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Kadanoff-Baym Equations (KBE)

problem scales as  N3
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GENERALIZED KADANOFF-BAYM ANSATZ (GKBA):  N3 à N2
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.Subtracting the adjoint 

Because of  G<, not a closed equation for ρ. 

G<(t, t0) = �GR(t, t0)⇢(t0) + ⇢(t)GA(t, t0)
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GR �GA = G> �G<

GKBA initial correlated states: via adiabatic ramping of interactions

Possible choice:

G(1, 2) = ✓(t1, t2)G>(1, 2) + ✓(t2, t1)G<(1, 2)

We use/adapt an early version of the CHEERS code

G<(t, t0) = �GR(t, t0)⇢(t0) + ⇢(t)GA(t, t0)

G>(t, t0) = GR(t, t0)⇢̄(t0)� ⇢̄(t)GA(t, t0)

⇢̄(t) = 1� ⇢(t) = iG>(t, t)⇢(t) = �iG<(t, t)
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Some	
  Many	
  Body	
  	
  ApproximaWons	
  

NEGF and Many-Body Approximations

A quantum/classical scheme  
In connection with NEGF, introduced in

Here:  EA  for spin dynamics
see also  works from M. Potthoff, B. Nikolic, J. Fransson

Balzer, Schlünzen, Bonitz,  Phys. Rev. B 94, 245118 (2016)
Boström, Hopjan, Kartsev, Verdozzi, Almbladh, J. Phys.: Conf. Ser. 696, 2016)

Ehrenfest approximation (EA) 
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⌃TMA(12) = ⌃HF + iU2G(21)T (12)

T = �� �UT, �(12) = �iG(12)G(12)



Why Skyrmions ?

Vortex-like magnetic configurations/quasiparticles. 
Chiral/achiral excited/(meta)stable states

Topological notion: 
integer topological index/charge/quantum number, skyrmion number

Spins all orthonormal to a film plane, except for a 
region:  spins progressively turn to anti-parallel,  
free energy minimized  by circular symmetry

- Discrete magnetic states to store information: 
- Skyrmion (logical 1) vs ferromagnetic (logical 0)
- Position manipulated with spin currents/waves 



Spin Hamiltonian 

MagneWc	
  ordering	
   Spiral	
  ordering	
  

Dzyaloshinskii-­‐Moriya	
  interacBon	
  
-­‐	
  	
  AnW-­‐symmetric	
  exchange	
  between	
  neighboring	
  spins	
  
-­‐	
  Super-­‐exchange	
  from	
  spin-­‐orbit	
  coupling	
  	
  
-­‐	
  Favors	
  spin	
  canWng	
  of	
  otherwise	
  (anW-­‐)	
  parallel	
  moments	
  

F AF 

J � D
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The system

SPINS

WIRE

INTERACTION

spin-­‐orbit	
  

H = HS +He +HS�e
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Î � h(t)�
z

)
��

0c
i�

0 + U
X

i

n
i"ni# +

X

i��

0

h
c†
i�
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Treatment

a)  MC for spins
b)  contact electrons (in nanowire without leads) and spins: 
          HF for  electrons with damped  dynamics and pred.-corr. scheme

1. Calculate the electronic potential generated by the spins via
2. Calculate spin forces

 

3. Find the Hartree-Fock ground state of the electrons
4. Update classical spins
5. Repeat until force on spins below threshold value
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Treatment

c)     ramping lead and e-e interactions (2nd Born): ramping    
        in GKBA for non-collinear spins

d)     Time evolution

Leads fully spin-polarized. 
Wire connected to 2 left/right leads (spin up/down) for spin currents 

@

@t
⇢(t) + i[hHF ({Sn(t)}, t), ⇢(t)] = �(I<(t, t) + h.c.),
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Characterizing the skyrmion motion 

charge

In extended lattice or periodic BC, Q is integer. However, for a finite system 
with fixed BC, Q can be no longer perfectly quantized, 
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Results support 
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rigid motion

Want to look at
- optimally controlled dynamics; role of e-e interactions, spin-orbits, disorder, pressure
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Hurdle ahead:  Size/time and quantum effects

- The size of a skirmion
- Many skyrmions
- Manipulation of skyrmions with electronic circuitry
 
1) Remove e-e interactions:  (e. g.  Nikolic et al) 
 
2) For classical spins, integrate out electronic  degrees of freedom 
(e.g. Fransson et al, Potthoff et al, Ebert et al for spins,  
Hopjan et al for nuclei) 



a two component hybrid method  for spins + electrons  ?

