentum measurements

e Complementary kSZ and tSZ analysis from ACT with different
methodology: Amodeo et al. 2020, arXiv:2009.05558, Schaan
et al. 2020, arXiv:2009.05557

e Higher S/N with improved data: constrain 3 m , o, f, dark
energy, models of modified gravity

e Learn about baryon distribution, evolution of galaxies C M B S4
=
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The Sunyaev-Zel'dovich Effects

B : - ’.’A

e Thermal SZ effect — 52 ;
. 20 — kSZ/10! it
(tS2): AT « integrated rSZ
B - - total SZ
electron pressure W[ spatial noise
2 . [| — spectral noise
e Kinematic SZ effect el moioe

S/mly

(kS2): AT « line of sight
momentum

Both SZ effects O€ halo optical depth (1) |

-15

102 10
v/GHz  Mittal et al. (2017)



Motivation: Missing baryons

Observations suggest gas in halos contains fewer baryons than expected

Thought to be hiding in the diffuse WHIM

tSZ effect is sensitive to spatial distribution of ionized gas and baryon content

Compare optical depth estimates from SZ effects with theoretically predicted baryon content
Amodeo et al. 2020, arXiv:2009.05558, Schaan et al. 2020, arXiv:2009.05557
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Context: Improvements upon 2017 work
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2k R B B (] SDSS DR15 Catalog
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e 5 cumulative, 5 disjoint luminosity bins B0a
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L43" L > 4.30 M > 0.52 2.21 343647 7.4 0.49190551 7.4 0.50
L61* L>6.10 M > 1.00 2.61 213070 8.7 0.51|118852 8.7 0.51
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Cosmic Microwave
Background photons

Pairwise kinematic SZ sn e S /“

\
Vij
Hot electron cloud

/Compare SZ decrement pairs...

Doppler shift of scattered CMB light on  pu(r,2) = f@fwr, z)
electron cloud gas.

Statistical detection, maximum likelihood
estimator over all pairs of galaxies sharing

similar separation.
> i< (0T — 6Tj)cyj

p(r) = — 2
Zi<j Cij P ZATU'CU
est 2 ... and weight them
. Py ri —1;)(1 + cosa Zey; :
cij = fij - —5— = ( - '72( ) TN according the vector nature
< 2\/ ri + 15 — 2rirjcosa of pairs of velocity

The sum is on i< projections

This means algorithmic complexity of O(n*2) -> computational challenge.

Complementary to other kSZ statistics: 1810.13423
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TV (1, 2)
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Aperture Photometry
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Null tests

Simulation based covariance
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L43 -> lum > 4.3e10 Lsun
L61 -> lum > 6.1e10 Lsun

The pairwise correlation L79 -> lum > 7.9e10 Lsun
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Pairwise kSZ Fitted T
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tSZ results

e Measurements consistent across frequencies
e Herschel data used for dust contamination correction (Amodeo et al. 2020, arXiv:2009.05558),

core-excised approach explored
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