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100%	spin	polarizaIon	hypotheIcal	at	T=0	K		
		

half-metals	



•	transiIon	metals	with	fully	polarized	d-like	
bands:	hybridizaIon	with	oxygen	2p,	the	4s	are	
shiYed	above	the	Fermi	level		
	
100%	polarized	material	can	be	formed		
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100%	polarized	material	can	be	formed		

“half-metallic	ferromagnet”	

•	several	physical	interacIons	
	spin,	charge,	la&ce,	and/or	orbital	
	are	simultaneously	acIve	
	(colossal	magnetoresistance,		
	high-temperature	superconductors…)		

	
•	applicaIons:	
oxide-based	electronics	
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we	propose	a	new	method	(applied	here	to	Fe3O4)	:	
	
recognising	a	very	peculiar	fingerprint	of	the	HM's	bulk	band	structure		
on	the	sub-picosecond	dynamics	of	spin	polarisaIon	
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electron dynamics calculations : Fe3O4  

thermalizaIon	process:		
solving	numerically	the	Boltzmann	equaIon		
for	electron-electron	scafering	in	a	spin-dependent	density	of	states	
	
electrons	with	different	spins	can	scafer	with	each	other,		
total	spin	is	preserved	
	
spin-flip	scaferings	are	ignored	



Fe3O4		spin-resolved	DOS	computed		
from	first	principles		
	
SPR-KKR	package		
•	Green's	funcIon	formalism	within	the	
mulIple	scafering	theory	
•	Dirac	equaIon:	all	relaIvisIc	effects	

H.	Ebert,	D	K�ödderitzsch,	J	Minar	
Rep.	Prog.	Phys.	74,	096501	(2011)	
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spin	dynamics	is	resilient		
to	the	presence	of	metallic		
surfaces	
	
	



•	half-metals	

•	theoreIcal	model	

•	spin-	and	Ime-	resolved	ARPES	

•	conclusions	
	



Time-of-Flight	

LeY	
Detector	

Right	
Detector	

Pulsed	Photon	
Source	

Mof	
polarimeter	

Au(111)	
sample	

Mof	
gold	foil	

TOF experimental setup with spin detection  

Ti:saphire	laser	(Coherent)	
photon	pulses	with	a	repeIIon	rate	of	250	kHz,	Δt	=	150	fs	

pump-probe	experiments	
	
P(800	nm)	=	70	mW		(0.7	mJ/cm2)	
P(266	nm)	=			3	mW	

	C.	CACHO	Rev.Sci.Instrum.	80,	043904	(2009)	



spin polarisation dynamics 

Spin-resolved	EDC	
	
	
	
	
	
	
	
	
	
	
Varia3on	of	the	spin	polarisa3on	with	the	pump-
probe	3me	delay.	

	
• 	reducIon	of	the	spin	polarizaIon	above	EF,		
no	variaIon	at	higher	binding	energy	

• 	no	sign	of	demagneIzaIon	is	observed,	
Fermi	 spin	 variaIon	 is	 afributed	 to	 the	 electron	
dynamics.	

Ephoton	=	4.65	eV	

Delay	=	-400	fs	to	1	ps	
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spin polarisation dynamics 

Spin	polarisaIon	

τ	=	552	±	90	fs	



Conclusions	

			

new	approach	allowing	to	test	half-metallicity	
	
	
•	very	peculiar	fingerprint	of	the	HM's	bulk	band	structure	on	the		
sub-picosecond	dynamics	of	spin	polarisaIon	
	

		
•	spin	dynamics	is	resilient	to	the	presence	of	metallic	surfaces	and	interfaces	
	
	