Insight from the Hubbard-Holstein model



Lang-­‐Firsov	
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The Hubbard-Holstein model 
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DFT of the HH model

Hohenberg-Kohn theorem  
A one-to-one mapping (µ, ⌘) $ (n, x)
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HH model in D = ∞: DMFT-DFT results for vxc
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Test Dynamics: TDDFT vs exact    electron density

de
ns
ity

	
  

(0, 0) ! (3, 1)
<latexit sha1_base64="gYlZ1etaTGxqM2bVazgJ/V/s7Ao=">AAAB/nicbZDLSgMxFIbP1Futt1Fx5WZoEVosZUYXuiy6cVnBXqAzlEyatqGZZEgyShkKPopuXCji1udw59uYXhba+kPg4z/ncE7+MGZUadf9tjIrq2vrG9nN3Nb2zu6evX/QUCKRmNSxYEK2QqQIo5zUNdWMtGJJUBQy0gyH15N6855IRQW/06OYBBHqc9qjGGljdeyjolt2S76k/YFGUoqH4nnZK3Xsgltxp3KWwZtDoZr3T58AoNaxv/yuwElEuMYMKdX23FgHKZKaYkbGOT9RJEZ4iPqkbZCjiKggnZ4/dk6M03V6QprHtTN1f0+kKFJqFIWmM0J6oBZrE/O/WjvRvcsgpTxONOF4tqiXMEcLZ5KF06WSYM1GBhCW1Nzq4AGSCGuTWM6E4C1+eRkaZxXP8K1XqF7BTFk4hjwUwYMLqMIN1KAOGFJ4hld4sx6tF+vd+pi1Zqz5zCH8kfX5A4uLlWY=</latexit><latexit sha1_base64="GJHgbK95LCDbW/Jo6LbMA9YCI3Q=">AAAB/nicbZDLSgMxFIYzXmu9jYorN6FFaLGUGV3osujGZQV7gc5QMmmmDc0kQ5JRhqHgQ/gCblwo4tbncNe3Mb0stPWHwMd/zuGc/EHMqNKOM7ZWVtfWNzZzW/ntnd29ffvgsKlEIjFpYMGEbAdIEUY5aWiqGWnHkqAoYKQVDG8m9dYDkYoKfq/TmPgR6nMaUoy0sbr2ccmpOGVP0v5AIynFY+mi4pa7dtGpOlPBZXDnUKwVvLPncS2td+1vrydwEhGuMUNKdVwn1n6GpKaYkVHeSxSJER6iPukY5Cgiys+m54/gqXF6MBTSPK7h1P09kaFIqTQKTGeE9EAt1ibmf7VOosMrP6M8TjTheLYoTBjUAk6ygD0qCdYsNYCwpOZWiAdIIqxNYnkTgrv45WVonlddw3dusXYNZsqBE1AAJeCCS1ADt6AOGgCDDLyAN/BuPVmv1of1OWtdseYzR+CPrK8flPWW7A==</latexit><latexit sha1_base64="GJHgbK95LCDbW/Jo6LbMA9YCI3Q=">AAAB/nicbZDLSgMxFIYzXmu9jYorN6FFaLGUGV3osujGZQV7gc5QMmmmDc0kQ5JRhqHgQ/gCblwo4tbncNe3Mb0stPWHwMd/zuGc/EHMqNKOM7ZWVtfWNzZzW/ntnd29ffvgsKlEIjFpYMGEbAdIEUY5aWiqGWnHkqAoYKQVDG8m9dYDkYoKfq/TmPgR6nMaUoy0sbr2ccmpOGVP0v5AIynFY+mi4pa7dtGpOlPBZXDnUKwVvLPncS2td+1vrydwEhGuMUNKdVwn1n6GpKaYkVHeSxSJER6iPukY5Cgiys+m54/gqXF6MBTSPK7h1P09kaFIqTQKTGeE9EAt1ibmf7VOosMrP6M8TjTheLYoTBjUAk6ygD0qCdYsNYCwpOZWiAdIIqxNYnkTgrv45WVonlddw3dusXYNZsqBE1AAJeCCS1ADt6AOGgCDDLyAN/BuPVmv1of1OWtdseYzR+CPrK8flPWW7A==</latexit><latexit sha1_base64="mv60FATPegCQbRYNAOtSAll41Fw=">AAAB/nicbZDLSgMxFIYzXmu9jYorN8EitFDKjC50WXTjsoK9QDuUTJppQzPJkJxRylDwVdy4UMStz+HOtzG9LLT1h8DHf87hnPxhIrgBz/t2VlbX1jc2c1v57Z3dvX334LBhVKopq1MllG6FxDDBJasDB8FaiWYkDgVrhsObSb35wLThSt7DKGFBTPqSR5wSsFbXPS56Za/U0bw/AKK1eixelP1S1y14FW8qvAz+HAporlrX/er0FE1jJoEKYkzb9xIIMqKBU8HG+U5qWELokPRZ26IkMTNBNj1/jM+s08OR0vZJwFP390RGYmNGcWg7YwIDs1ibmP/V2ilEV0HGZZICk3S2KEoFBoUnWeAe14yCGFkgVHN7K6YDogkFm1jehuAvfnkZGucV3/KdX6hez+PIoRN0iorIR5eoim5RDdURRRl6Rq/ozXlyXpx352PWuuLMZ47QHzmfP3kMk90=</latexit>

