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Challenge	

ü  Soaring	power	consumption	

ü  Waste	heat	
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ü  Spin	logic	
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ü  Spin-polarized	current	

	

ü  Pure	spin	current	
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AHE & SHE

I
VH

Anomalous Hall effect 

spin-orbit coupling + spin imbalance

D’Yakonov, M. I. & Perel’, V. I.  ZhETF Pisma Redaktsiiu 13, 657 (1971).
Hirsch, J. E. Spin Hall Effect. Phys. Rev. Lett. 83, 1834 (1999).

Spin Hall effect 

spin-orbit coupling + spin balance

Sci. Technol. Adv. Mater. 9 (2008) 014105 Topical Review

The spin–flip scattering by the spin–orbit interaction
causes a slow relaxation for spin accumulation (µ

"

N � µ
#

N) =

2�µN. By substituting equations (34), (39) and (40) into the
Boltzmann equation (37) and summing over k, one obtains
the spin diffusion equation

r
2�µN =

1
�2N

�µN (41)

with �N =
p
D⌧sf, D = (1/3)⌧trv2F, and ⌧�1

sf = h⌧�1
sf (✓)iav =

4⌘̄2so/(9⌧ 0tr).
The second-order term in the Boltzmann equation is

X

k0� 0

h
P� 0�
k0k

(1) ⇣
g(2)
k� � g(2)

k0� 0

⌘
� P� 0�

k0k
(2) ⇣

g(1)
k� + g

(1)
k0� 0

⌘i
= 0.

(42)
Making use of equations (32), (33) and (40), the solution

of the second-order ( skew scattering) term becomes

g(2)
k� = �↵SSH ⌧tr

@ f0(⇠k)
⇠k

(��� ⇥ vk) · rµ�
N(r), (43)

where ↵SSH is the dimensionless parameter of skew scattering

↵SSH = (2⇡/3)⌘̄soN (0)Vimp. (44)

4.2. Spin and charge currents induced by SHE

Using the solutions of the Boltzmann equation given in the
preceding sections, the distribution function becomes

fk� ⇡ f0(⇠k) � �
@ f0(⇠k)

@⇠k
�µN(r)+ ⌧tr

@ f0(⇠k)
@⇠k

⇥
⇥
vk� ↵SSH ��� ⇥ vk

⇤
· rµ�

N(r), (45)

from which the spin and charge currents in equation (29) are
calculated as J0

s = js +↵SSH [ẑ⇥ jq] and J0
q = jq +↵SSH [ẑ⇥ js],

where ẑ is the polarization vector and the second terms are,
respectively, the Hall spin and charge currents induced by the
charge and spin currents:

js = �
�N

e
r�µN, (46)

jq = �NE, (47)

where �N = 2e2N (0)D is the electrical conductivity and
�µN =

1
2 (µ

"

N � µ
#

N) is the chemical potential shift. Therefore,
the total spin and charge currents in equations (26) and (27)
are written as

Jq = jq +↵H
⇥
ẑ⇥ js

⇤
, (48)

Js = js +↵H
⇥
ẑ⇥ jq

⇤
, (49)

where ↵H = ↵SJH +↵SSH = ⌘̄so[1/(kFl)+ (2⇡/3)N (0)Vimp].
Equations (48) and (49) indicate that the spin current js
induces the transverse charge current jHq = ↵H[ẑ⇥ js], while
the charge current jq induces the transverse spin current
jHs = ↵H[ẑ⇥ jq], as shown in figure 4.
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(a) Spin-current-induced SHE

(b) Charge-current-induced SHE

j H
q

s 

z

y

 j

j H

q

s

 

z

Charge current

spin current

Charge current

Spin current

Figure 4. (a) Spin-current-induced SHE in which the spin current js
flowing along the x-direction with the polarization parallel to the
z-axis induces the charge current jHq in the y-direction.
(b) Charge-current-induced SHE in which the charge current jq
along the x-direction induces the spin current jHs in the y-direction
with the polarization parallel to the z-axis.

The spin Hall conductivity �H = � SJH + � SSH has the
side-jump contribution � SJH = ↵SJH �N and the skew-scattering
contribution � SSH = ↵SSH �N, which are given by

� SJH =
e2

h̄
⌘sone =

2
3⇡

e2

h
kF⌘̄so, (50)

� SSH =


2⇡
3
kFlN (0)Vimp

�
� SJH , (51)

with ne ⇠ N (0)"F being the carrier (electron) density. We
note that the side-jump conductivity � SJH is independent
of the impurity concentration. The spin Hall conductivity
is dominated by skew-scattering for (kFl)|N (0)Vimp| � 1
and by side jump for (kFl)|N (0)Vimp| ⌧ 1. The spin Hall
resistivity ⇢H ⇡ �H/� 2N has linear and quadratic terms in
⇢N representing the contributions from side-jump and skew
scatterings, respectively:

⇢H = aSS⇢N + bSJ⇢2N, (52)

where aSS = (2⇡/3)⌘̄soN (0)Vimp and bSJ = (2/3⇡)⌘̄so
(e2/h)kF.

4.3. Spin–orbit coupling parameter

It is worthwhile to note that, if one multiplies the resistivity
⇢N and spin diffusion length �N, one obtains [54, 61, 81]:

⇢N�N =

p
3⇡
2

RK
k2F

r
⌧sf

⌧tr
=
3
p
3⇡
4

RK
k2F

1
⌘̄so

, (53)
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Spin	Hall	Effect	

Challenge	



ü  Spin-wave	(magnon)	spin	current	

	

ü  Thermal	transport	
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Magnonics	

js = �mrµ+ LrT

jQ = LTrµ+ rT
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Cornelissen,	Liu,	Duine,	Ben	Youssef	&	
van	Wees,	Nat.	Phys.	11,	1022	(2015)	
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Magnonics	

Intrinsic	degree	of	freedom?	

u  Caveat!	
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Antiferromagnet	

MnF2, FeF2, Cr2O3 

! = ±
p
2!J!K

Left-handed Right-handed 

degenerate	
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Antiferromagnet	

ü  Hard-axis	&	Easy-axis	(NiO,	MnO)	

(111)-plane 

Acoustic (0.14 THz) Optical (1.1 THz) 
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Magnon	Spin	Current	

Charge	Spin	
+~

<latexit sha1_base64="ZrYXi6th4GJq2X7Eg83bcPr0WdI=">AAAB/XicbVDLSsNAFL3xWeOr6tLNYCkIQklEUHdFNy4rmLbQhjKZTNqxk0mYmQglFPwEt/oBrsSt3+LaH3GadmFbD1w4nHPvzL0nSDlT2nG+rZXVtfWNzdKWvb2zu7dfPjhsqiSThHok4YlsB1hRzgT1NNOctlNJcRxw2gqGtxO/9USlYol40KOU+jHuCxYxgrWRmmfdQYBlr1xxak4BtEzcGanUS1Cg0Sv/dMOEZDEVmnCsVMd1Uu3nWGpGOB3b3UzRFJMh7tOOoQLHVPl5se0YVY0SoiiRpoRGhfp3IsexUqM4MJ0x1gO16E3E/7xOpqMrP2cizTQVZPpRlHGkEzQ5HYVMUqL5aO7BIB7b1ZBhIplZHpEBlphok5htUnEXM1gm3nntuubeX1TqN9N0oATHcAKn4MIl1OEOGuABgUd4gVd4s56td+vD+py2rlizmSOYg/X1C8v1lbE=</latexit><latexit sha1_base64="ZrYXi6th4GJq2X7Eg83bcPr0WdI=">AAAB/XicbVDLSsNAFL3xWeOr6tLNYCkIQklEUHdFNy4rmLbQhjKZTNqxk0mYmQglFPwEt/oBrsSt3+LaH3GadmFbD1w4nHPvzL0nSDlT2nG+rZXVtfWNzdKWvb2zu7dfPjhsqiSThHok4YlsB1hRzgT1NNOctlNJcRxw2gqGtxO/9USlYol40KOU+jHuCxYxgrWRmmfdQYBlr1xxak4BtEzcGanUS1Cg0Sv/dMOEZDEVmnCsVMd1Uu3nWGpGOB3b3UzRFJMh7tOOoQLHVPl5se0YVY0SoiiRpoRGhfp3IsexUqM4MJ0x1gO16E3E/7xOpqMrP2cizTQVZPpRlHGkEzQ5HYVMUqL5aO7BIB7b1ZBhIplZHpEBlphok5htUnEXM1gm3nntuubeX1TqN9N0oATHcAKn4MIl1OEOGuABgUd4gVd4s56td+vD+py2rlizmSOYg/X1C8v1lbE=</latexit><latexit sha1_base64="ZrYXi6th4GJq2X7Eg83bcPr0WdI=">AAAB/XicbVDLSsNAFL3xWeOr6tLNYCkIQklEUHdFNy4rmLbQhjKZTNqxk0mYmQglFPwEt/oBrsSt3+LaH3GadmFbD1w4nHPvzL0nSDlT2nG+rZXVtfWNzdKWvb2zu7dfPjhsqiSThHok4YlsB1hRzgT1NNOctlNJcRxw2gqGtxO/9USlYol40KOU+jHuCxYxgrWRmmfdQYBlr1xxak4BtEzcGanUS1Cg0Sv/dMOEZDEVmnCsVMd1Uu3nWGpGOB3b3UzRFJMh7tOOoQLHVPl5se0YVY0SoiiRpoRGhfp3IsexUqM4MJ0x1gO16E3E/7xOpqMrP2cizTQVZPpRlHGkEzQ5HYVMUqL5aO7BIB7b1ZBhIplZHpEBlphok5htUnEXM1gm3nntuubeX1TqN9N0oATHcAKn4MIl1OEOGuABgUd4gVd4s56td+vD+py2rlizmSOYg/X1C8v1lbE=</latexit><latexit sha1_base64="GJ4BOHQd+XLYjE8JPkwK/gKfaSw=">AAAB/XicbVDLSsNAFL3xWeOr6tLNYCkIQklEUHdFNy4rmLbQhjKZTNqxM0mYmQglFPwEt/oBrsSt3+LaH3HaZmFbD1w4nHPvzL0nSDlT2nG+rZXVtfWNzdKWvb2zu7dfPjhsqiSThHok4YlsB1hRzmLqaaY5baeSYhFw2gqGtxO/9USlYkn8oEcp9QXuxyxiBGsjNc+6gwDLXrni1Jwp0DJxC1KBAo1e+acbJiQTNNaEY6U6rpNqP8dSM8Lp2O5miqaYDHGfdgyNsaDKz6fbjlHVKCGKEmkq1miq/p3IsVBqJALTKbAeqEVvIv7ndTIdXfk5i9NM05jMPooyjnSCJqejkElKNB/NPRiIsV0NGSaSmeURGWCJiTaJ2SYVdzGDZeKd165r7v1FpX5TxFOCYziBU3DhEupwBw3wgMAjvMArvFnP1rv1YX3OWlesYuYI5mB9/QJlnZVp</latexit>

