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Why	infla2on?	



The	seeds	of	today’s	Universe	

•  Quantum	fluctua2on	generates	the	original	condi2on	of	the	
structure	of	the	universe.		



Search	for	new	par2cles	

•  If	there	are	new	fields	coupled	to	the	inflaton	field,	their	
informa2on	can	print	onto	the	CMB	and	the	LSS,	too.		
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Search	for	new	par2cles	

•  What	about	two-point	func2ons?	

– Very	well	measured.	
– Nonlinearity	is	needed.	

–  In	this	work,	we	are	going	to	generate	to	par2cles.	
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The	large	scale	structure	

Cosmic	2me	



Forma2on	of	galac2c	halos	

•  Galaxy	or	halo	forma2on	is	nonlinear.	

•  Threshold	model	
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Cosmic	bias	

•  Cosmological	bias	
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Why	this	is	interes2ng?	

•  Massless	scalar	field	

•  The	observables	relate	to	the	density	perturba2on						.	
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Growth	
func2on	

Transfer	func2on	

From	the	Poisson	
equa2on	

r2� = 4⇡G⇢
T (k) ! 1, k ! 0



Why	this	is	interes2ng?	
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Squeezed	4pt	spectrum	
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Squeezed	4pt	spectrum	

h��ik ⇠ 1

k3
, if it is massless.
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From	4pt	to	2pt		
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From	4pt	to	2pt		
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The	expected	signal	of	light	fields	
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Outline	

•  Brief	introduc2on	of	slow	roll	infla2on	
•  Tree-level	example	

•  One-loop	example			

•  Summary	and	outlook				



Slow	roll	model	
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Tree	level	example	

•  A	new	field	couples	to	the	inflaton	

Quasi-single field inflation: Xingang Chen, Yi Wang 0911.3380 
Cosmological collider physics: Nima Arkani-hamed, Juan Maldecena 
1503.08043 
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Quasi-single	field	infla2on	

•  Perturba2ons	

•  Mode	expansion	
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Quasi-single	field	infla2on	

•  Conformal	2me	

•  Equa2ons	of	mo2on	

⌘�1 0�1
Horizon	crossing	 Infla2on	ends	



Outside	horizon	evolu2on	

•  Outside	horizon	



Outside	horizon	evolu2on	

•  Outside	horizon	

•  Scale	invariance		
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Outside	horizon	evolu2on	
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Outside	of	horizon	

Dark	halo	 Dark	halo	
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Outside	horizon	effect	theory	

•  Any	correla2on	func2ons	of	π	on	the	IR	boundary	can	be	
calculated	in	this	way.	

•  4pt	at	the	squeezed	limit	
HA,	M.	McAneny,	A.	K.	Ridgway,	M.	B.	Wise	1711.02667	
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Forma2on	of	galac2c	halos	

•  Galaxy	or	halo	forma2on	is	nonlinear.	

•  Threshold	model	
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2pt	of	δg	with	light	s	

•  		
R:	size	of	galac2c	halo	b
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Light	par2cle	loop	
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Light	par2cle	loop	

• Massless	par2cle	in	flat	space	
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Light	par2cle	loop	

•  De	Siner	space	
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Light	par2cle	loop	
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Summary	

•  We	expect	a	sharp	rise	in	the	small	q	region	of	the	2pt	
correla2on	func2on	of	the	galac2c	halos	if	there	is	a	light	field	
coupled	to	the	inflaton	field.	

•  This	effect	can	be	from	both	tree	level	and	loop	level	
diagrams.	



Outlook	

•  This	calcula2on	will	be	useful	to	the	future	21cm	survey	and	
also	Lyman-alpha	survey.		

•  We	need	to	consider	the	cosmic	variance	effect.	



Outside	horizon	evolu2on	

•  Re-examine	the	free	Lagrangian	

•  Due	to	the	mass	term,	s	has	no	constant	component.	We	can	
integrate	out	pi	as	if	it	is	a	Lagrange	mul2plier.	

•  If																														this	is	a	good	approxima2on	even	for	the	
inside-horizon-evolu2on	of	s.				
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Outside	horizon	evolu2on	

•  		

•  		
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Outside	horizon	evolu2on	
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Outside	horizon	effect	theory	

•  Any	correla2on	func2ons	of	π	on	the	IR	boundary	can	be	
calculated	in	this	way.	

•  General	4pt	due	to	the	V’’’	interac2on		
HA,	M.	McAneny,	A.	K.	Ridgway,	M.	B.	Wise	1711.02667	



3pt	of	δg	with	light	σ	

•  		
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