(8, 1) ! (3, 1)
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(3, 1) ! (8, 1)
<latexit sha1_base64="A4kHDT2nlPyptNwArdRJ7SCfKFc=">AAAB/nicbZDLSgMxFIbP1Futt1Fx5Sa0CBVFZnRhl0U3LivYC3SGkkkzbWgmMyQZpQwFH0U3LhRx63O4821MLwtt/SHw5T/nkJM/SDhT2nG+rdzS8srqWn69sLG5tb1j7+41VJxKQusk5rFsBVhRzgSta6Y5bSWS4ijgtBkMrsf15j2VisXiTg8T6ke4J1jICNbG6tgH5YtT99iTrNfXWMr4oVwx945dcs6cidAiuDMoVYveyRMA1Dr2l9eNSRpRoQnHSrVdJ9F+hqVmhNNRwUsVTTAZ4B5tGxQ4osrPJuuP0JFxuiiMpTlCo4n7eyLDkVLDKDCdEdZ9NV8bm//V2qkOK37GRJJqKsj0oTDlSMdonAXqMkmJ5kMDmEhmdkWkjyUm2iRWMCG4819ehMb5mWv41i1Vr2CqPBxCEcrgwiVU4QZqUAcCGTzDK7xZj9aL9W59TFtz1mxmH/7I+vwBmYiVbw==</latexit><latexit sha1_base64="83Gh0GfP2BzmS7N4d3qCuNxZf8A=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQktQkUpM7qwy0E3LivYC3SGkknTNjSTDElGGYaCD+ELuHGhiFufw13fxvSy0NYfAl/+cw45+cOYUaUdZ2zlVlbX1jfym4Wt7Z3dPXv/oKFEIjGpY8GEbIVIEUY5qWuqGWnFkqAoZKQZDm8m9eYDkYoKfq/TmAQR6nPaoxhpY3Xso/LluXvqS9ofaCSleCxXzb1jl5yKMxVcBncOJa/onz2PvbTWsb/9rsBJRLjGDCnVdp1YBxmSmmJGRgU/USRGeIj6pG2Qo4ioIJuuP4InxunCnpDmcA2n7u+JDEVKpVFoOiOkB2qxNjH/q7UT3asGGeVxognHs4d6CYNawEkWsEslwZqlBhCW1OwK8QBJhLVJrGBCcBe/vAyNi4pr+M4teddgpjw4BkVQBi64Ah64BTVQBxhk4AW8gXfryXq1PqzPWWvOms8cgj+yvn4AovKW9Q==</latexit><latexit sha1_base64="83Gh0GfP2BzmS7N4d3qCuNxZf8A=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQktQkUpM7qwy0E3LivYC3SGkknTNjSTDElGGYaCD+ELuHGhiFufw13fxvSy0NYfAl/+cw45+cOYUaUdZ2zlVlbX1jfym4Wt7Z3dPXv/oKFEIjGpY8GEbIVIEUY5qWuqGWnFkqAoZKQZDm8m9eYDkYoKfq/TmAQR6nPaoxhpY3Xso/LluXvqS9ofaCSleCxXzb1jl5yKMxVcBncOJa/onz2PvbTWsb/9rsBJRLjGDCnVdp1YBxmSmmJGRgU/USRGeIj6pG2Qo4ioIJuuP4InxunCnpDmcA2n7u+JDEVKpVFoOiOkB2qxNjH/q7UT3asGGeVxognHs4d6CYNawEkWsEslwZqlBhCW1OwK8QBJhLVJrGBCcBe/vAyNi4pr+M4teddgpjw4BkVQBi64Ah64BTVQBxhk4AW8gXfryXq1PqzPWWvOms8cgj+yvn4AovKW9Q==</latexit><latexit sha1_base64="osZqu9Lw1S1r5ow+ijRHCzmF2qU=">AAAB/nicbZDLSgMxFIYz9VbrbVRcuQkWoYKUGV3YZdGNywr2Am0pmTTThmaSITmjlKHgq7hxoYhbn8Odb2PazkJbfwh8+c855OQPYsENeN63k1tZXVvfyG8WtrZ3dvfc/YOGUYmmrE6VULoVEMMEl6wOHARrxZqRKBCsGYxupvXmA9OGK3kP45h1IzKQPOSUgLV67lHp8tw/62g+GALRWj2WKvbec4te2ZsJL4OfQRFlqvXcr05f0SRiEqggxrR9L4ZuSjRwKtik0EkMiwkdkQFrW5QkYqabztaf4FPr9HGotD0S8Mz9PZGSyJhxFNjOiMDQLNam5n+1dgJhpZtyGSfAJJ0/FCYCg8LTLHCfa0ZBjC0QqrndFdMh0YSCTaxgQ/AXv7wMjYuyb/nOL1avszjy6BidoBLy0RWqoltUQ3VEUYqe0St6c56cF+fd+Zi35pxs5hD9kfP5A4cJk+Y=</latexit>