�~
<latexit sha1_base64="t/Q3kSe8TME5O8D+ADJaL4tuwKg=">AAAB/XicbVDLSsNAFL3xWeOr6tLNYCm4sSQiqLuiG5cVTFtoQ5lMJu3YySTMTIQSCn6CW/0AV+LWb3HtjzhNu7CtBy4czrl35t4TpJwp7Tjf1srq2vrGZmnL3t7Z3dsvHxw2VZJJQj2S8ES2A6woZ4J6mmlO26mkOA44bQXD24nfeqJSsUQ86FFK/Rj3BYsYwdpIzbPuIMCyV644NacAWibujFTqJSjQ6JV/umFCspgKTThWquM6qfZzLDUjnI7tbqZoiskQ92nHUIFjqvy82HaMqkYJUZRIU0KjQv07keNYqVEcmM4Y64Fa9Cbif14n09GVnzORZpoKMv0oyjjSCZqcjkImKdF8NPdgEI/tasgwkcwsj8gAS0y0Scw2qbiLGSwT77x2XXPvLyr1m2k6UIJjOIFTcOES6nAHDfCAwCO8wCu8Wc/Wu/VhfU5bV6zZzBHMwfr6Bc8nlbM=</latexit><latexit sha1_base64="t/Q3kSe8TME5O8D+ADJaL4tuwKg=">AAAB/XicbVDLSsNAFL3xWeOr6tLNYCm4sSQiqLuiG5cVTFtoQ5lMJu3YySTMTIQSCn6CW/0AV+LWb3HtjzhNu7CtBy4czrl35t4TpJwp7Tjf1srq2vrGZmnL3t7Z3dsvHxw2VZJJQj2S8ES2A6woZ4J6mmlO26mkOA44bQXD24nfeqJSsUQ86FFK/Rj3BYsYwdpIzbPuIMCyV644NacAWibujFTqJSjQ6JV/umFCspgKTThWquM6qfZzLDUjnI7tbqZoiskQ92nHUIFjqvy82HaMqkYJUZRIU0KjQv07keNYqVEcmM4Y64Fa9Cbif14n09GVnzORZpoKMv0oyjjSCZqcjkImKdF8NPdgEI/tasgwkcwsj8gAS0y0Scw2qbiLGSwT77x2XXPvLyr1m2k6UIJjOIFTcOES6nAHDfCAwCO8wCu8Wc/Wu/VhfU5bV6zZzBHMwfr6Bc8nlbM=</latexit><latexit sha1_base64="t/Q3kSe8TME5O8D+ADJaL4tuwKg=">AAAB/XicbVDLSsNAFL3xWeOr6tLNYCm4sSQiqLuiG5cVTFtoQ5lMJu3YySTMTIQSCn6CW/0AV+LWb3HtjzhNu7CtBy4czrl35t4TpJwp7Tjf1srq2vrGZmnL3t7Z3dsvHxw2VZJJQj2S8ES2A6woZ4J6mmlO26mkOA44bQXD24nfeqJSsUQ86FFK/Rj3BYsYwdpIzbPuIMCyV644NacAWibujFTqJSjQ6JV/umFCspgKTThWquM6qfZzLDUjnI7tbqZoiskQ92nHUIFjqvy82HaMqkYJUZRIU0KjQv07keNYqVEcmM4Y64Fa9Cbif14n09GVnzORZpoKMv0oyjjSCZqcjkImKdF8NPdgEI/tasgwkcwsj8gAS0y0Scw2qbiLGSwT77x2XXPvLyr1m2k6UIJjOIFTcOES6nAHDfCAwCO8wCu8Wc/Wu/VhfU5bV6zZzBHMwfr6Bc8nlbM=</latexit><latexit sha1_base64="dz53fIAXQQ/vLBAL1gcLLDzlluQ=">AAAB/XicbVDLSsNAFL3xWeOr6tLNYCm4sSQiqLuiG5cVTFtoQ5lMJu3YmSTMTIQSCn6CW/0AV+LWb3Htjzhts7CtBy4czrl35t4TpJwp7Tjf1srq2vrGZmnL3t7Z3dsvHxw2VZJJQj2S8ES2A6woZzH1NNOctlNJsQg4bQXD24nfeqJSsSR+0KOU+gL3YxYxgrWRmmfdQYBlr1xxas4UaJm4BalAgUav/NMNE5IJGmvCsVId10m1n2OpGeF0bHczRVNMhrhPO4bGWFDl59Ntx6hqlBBFiTQVazRV/07kWCg1EoHpFFgP1KI3Ef/zOpmOrvycxWmmaUxmH0UZRzpBk9NRyCQlmo/mHgzE2K6GDBPJzPKIDLDERJvEbJOKu5jBMvHOa9c19/6iUr8p4inBMZzAKbhwCXW4gwZ4QOARXuAV3qxn6936sD5nrStWMXMEc7C+fgFoz5Vr</latexit>

I"
<latexit sha1_base64="0i6Y+hPHO3w7ca/bQHQAHCHr4k0=">AAACA3icbVDLSsNAFL2prxpfVZdugqXgqiQiqLuiG91VMLbQhDKZTNqhk2SYmSglZOsnuNUPcCVu/RDX/ojTtAvbeuDC4Zz74gScUals+9uorKyurW9UN82t7Z3dvdr+wYNMM4GJi1OWim6AJGE0Ia6iipEuFwTFASOdYHQ98TuPREiaJvdqzIkfo0FCI4qR0pJ328+9jCMh0qeiX6vbTbuEtUycGam3qlCi3a/9eGGKs5gkCjMkZc+xufJzJBTFjBSml0nCER6hAelpmqCYSD8vfy6shlZCK0qFrkRZpfp3IkexlOM40J0xUkO56E3E/7xepqILP6cJzxRJ8PRQlDFLpdYkACukgmDFxnMLg7gwGyFFWFD9vIWHSCCsdG6mTsVZzGCZuKfNy6Zzd1ZvXU3TgSocwTGcgAPn0IIbaIMLGDi8wCu8Gc/Gu/FhfE5bK8Zs5hDmYHz9AlYUmNU=</latexit><latexit sha1_base64="0i6Y+hPHO3w7ca/bQHQAHCHr4k0=">AAACA3icbVDLSsNAFL2prxpfVZdugqXgqiQiqLuiG91VMLbQhDKZTNqhk2SYmSglZOsnuNUPcCVu/RDX/ojTtAvbeuDC4Zz74gScUals+9uorKyurW9UN82t7Z3dvdr+wYNMM4GJi1OWim6AJGE0Ia6iipEuFwTFASOdYHQ98TuPREiaJvdqzIkfo0FCI4qR0pJ328+9jCMh0qeiX6vbTbuEtUycGam3qlCi3a/9eGGKs5gkCjMkZc+xufJzJBTFjBSml0nCER6hAelpmqCYSD8vfy6shlZCK0qFrkRZpfp3IkexlOM40J0xUkO56E3E/7xepqILP6cJzxRJ8PRQlDFLpdYkACukgmDFxnMLg7gwGyFFWFD9vIWHSCCsdG6mTsVZzGCZuKfNy6Zzd1ZvXU3TgSocwTGcgAPn0IIbaIMLGDi8wCu8Gc/Gu/FhfE5bK8Zs5hDmYHz9AlYUmNU=</latexit><latexit sha1_base64="0i6Y+hPHO3w7ca/bQHQAHCHr4k0=">AAACA3icbVDLSsNAFL2prxpfVZdugqXgqiQiqLuiG91VMLbQhDKZTNqhk2SYmSglZOsnuNUPcCVu/RDX/ojTtAvbeuDC4Zz74gScUals+9uorKyurW9UN82t7Z3dvdr+wYNMM4GJi1OWim6AJGE0Ia6iipEuFwTFASOdYHQ98TuPREiaJvdqzIkfo0FCI4qR0pJ328+9jCMh0qeiX6vbTbuEtUycGam3qlCi3a/9eGGKs5gkCjMkZc+xufJzJBTFjBSml0nCER6hAelpmqCYSD8vfy6shlZCK0qFrkRZpfp3IkexlOM40J0xUkO56E3E/7xepqILP6cJzxRJ8PRQlDFLpdYkACukgmDFxnMLg7gwGyFFWFD9vIWHSCCsdG6mTsVZzGCZuKfNy6Zzd1ZvXU3TgSocwTGcgAPn0IIbaIMLGDi8wCu8Gc/Gu/FhfE5bK8Zs5hDmYHz9AlYUmNU=</latexit><latexit sha1_base64="ZRbTIhdra3b2cXmKTRcyvah31qQ=">AAACA3icbVDLSsNAFL2prxpfVZdugqXgqiQiqLuiG91VMLbQhDKZTNqhk2SYmSglZOsnuNUPcCVu/RDX/ojTNgvbeuDC4Zz74gScUals+9uorKyurW9UN82t7Z3dvdr+wYNMM4GJi1OWim6AJGE0Ia6iipEuFwTFASOdYHQ98TuPREiaJvdqzIkfo0FCI4qR0pJ328+9jCMh0qeiX6vbTXsKa5k4JalDiXa/9uOFKc5ikijMkJQ9x+bKz5FQFDNSmF4mCUd4hAakp2mCYiL9fPpzYTW0ElpRKnQlypqqfydyFEs5jgPdGSM1lIveRPzP62UquvBzmvBMkQTPDkUZs1RqTQKwQioIVmw8tzCIC7MRUoQF1c9beIgEwkrnZupUnMUMlol72rxsOndn9dZVGU8VjuAYTsCBc2jBDbTBBQwcXuAV3oxn4934MD5nrRWjnDmEORhfv++tmI0=</latexit>

