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1998  
- Don’t get into strangers’ cars;  
- Don’t meet people from the internet.
2017 
- Literally summon strangers from the internet to get into their car.
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Size 

Non-volatility 
Durability

pintronics

Static-RAM Dynamic-RAM Hard diskFlash memory



Spintronics to store, write and read information
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Spin-transfer-torque is a possible candidate
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proposed by Slonczewski, Berger 1996
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The next step: using spin-orbit coupling  
to control the magnetization
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Linear response 
theory
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Zeeman 
interaction

Effective 
electron-electron 

interaction



Each combination perturbation/observable 
describes different phenomenon
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Spin-spin response functions  
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Oscillatory interlayer coupling may be used  
to design synthetic antiferromagnets
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J. Unguris et al., Phys. Rev. Lett. 67, 140 (1991)
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Each combination perturbation/observable 
describes different phenomenon
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Spin currents are generated  
by the spin Hall effect
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E(r, t) = E0 cos(!t)x̂
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Spin Hall Effect
Inverse Spin Galvanic Effect
Spin dependent scattering
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Each combination perturbation/observable 
describes different phenomenon
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Magnetoresistances
Hall effects

Spin Hall angle



0 0.5 1 1.50

50

1000 2 4 6

0

50

100

0 0.5 1 1.50

50

1000 2 4 6

0

50

100

0 0.5 1 1.50

50

1000 2 4 6

0

50

100

Frequency (THz)

Energy (meV)

i
n
-
p
h
a
s
e
l
o
n
g
i
t
u
d
i
n
a
l
c
u
r
r
e
n
t

Dynamical longitudinal currents

M
em

be
r o

f t
he

 H
el

m
ho

ltz
 A

ss
oc

ia
tio

n

m

E(r, t)Pt(100)

Co

V

Spin-pumping 
+ 

Inverse Spin Hall Effect

 Charge pumping

32f.guimaraes@fz-juelich.de Sci. Rep. 7, 3686 (2017)



0 0.5 1 1.50

50

1000 2 4 6

0

50

100

0 0.5 1 1.50

50

1000 2 4 6

0

50

100

Frequency (THz)

Energy (meV)

i
n
-
p
h
a
s
e
l
o
n
g
i
t
u
d
i
n
a
l
c
u
r
r
e
n
t

Dynamical longitudinal currents

M
em

be
r o

f t
he

 H
el

m
ho

ltz
 A

ss
oc

ia
tio

n

m

E(r, t)Pt(100)

Co

V

Spin-pumping 
+ 

Inverse Spin Hall Effect

 Charge pumping

32f.guimaraes@fz-juelich.de Sci. Rep. 7, 3686 (2017)



0 0.5 1 1.50

50

1000 2 4 6

0

50

100

Frequency (THz)

Energy (meV)

i
n
-
p
h
a
s
e
l
o
n
g
i
t
u
d
i
n
a
l
c
u
r
r
e
n
t

Dynamical longitudinal currents

M
em

be
r o

f t
he

 H
el

m
ho

ltz
 A

ss
oc

ia
tio

n

m

E(r, t)Pt(100)

Co

V

Spin-pumping 
+ 

Inverse Spin Hall Effect

 Charge pumping

~B

32f.guimaraes@fz-juelich.de Sci. Rep. 7, 3686 (2017)

0.27
0.54
0.82
1.09
1.36

Zeeman energy
(meV)
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Spin Hall angle is a complex quantity
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Magnetization direction affects the currents
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Magnetization direction affects the currents
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• Dynamical effects provide very rich phenomena 

• ac currents can excite spin wave resonances  
in a controllable fashion 

• Spin and charge pumping contribute to the currents flowing on the 
system 

• Spin Hall angle is a complex quantity 

• Magnetoresistances and Hall currents in heterostructures have a 
dramatic variation due to the excitation of magnetic resonances 

• AC currents can be manipulated by varying the frequency of 
electric field or using static magnetic fields
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DYNASORE: dynamical magnetic 
excitations with spin-orbit interaction 
in realistic nanostructures


