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HFLS3	(z=6.34)	
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ProperCes	of	HFLS3	

Riechers	et	al.	(2013)	

Mdust	=	1.3	x	109	M¤	
Mgas	=	1011	M¤		
	
Tkin	~	140	K		
log10(n(H2))=3.8	cm-3	

	
Mdyn	=	2.7	x	1011	M¤	
Fgas	=	Mgas/Mdyn	~	40%		
	
SFR	=	2900	M¤	yr-1	
tdepl	=	36	Myr	
	
	
			

Tdust	~	63	K	
LIR	=	2.86	x	1013	L¤ 
	

Extreme	star	formaUon	rate	surface	density	of	ΣSFR	~	600	M	yr-1	kpc-2	over	a	1.3-kpc-radius	region,	
consistent	with		near-Eddington	limited	star	formaUon	

Keck	2.2	μm	 Keck	2.2	μm	

Size	in	[CII]	~	2.6	x	2.4	kpc		
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Combined	effect	of	CMB	absorpCon	and	starburst	radiaCon	field	on	
the	strength	of	the	H2O(110-101)	absorpCon	line	in	HFLS3	

Tdust	=	63	K	

AbsorpCon	



ConCnuum	and	H2O	absorpCon	in	HFLS3	

Resolved	Compact	nuclear	region	



Model	grid	for	the	predicted	line-absorpCon	strength	for	the	
TCMB		at	z=6.34	(grey	scale)	as	a	funcCon	of	H2O	column	
density	and	radius	of	the	dust-emission	region	at	108	μm.	
The	white	curves	show	the	parameter	space	allowed	by	the	
measurements	(including	1σ	uncertainty	region).	The	dashed	
black	lines	show	the	measured	conCnuum	size	(le8)	and	1σ	
r.m.s	uncertainty	region.	The	overlapping	region	between	the	
white	boundary	(minimum	allowed	absorpCon	strength)	and	
the	size	measurement	(minimum	required	emiing	area)	is	
the	allowed	parameter	space	for	the	absorpCon	strength	
within	1σ	r.m.s.	

Constraints	on	TCMB	for	the	observed	absorpCon	
strength	at	the	minimum	size	compaCble	with	the	
observaCons	(red/blue	shaded	regions	are	the	
allowed	ranges	within	the	sources	radius	+1σ/+2σ	
r.m.s.).	The	minimum	filling	factor	of	the	dust	
emission	region	(CFmin)	is	indicated	for	the	+1σ	and	
2σ	r.m.s.	regions.	

RadiaCve	transfer	models	for	HFLS3	and	constraints	on	the	CMB	temperature	



z	>	4.5	

HFLS3	

Observability	of	the	H2O	absorpCon	as	a	funcCon	of	z	for	three	soluCons	allowed	by	the	data	without	
and	with	collisional	excitaCon.	The	effect	becomes	observable	at	z~4.5	and	remains	visible	at	similar	
strength	to	z	>	12.	The	lower	redshi8	limit	is	higher	in	cases	where	the	collisional	excitaCon	is	important	
but	the	impact	is	minor	below	n(H2)=105	cm-3.		

Observability	of	the	H2O	absorpCon	as	a	funcCon	of	redshi8		



TCMB	(z=6.34)	=	20.0	K 		
	 	 	 	 	16.4	K	<	TCMB	(z=6.34)	<	30.2	K	
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TCMB(z=0)=2.72548±0.00057	K		
	
ΛCDM			TCMB(z)	=	TCMB(z=0)*(1+z)(1-β)	
	

	 		

References:	Sunyaev	&	Zel’dovich	(1980);	Hurier	et	al.	(2014);	Saro	et	al.	(2014);	de	MarCno	et	al.	(2015);		
Songaila	et	al.	(1994);	Srianand,	PeCtjean	&	Ledoux	(2000);	Noterdaeme	et	al.	(2011,	2017);	Klimenko	et	
al.	(2020);	Molaro	et	al.	(2022)		

β	=	3.4+8.1-7.3	x	10-3	



Conclusions 
Ø  The H2O absorption against the CMB at z=6.34 provides the most direct constraint on 

TCMB currently available at z>4.5. 
Ø  The existence of this effect on its own directly implies that the CMB at z>4.5 is warmer 

than at low redshifts because TCMB must be sufficiently high to notably excite the H2O 
101 level, which lies 26.7 K above ground, as a basis for the observed decrement due to 
the de-population of this level by the starburst radiation field. 

Ø  The combined fit to the available data is consistent with the redshift scaling expected 
from ΛCDM. 

Ø  The derived adiabatic index γ (between pressure and energy density) fits the standard 
value γ=4/3 expected in ΛCDM and the effective dark energy equation of state 
parameter (weff= -1.011+0.018

-0.017) is consistent with the w=-1 expectation for a dark 
energy that does not evolve with time 

Ø  Observations of the H2O(110-101) absorption towards other z>4.5 starburst galaxies are 
on-going with the goal to measure TCMB across cosmic time.  

 
 


