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Spin dipole mode 
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SOC+Superconductivity   
Topological (Nonconventional) SC 

V.Mourik [L.Kouwenhoven] et al. Science’12 

S.Sasaki [Y.Ando] et al. PRL’12 

2 ↑𝑘↓−𝑘= 
(↑𝑘↓−𝑘+↑−𝑘↓𝑘)+(↑𝑘↓−𝑘-↑−𝑘↓𝑘) 

Y. Xu et al (unpublished) 

In (SC) on  
Bi2Te3 (TI) 

(InSb NWs+SC) 

Topological insulator (TI) 

(w/t eg. majorana excitations) 

(or “spinless fermion”) 

However, such “zero-bias anomaly” can be ambiguous 

Electronic SOC: BSO~vxEσ*p 



(spin-orbit BEC – I.Spielman/NIST) 
[also USTC, SXU, WSU, Purdue, ..] 

(spin-orbit fermi gas)  
[MIT, SXU, NIST, ..] 

Zwierlein 

See also reviews by: H. Zhai’11; Y. Li [Stringari] et al’14, J.Zhang’14 etc. 



|mF=-1 ,+2kr> |0,0kr> |+1,-2kr> 

Synthetic Spin Orbit Coupling (SOC) by Raman 
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𝛿𝑆𝑆 = 𝐸min↓  − 𝐸min↑   

Y.-J. Lin [I.Spielman/NIST] et al, PRL (2009),  
& Nature (2011) 
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Some cautions & contrast with electronic SOC 

𝐻�~
𝑝⃗2

2𝑚 + 𝛼𝛼𝑥,𝑦 ⋅ 𝜎𝑥,𝑦 + 𝐵𝑧 ⋅ 𝜎𝑧 

Synthetic SOC for atoms: 
• 1D SOC only (so far) 
• “p” in SOC is quasi-momentum 
• SOC only for |Ω|>0 – often Ω referred as “SOC” strength,  
       whereas in Rashba α is SOC (here fixed by kr) 
• Can work for bosons as well as fermions 

𝐻�~
𝑝⃗2

2𝑚 + (𝑘𝑟𝑝𝑥) ⋅ 𝜎𝑥 + Ω ⋅ 𝜎𝑧 



Production of 87Rb BEC in λ=155nm optical trap (optimized evaporative cooling, γ~4) 

A.J. Olson et al., Phys. Rev. A 87, 053613 (2013) 

(Stern-Gerlach to  
separate/image spins) 



SOC BEC – Adiabatic Transition (Single to Double Minima) 

Measured Quasimomenta  
 vs Calculated Band Minima 

Similar to previous work by: Y.-J. Lin, K. 
Jiménez-García & I. B. Spielman, 
Nature 2011 

Adiabatic Loading 
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Time of  Flight Images 



Tunable Landau-Zener Transition 
(between SOC dressed bands) 

• Landau-Zener model 
Varied all three parameters 

• acceleration in SO 
gauge fields by gravity 
or trapping potential 

• Spin dependent 
“atomtronic” transistor 

• Non-adiabatic 
breakdown of spin-
momentum locking in 
SOC BEC 

8 

arxiv:1310.1818 

Abraham J. Olson, et al,  Phys.Rev. A 90, 013616 (2014) 
 



Using Spin-dependent Synthetic Electric Field to  
generate (AC) spin current and excite spin-dipole mode in trap 

Spin Dipole Mode 
(SDM)  
--- AC spin current 

SDM previous studied in non SOC quantum gases,  
eg.  fermi gas: Sommer [Zwierlein] et al’11 by magnetic gradient 
       bosons: Koller et al’12; Maddaloni et al’00 
       theory (fermi gas): Stringari’99, etc.    

“Collide 2 spinor BECs in trap” 

What is the effect of SOC? 



Spin Electric Field – Bare spin current Ω𝐹 = 0𝐸𝑟 



Dressed Spin Current (Ω𝐹 = 0.5𝐸𝑟) 



Spin Dipole Mode (AC Spin Current): no SOC vs SOC 

• SDM damp quickly (few oscillations) 
• More BEC remains (less thermalization) 

• Take longer time to damp 
• ~full thermalization in the end 

No SOC (“bare”) SOC (“dressed”) 



Damping vs ΩF 

GPE Simulations: 
Chunlei Qu and Chuanwai Zhang  

(University of Texas Dallas) 

 



Damping vs   𝛿   &    ΩF 

Chunlei Qu and Chuanwai Zhang 



What relaxes spin current? 

• Collison induced thermalization  
  ---   (dominates for bare BEC) 
• SDM momentum damping  
  ---  (dominates for SOC BEC) 
 
• Less collision (SDM osc.)  
 less thermalization in SOCBEC 

 
• What gives (enhanced) damping in SOCBEC? 

SDM decays to: thermal particles in bare BEC, ?? in SOC BEC 



Real Space Simulation: damping mechanism 

GPE (position) 

Chunlei Qu and Chuanwai Zhang  (University of Texas Dallas) 

“colliding two (bare or dressed) spinor BECs in trap” 

po
sit

io
n 

No SOC SOC 

At Ω>0 (dressed), spin part no longer 
orthogonal, the wavefunction interference leads 
to enhanced interaction, which excites breathing 
mode (decay channel of SDM) and leads to 
strong damping of SDM;  this strong damping 
gives less oscillation thus less heating 
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