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SPIN DRAG IN A 
PERFECT FLUID 



¡  Understanding of transport of mass + spin in strongly 
interacting quantum fluids important for superconductivity to 
nuclear physics 
§  Also “spintronics” uses spin currents, so this research is useful 

¡ Mass flow has been observed to have extremely low viscosity, 
what about spin flow? 

MOTIVATION 



¡  Imagine: move the top plate to the right 
¡  If the fluid is viscous, the bottom plate  
   will feel a force to the right 
¡  How does this happen? 
¡  Top plate causes nearby atoms to  
   acquire an average velocity to the right 
¡  Atoms can move downwards to transmit force to the right 

through neighbouring sheets of atoms 
¡  If the atoms can move easily without colliding with each other 

(large mean free path), a large force is transmitted to the 
bottom plate. The viscosity is high. 

¡  Short mean free path => low viscosity 

COLLISIONS + VISCOSITY 



¡  low viscosity = small mean free path = high collision rate 
¡  Strongly interacting implies high collision rate/low viscosity 
¡  Cool atoms down, collision rates between two spins (fermions) 

are reduced due to Pauli blocking 
§  Viscosity should increase @ low T for fermions 

¡  But viscosity (of mass flow) is observed to decrease @ low T… 
§  Pairs of up + down spins form bosons, which collide @ enhanced rate 

¡ What if we remove pairing? Viscosity of individual spins in a 
strongly interacting system? 

COLLISIONS + VISCOSITY 



THE EXPERIMENT 



THE EXPERIMENT 



FIGURE 1 



SUPPLEMENTARY FIGURE 1 



¡  Spin drag coefficient, Γsd  

§  Rate of momentum transfer between opposite spin atoms 
§  (obviously related to collision rate) 

§  Classically (for high T), 

§  To extract G from data 
§  Fit exponential 

 

SPIN DRAG COEFFICIENT 
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Pauli blocking @ low T 



SPIN DIFFUSIVITY 

Spin diffusivity 
 

Spin current 
 

Trap averaged velocity 
 

Gradient of spin density 
 

@ high T, on resonance 
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SUPPLEMENTARY FIGURE 2 

They claim that the observation of an increase in diffusivity and decrease in drag 
for positive scattering length means that there is no ferromagnetic state in 
repulsive Fermi gases (apparently, diffusion should stop entirely). 



¡ Spin susceptibility describes the spin response to an 
infinitesimal magnetic field or chemical potential 
difference between spins 
§ CMP people care because this quantity can discriminate 

between different states of matter 

SPIN SUSCEPTIBILITY 



¡  In a magnetic field gradient, particles with opposite spin are 
forced apart at a rate determined my the spin conductivity 
§  Assume standard relation: 

¡  Diffusion acts to recombine spins 

¡  Combining it all together: 

SPIN SUSCEPTIBILITY 



In  c lass ical  
reg ime of  
uncorre lated 
spins ,  
suscept ib i l i ty  
equals  
(normal ized)  
compress ib i l i ty  
 
I f  pai rs  were 
formed @ low T,  
there  would be 
a  sharp 
decrease in  X S  
–  no ev idence 
of  a  gap down 
to  0 .2T F  

FIGURE 4 



¡  Two dilute (but strongly interacting) gases bounce off each 
other 

¡  Studied spin transport in strongly interacting Fermi gases 
§ Measured the spin drag coefficient, spin diffusivity, and spin 

susceptibility 

¡  Spin dif fusivity approached a limiting value, “establishing the 
quantum limit of dif fusion for strongly interacting Fermi 
gases” 
§  Claimed as evidence against ferromagnetism 

CONCLUSION 


