
Lluís		Mas	Ribas	

with Hennawi, Dijkstra, Davies, Trenti, Ouchi, Rix, Stern & Momose

Diffuse	Emission	as	a	Probe	of	Galaxy	
and	Reioniza;on	Physics	



Emission	from	the	Cool	CGM	



Origin of the Extended Halos10 Mas-Ribas, Dijkstra, Hennawi, Trenti, Momose & Ouchi

Fig. 6.— Flow chart and plots representing the e↵ect of the di↵erent radiative processes on the di↵use extended halos.
The left plot displays extended Ly↵ emission only in blue, indicative of significant scattering and/or cooling e↵ects. The
middle plot shows a larger extent for the H↵ emission than that of the continuum (red and green, respectively), implying
a contribution of fluorescence. The right plot shows extended emission for all cases, indicating the presence of star
formation beyond the central galaxy.

2014; Japelj et al. 2016, see also Dijkstra et al.
2016 and references therein), then we expect
gas in the CGM to fluoresce in response to
the enhanced local ionizing radiation field (see
Mas-Ribas & Dijkstra 2016). In this case, each
satellite galaxy is more extended in H↵ than
in the continuum. The resulting overall H↵
surface brightness profile should also be more
extended (middle plot in Figure 6 where the
red region presents a larger area than the green

one).

5. CONCLUSIONS

We have quantified the contribution of faint (satellite)
galaxies (MUV > �17) to spatially extended Ly↵ and
UV halos around star forming galaxies. We have ap-
plied the analytic formalism developed in Mas-Ribas &
Dijkstra (2016) to model the halos around Lyman Alpha
Emitters (LAEs) at z = 3.1, for several di↵erent satellite
clustering prescriptions. The predicted surface bright-
ness depends linearly on the product ✏̄sat

x

fx

esc bx, where x
refers to UV, H↵ and Ly↵. Here, ✏̄sat

x

denotes the inte-
grated emissivity of faint galaxies, which is directly linked
to the star formation rate density in these galaxies (see
§ 2.1), b

x

denotes the emission bias (see § 2.2.2), and fx

esc

denotes the escape fraction (see § 2.3). Our main results
are as follows:

• All our models give rise to spatially extended Ly↵
and UV halos at a level that is broadly consistent
with observations at 20 <⇠r <⇠40 pkpc from the cen-
ters of LAEs, for a reasonable choice of the product
✏̄sat
x

fx

esc bx. The flatness of the surface brightness pro-
files depends on the clustering prescription at small
scales (r <⇠100 pkpc). This result supports the notion
that faint satellite sources can explain the extended
emission, and constrains their presence in the halo of
more massive galaxies.

• For any fixed choice of satellite clustering, the ratio
between predicted and observed surface brightness at
20 <⇠r <⇠40 pkpc is higher for UV than for Ly↵. In
other words, any given model which we tune to per-
fectly reproduce the observed Ly↵ surface brightness
profile will overshoot the predicted UV surface bright-
ness profile (by a factor of up to ⇠ 3, depending on
the clustering model). We discussed in § 4.1 that this
implies that we need the average Ly↵ EW (rest-frame)
of satellite galaxies to lie around hEWi ⇠ 120 � 240
Å, the lower end of which is consistent with the ob-
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Epoch	of	Reioniza;on	
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Lya	Halos	at	z=5.7	



LMR et al. 2017 b

Ha	Halos	at	z~6	(JWST		~30	h)		



Emission	from	The	Warm	&	Hot	CGM	



Detec;on	of	Warm	and	Hot	Gas	

X-ray	observa;ons:			
	 	 	 				 	 	Not	sensi;ve	to	105	–	106	K	gas	
	 	 	 				 	 	Faint	à	large	halo	masses		
	 	 	 									 	 				à	stacking	mul;ple	observa;ons	
	 	 	 				 	 	Low	spa;al	resolu;on	
	 	 	 				 	 	Low	redshiZs	z	<	1	
	 	 	 				 	 	Contaminant	radia;on	sources	

	
Thermal	Sunyaev-Zel’dovich	(Inverse-Compton	sca^ering):	 		

	 	 	 				 	 	Faint	à	large	halo	masses		
	 	 	 									 	 				à	stacking	mul;ple	observa;ons	
	 	 	 	 	 	No	spa;al	resolu;on	
	 	 	 	 	 	Contaminant	thermal	radia;on	by	dust	
	 	 	 	 	 	Compton-y	parameter	à	pressure	à	n_e	T_e	
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Diffuse	Thomson-sca^ered	Hyper-luminous		
Quasar	Radia;on	
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Diffuse	Thomson-sca^ered	Hyper-luminous		
Quasar	Radia;on	
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Diffuse	Thomson-sca^ered	Hyper-luminous		
Quasar	Radia;on	
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RedshiZ	Independent	



Line	Broadening	
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Line	Broadening	
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Line	Broadening	
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Intrinsic	Quasar	Spectrum	

Mas-Ribas & Hennawi 2018 b



Broadening	vs	Impact	Parameter	
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JWST		IMAGING		4			FILTERS	
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GROUND			IFU					R~100	
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Te			constraints		

Mas-Ribas & Hennawi 2018 b

             JWST   4     FILTERS      GROUND   IFU   R~100

                     Log (T/To)                           Log (T/To)

  Uncertainty better than a factor of 3             Uncertainty better than 65%



Cool		CGM		

Halo	Star	Forma;on	

Reioniza;on	Sources	

Escape	of	Ionizing	Photons	

	

	

Warm/Hot		CGM		

Extended	emission	à							ne	
Line	broadening	à												Te	



CGM/IGM	in	Absorp;on	
	



OMG	
Origin			of				Metals				around				Galaxies		

	
	

			
			

with Miralda-Escudé, Pérez-Ràfols, Riemer-Sørensen, Hennawi, O’Meara, Webb & Murphy



OMG-I	

	

							~700			R>30,000		Quasar	spectra	UVES/HIRES									

Search	for		CIV,		SiIV,		NV		&		MgII		Doublets	
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OMG-I	

	
	
	
	
						
	

Use	them!	
freely	available	at				github.com/lluism				and/or	ask	me!	

Mas-Ribas et al. 2018 a

      C		IV																			Mg	II 	 	 				N	V 	 	 	 	Si	IV	
			~5,600 	 	 			~7,900 	 	 		~240	 	 					~2,200	



OMG	

High-res	Metal-doublet	Catalogs	on	github	(OMG	I)	

weak	CIV	-	Lya	forest	x-correla;on	(OMG	II)	

BOSS	doublets:	stacks	(OMG	III)	

	

	

BALs	

Everything	You	always	Wanted	to	Know		

but	Nobody	Analyzed	for	you	(coming	soon)		


