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hot gas constrains galaxy model

* when dark matter halo forms,
baryons (cold gas) also falls into the potential.
- ‘belief’: baryon fraction = cosmic mean fraction..
- meanwhile, virial-shock heats cold gas to form hot gas halo

* If nothing further happens, all baryons will be found in hot gas..
- reality, however: cooling, SF, feedbacks...

=> Thus, hot gas can constrain galaxy models



Is the hot gas where missing baryons are »

Cosmic Baryon / Dark Matter Ratio

T

Galaxies Clusters Universe




CMB spectrum traces hot gas
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Sunyaev-Zel’dovich effect (SZE): hot

electrons scatter CMB photons off 50 100 200 500
Frequency (GHz)




there are two types of SZE

* thermal SZ effect (tSZE: due to thermal motion of electrons)
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~ this talk is based on 4 papers:

Lim et al. (2017b) Galaxy groups in the low-redshift Universe

Lim et al. (2018a) Gas contents of galaxy groups from thermal
Sunyaev-Zeldovich effects

Lim et al. (2017¢) -The detection of missing baryons in Qala)_(_y
halos with kinetic Sunyaev-Zeldovich effect

Lim et dl. (2018b) Exploring the thermal energy contents of the

intergalactic medivm with the Sunyaev-
-Zeldovich effect




Gas in halos from SZE

(Lim et al. 2017b.c; 2018a)



halos are from all-sky group catalog of Lim+17b
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SZE can probe gas contents in halos

* Data
- Planck all-sky CMB map
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SZE can probe gas contents in halos

* flux extraction
1. matched filter:
- maximize S/N for given data
- fixed filter shape to determine
amplitude (shape: Arnaud+10 (1SZ)
beta-profile (kSZ)
2. simultaneous matching
. automatically accounts for

contamination along line-of-sight
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$SZ result don’t follow self-similar case

3R, (errorbar = variance among groups)

subsamples

Le Brun+4+ (ACNE.O; B.9)
- van de Voort+
UPP (A10)




kSZ result indicate no missing baryon

all groups (errorbar = scatter among groups)
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Combining tSZ & kSZ, baryons are there,
but at low temperature
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But, how robust against methods»

* Different methods

- apel"'l'Ul"e phOfomE'l'l"Y VS. matChed 'ﬁl'l'el' & 3Rz (errorbar=variance among groups)
subsamples
- how to identify halos - Le Brun+ (AGNG.0; 8.5)

van de Voort+
UPP (A10)

simultaneous vs. individual matching a4l @ Planck

different profiles adopted

resolutions of surveys

... led to different conclusions

- while visiting MPA,




Extension to gas outside halo

(Lim et al. 2018b)



Probing IGM with t1SZ and density field

* Pressure - density relation
1. SDSS volume into (1Mpc/h)"3 cells
2. density of cells reconstructed
using group catalog & halo profiles
3. assume power-law P-rho to assign P
4. smooth and integrate P to obtain y
5. seek for power-law that best-matches

observed y-map
= P - rho anywhere in the volume




IGM roughly follows adiabatic
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tidal field dependence is due to AGN feedback-?
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Summary

Gas in halos from SZE

: no missing baryon in halos but in low temperature

: signals from low-mass halos are yet method-sensitive

Gas in from halos to diffuse regions from tSZE
. pressure — density relation over three orders of magnitude
in density (roughly follows adiabatic EOS)
: regions of higher tidal field show higher thermal energy
possibly due to AGN feedback - can provide constraint



Supplements



tSZ results are robust for log Mh>13
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kSZ detections are at 4-5 sigma level

all groups
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Mock groups
Membership assignment

fc = Ntrue / Ntot

fi = Nnon-true / Ntot
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Table 3. A summary of group catalogs.

Catalog Total galaxies Total groups®  Total groups = Nz2 M, =104 Mg/h My = 1[]131'].:-: /h

with mass

Group census worr | a0 1o
2MRS(M) 43, 241 31, 752 19, 2 13,4013
2MBRS+(L) 44, 31,804 18, T8 13. 275
IMRS+(M) 44, 32,603 19, 307 13,093
GdFGS(L) s 46,676 L 11, 126 . ) 3, 019
GdFGS(M) . 47,176 , D0t 11,784 : , 7, 201
GdFGS4-(L) 3, 386 50, 51¢ , 48 14, 168 Lals 154 2. 030
6dFGS+(M) 3, 386 50 ¢ , 22 15,278 L , 2,450
SDS5(L) 586, 025 . 165, hak 112, 444 3, TaT 30, 5465
SDSS(M) 586, 025 . 71! 167, 638 105, 979 61,659 3,780 43, 820
SDES+(L) GO0, 458 4h3, 027 164, 6094 107, 66 KT 528 3. 712 30 464
SD5S5+(M) G600, 458 426, 166, Do9 101, 518 5,481 3, 760 43, 640
2dFGRS(L) 150, 967 , A0 62, 101 5,329 G0G 8, h2G
2dFGRE(M) 180, 967 45, L 36! 61, 3040 i, 056G G32 9. 116
2dFGRS+(L) 1589, 101 47, ThHY .. 59, 606 Lan5 634 B, b5:
2dFGRE+(M) 15849, 101 45, 58, Q040 , B4R G338 9. 099

Notos.
a This includez groups without halo mass assigned because halo mass is not complete at given redshift.
b The number of member galaxies in a group. This excludes groups without halo mass assipnment.




