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Baryon	fracLon	from	BBN	
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Fields et al. 2014 !
(arXiv:1412.1408)!
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Baryon	fracLon	from	the	CMB	
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Planck 2015 results. XIII!
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Baryon	fracLon	at	late-Lme	Universe	
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 Lim et al. arXiv:1710.06856!

 McGaugh et al. 2010 ApJ,708L,14M!
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Shull et al. 2012, ApJ, 759, 23S!

1.  Diffuse: T<10^5 K, Lyman alpha absorber 

2.  Condensed: T<10^5 K, stars and cool gas 

3.  Hot: T>10^7 K, gas in clusters and groups 

4.  Warm-Hot: 10^5<T<10^7 K, WHIM 
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Springel et al. (2005) !

Void!

Cluster!

Filament!

• Colberg et al. 2005MNRAS359.272C!
• Clampitt et al. 2016MNRAS.457.2391C!
• Epps & Hudson 2017MNRAS.468.2605E!
• He et al. 2018NatAs.2.401H!



Thermal	Sunyaev-Zel'dovich	effect	
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Figure adapted from Carlstrom et al. 2002!

CMB photons!
scattered by free electrons!

         photon energy shifted !

(Courtesy of Marian Douspis)!
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filaments	and	galaxy	pairs	
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Planck SZ y-map (Planck 2015 results. XXII)!
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1 million pairs with:!
•  6 < transverse separation < 15 Mpc/h!
•  LOS separation < 5 Mpc/h!
•  0.4 < z< 0.7!
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SZ	filaments	between	galaxies	

9	

!
!

!
!
!
!
!
!
!
!

!
!
!
!
!
!
!
!

Data            -             Model            =         Residual !

Detected fSZ ilament signal:"
Y.	Cai	 (Significance may change in a later revision)!
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Detected SZ filament signal:"

Vertical profile Horizontal profile 

Vertical residual Horizontal residual 

Y.	Cai	 (Significance may change in a later revision)!





What	does	the	signal	mean?	

•  I.	Diffuse	gas	or	lump	structure	
•  II.	CIB	contaminaLon	
•  III.	Density-temperature	degeneraLon	

Y.	Cai	
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I.	Diffuse	gas	or	lumpy	structure?	

Simulated y Residual 

Ingredients for simulation!
1. DM halo from N-body simulation;   2. Y-M relation!
3. Number of galaxies per halo: HOD!Y.	Cai	
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II.	CIB	contaminaLon	
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III.	Breaking	degeneracy	with	lensing		

Estimated matter density for the filament: "

Data         -           Model         =        Residual !

Y.	Cai	
(Errorbars may change in a later revision)!



16	

Estimated matter density for the filament: "
"
Gas temperature:  "
"
Account for 11% of baryons"
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Where	are	the	baryons	

Y.	Cai	 See also Nicastro  et al. 2018!

(Errorbar may change !
in a later revision)!



Summary	

•  DetecLon	of	SZ	and	lensing	signal	between	galaxies	
•  Lumpy	haloes	may	contribute	up	to	20%	
•  CIB	contribuLon	is	negligible	
•  Filament	gas	temperature	is	~10^6	K	
•  Approximately	11%	of	baryons	found	

Y.	Cai	