(8,1) pulse
<latexit sha1_base64="ynflzXTjtPKC0bhO5XAuUzQAtjw=">AAAB+3icbZDLSgNBEEVr4ivGV4xLN02CoChhxo1ZBt24jGBiIBlCT6dGG3sedNdIwpBfEcGFIm79EXf+jZ3Eha8LDYdbVVT1DVIlDbnuh1NYWFxaXimultbWNza3ytuVjkkyLbAtEpXobsANKhljmyQp7KYaeRQovApuz6b1qzvURibxJY1T9CN+HctQCk7WGpQrfcIR5fuNI++ApZkyOBmUa27dnYn9Be8Las1q//ABAFqD8nt/mIgswpiE4sb0PDclP+eapFA4KfUzgykXt/waexZjHqHx89ntE7ZnnSELE21fTGzmfp/IeWTMOApsZ8TpxvyuTc3/ar2MwoafyzjNCGMxXxRmilHCpkGwodQoSI0tcKGlvZWJG665IBtXyYbg/f7yX+gc1z3LF16teQpzFWEXqrAPHpxAE86hBW0QMIJ7eIJnZ+I8Oi/O67y14HzN7MAPOW+f6PGVLQ==</latexit><latexit sha1_base64="HRQ+TzdvIngdL6h6buihjwv9quo=">AAAB+3icbZDJSgNBEIZ7XGPcxnj00iQIESXMeDHHoBePEcwCmRB6OpWkSc9Cd40kDHkLz148KOLVF/GWt7GzHDTxh4aPv6qo6t+PpdDoOFNrY3Nre2c3s5fdPzg8OrZPcnUdJYpDjUcyUk2faZAihBoKlNCMFbDAl9Dwh3ezeuMJlBZR+IjjGNoB64eiJzhDY3XsnIcwwrRYvnIvaJxIDZOOXXBKzlx0HdwlFCp57/J5WhlXO/a31414EkCIXDKtW64TYztlCgWXMMl6iYaY8SHrQ8tgyALQ7XR++4SeG6dLe5EyL0Q6d39PpCzQehz4pjNgONCrtZn5X62VYK/cTkUYJwghXyzqJZJiRGdB0K5QwFGODTCuhLmV8gFTjKOJK2tCcFe/vA7165Jr+MEtVG7JQhlyRvKkSFxyQyrknlRJjXAyIi/kjbxbE+vV+rA+F60b1nLmlPyR9fUD8luWsw==</latexit><latexit sha1_base64="HRQ+TzdvIngdL6h6buihjwv9quo=">AAAB+3icbZDJSgNBEIZ7XGPcxnj00iQIESXMeDHHoBePEcwCmRB6OpWkSc9Cd40kDHkLz148KOLVF/GWt7GzHDTxh4aPv6qo6t+PpdDoOFNrY3Nre2c3s5fdPzg8OrZPcnUdJYpDjUcyUk2faZAihBoKlNCMFbDAl9Dwh3ezeuMJlBZR+IjjGNoB64eiJzhDY3XsnIcwwrRYvnIvaJxIDZOOXXBKzlx0HdwlFCp57/J5WhlXO/a31414EkCIXDKtW64TYztlCgWXMMl6iYaY8SHrQ8tgyALQ7XR++4SeG6dLe5EyL0Q6d39PpCzQehz4pjNgONCrtZn5X62VYK/cTkUYJwghXyzqJZJiRGdB0K5QwFGODTCuhLmV8gFTjKOJK2tCcFe/vA7165Jr+MEtVG7JQhlyRvKkSFxyQyrknlRJjXAyIi/kjbxbE+vV+rA+F60b1nLmlPyR9fUD8luWsw==</latexit><latexit sha1_base64="cnYbdNd2Pwo7pZhPEAqWlhpspK4=">AAAB+3icbZDLSgNBEEV7fMb4GuPSTWMQIkiYcWOWQTcuI5gHJEPo6dQkTXoedNdIwpBfceNCEbf+iDv/xk4yC0280HC4VUVVXz+RQqPjfFsbm1vbO7uFveL+weHRsX1Sauk4VRyaPJax6vhMgxQRNFGghE6igIW+hLY/vpvX20+gtIijR5wm4IVsGIlAcIbG6tulHsIEs0rtyr2kSSo1zPp22ak6C9F1cHMok1yNvv3VG8Q8DSFCLpnWXddJ0MuYQsElzIq9VEPC+JgNoWswYiFoL1vcPqMXxhnQIFbmRUgX7u+JjIVaT0PfdIYMR3q1Njf/q3VTDGpeJqIkRYj4clGQSooxnQdBB0IBRzk1wLgS5lbKR0wxjiauognBXf3yOrSuq67hB7dcv83jKJAzck4qxCU3pE7uSYM0CScT8kxeyZs1s16sd+tj2bph5TOn5I+szx/WcpOk</latexit>