I#
<latexit sha1_base64="zh3m+io25RO6fl9qnJ3UClPjRjM=">AAACBXicbVDLSsNAFL2prxpfVZdugqXgqiQiqLuiG91VMLbQxjKZTNqhk0mYmVhKyN5PcKsf4Erc+h2u/RGnaRe29cDA4Zx77lyOnzAqlW1/G6WV1bX1jfKmubW9s7tX2T94kHEqMHFxzGLR9pEkjHLiKqoYaSeCoMhnpOUPryd+64kISWN+r8YJ8SLU5zSkGCktPd72sm4QjzgSIh7lvUrVrtsFrGXizEi1UYYCzV7lR6dxGhGuMENSdhw7UV6GhKKYkdzsppIkCA9Rn3Q05Sgi0suKq3OrppXACmOhH1dWof5NZCiSchz5ejJCaiAXvYn4n9dJVXjhZZQnqSIcTz8KU2ap2JpUYAVUEKzYeG6hH+VmLaAIC6qPt/AACYSVbs7UrTiLHSwT97R+WXfuzqqNq2k7UIYjOIYTcOAcGnADTXABg4AXeIU349l4Nz6Mz+loyZhlDmEOxtcv9zGZvA==</latexit><latexit sha1_base64="zh3m+io25RO6fl9qnJ3UClPjRjM=">AAACBXicbVDLSsNAFL2prxpfVZdugqXgqiQiqLuiG91VMLbQxjKZTNqhk0mYmVhKyN5PcKsf4Erc+h2u/RGnaRe29cDA4Zx77lyOnzAqlW1/G6WV1bX1jfKmubW9s7tX2T94kHEqMHFxzGLR9pEkjHLiKqoYaSeCoMhnpOUPryd+64kISWN+r8YJ8SLU5zSkGCktPd72sm4QjzgSIh7lvUrVrtsFrGXizEi1UYYCzV7lR6dxGhGuMENSdhw7UV6GhKKYkdzsppIkCA9Rn3Q05Sgi0suKq3OrppXACmOhH1dWof5NZCiSchz5ejJCaiAXvYn4n9dJVXjhZZQnqSIcTz8KU2ap2JpUYAVUEKzYeG6hH+VmLaAIC6qPt/AACYSVbs7UrTiLHSwT97R+WXfuzqqNq2k7UIYjOIYTcOAcGnADTXABg4AXeIU349l4Nz6Mz+loyZhlDmEOxtcv9zGZvA==</latexit><latexit sha1_base64="zh3m+io25RO6fl9qnJ3UClPjRjM=">AAACBXicbVDLSsNAFL2prxpfVZdugqXgqiQiqLuiG91VMLbQxjKZTNqhk0mYmVhKyN5PcKsf4Erc+h2u/RGnaRe29cDA4Zx77lyOnzAqlW1/G6WV1bX1jfKmubW9s7tX2T94kHEqMHFxzGLR9pEkjHLiKqoYaSeCoMhnpOUPryd+64kISWN+r8YJ8SLU5zSkGCktPd72sm4QjzgSIh7lvUrVrtsFrGXizEi1UYYCzV7lR6dxGhGuMENSdhw7UV6GhKKYkdzsppIkCA9Rn3Q05Sgi0suKq3OrppXACmOhH1dWof5NZCiSchz5ejJCaiAXvYn4n9dJVXjhZZQnqSIcTz8KU2ap2JpUYAVUEKzYeG6hH+VmLaAIC6qPt/AACYSVbs7UrTiLHSwT97R+WXfuzqqNq2k7UIYjOIYTcOAcGnADTXABg4AXeIU349l4Nz6Mz+loyZhlDmEOxtcv9zGZvA==</latexit><latexit sha1_base64="gP6vI3gY9YwhP1MZuoprmQFfdkw=">AAACBXicbVC9TsMwGHTKXwl/BUYWi6oSU5UgJGCrYIGtSIRWakPlOE5r1bEj26Gqouw8Ais8ABNi5TmYeRHcNgNtOcnS6e67z58uSBhV2nG+rdLK6tr6RnnT3tre2d2r7B88KJFKTDwsmJDtACnCKCeeppqRdiIJigNGWsHweuK3nohUVPB7PU6IH6M+pxHFSBvp8baXdUMx4khKMcp7lapTd6aAy8QtSBUUaPYqPyaN05hwjRlSquM6ifYzJDXFjOR2N1UkQXiI+qRjKEcxUX42vTqHNaOEMBLSPK7hVP2byFCs1DgOzGSM9EAtehPxP6+T6ujCzyhPUk04nn0UpQxqAScVwJBKgjUbzy0M4tyuhRRhSc3xEA+QRFib5mzTirvYwTLxTuuXdffurNq4KuopgyNwDE6AC85BA9yAJvAABhK8gFfwZj1b79aH9TkbLVlF5hDMwfr6BZDZmXQ=</latexit>

ü  Spin	conductor	

System	 Magnon	current	

Antiferromagnet	
	

Ferrimagnet	

Ferromagnet	

IQ = I" + I#
<latexit sha1_base64="I+RHsA20Lh8jHF37PpNE73ZKMX0=">AAACGHicbVDLSgMxFL3js9ZX1aULg6UgCGVGBHUhFN3YXQvWFtphyGTSNjSTGZKMpQxd+hV+glv9AFfi1p1rf8T0sbCtFwLnnnPPTXL8mDOlbfvbWlpeWV1bz2xkN7e2d3Zze/sPKkokoTUS8Ug2fKwoZ4LWNNOcNmJJcehzWvd7tyO9/kilYpG414OYuiHuCNZmBGtDebmjsle9LntpK4mxlFF/eDpqgqgvJq2Xy9tFe1xoEThTkC9lYFwVL/dj3CQJqdCEY6Wajh1rN8VSM8LpMNtKFI0x6eEObRoocEiVm44/MkQFwwSoHUlzhEZj9q8jxaFSg9A3kyHWXTWvjcj/tGai25duykScaCrI5KJ2wpGO0CgVFDBJieaDmYV+OMwWAoaJZObxiHSxxESbMLMmFWc+g0VQOyteFZ3qeb50M0kHMnAIx3ACDlxACe6gAjUg8AQv8Apv1rP1bn1Yn5PRJWvqOYCZsr5+AZl7oQQ=</latexit><latexit sha1_base64="I+RHsA20Lh8jHF37PpNE73ZKMX0=">AAACGHicbVDLSgMxFL3js9ZX1aULg6UgCGVGBHUhFN3YXQvWFtphyGTSNjSTGZKMpQxd+hV+glv9AFfi1p1rf8T0sbCtFwLnnnPPTXL8mDOlbfvbWlpeWV1bz2xkN7e2d3Zze/sPKkokoTUS8Ug2fKwoZ4LWNNOcNmJJcehzWvd7tyO9/kilYpG414OYuiHuCNZmBGtDebmjsle9LntpK4mxlFF/eDpqgqgvJq2Xy9tFe1xoEThTkC9lYFwVL/dj3CQJqdCEY6Wajh1rN8VSM8LpMNtKFI0x6eEObRoocEiVm44/MkQFwwSoHUlzhEZj9q8jxaFSg9A3kyHWXTWvjcj/tGai25duykScaCrI5KJ2wpGO0CgVFDBJieaDmYV+OMwWAoaJZObxiHSxxESbMLMmFWc+g0VQOyteFZ3qeb50M0kHMnAIx3ACDlxACe6gAjUg8AQv8Apv1rP1bn1Yn5PRJWvqOYCZsr5+AZl7oQQ=</latexit><latexit sha1_base64="I+RHsA20Lh8jHF37PpNE73ZKMX0=">AAACGHicbVDLSgMxFL3js9ZX1aULg6UgCGVGBHUhFN3YXQvWFtphyGTSNjSTGZKMpQxd+hV+glv9AFfi1p1rf8T0sbCtFwLnnnPPTXL8mDOlbfvbWlpeWV1bz2xkN7e2d3Zze/sPKkokoTUS8Ug2fKwoZ4LWNNOcNmJJcehzWvd7tyO9/kilYpG414OYuiHuCNZmBGtDebmjsle9LntpK4mxlFF/eDpqgqgvJq2Xy9tFe1xoEThTkC9lYFwVL/dj3CQJqdCEY6Wajh1rN8VSM8LpMNtKFI0x6eEObRoocEiVm44/MkQFwwSoHUlzhEZj9q8jxaFSg9A3kyHWXTWvjcj/tGai25duykScaCrI5KJ2wpGO0CgVFDBJieaDmYV+OMwWAoaJZObxiHSxxESbMLMmFWc+g0VQOyteFZ3qeb50M0kHMnAIx3ACDlxACe6gAjUg8AQv8Apv1rP1bn1Yn5PRJWvqOYCZsr5+AZl7oQQ=</latexit><latexit sha1_base64="VEs03bJfQ5k+W8b8izfJ2/K45ck=">AAACGHicbVDLSsNAFJ34rPEVdenCYCkIQklEUBdC0Y3dtWBsoQ1hMpm0QyeTMDOxlNClX+EnuNUPcCVu3bn2R5y0WdjWCwPnnnPPnZnjJ5QIaVnf2tLyyuraemlD39za3tk19vYfRJxyhB0U05i3fSgwJQw7kkiK2wnHMPIpbvmD21xvPWIuSMzu5SjBbgR7jIQEQakozziqe83rupd10wRyHg/Hp3kTxEM2bT2jbFWtSZmLwC5AGRTV8Iwf5UZphJlEFArRsa1EuhnkkiCKx3o3FTiBaAB7uKMggxEWbjb5yNisKCYww5irw6Q5Yf86MhgJMYp8NRlB2RfzWk7+p3VSGV66GWFJKjFD04vClJoyNvNUzIBwjCQdzSz0o7FeCQhEnKjHm6gPOURShamrVOz5DBaBc1a9qtrN83LtpoinBA7BMTgBNrgANXAHGsABCDyBF/AK3rRn7V370D6no0ta4TkAM6V9/QIzI6C8</latexit>

