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New:	Toy	Model	of	Infla<on	

Devulder	&	RC	2017		
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Also,	see:	Dimastrogiovanni,	Fasiello,	Fujita	2017;	
Adshead,	Mar<nec,	Sfakianakis,	Wyman	2016;	
Maleknejad	2016;	Agrawal,	Fujita,	Komatsu	2017	

SU(2)	vev	assists	infla<on,	and	leaves	a	dis<nct	imprint	on	spectra	
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New:	Toy	Model	of	Infla<on	

Scalar	Fluctua<ons:	δχ, δΑ 
three	dynamical	modes,	three	constraints	

Extra:	generaliza<on	from	SU(2)	to	SU(N)	

Tensor	modes:	h,	δΑ
	four	dynamical	modes	(2L,	2R)	

Dominant	mode	sound	speed:		c2s = 1� 2/�

Dispersion:	 !2
LR = k2 ⌥ �kH



New:	Toy	Model	of	Infla<on	

“accelera(ng	track”	picture	

red	curvature	perturba<ons	

blue,	chiral	gravita<onal	waves	



New:	Toy	Model	of	Infla<on	

expected	
CMB-S3	
sensi<vity	

Red	curves:	family	of	poten<al	models	(n)	
Loca<on	along	curve:	vary	func(m,	M,	g)	with	fixed	Δζ, 		

ns = 0.9667± 0.0040 (1�)
r < 0.07 (95%C.L.)

Planck	2016	
BKP	2016	Constraints:	



New:	Toy	Model	of	Infla<on	

•  Model	does	not	obey	standard	slow	roll	rela<ons	

•  Scalar	spectrum	amplitude	fixes	Hend,	N-efolds	

•  Gauge	field	dominates	at	end	of	infla<on:		w=1/3	

|�A| ⌧ A

⌦GW ,⌦�A ⌧ 1

•  Perturba<ons	under	control:	

•  No	instability	backreac<on:	



Chiral	Gravita<onal	Waves	

TB	
BB	
EB	

�� ' 0.9

adapted	from		
Gluscevic	&	Kamionkowski	2010	

This	model	predicts		

An	addi7onal,	unique	observable!	

�� = (PL � PR)/(PL + PR)

r0.05 = 0.035

other	probes:	
Jeong	et	al	2012,	Masui	et	al	2017	



Chiral	Gravita<onal	Waves	

1o	
0.3o	
0.1o	

Contamina<on	from	TE	
due	to	uncertainty	in	
absolute	polariza<on		

TB	

See	Thorne	et	al,	2017;	
Shiraishi	et	al,	2016.	

BB	Lensing	
BB	

Noise*		

TB	

*	Instrument	noise,	
residual	foregrounds	



	
Is	the	curl	pacern	correlated		

with	hot	or	cold	spots?		
	

If	so,	then	the	gravita<onal	waves		
have	a	preferred	handedness.	

	
	



Chiral	Gravita<onal	Waves	

2

Lasky	et	al	2016	
RC	&	Devulder	2017	
In	prepara<on:	Smith	&	RC	2017	

L	
R	



Leptogenesis	

Kimura	1969	
Delbourgo	&	Salam	1972	
Eguchi	&	Freund	1976	
Alvarez-Gaume	&	Wicen	1984	
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Leptogenesis	

leptons	created,		
with	asymmetry	

N`ep = NR�L

24(16⇡2)

R
d

4
x

p
�gR

e
R

Standard	Model	par<cles;	
chiral	biased	par<cle	produc<on	

Create	the	ma5er-an(ma5er	asymmetry	
from	chiral	gravita(onal	waves	

+	Rehea<ng:	Adshead,	Long,	Sfakianakis	2017	
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Gravita<onal	Leptogenesis:	Alexander,	Peskin,	Sheikh-Jabbari	2006	



Leptogenesis	

Sakharov	Condi<ons	

•  Viola<on	of	baryon	number	
•  CP	viola<on	
•  Out	of	equilibrium	

…	sa<sfied	

•  Lepton	number	violated	
•  Inflaton/gauge	field	are	parity-odd	
•  Infla<on	is	far	out	of	equilibrium	



Leptogenesis	
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Planck	2016	

Convert	to	baryon	asymmetry	
by	SM	electroweak	processes	

CMB-S3	(3σ)	

An	observable	within	reach!	

Klebnikov	&	Shaposhnikov	1988	

ns = 0.9667± 0.0040 (1�)
r < 0.07 (95%C.L.)

Planck	2016	
BKP	2016	



Leptogenesis	
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Planck	2016	

Convert	to	baryon	asymmetry	
by	SM	electroweak	processes	

CMB-S3	(3σ)	

An	observable	within	reach!	

Klebnikov	&	Shaposhnikov	1988	



	
Baryogenesis:	Chiral	gravita<onal	waves	create	
lepton	asymmetry	via	gravita<onal	anomaly	

	
To	match	the	observed	baryon	asymmetry,		
require	tensor-to-scalar	ra<o	r	~	0.03-0.04	

	
Claim:	If	rehea<ng	thermaliza<on	is	delayed,		

more	par<cle	species	added,	or	asymmetry	erased,		
then	larger	r	required	to	match	η

	
	



Viable	scalar	spectrum,	Observable	tensor	spectrum	

Unique	imprint:	circular	polarized	GW	background	

Leptogenesis	implies	a	lower	bound	for	B	modes	

	

Measurement	of	TB/EB	is	an	important	goal!	