(1, 0.5) pulse
<latexit sha1_base64="h3S92yqh9vT2jXbCfiKiUHkjn+A=">AAAB/nicbZDJSgNBEIZrXGPcouLJS5MgRJQwI4geg148RjALJCH0dCqxsWehu0YMQ8BH0YsHRbz6HN58GzvLQaM/NHz8VUVV/36spCHX/XLm5hcWl5YzK9nVtfWNzdzWds1EiRZYFZGKdMPnBpUMsUqSFDZijTzwFdb924tRvX6H2sgovKZBjO2A90PZk4KTtTq53RbhPaVF74i5pZMDFifK4LCTK7gldyz2F7wpFMr51uEjAFQ6uc9WNxJJgCEJxY1pem5M7ZRrkkLhMNtKDMZc3PI+Ni2GPEDTTsfnD9m+dbqsF2n7QmJj9+dEygNjBoFvOwNON2a2NjL/qzUT6p21UxnGCWEoJot6iWIUsVEWrCs1ClIDC1xoaW9l4oZrLsgmlrUheLNf/gu145Jn+corlM9hogzsQR6K4MEplOESKlAFASk8wQu8Og/Os/PmvE9a55zpzA78kvPxDSELlcY=</latexit><latexit sha1_base64="7tffG1SARbF3L0N8LukeaaQBqs0=">AAAB/nicbZDJSgNBEIZ74hbjFhVPXpoEIaKEGUH0GPTiMYJZIBNCT6cmaexZ6K4RwxDwIXwBLx4U8epzeMvb2FkOmvhDw8dfVVT178VSaLTtkZVZWl5ZXcuu5zY2t7Z38rt7dR0likONRzJSTY9pkCKEGgqU0IwVsMCT0PDur8f1xgMoLaLwDgcxtAPWC4UvOENjdfIHLsIjpiXnlNrl82MaJ1LDsJMv2mV7IroIzgyKlYJ78jyqDKqd/LfbjXgSQIhcMq1bjh1jO2UKBZcwzLmJhpjxe9aDlsGQBaDb6eT8IT0yTpf6kTIvRDpxf0+kLNB6EHimM2DY1/O1sflfrZWgf9lORRgnCCGfLvITSTGi4yxoVyjgKAcGGFfC3Ep5nynG0SSWMyE4819ehPpZ2TF86xQrV2SqLDkkBVIiDrkgFXJDqqRGOEnJC3kj79aT9Wp9WJ/T1ow1m9knf2R9/QAqdZdM</latexit><latexit sha1_base64="7tffG1SARbF3L0N8LukeaaQBqs0=">AAAB/nicbZDJSgNBEIZ74hbjFhVPXpoEIaKEGUH0GPTiMYJZIBNCT6cmaexZ6K4RwxDwIXwBLx4U8epzeMvb2FkOmvhDw8dfVVT178VSaLTtkZVZWl5ZXcuu5zY2t7Z38rt7dR0likONRzJSTY9pkCKEGgqU0IwVsMCT0PDur8f1xgMoLaLwDgcxtAPWC4UvOENjdfIHLsIjpiXnlNrl82MaJ1LDsJMv2mV7IroIzgyKlYJ78jyqDKqd/LfbjXgSQIhcMq1bjh1jO2UKBZcwzLmJhpjxe9aDlsGQBaDb6eT8IT0yTpf6kTIvRDpxf0+kLNB6EHimM2DY1/O1sflfrZWgf9lORRgnCCGfLvITSTGi4yxoVyjgKAcGGFfC3Ep5nynG0SSWMyE4819ehPpZ2TF86xQrV2SqLDkkBVIiDrkgFXJDqqRGOEnJC3kj79aT9Wp9WJ/T1ow1m9knf2R9/QAqdZdM</latexit><latexit sha1_base64="cL/0ZLFEcF5MLH6NnN1M02rXbKY=">AAAB/nicbZDLSgNBEEV7fMb4GhVXbhqDEEHCjCC6DLpxGcE8IBlCT6cmadLzoLtGDEPAX3HjQhG3foc7/8ZOMgtNvNBwuFVFVV8/kUKj43xbS8srq2vrhY3i5tb2zq69t9/Qcao41HksY9XymQYpIqijQAmtRAELfQlNf3gzqTcfQGkRR/c4SsALWT8SgeAMjdW1DzsIj5iV3TPqVC5OaZJKDeOuXXIqzlR0EdwcSiRXrWt/dXoxT0OIkEumddt1EvQyplBwCeNiJ9WQMD5kfWgbjFgI2sum54/piXF6NIiVeRHSqft7ImOh1qPQN50hw4Ger03M/2rtFIMrLxNRkiJEfLYoSCXFmE6yoD2hgKMcGWBcCXMr5QOmGEeTWNGE4M5/eREa5xXX8J1bql7ncRTIETkmZeKSS1Ilt6RG6oSTjDyTV/JmPVkv1rv1MWtdsvKZA/JH1ucPDoyUPQ==</latexit>