Is = I" � I#
<latexit sha1_base64="ontz6PmyX8DfCjOdbRXqlroHNvA=">AAACGHicbVC7TsMwFL0pr1JeAUYGIqpKLFQJQgIGpAoWuhWJ0kptFTmO01p1nMh2qKqoI1/BJ7DCBzAhVjZmfgSn7UBbrmTp3HPuubaPFzMqlW1/G7ml5ZXVtfx6YWNza3vH3N17kFEiMKnjiEWi6SFJGOWkrqhipBkLgkKPkYbXv8n0xiMRkkb8Xg1j0glRl9OAYqQ05ZqHVVdeVd20ncRIiGgwOskaPxrwSeuaRbtsj8taBM4UFCt5GFfNNX+0Gych4QozJGXLsWPVSZFQFDMyKrQTSWKE+6hLWhpyFBLZSccfGVklzfhWEAl9uLLG7F9HikIph6GnJ0OkenJey8j/tFaigotOSnmcKMLx5KIgYZaKrCwVy6eCYMWGMwu9cFQo+RRhQfXjLdxDAmGlwyzoVJz5DBZB/bR8WXbuzoqV60k6kIcDOIJjcOAcKnALNagDhid4gVd4M56Nd+PD+JyM5oypZx9myvj6BdYfoSg=</latexit><latexit sha1_base64="ontz6PmyX8DfCjOdbRXqlroHNvA=">AAACGHicbVC7TsMwFL0pr1JeAUYGIqpKLFQJQgIGpAoWuhWJ0kptFTmO01p1nMh2qKqoI1/BJ7DCBzAhVjZmfgSn7UBbrmTp3HPuubaPFzMqlW1/G7ml5ZXVtfx6YWNza3vH3N17kFEiMKnjiEWi6SFJGOWkrqhipBkLgkKPkYbXv8n0xiMRkkb8Xg1j0glRl9OAYqQ05ZqHVVdeVd20ncRIiGgwOskaPxrwSeuaRbtsj8taBM4UFCt5GFfNNX+0Gych4QozJGXLsWPVSZFQFDMyKrQTSWKE+6hLWhpyFBLZSccfGVklzfhWEAl9uLLG7F9HikIph6GnJ0OkenJey8j/tFaigotOSnmcKMLx5KIgYZaKrCwVy6eCYMWGMwu9cFQo+RRhQfXjLdxDAmGlwyzoVJz5DBZB/bR8WXbuzoqV60k6kIcDOIJjcOAcKnALNagDhid4gVd4M56Nd+PD+JyM5oypZx9myvj6BdYfoSg=</latexit><latexit sha1_base64="ontz6PmyX8DfCjOdbRXqlroHNvA=">AAACGHicbVC7TsMwFL0pr1JeAUYGIqpKLFQJQgIGpAoWuhWJ0kptFTmO01p1nMh2qKqoI1/BJ7DCBzAhVjZmfgSn7UBbrmTp3HPuubaPFzMqlW1/G7ml5ZXVtfx6YWNza3vH3N17kFEiMKnjiEWi6SFJGOWkrqhipBkLgkKPkYbXv8n0xiMRkkb8Xg1j0glRl9OAYqQ05ZqHVVdeVd20ncRIiGgwOskaPxrwSeuaRbtsj8taBM4UFCt5GFfNNX+0Gych4QozJGXLsWPVSZFQFDMyKrQTSWKE+6hLWhpyFBLZSccfGVklzfhWEAl9uLLG7F9HikIph6GnJ0OkenJey8j/tFaigotOSnmcKMLx5KIgYZaKrCwVy6eCYMWGMwu9cFQo+RRhQfXjLdxDAmGlwyzoVJz5DBZB/bR8WXbuzoqV60k6kIcDOIJjcOAcKnALNagDhid4gVd4M56Nd+PD+JyM5oypZx9myvj6BdYfoSg=</latexit><latexit sha1_base64="ncWdd4jmmC5QLhv8peQALcTJRqY=">AAACGHicbVC7TsMwFHXKq4RXgJGBiKoSC1WCkIABqYKFbkUitFIbRY7jtlYdJ7IdqirKyFfwCazwAUyIlY2ZH8FpM9CWK1k695x7ru3jx5QIaVnfWmlpeWV1rbyub2xube8Yu3sPIko4wg6KaMTbPhSYEoYdSSTF7ZhjGPoUt/zhTa63HjEXJGL3chxjN4R9RnoEQakozzhseOKq4aXdJIacR6PsJG+CaMSmrWdUrJo1KXMR2AWogKKanvGj3CgJMZOIQiE6thVLN4VcEkRxpncTgWOIhrCPOwoyGGLhppOPZGZVMYHZi7g6TJoT9q8jhaEQ49BXkyGUAzGv5eR/WieRvQs3JSxOJGZoelEvoaaMzDwVMyAcI0nHMwv9MNOrAYGIE/V4Ew0gh0iqMHWVij2fwSJwTmuXNfvurFK/LuIpgwNwBI6BDc5BHdyCJnAAAk/gBbyCN+1Ze9c+tM/paEkrPPtgprSvX2/HoOA=</latexit>

I# > I"
<latexit sha1_base64="81XoQrTFRuLFT1YazUrBcWXotIQ=">AAACFHicbVC7TsMwFL0pr1JeAcYuEVUlpipBSMCCKlhgKxKhldoochy3teo4ke1QVVEHvoJPYIUPYEKs7Mz8CG7TgbYcydK559x7bZ8gYVQq2/42Ciura+sbxc3S1vbO7p65f/Ag41Rg4uKYxaIVIEkY5cRVVDHSSgRBUcBIMxhcT/zmIxGSxvxejRLiRajHaZdipLTkm+VbP+uE8ZAjIeLh+HJSpkle+GbFrtlTWMvEmZFKvQhTNHzzR6/CaUS4wgxJ2XbsRHkZEopiRsalTipJgvAA9UhbU44iIr1s+omxVdVKaHVjoQ9X1lT9O5GhSMpRFOjOCKm+XPQm4n9eO1Xdcy+jPEkV4Ti/qJsyS8XWJBErpIJgxUZzC4NoXKqGFGFB9eMt3EcCYaWDLOlUnMUMlol7UruoOXenlfpVng4UoQxHcAwOnEEdbqABLmB4ghd4hTfj2Xg3PozPvLVgzGYOYQ7G1y8Xip+5</latexit><latexit sha1_base64="81XoQrTFRuLFT1YazUrBcWXotIQ=">AAACFHicbVC7TsMwFL0pr1JeAcYuEVUlpipBSMCCKlhgKxKhldoochy3teo4ke1QVVEHvoJPYIUPYEKs7Mz8CG7TgbYcydK559x7bZ8gYVQq2/42Ciura+sbxc3S1vbO7p65f/Ag41Rg4uKYxaIVIEkY5cRVVDHSSgRBUcBIMxhcT/zmIxGSxvxejRLiRajHaZdipLTkm+VbP+uE8ZAjIeLh+HJSpkle+GbFrtlTWMvEmZFKvQhTNHzzR6/CaUS4wgxJ2XbsRHkZEopiRsalTipJgvAA9UhbU44iIr1s+omxVdVKaHVjoQ9X1lT9O5GhSMpRFOjOCKm+XPQm4n9eO1Xdcy+jPEkV4Ti/qJsyS8XWJBErpIJgxUZzC4NoXKqGFGFB9eMt3EcCYaWDLOlUnMUMlol7UruoOXenlfpVng4UoQxHcAwOnEEdbqABLmB4ghd4hTfj2Xg3PozPvLVgzGYOYQ7G1y8Xip+5</latexit><latexit sha1_base64="81XoQrTFRuLFT1YazUrBcWXotIQ=">AAACFHicbVC7TsMwFL0pr1JeAcYuEVUlpipBSMCCKlhgKxKhldoochy3teo4ke1QVVEHvoJPYIUPYEKs7Mz8CG7TgbYcydK559x7bZ8gYVQq2/42Ciura+sbxc3S1vbO7p65f/Ag41Rg4uKYxaIVIEkY5cRVVDHSSgRBUcBIMxhcT/zmIxGSxvxejRLiRajHaZdipLTkm+VbP+uE8ZAjIeLh+HJSpkle+GbFrtlTWMvEmZFKvQhTNHzzR6/CaUS4wgxJ2XbsRHkZEopiRsalTipJgvAA9UhbU44iIr1s+omxVdVKaHVjoQ9X1lT9O5GhSMpRFOjOCKm+XPQm4n9eO1Xdcy+jPEkV4Ti/qJsyS8XWJBErpIJgxUZzC4NoXKqGFGFB9eMt3EcCYaWDLOlUnMUMlol7UruoOXenlfpVng4UoQxHcAwOnEEdbqABLmB4ghd4hTfj2Xg3PozPvLVgzGYOYQ7G1y8Xip+5</latexit><latexit sha1_base64="YwBEpSJNmchKPCp3sM0jBKiHccE=">AAACFHicbVC7TsMwFHXKq4RXgLFLRFWJqUoQErCgChbYikRopTaKHMdprTpOZDtUVZSBr+ATWOEDmBArOzM/gtNmoC1HsnTuOfde28dPKBHSsr61ysrq2vpGdVPf2t7Z3TP2Dx5EnHKEHRTTmHd9KDAlDDuSSIq7Cccw8inu+KPrwu88Yi5IzO7lJMFuBAeMhARBqSTPqN16WT+IxwxyHo/zy6JMk1nhGXWraU1hLhO7JHVQou0ZP2oVSiPMJKJQiJ5tJdLNIJcEUZzr/VTgBKIRHOCeogxGWLjZ9BO52VBKYIYxV4dJc6r+nchgJMQk8lVnBOVQLHqF+J/XS2V47maEJanEDM0uClNqytgsEjEDwjGSdDK30I9yvREQiDhRjzfREHKIpApSV6nYixksE+ekedG0707rrasyniqogSNwDGxwBlrgBrSBAxB4Ai/gFbxpz9q79qF9zlorWjlzCOagff0CsSOfcQ==</latexit>

I" = 0
<latexit sha1_base64="86IeHTUykjh412uBHnQlNNWqKtI=">AAACBXicbVDLSsNAFL2prxpfVZdugqXgqiQiqAuh6EZ3FYwttLFMJpN26EwSZiZKCdn7CW71A1yJW7/DtT/iNO3Cth64cDjnvjh+wqhUtv1tlJaWV1bXyuvmxubW9k5ld+9exqnAxMUxi0XbR5IwGhFXUcVIOxEEcZ+Rlj+8GvutRyIkjaM7NUqIx1E/oiHFSGnp4aaXddMECRE/5Rd2r1K163YBa5E4U1JtlKFAs1f56QYxTjmJFGZIyo5jJ8rLkFAUM5Kb3VSSBOEh6pOOphHiRHpZ8XVu1bQSWGEsdEXKKtS/ExniUo64rzs5UgM5743F/7xOqsIzL6NRkioS4cmhMGWWiq1xBFZABcGKjWYW+jw3awFFWFD9vIUHSCCsdHKmTsWZz2CRuMf187pze1JtXE7SgTIcwCEcgQOn0IBraIILGAS8wCu8Gc/Gu/FhfE5aS8Z0Zh9mYHz9AlaSmVY=</latexit><latexit sha1_base64="86IeHTUykjh412uBHnQlNNWqKtI=">AAACBXicbVDLSsNAFL2prxpfVZdugqXgqiQiqAuh6EZ3FYwttLFMJpN26EwSZiZKCdn7CW71A1yJW7/DtT/iNO3Cth64cDjnvjh+wqhUtv1tlJaWV1bXyuvmxubW9k5ld+9exqnAxMUxi0XbR5IwGhFXUcVIOxEEcZ+Rlj+8GvutRyIkjaM7NUqIx1E/oiHFSGnp4aaXddMECRE/5Rd2r1K163YBa5E4U1JtlKFAs1f56QYxTjmJFGZIyo5jJ8rLkFAUM5Kb3VSSBOEh6pOOphHiRHpZ8XVu1bQSWGEsdEXKKtS/ExniUo64rzs5UgM5743F/7xOqsIzL6NRkioS4cmhMGWWiq1xBFZABcGKjWYW+jw3awFFWFD9vIUHSCCsdHKmTsWZz2CRuMf187pze1JtXE7SgTIcwCEcgQOn0IBraIILGAS8wCu8Gc/Gu/FhfE5aS8Z0Zh9mYHz9AlaSmVY=</latexit><latexit sha1_base64="86IeHTUykjh412uBHnQlNNWqKtI=">AAACBXicbVDLSsNAFL2prxpfVZdugqXgqiQiqAuh6EZ3FYwttLFMJpN26EwSZiZKCdn7CW71A1yJW7/DtT/iNO3Cth64cDjnvjh+wqhUtv1tlJaWV1bXyuvmxubW9k5ld+9exqnAxMUxi0XbR5IwGhFXUcVIOxEEcZ+Rlj+8GvutRyIkjaM7NUqIx1E/oiHFSGnp4aaXddMECRE/5Rd2r1K163YBa5E4U1JtlKFAs1f56QYxTjmJFGZIyo5jJ8rLkFAUM5Kb3VSSBOEh6pOOphHiRHpZ8XVu1bQSWGEsdEXKKtS/ExniUo64rzs5UgM5743F/7xOqsIzL6NRkioS4cmhMGWWiq1xBFZABcGKjWYW+jw3awFFWFD9vIUHSCCsdHKmTsWZz2CRuMf187pze1JtXE7SgTIcwCEcgQOn0IBraIILGAS8wCu8Gc/Gu/FhfE5aS8Z0Zh9mYHz9AlaSmVY=</latexit><latexit sha1_base64="6hdUUslqF8RDvZ0vRSqJ9qKVom0=">AAACBXicbVDLSsNAFJ3UV42vqks3g6XgqiQiqAuh6EZ3FYwttLFMJpN26MwkzEyUErL3E9zqB7gSt36Ha3/EaZuFbT1w4XDOfXGChFGlHefbKi0tr6yuldftjc2t7Z3K7t69ilOJiYdjFst2gBRhVBBPU81IO5EE8YCRVjC8GvutRyIVjcWdHiXE56gvaEQx0kZ6uOll3TRBUsZP+YXTq1SdujMBXCRuQaqgQLNX+emGMU45ERozpFTHdRLtZ0hqihnJ7W6qSILwEPVJx1CBOFF+Nvk6hzWjhDCKpSmh4UT9O5EhrtSIB6aTIz1Q895Y/M/rpDo68zMqklQTgaeHopRBHcNxBDCkkmDNRjMLA57btZAiLKl5HuIBkghrk5xtUnHnM1gk3nH9vO7enlQbl0U8ZXAADsERcMEpaIBr0AQewECCF/AK3qxn6936sD6nrSWrmNkHM7C+fgHwK5kO</latexit>
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Interlayer	Coupling	

