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Flavor-Space	Locked	Field	
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~Fµν = @µ
~Aν − @ν

~Aµ + g ~Aµ ×
~Aν

~Aµ = �(⌧)~eµ “flavor-space	locked”	

� ~Aµ · ~eν = a(⌧)yµν

δgµν = a2(τ)hµν gravitaIonal	wave	

gauge	field	wave	



E1 = φ0
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B1 = gφ2φ3

E2 = φ0
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,

B2 = gφ3φ1

A	gravitaIonal	wave:	

	stretches	X	=	enhances	E1,	B2	

	squeezes	Y	=	diminishes	B1,	E2	

	

E2	energy	is	in	phase	with	gravitaIonal	wave	

B2	energy	is	out	of	phase	

	

suggest	an	effecIve	mass:	m2=B2-E2	

A	rough	look	at	how	a	gravitaIonal	wave	

affects	the	FSL	field	



FSL	wave	introduces	a	(right)	handedness	

Enhanced	by	an	instability	in	equaIon	of	moIon	

A	rough	look	at	transverse	waves	in	the	

FSL	field	
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GravitaIonal	and	FSL	waves	propagate	jointly	

A	rough	look	at	high	frequency	waves	in	

the	FSL	field	

In	the	presence	of	the	background	FSL,	

the	normal	modes	of	propagaIon	are	

linear	combinaIons	of	h	and	δA	

(See	Gertsenshteyn	1961!)	



GravitaIonal	Wave	–	Gauge	Field	OscillaIons	

:	gravitaIonal	wave,	gauge	field	wave	N = 1



Generalize	to	SU(N)	

disjoint	SU(2)	subgroups	N ≤ N/2

or,	direct	product	of								SU(2)’s	N



GW-GF	OscillaIons	
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normal	modes	

GW-GF	oscillaIons	
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GW-GF	OscillaIons	

:	gravitaIonal	wave,	gauge	field	wave	N = 3



Scenario:	Dark	RadiaIon	

§  Dark	RadiaIon	
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•  Consider	effect	on	primordial	spectrum	

of	gravitaIonal	waves	

•  Extreme	parameter	regime:	g	=	H0/MP	

Bielefeld	&	RC	2014,	5	







Seto	2006		

Seto	&	Taruya	2007	

Crowder	et	al	2013	

Smith	&	RC	2016	

GravitaIonal	Wave	Spectrum	



Scenario:	Dark	Energy	

§  “Gauge	Quintessence”	

•  Consider	effect	on	primordial	spectrum	

of	gravitaIonal	waves	

•  Extreme	parameter	regime:	g	=	H0/MP	
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GW	“OpIcal	Depth”	

A	porIon	of	high	

frequency	GWs	

oscillate	into	GFs		



GW	“OpIcal	Depth”	

High	frequency	GWs	oscillate	into	GF	dark	energy	



Models	of	InflaIon	

Adshead	&	Wyman	2012;		

Maleknejad	&	Sheikh-Jabbari	2011;	

Dimastrogiovanni	&	Peloso	2013	

Chromo-Natural	InflaIon,	Gauge-FlaIon	
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Models	of	InflaIon	

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

Planck	2016	

BKP	2016	



New:	Toy	Model	of	InflaIon	

Devulder	&	RC	2017		
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New:	Toy	Model	of	InflaIon	

V	is	too	steep	to	inflate	(εV>>1),	but…	

Accelera3ng	Track:	coupling	flaqens	potenIal	

	

Veff = V −

χ

M
F eF

Parameters:	n,	m,	M,	g												Constraints:	Δς
2,	r(ns)	



New:	Toy	Model	of	InflaIon	



Chiral	GravitaIonal	Waves	

TB	

BB	

EB	

∆χ ' 0.9

Gluscevic		

&	Kamionkowski	2010	

This	model	predicts		



Chiral	GravitaIonal	Waves	

Lasky	et	al	2016;	

Smith	&	RC	2017;		

Chluba	et	al	2014	
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Leptogenesis	
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Eguchi,	Gilkey,	Hanson	(1980)	



Leptogenesis	

η ≡
nB

nγ
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η ' 6.1(±0.04)⇥ 10−10

Planck	2016	



Axion-Gauge	Field	Infla/on	

Viable	scalar,	tensor	spectra	

Unique	imprint:	chiral	asymmetric	SGWB	

Leptogenesis:	lower	bound	for	B	modes	



CMB	Signature*	

*	10-3<r<10-1,	absolute	polarizaIon	calibraIon	below	1o	



CMB	Signature*	
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*	Amplify,	Suppress,	or	Modulate	the	B-mode	spectrum	



Gauge	Quintessence	evoluIon:	

	compare	to	standard	EDE	

past,	future	radia3on	CMB-era	growth	

early	dark	energy	

to	acceleraIon	
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J	Bielefeld	&	RC	2015	

Gravita/onal	Birefringence	
A	polarizaIon	sensiIve	medium	

for	gravitaIonal	waves	