(8, 0.2) ramping
<latexit sha1_base64="SWGE8+I44OqmskV7iCiFRwP3BB4=">AAACAHicbZC7SgNBFIbPeo3xFrWwsBkShIgSdtOYMmhjGcFcIAlhdjJJhszOLjNnxbCk8UkEGwtFbH0MO9/GyaXQxB8GPv5zDmfO70dSGHTdb2dldW19YzO1ld7e2d3bzxwc1kwYa8arLJShbvjUcCkUr6JAyRuR5jTwJa/7w+tJvX7PtRGhusNRxNsB7SvRE4yitTqZ4xbyB0zypQviFopnRNMgEqo/7mRybsGdiiyDN4dcOds6fwKASifz1eqGLA64QiapMU3PjbCdUI2CST5Ot2LDI8qGtM+bFhUNuGkn0wPG5NQ6XdILtX0KydT9PZHQwJhR4NvOgOLALNYm5n+1Zoy9UjsRKoqRKzZb1IslwZBM0iBdoTlDObJAmRb2r4QNqKYMbWZpG4K3ePIy1IoFz/KtlytfwUwpOIEs5MGDSyjDDVSgCgzG8Ayv8OY8Oi/Ou/Mxa11x5jNH8EfO5w+py5aj</latexit><latexit sha1_base64="0x2s/XXyWF4AWIu8Lbczy+fc4aA=">AAACAHicbZC7SgNBFIZn4y3GW9TCwmZIECJK2E1jykUbywjmAtkQZieTZMjs7DJzVgzLNj6Db2BjoYitj2GXt3FyKTTxh4GP/5zDmfP7keAabHtiZdbWNza3stu5nd29/YP84VFDh7GirE5DEaqWTzQTXLI6cBCsFSlGAl+wpj+6mdabD0xpHsp7GEesE5CB5H1OCRirmz/xgD1CUqpeYrtcOceKBBGXg7SbL9pleya8Cs4Cim7Bu3ieuONaN//t9UIaB0wCFUTrtmNH0EmIAk4FS3NerFlE6IgMWNugJAHTnWR2QIrPjNPD/VCZJwHP3N8TCQm0Hge+6QwIDPVybWr+V2vH0K92Ei6jGJik80X9WGAI8TQN3OOKURBjA4Qqbv6K6ZAoQsFkljMhOMsnr0KjUnYM3zlF9xrNlUWnqIBKyEFXyEW3qIbqiKIUvaA39G49Wa/Wh/U5b81Yi5lj9EfW1w+zNZgp</latexit><latexit sha1_base64="0x2s/XXyWF4AWIu8Lbczy+fc4aA=">AAACAHicbZC7SgNBFIZn4y3GW9TCwmZIECJK2E1jykUbywjmAtkQZieTZMjs7DJzVgzLNj6Db2BjoYitj2GXt3FyKTTxh4GP/5zDmfP7keAabHtiZdbWNza3stu5nd29/YP84VFDh7GirE5DEaqWTzQTXLI6cBCsFSlGAl+wpj+6mdabD0xpHsp7GEesE5CB5H1