F	

NM	

F	

Interlayer	RKKY	

Review:	
P.	Bruno,	Phys.	Rev.	B	52,	411	(1995)	

F	

F	

AF	

A	similar	effect?	

Ø  Bose-Einstein	Statistics	
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Interlayer	Coupling	

F	(pin)	

F	

AF	

�

S1
<latexit sha1_base64="HDjc6czflOx90S3Ol5agQDYcQ5k=">AAAB/3icbVDLSsNAFL3xWeOr6tJNsBRclUQEdVd047KisYU2lMlk0g6dmYSZiVBCNn6CW/0AV+LWT3HtjzhNu7CtBy4czrl35t4Tpowq7brf1srq2vrGZmXL3t7Z3duvHhw+qiSTmPg4YYnshEgRRgXxNdWMdFJJEA8ZaYejm4nffiJS0UQ86HFKAo4GgsYUI22kTi/k+X3R9/rVmttwSzjLxJuRWrMCJVr96k8vSnDGidCYIaW6npvqIEdSU8xIYfcyRVKER2hAuoYKxI kK8nLfwqkbJXLiRJoS2inVvxM54kqNeWg6OdJDtehNxP+8bqbjyyCnIs00EXj6UZwxRyfO5HgnopJgzcZzD4a8sOsRRVhSs7yDh0girE1mtknFW8xgmfhnjauGe3dea15P04EKHMMJnIIHF9CEW2iBDxgYvMArvFnP1rv1YX1OW1es2cwRzMH6+gWA8pam</latexit><latexit sha1_base64="HDjc6czflOx90S3Ol5agQDYcQ5k=">AAAB/3icbVDLSsNAFL3xWeOr6tJNsBRclUQEdVd047KisYU2lMlk0g6dmYSZiVBCNn6CW/0AV+LWT3HtjzhNu7CtBy4czrl35t4Tpowq7brf1srq2vrGZmXL3t7Z3duvHhw+qiSTmPg4YYnshEgRRgXxNdWMdFJJEA8ZaYejm4nffiJS0UQ86HFKAo4GgsYUI22kTi/k+X3R9/rVmttwSzjLxJuRWrMCJVr96k8vSnDGidCYIaW6npvqIEdSU8xIYfcyRVKER2hAuoYKxI kK8nLfwqkbJXLiRJoS2inVvxM54kqNeWg6OdJDtehNxP+8bqbjyyCnIs00EXj6UZwxRyfO5HgnopJgzcZzD4a8sOsRRVhSs7yDh0girE1mtknFW8xgmfhnjauGe3dea15P04EKHMMJnIIHF9CEW2iBDxgYvMArvFnP1rv1YX1OW1es2cwRzMH6+gWA8pam</latexit><latexit sha1_base64="HDjc6czflOx90S3Ol5agQDYcQ5k=">AAAB/3icbVDLSsNAFL3xWeOr6tJNsBRclUQEdVd047KisYU2lMlk0g6dmYSZiVBCNn6CW/0AV+LWT3HtjzhNu7CtBy4czrl35t4Tpowq7brf1srq2vrGZmXL3t7Z3duvHhw+qiSTmPg4YYnshEgRRgXxNdWMdFJJEA8ZaYejm4nffiJS0UQ86HFKAo4GgsYUI22kTi/k+X3R9/rVmttwSzjLxJuRWrMCJVr96k8vSnDGidCYIaW6npvqIEdSU8xIYfcyRVKER2hAuoYKxI kK8nLfwqkbJXLiRJoS2inVvxM54kqNeWg6OdJDtehNxP+8bqbjyyCnIs00EXj6UZwxRyfO5HgnopJgzcZzD4a8sOsRRVhSs7yDh0girE1mtknFW8xgmfhnjauGe3dea15P04EKHMMJnIIHF9CEW2iBDxgYvMArvFnP1rv1YX1OW1es2cwRzMH6+gWA8pam</latexit>

S2
<latexit sha1_base64="aQ7sQivJaVD6DojLiGeJI0zgB3Y=">AAAB/3icbVDLSsNAFL2pr1pfVZduBkvBVUmKoO6KblxWNLbQhjKZTNqhM0mYmQglZOMnuNUPcCVu/RTX/ojTtAvbeuDC4Zx7Z+49fsKZ0rb9bZXW1jc2t8rblZ3dvf2D6uHRo4pTSahLYh7Lro8V5Syirmaa024iKRY+px1/fDP1O09UKhZHD3qSUE/gYcRCRrA2Urfvi+w+HzQH1ZrdsAugVeLMSa1VhgLtQfWnH8QkFTTShGOleo6daC/DUjPCaV7pp4ommIzxkPYMjbCgysuKfXNUN0qAwliaijQq1L8TGRZKTYRvOgXWI7XsTcX/vF6qw0svY1GSahqR2UdhypGO0fR4FDBJieaThQd9kVfqAcNEMrM8IiMsMdEms4pJxVnOYJW4zcZVw747r7WuZ+lAGU7gFM7AgQtowS20wQUCHF7gFd6sZ+vd+rA+Z60laz5zDAuwvn4BgoaWpw==</latexit><latexit sha1_base64="aQ7sQivJaVD6DojLiGeJI0zgB3Y=">AAAB/3icbVDLSsNAFL2pr1pfVZduBkvBVUmKoO6KblxWNLbQhjKZTNqhM0mYmQglZOMnuNUPcCVu/RTX/ojTtAvbeuDC4Zx7Z+49fsKZ0rb9bZXW1jc2t8rblZ3dvf2D6uHRo4pTSahLYh7Lro8V5Syirmaa024iKRY+px1/fDP1O09UKhZHD3qSUE/gYcRCRrA2Urfvi+w+HzQH1ZrdsAugVeLMSa1VhgLtQfWnH8QkFTTShGOleo6daC/DUjPCaV7pp4ommIzxkPYMjbCgysuKfXNUN0qAwliaijQq1L8TGRZKTYRvOgXWI7XsTcX/vF6qw0svY1GSahqR2UdhypGO0fR4FDBJieaThQd9kVfqAcNEMrM8IiMsMdEms4pJxVnOYJW4zcZVw747r7WuZ+lAGU7gFM7AgQtowS20wQUCHF7gFd6sZ+vd+rA+Z60laz5zDAuwvn4BgoaWpw==</latexit><latexit sha1_base64="aQ7sQivJaVD6DojLiGeJI0zgB3Y=">AAAB/3icbVDLSsNAFL2pr1pfVZduBkvBVUmKoO6KblxWNLbQhjKZTNqhM0mYmQglZOMnuNUPcCVu/RTX/ojTtAvbeuDC4Zx7Z+49fsKZ0rb9bZXW1jc2t8rblZ3dvf2D6uHRo4pTSahLYh7Lro8V5Syirmaa024iKRY+px1/fDP1O09UKhZHD3qSUE/gYcRCRrA2Urfvi+w+HzQH1ZrdsAugVeLMSa1VhgLtQfWnH8QkFTTShGOleo6daC/DUjPCaV7pp4ommIzxkPYMjbCgysuKfXNUN0qAwliaijQq1L8TGRZKTYRvOgXWI7XsTcX/vF6qw0svY1GSahqR2UdhypGO0fR4FDBJieaThQd9kVfqAcNEMrM8IiMsMdEms4pJxVnOYJW4zcZVw747r7WuZ+lAGU7gFM7AgQtowS20wQUCHF7gFd6sZ+vd+rA+Z60laz5zDAuwvn4BgoaWpw==</latexit>

RC,	D.	Xiao	&	J.	Zhu,	arXiv:1802.07867	

Magnon	Thermal	Energy	

Polycrystal	
Averaged	
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Printed by Wolfram Mathematica Student Edition

