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gravita'onal	waves	astronomy 		
•  Advantage	
Connec'on	with	High	Energy	Physics	–	the	best	
laboratory	to	test	the	energy	scales	EVEN	near	the	Planck	
scale	

	

•  Disadvantage		
Direct	detec'on		
is	complicated	





LISA	sensi'vity	&	electroweak	scale	physics	

hWps://www.lisamission.org/mul'media/image/
lisa-sensi'vity	

Credit:	LISA	Consor'um	 •  LISA’s	peak	sensi2vity	
corresponds	to	~	1/10	of	
Hubble	horizon	at	1	TeV	
energy	scale	

•  Hubble	frequency		
	f0=10-4Hz	(T/1Tev)	

Large	Hadron	Collider	(LHC)	vs relic	gravita2onal	waves:		
Detec2ng	New	Physics?		 



relic	gravita'onal	waves	signal	-	LISA	

•  The	very	early	universe	
– Phase	transi'ons	
– Turbulence	
– Seed	magne'c	fields	
– MHD	turbulence	
	

	



relic	gravita'onal	waves	
	from	phase	transi'ons	
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turbulence	vs.	gravita'onal	waves		
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“Van	Gogh's	
Turbulent	
Mind	
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and	Culture,	
2015	
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sound	waves	from	turbulence	

Aeroacous'c:		
Sound	waves	genera'on	
by	turbulence	

Lighthill,	1952	
Proudman	1952		



aeroacous'c	approxima'on	

Gogoberidze,	Kahniashvili,	Kosowsky	2007	

Parameters:	
τT	turbulence	las'ng	'me	
k0	s'rring	scale	
M	=	v0/c	-	Mach	number	
R3/4=kd/k0	-	Reynolds	number	



numerical	simula'ons	
•  To	account	properly	non-

linear	processes	(MHD)	
•  Not	be	limited	by	the	short	

dura'on	of	the	phase	
transi'ons			

•  Two	stages	turbulence	
decay	
–  Forced	turbulence	
–  Free	decay		

•  The	source	is	present	'll	
recombina'on	(aier	the	
field	is	frozen	in)	

•  Results	–	strongly	ini'al	
condi'ons	dependent	

Grishchuk	1974	



why	primordial	MHD	turbulence?	

•  Observa'ons	–	lower	
limits	of	extragalac'c	
magne'c	fields	in	voids	

Neronov	&	Vovk	2010	

Vovk’s	courtesy	2018	



primordial	or	astrophysical	origin?	



F.	Hoyle	in	Proc.	“La	structure	et		
l’evolu-on	de	l’Universe”	(1958)	 	 		

!  inflation 
!  phase transitions 
!  supersymmetry 
!  string cosmology 
!  topological defects 

magnetogenesis	



MHD	turbulence	

•  Cosmic	magne'c	field	
origin	–	genera'on	in	
the	early	universe	

•  Primordial	magne'c	
fields	–	effects	on	phase	
transi'on	physics	

•  Genera'on	of	
turbulence	

•  MHD	turbulence	decay	
Brandenburg,	Kahniashvili,	
Tevzadze,	2015	

PENCIL	CODE	3D	compressible	MHD	



classes	of	turbulence		

Brandenburg & Kahniashvili 2017 



Brandenburg,		et	al.	2017		



gravita'onal	waves		from	turbulence	

Acous'c	turbulence	 Vor'cal	turbulence	



gravita'onal	waves:	results	

Roper	Pol	et	al.	2019,	2020	







conclusions	
•  Primordial	turbulence	is	poten'ally	detectable	by	LISA	
•  Primordial	magne'c	fields	can	serve	as	seeds	for	the	
observed	cosmic	magne'c	fields.	

•  Presence	of	primordial	magne'c	field	makes	the	signal	
substan'ally	stronger	and	allows	it	to	spread	over	a	
wide	range	of	frequencies.	

•  LISA	mission	offers	a	possibility	to	understand	the	
physics	of	phase	transi'ons	(and	possibly	
baryogenesis)	

•  Parity	viola'ng	sources	produce	circularly	polarized	
gravita'onal	waves,	and	the	polariza'on	degree	might	
be	around	100%	(for	fully	helical	sources).		