OCRirmz/xgD1CUqpeYrtcOceKBBGXg7SbL9pleya8Cs4Cim7Bu3ieuONaN//t9UIaB0wCFUTrtmNH0EmIAk4FS3NerFlE6IgMWNugJAHTnWR2QIrPjNPD/VCZJwHP3N8TCQm0Hge+6QwIDPVybWr+V2vH0K92Ei6jGJik80X9WGAI8TQN3OOKURBjA4Qqbv6K6ZAoQsFkljMhOMsnr0KjUnYM3zlF9xrNlUWnqIBKyEFXyEW3qIbqiKIUvaA39G49Wa/Wh/U5b81Yi5lj9EfW1w+zNZgp</latexit><latexit sha1_base64="F0oGrkCy7x4uf2cJ6kIsq2+EZYw=">AAACAHicbZDLSsNAFIYn9VbrLerChZvBIlSQknRjl0U3LivYC7ShTKaTduhkEmZOxBKy8VXcuFDErY/hzrdx2mahrT8MfPznHM6c348F1+A431ZhbX1jc6u4XdrZ3ds/sA+P2jpKFGUtGolIdX2imeCStYCDYN1YMRL6gnX8yc2s3nlgSvNI3sM0Zl5IRpIHnBIw1sA+6QN7hLRSv8ROtXaBFQljLkfZwC47VWcuvApuDmWUqzmwv/rDiCYhk0AF0brnOjF4KVHAqWBZqZ9oFhM6ISPWMyhJyLSXzg/I8LlxhjiIlHkS8Nz9PZGSUOtp6JvOkMBYL9dm5n+1XgJB3Uu5jBNgki4WBYnAEOFZGnjIFaMgpgYIVdz8FdMxUYSCyaxkQnCXT16Fdq3qGr5zy43rPI4iOkVnqIJcdIUa6BY1UQtRlKFn9IrerCfrxXq3PhatBSufOUZ/ZH3+AJdMlRo=</latexit>
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external field at impurity site 

quench  (Ui , gi)  --> (Uf , gf)  



         NEGF for a microscopic picture  
-   non-collinear spins:

  -  magnetization dynamics
    -  role of e-e interactions, spin-orbit
       Hurdle

How to deal with localized quantum spins?
Two-component strategy:
can be of some use for localized spins (e.g. skyrmions) ?

Summary
GKBA + Ehrenfest dynamics for

Skyrmion dynamics
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