0 ⇡/2 ⇡

U = �J1 cos�� J2 cos 2�
<latexit sha1_base64="KjBILrYrD+mdimUfIlaj9ujvNMw=">AAACFXicbZDLSsNAFIZP6q3GW9RlN8FScGNJiqAboehGXFUwbaEtYTKZtEMnF2YmQgld+BQ+glt9AHfi1rVrX8RJ2oVtPTDwzf+fM5ffSxgV0rK+tdLa+sbmVnlb39nd2z8wDo/aIk45Jg6OWcy7HhKE0Yg4kkpGugknKPQY6Xjjm9zvPBIuaBw9yElCBiEaRjSgGEkluUbFuTq7c+0+jkU/GVHFjZwb+cY1qlbdKspcBXsO1WYZimq5xk/fj3EakkhihoTo2VYiBxnikmJGpno/FSRBeIyGpKcwQiERg6z4xNSsKcU3g5irFUmzUP9OZCgUYhJ6qjNEciSWvVz8z+ulMrgcZDRKUkkiPLsoSJkpYzNPxPQpJ1iyycKBXjjVaz5FmFP1eBOPEEdYqiB1lYq9nMEqtBt126rb9+fV5vUsHihDBU7gFGy4gCbcQgscwPAEL/AKb9qz9q59aJ+z1pI2nzmGhdK+fgGyT54L</latexit><latexit sha1_base64="KjBILrYrD+mdimUfIlaj9ujvNMw=">AAACFXicbZDLSsNAFIZP6q3GW9RlN8FScGNJiqAboehGXFUwbaEtYTKZtEMnF2YmQgld+BQ+glt9AHfi1rVrX8RJ2oVtPTDwzf+fM5ffSxgV0rK+tdLa+sbmVnlb39nd2z8wDo/aIk45Jg6OWcy7HhKE0Yg4kkpGugknKPQY6Xjjm9zvPBIuaBw9yElCBiEaRjSgGEkluUbFuTq7c+0+jkU/GVHFjZwb+cY1qlbdKspcBXsO1WYZimq5xk/fj3EakkhihoTo2VYiBxnikmJGpno/FSRBeIyGpKcwQiERg6z4xNSsKcU3g5irFUmzUP9OZCgUYhJ6qjNEciSWvVz8z+ulMrgcZDRKUkkiPLsoSJkpYzNPxPQpJ1iyycKBXjjVaz5FmFP1eBOPEEdYqiB1lYq9nMEqtBt126rb9+fV5vUsHihDBU7gFGy4gCbcQgscwPAEL/AKb9qz9q59aJ+z1pI2nzmGhdK+fgGyT54L</latexit><latexit sha1_base64="KjBILrYrD+mdimUfIlaj9ujvNMw=">AAACFXicbZDLSsNAFIZP6q3GW9RlN8FScGNJiqAboehGXFUwbaEtYTKZtEMnF2YmQgld+BQ+glt9AHfi1rVrX8RJ2oVtPTDwzf+fM5ffSxgV0rK+tdLa+sbmVnlb39nd2z8wDo/aIk45Jg6OWcy7HhKE0Yg4kkpGugknKPQY6Xjjm9zvPBIuaBw9yElCBiEaRjSgGEkluUbFuTq7c+0+jkU/GVHFjZwb+cY1qlbdKspcBXsO1WYZimq5xk/fj3EakkhihoTo2VYiBxnikmJGpno/FSRBeIyGpKcwQiERg6z4xNSsKcU3g5irFUmzUP9OZCgUYhJ6qjNEciSWvVz8z+ulMrgcZDRKUkkiPLsoSJkpYzNPxPQpJ1iyycKBXjjVaz5FmFP1eBOPEEdYqiB1lYq9nMEqtBt126rb9+fV5vUsHihDBU7gFGy4gCbcQgscwPAEL/AKb9qz9q59aJ+z1pI2nzmGhdK+fgGyT54L</latexit><latexit sha1_base64="rrRo+ul89KGJNfGXNrbK2AIlN4k=">AAACFXicbZDLSsNAFIYn9VbjLeqym8FScGNJiqAboehGXFUwbaEJYTKZtEMnF2YmQgld+BQ+glt9AHfi1rVrX8RJm4VtPTDwzf+fM5ffTxkV0jS/tcra+sbmVnVb39nd2z8wDo+6Isk4JjZOWML7PhKE0ZjYkkpG+iknKPIZ6fnjm8LvPRIuaBI/yElK3AgNYxpSjKSSPKNmX53deZaDE+GkI6q4VXCr2HhG3Wyas4KrYJVQB2V1POPHCRKcRSSWmCEhBpaZSjdHXFLMyFR3MkFShMdoSAYKYxQR4eazT0xhQykBDBOuVizhTP07kaNIiEnkq84IyZFY9grxP2+QyfDSzWmcZpLEeH5RmDEoE1gkAgPKCZZssnCgH031RkAR5lQ9HuIR4ghLFaSuUrGWM1iFbqtpmU3r/rzevi7zqYIaOAGnwAIXoA1uQQfYAIMn8AJewZv2rL1rH9rnvLWilTPHYKG0r19Lr53D</latexit>

�J1 c
os�

<latexit sha1_base64="NEucp3haqPTlIs3i8bxJBEDUQ+k=">AAACBHicbVDLSsNAFL2prxpfVZduBkvBjSURQZdFN+Kqgn1AE8pkMmmHTjLDzEQooVs/wa1+gDtx63+49kdM0y5s64ELh3PuixNIzrRxnG+rtLa+sblV3rZ3dvf2DyqHR20tUkVoiwguVDfAmnKW0JZhhtOuVBTHAaedYHQ79TtPVGkmkkczltSP8SBhESPY5JJ3ft93PSK0J4esX6k6dacAWiXunFQbZSjQ7Fd+vFCQNKaJIRxr3XMdafwMK8MIpxPbSzWVmIzwgPZymuCYaj8rfp6gWq6EKBIqr8SgQv07keFY63Ec5J0xNkO97E3F/7xeaqJrP2OJTA1NyOxQlHJkBJoGgEKmKDF8vLAwiCd2LWSYKJY/j8gQK0xMnpudp+IuZ7BK2hd116m7D5fVxs0sHijDCZzCGbhwBQ24gya0gICEF3iFN+vZerc+rM9Za8mazxzDAqyvX7K9mDo=</latexit><latexit sha1_base64="NEucp3haqPTlIs3i8bxJBEDUQ+k=">AAACBHicbVDLSsNAFL2prxpfVZduBkvBjSURQZdFN+Kqgn1AE8pkMmmHTjLDzEQooVs/wa1+gDtx63+49kdM0y5s64ELh3PuixNIzrRxnG+rtLa+sblV3rZ3dvf2DyqHR20tUkVoiwguVDfAmnKW0JZhhtOuVBTHAaedYHQ79TtPVGkmkkczltSP8SBhESPY5JJ3ft93PSK0J4esX6k6dacAWiXunFQbZSjQ7Fd+vFCQNKaJIRxr3XMdafwMK8MIpxPbSzWVmIzwgPZymuCYaj8rfp6gWq6EKBIqr8SgQv07keFY63Ec5J0xNkO97E3F/7xeaqJrP2OJTA1NyOxQlHJkBJoGgEKmKDF8vLAwiCd2LWSYKJY/j8gQK0xMnpudp+IuZ7BK2hd116m7D5fVxs0sHijDCZzCGbhwBQ24gya0gICEF3iFN+vZerc+rM9Za8mazxzDAqyvX7K9mDo=</latexit><latexit sha1_base64="NEucp3haqPTlIs3i8bxJBEDUQ+k=">AAACBHicbVDLSsNAFL2prxpfVZduBkvBjSURQZdFN+Kqgn1AE8pkMmmHTjLDzEQooVs/wa1+gDtx63+49kdM0y5s64ELh3PuixNIzrRxnG+rtLa+sblV3rZ3dvf2DyqHR20tUkVoiwguVDfAmnKW0JZhhtOuVBTHAaedYHQ79TtPVGkmkkczltSP8SBhESPY5JJ3ft93PSK0J4esX6k6dacAWiXunFQbZSjQ7Fd+vFCQNKaJIRxr3XMdafwMK8MIpxPbSzWVmIzwgPZymuCYaj8rfp6gWq6EKBIqr8SgQv07keFY63Ec5J0xNkO97E3F/7xeaqJrP2OJTA1NyOxQlHJkBJoGgEKmKDF8vLAwiCd2LWSYKJY/j8gQK0xMnpudp+IuZ7BK2hd116m7D5fVxs0sHijDCZzCGbhwBQ24gya0gICEF3iFN+vZerc+rM9Za8mazxzDAqyvX7K9mDo=</latexit><latexit sha1_base64="rz/3ZY+K+l4SwMSw5vaJ9YFy6VM=">AAAB6nicbZDLSgMxGIX/8VrHqnXtJlgKrsqMG10KblxWsBdoh5LJZNrQJDMk/wjD0Bdw6wO4E1/JtS9ielnY1gOBwzm5/PniXAqLQfDt7e0fHB4d107807p/dn7RqPdsVhjGuyyTmRnE1HIpNO+iQMkHueFUxZL349njou+/cmNFpl+wzHmk6ESLVDCKLuqMG82gHSxFdk24Nk1Ya9z4GSUZKxTXyCS1dhgGOUYVNSiY5HN/VFieUzajEz50VlPFbVQtx5yTlksSkmbGLY1kmf49UVFlbalit1NRnNrtbhH+1w0LTO+jSui8QK7Z6qG0kAQzsvgzSYThDGW5cWGs5n4rEZQZ4YYnbEoNZehQ+Q5KuI1g1/Ru22HQDp8DqMEVXMMNhHAHD/AEHegCgwTe4N0rvQ/vcwVvz1tTvIQNeV+/iwWQ4g==</latexit><latexit sha1_base64="CunyV0hyO7JJhiP778XgV2cK7AE=">AAAB+XicbZDLSgMxGIX/qbc6Vq1u3QRLwY1lxo0uBTfiqoK9QGcomUzahiaZkGSEMnTrI7jVB3AnPoxrX8T0srCtBwKHc5I/P1+iODM2CL690tb2zu5eed8/qBweHVdPKm2T5ZrQFsl4prsJNpQzSVuWWU67SlMsEk47yfhu1neeqTYsk092omgs8FCyASPYuii6fOiHEclMpEasX60FjWAutGnCpanBUs1+9SdKM5ILKi3h2JheGCgbF1hbRjid+lFuqMJkjIe056zEgpq4mO88RXWXpGiQaXekRfP074sCC2MmInE3BbYjs97Nwv+6Xm4HN3HBpMotlWTx0SDnyGZoBgClTFNi+WRlYCKmfj1lmGjmlkdkhDUm1nHzHZVwncGmaV81wqARPgZQhjM4hwsI4Rpu4R6a0AICCl7hDd69F+/D+1zwK3lLkKewIu/rF8F6loM=</latexit><latexit sha1_base64="CunyV0hyO7JJhiP778XgV2cK7AE=">AAAB+XicbZDLSgMxGIX/qbc6Vq1u3QRLwY1lxo0uBTfiqoK9QGcomUzahiaZkGSEMnTrI7jVB3AnPoxrX8T0srCtBwKHc5I/P1+iODM2CL690tb2zu5eed8/qBweHVdPKm2T5ZrQFsl4prsJNpQzSVuWWU67SlMsEk47yfhu1neeqTYsk092omgs8FCyASPYuii6fOiHEclMpEasX60FjWAutGnCpanBUs1+9SdKM5ILKi3h2JheGCgbF1hbRjid+lFuqMJkjIe056zEgpq4mO88RXWXpGiQaXekRfP074sCC2MmInE3BbYjs97Nwv+6Xm4HN3HBpMotlWTx0SDnyGZoBgClTFNi+WRlYCKmfj1lmGjmlkdkhDUm1nHzHZVwncGmaV81wqARPgZQhjM4hwsI4Rpu4R6a0AICCl7hDd69F+/D+1zwK3lLkKewIu/rF8F6loM=</latexit><latexit sha1_base64="H8nGlxmxG64RvmNz2OLAqwrh6bI=">AAACBHicbVC7SgNBFJ31GeMramkzGAI2hl0bLYM2YhXBPCC7hNnZ2WTIvJiZFcKS1k+w1Q+wE1v/w9ofcZJsYRIPXDicc1+cWDFqrO9/e2vrG5tb26Wd8u7e/sFh5ei4bWSmMWlhyaTuxsgQRgVpWWoZ6SpNEI8Z6cSj26nfeSLaUCke7ViRiKOBoCnFyDopvLjvByGWJlRD2q9U/bo/A1wlQUGqoECzX/kJE4kzToTFDBnTC3xloxxpSzEjk3KYGaIQHqEB6TkqECcmymc/T2DNKQlMpXYlLJypfydyxI0Z89h1cmSHZtmbiv95vcym11FOhcosEXh+KM0YtBJOA4AJ1QRbNl5YGPNJuZZQhDV1z0M8RBph63Iru1SC5QxWSfuyHvj14MGvNm6KfErgFJyBcxCAK9AAd6AJWgADBV7AK3jznr1378P7nLeuecXMCViA9/ULSt2X7g==</latexit><latexit sha1_base64="lfatCenLoWiM7QW1RkrOEn9htF0=">AAACBHicbVDLSgMxFM3UVx1fVZdugqXgxjIjgi6LbsRVBfuAzlAymUwbmkxCkhHK0K2f4FY/wJ249T9c+yOm7Sxs64ELh3PuixNJRrXxvG+ntLa+sblV3nZ3dvf2DyqHR20tMoVJCwsmVDdCmjCakpahhpGuVATxiJFONLqd+p0nojQV6aMZSxJyNEhpQjEyVgrO7/t+gIUO5JD2K1Wv7s0AV4lfkCoo0OxXfoJY4IyT1GCGtO75njRhjpShmJGJG2SaSIRHaEB6lqaIEx3ms58nsGaVGCZC2UoNnKl/J3LEtR7zyHZyZIZ62ZuK/3m9zCTXYU5TmRmS4vmhJGPQCDgNAMZUEWzYeGFhxCduLaYIK2qfh3iIFMLG5ubaVPzlDFZJ+6Lue3X/4bLauCnyKYMTcArOgA+uQAPcgSZoAQwkeAGv4M15dt6dD+dz3lpyipljsADn6xdMHZfy</latexit><latexit sha1_base64="NEucp3haqPTlIs3i8bxJBEDUQ+k=">AAACBHicbVDLSsNAFL2prxpfVZduBkvBjSURQZdFN+Kqgn1AE8pkMmmHTjLDzEQooVs/wa1+gDtx63+49kdM0y5s64ELh3PuixNIzrRxnG+rtLa+sblV3rZ3dvf2DyqHR20tUkVoiwguVDfAmnKW0JZhhtOuVBTHAaedYHQ79TtPVGkmkkczltSP8SBhESPY5JJ3ft93PSK0J4esX6k6dacAWiXunFQbZSjQ7Fd+vFCQNKaJIRxr3XMdafwMK8MIpxPbSzWVmIzwgPZymuCYaj8rfp6gWq6EKBIqr8SgQv07keFY63Ec5J0xNkO97E3F/7xeaqJrP2OJTA1NyOxQlHJkBJoGgEKmKDF8vLAwiCd2LWSYKJY/j8gQK0xMnpudp+IuZ7BK2hd116m7D5fVxs0sHijDCZzCGbhwBQ24gya0gICEF3iFN+vZerc+rM9Za8mazxzDAqyvX7K9mDo=</latexit><latexit sha1_base64="NEucp3haqPTlIs3i8bxJBEDUQ+k=">AAACBHicbVDLSsNAFL2prxpfVZduBkvBjSURQZdFN+Kqgn1AE8pkMmmHTjLDzEQooVs/wa1+gDtx63+49kdM0y5s64ELh3PuixNIzrRxnG+rtLa+sblV3rZ3dvf2DyqHR20tUkVoiwguVDfAmnKW0JZhhtOuVBTHAaedYHQ79TtPVGkmkkczltSP8SBhESPY5JJ3ft93PSK0J4esX6k6dacAWiXunFQbZSjQ7Fd+vFCQNKaJIRxr3XMdafwMK8MIpxPbSzWVmIzwgPZymuCYaj8rfp6gWq6EKBIqr8SgQv07keFY63Ec5J0xNkO97E3F/7xeaqJrP2OJTA1NyOxQlHJkBJoGgEKmKDF8vLAwiCd2LWSYKJY/j8gQK0xMnpudp+IuZ7BK2hd116m7D5fVxs0sHijDCZzCGbhwBQ24gya0gICEF3iFN+vZerc+rM9Za8mazxzDAqyvX7K9mDo=</latexit><latexit sha1_base64="NEucp3haqPTlIs3i8bxJBEDUQ+k=">AAACBHicbVDLSsNAFL2prxpfVZduBkvBjSURQZdFN+Kqgn1AE8pkMmmHTjLDzEQooVs/wa1+gDtx63+49kdM0y5s64ELh3PuixNIzrRxnG+rtLa+sblV3rZ3dvf2DyqHR20tUkVoiwguVDfAmnKW0JZhhtOuVBTHAaedYHQ79TtPVGkmkkczltSP8SBhESPY5JJ3ft93PSK0J4esX6k6dacAWiXunFQbZSjQ7Fd+vFCQNKaJIRxr3XMdafwMK8MIpxPbSzWVmIzwgPZymuCYaj8rfp6gWq6EKBIqr8SgQv07keFY63Ec5J0xNkO97E3F/7xeaqJrP2OJTA1NyOxQlHJkBJoGgEKmKDF8vLAwiCd2LWSYKJY/j8gQK0xMnpudp+IuZ7BK2hd116m7D5fVxs0sHijDCZzCGbhwBQ24gya0gICEF3iFN+vZerc+rM9Za8mazxzDAqyvX7K9mDo=</latexit><latexit sha1_base64="NEucp3haqPTlIs3i8bxJBEDUQ+k=">AAACBHicbVDLSsNAFL2prxpfVZduBkvBjSURQZdFN+Kqgn1AE8pkMmmHTjLDzEQooVs/wa1+gDtx63+49kdM0y5s64ELh3PuixNIzrRxnG+rtLa+sblV3rZ3dvf2DyqHR20tUkVoiwguVDfAmnKW0JZhhtOuVBTHAaedYHQ79TtPVGkmkkczltSP8SBhESPY5JJ3ft93PSK0J4esX6k6dacAWiXunFQbZSjQ7Fd+vFCQNKaJIRxr3XMdafwMK8MIpxPbSzWVmIzwgPZymuCYaj8rfp6gWq6EKBIqr8SgQv07keFY63Ec5J0xNkO97E3F/7xeaqJrP2OJTA1NyOxQlHJkBJoGgEKmKDF8vLAwiCd2LWSYKJY/j8gQK0xMnpudp+IuZ7BK2hd116m7D5fVxs0sHijDCZzCGbhwBQ24gya0gICEF3iFN+vZerc+rM9Za8mazxzDAqyvX7K9mDo=</latexit><latexit sha1_base64="lfatCenLoWiM7QW1RkrOEn9htF0=">AAACBHicbVDLSgMxFM3UVx1fVZdugqXgxjIjgi6LbsRVBfuAzlAymUwbmkxCkhHK0K2f4FY/wJ249T9c+yOm7Sxs64ELh3PuixNJRrXxvG+ntLa+sblV3nZ3dvf2DyqHR20tMoVJCwsmVDdCmjCakpahhpGuVATxiJFONLqd+p0nojQV6aMZSxJyNEhpQjEyVgrO7/t+gIUO5JD2K1Wv7s0AV4lfkCoo0OxXfoJY4IyT1GCGtO75njRhjpShmJGJG2SaSIRHaEB6lqaIEx3ms58nsGaVGCZC2UoNnKl/J3LEtR7zyHZyZIZ62ZuK/3m9zCTXYU5TmRmS4vmhJGPQCDgNAMZUEWzYeGFhxCduLaYIK2qfh3iIFMLG5ubaVPzlDFZJ+6Lue3X/4bLauCnyKYMTcArOgA+uQAPcgSZoAQwkeAGv4M15dt6dD+dz3lpyipljsADn6xdMHZfy</latexit>
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Interlayer	Coupling	

