
The Future 



Summary:	
Dark	Energy	and	
Cosmic	Fate	
Ωtot	=	1;	ΩΛ	=	0.7	

Trending:	
exp	[(Λ/3)1/2		t]	

Gravity			Dark	Energy	

Λ	≈	10-122	!	

Long-term	Cosmic	Outcomes		
What	do	you	expect?	

Before	long	mass	will	play	an	insignificant		
role	in	restraining	the	acceleraQon	of	space.	

Dark Energy  
Will Rule! 
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Adapted	from	O&M	Fig	7.2	

exp	[(Λ/3)½	t]	
“runaway”	

The	bigger	it	gets		
the	faster	it	grows	

Ωm	=	all	mass	

Gravity	won’t	maYer	
much	longer	

Gravity	now	plays	a	
minor	role		

ΛDM	

“baryons”	
	&	radiaQon	

^			present	

Long-term	Cosmic	Outcomes		

The	Universe	doubles	in	size	every	12	billion	yrs	

²  Darker,	colder,	and	less	dense		
²  ExisQng	gravitaQonally	bound	systems	will	persist		

(and	slowly	become	even	denser)		
²  High-mass	star	producQon	will	drop	off.	Supernova	

rate	will	go	down,	as	will	the	producQon	of	most	
heavy	elements.	

²  All	star	formaQon	ends	once	the	ISM	is	depleted	
² White	dwarfs	and	neutron	stars	will	eventually	

deplete	the	reservoir	of	interstellar	dust	and	gas.	
²  FricQon	results	in	the	Earth’s	orbital	death	spiral	

The Cosmic Future 
Short-Term Cosmic Forecast  

(< 100× present time) 



hYp://www.bbc.com/future/story/20140105-Qmeline-of-the-far-future	

106 to 108 y 



108 to 1010 y 

1011 to 1020 y 

1014 y	

1020 y 



•  Suppose	that	the	exponenQal	expansion	
(runaway	inflaQon)	of	space	and	Qme	
conQnues.			

•  Our	horizon	grows	at	the	speed	of	light.			
•  But	space-Qme	expands	even	faster!	

The	speed	of	distant	objects	increases	un=l,	
eventually,	their	apparent	speed	exceeds	c.		
These	objects	disappear	over	the	horizon	
and	are	never	observable	again.	

More:	hYps:/hYps://en.wikipedia.org/wiki/Future_of_an_expanding_universe	

The	Universe	doubles	in	size	every	12	billion	yrs	



•  The	CMB	is	no	longer	visible	in	50	billion	years	
•  Aher	150	billion	years	astronomy	(and	intergalacQc	

transportaQon	and	communicaQon)	beyond	the	Local	
Group	becomes	causally	impossible.	

²  The	“Cosmic	Sprawl”:	Accelera:on	of	the	Cosmic	
Expansion	(if	it	con:nues)	makes	everyplace	lonely	

²  100	trillion	(1014)	y:		All	ISM	depleted	
²  Star	forma:on	ends	
²  The	last	red	giant	becomes	a	white	dwarf	
²  Occasional	flares	as	brown	dwarfs	collide	
²  Galaxies	fade	as	their	white	dwarfs	cool	
²  All	chemical	and	nuclear	energy	depleted	

The Cosmic Future 
Medium-Term Cosmic Forecast  

( 104 × present time) 



²  1039	y:		white	dwarfs	die	from	proton	decay	and	
neutron	stars	decay	from	neutron	beta	decay	

²  >	10100	y:	frigid	and	orderless	‘ULTRA-LOW-density	sea’	
of	photons	(sub	radio	energy)	electrons,	positrons.			

The Cosmic Future 
Ultimate Cosmic Forecast  

(>1010 × present time) 

The 2nd Law and local  
quantum effects rule!  

Frontiers of Cosmology Research 



²  1039	y:		white	dwarfs	die	from	proton	decay	and	
neutron	stars	decay	from	neutron	beta	decay	

²  >	10100	y:	frigid	and	orderless	(but	lumpy)	‘sea’	of	
sparse	photons	(sub	radio	energy)	electrons,	
positrons.			

The	2nd	Law	and	local	quantum	effects	rule!		

The Cosmic Future 
Ultimate Cosmic Forecast  

(>1010 × present time) 

Frontiers of Cosmology Research 
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