ü  Dependence	on	AF	thickness	

⇠ 1/L3
<latexit sha1_base64="HkaerE/HQtC2hsoX1cZsppZ0aNg=">AAACAnicbVC7TsMwFL0prxJeBUYWi6oSU0kACcYKFgaGItGHaEPlOE5r1XYi20Gqom58Ait8ABti5UeY+RHSlIG2HOlKR+fca997/JgzbRznyyosLa+srhXX7Y3Nre2d0u5eU0eJIrRBIh6pto815UzShmGG03asKBY+py1/eDXxW49UaRbJOzOKqSdwX7KQEWwy6b6rmUDu8c3Daa9UdqpODrRI3F9SrhUhR71X+u4GEUkElYZwrHXHdWLjpVgZRjgd291E0xiTIe7TTkYlFlR7ab7xGFUyJUBhpLKSBuXq34kUC61Hws86BTYDPe9NxP+8TmLCCy9lMk4MlWT6UZhwZCI0OR8FTFFi+GjmQV+M7UrAMFEsWx6RAVaYmCw1O0vFnc9gkTRPqq5TdW/PyrXLaTxQhAM4hCNw4RxqcA11aAABCc/wAq/Wk/VmvVsf09aC9TuzDzOwPn8AY92W4w==</latexit><latexit sha1_base64="HkaerE/HQtC2hsoX1cZsppZ0aNg=">AAACAnicbVC7TsMwFL0prxJeBUYWi6oSU0kACcYKFgaGItGHaEPlOE5r1XYi20Gqom58Ait8ABti5UeY+RHSlIG2HOlKR+fca997/JgzbRznyyosLa+srhXX7Y3Nre2d0u5eU0eJIrRBIh6pto815UzShmGG03asKBY+py1/eDXxW49UaRbJOzOKqSdwX7KQEWwy6b6rmUDu8c3Daa9UdqpODrRI3F9SrhUhR71X+u4GEUkElYZwrHXHdWLjpVgZRjgd291E0xiTIe7TTkYlFlR7ab7xGFUyJUBhpLKSBuXq34kUC61Hws86BTYDPe9NxP+8TmLCCy9lMk4MlWT6UZhwZCI0OR8FTFFi+GjmQV+M7UrAMFEsWx6RAVaYmCw1O0vFnc9gkTRPqq5TdW/PyrXLaTxQhAM4hCNw4RxqcA11aAABCc/wAq/Wk/VmvVsf09aC9TuzDzOwPn8AY92W4w==</latexit><latexit sha1_base64="HkaerE/HQtC2hsoX1cZsppZ0aNg=">AAACAnicbVC7TsMwFL0prxJeBUYWi6oSU0kACcYKFgaGItGHaEPlOE5r1XYi20Gqom58Ait8ABti5UeY+RHSlIG2HOlKR+fca997/JgzbRznyyosLa+srhXX7Y3Nre2d0u5eU0eJIrRBIh6pto815UzShmGG03asKBY+py1/eDXxW49UaRbJOzOKqSdwX7KQEWwy6b6rmUDu8c3Daa9UdqpODrRI3F9SrhUhR71X+u4GEUkElYZwrHXHdWLjpVgZRjgd291E0xiTIe7TTkYlFlR7ab7xGFUyJUBhpLKSBuXq34kUC61Hws86BTYDPe9NxP+8TmLCCy9lMk4MlWT6UZhwZCI0OR8FTFFi+GjmQV+M7UrAMFEsWx6RAVaYmCw1O0vFnc9gkTRPqq5TdW/PyrXLaTxQhAM4hCNw4RxqcA11aAABCc/wAq/Wk/VmvVsf09aC9TuzDzOwPn8AY92W4w==</latexit><latexit sha1_base64="05j01iWOahC8Eb/pCJKgel+876g=">AAACAnicbVC7TsMwFL0prxJeBUYWi6oSU0kACcYKFgaGItGHaEPlOE5r1XYi20Gqom58Ait8ABti5UeY+RHSNgMtHOlKR+fca997/JgzbRznyyosLa+srhXX7Y3Nre2d0u5eU0eJIrRBIh6pto815UzShmGG03asKBY+py1/eDXxW49UaRbJOzOKqSdwX7KQEWwy6b6rmUDu8c3Daa9UdqrOFOgvcXNShhz1Xum7G0QkEVQawrHWHdeJjZdiZRjhdGx3E01jTIa4TzsZlVhQ7aXTjceokikBCiOVlTRoqv6eSLHQeiT8rFNgM9CL3kT8z+skJrzwUibjxFBJZh+FCUcmQpPzUcAUJYaP5h70xdiuBAwTxbLlERlghYnJUrOzVNzFDP6S5knVdaru7Vm5dpnnU4QDOIQjcOEcanANdWgAAQnP8AKv1pP1Zr1bH7PWgpXP7MMcrM8f/S6Wmw==</latexit>

D(layers)
<latexit sha1_base64="xSXeiT1AF7tBhX++PYwgzf4kw0I=">AAACCnicbVDLSsNAFL2prxpfUZdugqVQNyURQZdFXbisYB/QhjKZTNqhM0mYmRRD6B/4CW71A9yJW3/CtT/iNO1CWw8MHM45987l+AmjUjnOl1FaW9/Y3Cpvmzu7e/sH1uFRW8apwKSFYxaLro8kYTQiLUUVI91EEMR9Rjr++GbmdyZESBpHDypLiMfRMKIhxUhpaWBZt7U+9+PHnKFMx6ZnA6vi1J0C9ipxF6TSKEOB5sD67gcxTjmJFGZIyp7rJMrLkVAUMzI1+6kkCcJjNCQ9TSPEifTy4vKpXdVKYIex0C9SdqH+nsgRlzLjvk5ypEZy2ZuJ/3m9VIVXXk6jJFUkwvOPwpTZKrZnNdgBFQQrlv1Z6POpWQ0owoLq4208QgJhpWsxdSvucgerpH1ed526e39RaVzP64EynMAp1MCFS2jAHTShBRgm8Awv8Go8GW/Gu/Exj5aMxcwx/IHx+QPf35p9</latexit><latexit sha1_base64="xSXeiT1AF7tBhX++PYwgzf4kw0I=">AAACCnicbVDLSsNAFL2prxpfUZdugqVQNyURQZdFXbisYB/QhjKZTNqhM0mYmRRD6B/4CW71A9yJW3/CtT/iNO1CWw8MHM45987l+AmjUjnOl1FaW9/Y3Cpvmzu7e/sH1uFRW8apwKSFYxaLro8kYTQiLUUVI91EEMR9Rjr++GbmdyZESBpHDypLiMfRMKIhxUhpaWBZt7U+9+PHnKFMx6ZnA6vi1J0C9ipxF6TSKEOB5sD67gcxTjmJFGZIyp7rJMrLkVAUMzI1+6kkCcJjNCQ9TSPEifTy4vKpXdVKYIex0C9SdqH+nsgRlzLjvk5ypEZy2ZuJ/3m9VIVXXk6jJFUkwvOPwpTZKrZnNdgBFQQrlv1Z6POpWQ0owoLq4208QgJhpWsxdSvucgerpH1ed526e39RaVzP64EynMAp1MCFS2jAHTShBRgm8Awv8Go8GW/Gu/Exj5aMxcwx/IHx+QPf35p9</latexit><latexit sha1_base64="xSXeiT1AF7tBhX++PYwgzf4kw0I=">AAACCnicbVDLSsNAFL2prxpfUZdugqVQNyURQZdFXbisYB/QhjKZTNqhM0mYmRRD6B/4CW71A9yJW3/CtT/iNO1CWw8MHM45987l+AmjUjnOl1FaW9/Y3Cpvmzu7e/sH1uFRW8apwKSFYxaLro8kYTQiLUUVI91EEMR9Rjr++GbmdyZESBpHDypLiMfRMKIhxUhpaWBZt7U+9+PHnKFMx6ZnA6vi1J0C9ipxF6TSKEOB5sD67gcxTjmJFGZIyp7rJMrLkVAUMzI1+6kkCcJjNCQ9TSPEifTy4vKpXdVKYIex0C9SdqH+nsgRlzLjvk5ypEZy2ZuJ/3m9VIVXXk6jJFUkwvOPwpTZKrZnNdgBFQQrlv1Z6POpWQ0owoLq4208QgJhpWsxdSvucgerpH1ed526e39RaVzP64EynMAp1MCFS2jAHTShBRgm8Awv8Go8GW/Gu/Exj5aMxcwx/IHx+QPf35p9</latexit><latexit sha1_base64="Rd8+FdcBtmJVlVKoyIULojR4eJM=">AAACCnicbVDLSgMxFM3UVx1foy7dBEuhbsqMCLos6sJlBfuAdiiZTKYNTSZDkikOQ//AT3CrH+BO3PoTrv0R03YW2nogcDjn3JvLCRJGlXbdL6u0tr6xuVXetnd29/YPnMOjthKpxKSFBROyGyBFGI1JS1PNSDeRBPGAkU4wvpn5nQmRior4QWcJ8TkaxjSiGGkjDRznttbngXjMGcpMbHo2cCpu3Z0DrhKvIBVQoDlwvvuhwCknscYMKdXz3ET7OZKaYkamdj9VJEF4jIakZ2iMOFF+Pr98CqtGCWEkpHmxhnP190SOuFIZD0ySIz1Sy95M/M/rpTq68nMaJ6kmMV58FKUMagFnNcCQSoI1y/4sDPjUroYUYUnN8RCPkERYm1ps04q33MEqaZ/XPbfu3V9UGtdFP2VwAk5BDXjgEjTAHWiCFsBgAp7BC3i1nqw36936WERLVjFzDP7A+vwBeT+aNQ==</latexit>

kBT = 0.6JAF
<latexit sha1_base64="SxWhAUJs/PEdNSISBh/leo83/Iw=">AAACBnicbVDLSsNAFL2prxpfVZdugqXgKiQi6kaoFURcVegL2hgmk2k7dCYJMxOhhOz9BLf6Ae7Erb/h2h8xTbuwrQcuHM65L44XMSqVZX1rhZXVtfWN4qa+tb2zu1faP2jJMBaYNHHIQtHxkCSMBqSpqGKkEwmCuMdI2xvdTPz2ExGShkFDjSPicDQIaJ9ipDLpceTWGleWeX7vJte3qVsqW6aVw1gm9oyUq0XIUXdLPz0/xDEngcIMSdm1rUg5CRKKYkZSvRdLEiE8QgPSzWiAOJFOkn+dGpVM8Y1+KLIKlJGrfycSxKUccy/r5EgN5aI3Ef/zurHqXzoJDaJYkQBPD/VjZqjQmERg+FQQrNh4bqHHU73iU4QFzZ438BAJhFWWnJ6lYi9msExap6ZtmfbDWblam8YDRTiCYzgBGy6gCndQhyZgEPACr/CmPWvv2of2OW0taLOZQ5iD9vULIwCYYg==</latexit><latexit sha1_base64="SxWhAUJs/PEdNSISBh/leo83/Iw=">AAACBnicbVDLSsNAFL2prxpfVZdugqXgKiQi6kaoFURcVegL2hgmk2k7dCYJMxOhhOz9BLf6Ae7Erb/h2h8xTbuwrQcuHM65L44XMSqVZX1rhZXVtfWN4qa+tb2zu1faP2jJMBaYNHHIQtHxkCSMBqSpqGKkEwmCuMdI2xvdTPz2ExGShkFDjSPicDQIaJ9ipDLpceTWGleWeX7vJte3qVsqW6aVw1gm9oyUq0XIUXdLPz0/xDEngcIMSdm1rUg5CRKKYkZSvRdLEiE8QgPSzWiAOJFOkn+dGpVM8Y1+KLIKlJGrfycSxKUccy/r5EgN5aI3Ef/zurHqXzoJDaJYkQBPD/VjZqjQmERg+FQQrNh4bqHHU73iU4QFzZ438BAJhFWWnJ6lYi9msExap6ZtmfbDWblam8YDRTiCYzgBGy6gCndQhyZgEPACr/CmPWvv2of2OW0taLOZQ5iD9vULIwCYYg==</latexit><latexit sha1_base64="SxWhAUJs/PEdNSISBh/leo83/Iw=">AAACBnicbVDLSsNAFL2prxpfVZdugqXgKiQi6kaoFURcVegL2hgmk2k7dCYJMxOhhOz9BLf6Ae7Erb/h2h8xTbuwrQcuHM65L44XMSqVZX1rhZXVtfWN4qa+tb2zu1faP2jJMBaYNHHIQtHxkCSMBqSpqGKkEwmCuMdI2xvdTPz2ExGShkFDjSPicDQIaJ9ipDLpceTWGleWeX7vJte3qVsqW6aVw1gm9oyUq0XIUXdLPz0/xDEngcIMSdm1rUg5CRKKYkZSvRdLEiE8QgPSzWiAOJFOkn+dGpVM8Y1+KLIKlJGrfycSxKUccy/r5EgN5aI3Ef/zurHqXzoJDaJYkQBPD/VjZqjQmERg+FQQrNh4bqHHU73iU4QFzZ438BAJhFWWnJ6lYi9msExap6ZtmfbDWblam8YDRTiCYzgBGy6gCndQhyZgEPACr/CmPWvv2of2OW0taLOZQ5iD9vULIwCYYg==</latexit><latexit sha1_base64="UHnFkVcdXEIV1r+sJFNPpMPhVWA=">AAACBnicbVDLSsNAFJ3UV42vqks3wVJwFRIRdSPUCiKuKvQFbQyTybQdOjMJMxOhhOz9BLf6Ae7Erb/h2h9x2mZhWw9cOJxzX5wgpkQqx/k2Ciura+sbxU1za3tnd6+0f9CSUSIQbqKIRqITQIkp4bipiKK4EwsMWUBxOxjdTPz2ExaSRLyhxjH2GBxw0icIKi09jvxa48qxz+/99Po280tlx3amsJaJm5MyyFH3Sz+9MEIJw1whCqXsuk6svBQKRRDFmdlLJI4hGsEB7mrKIcPSS6dfZ1ZFK6HVj4Qurqyp+ncihUzKMQt0J4NqKBe9ifif101U/9JLCY8ThTmaHeon1FKRNYnAConASNHx3MKAZWYlJBAJop+30BAKiJROztSpuIsZLJPWqe06tvtwVq7W8nyK4AgcgxPgggtQBXegDpoAAQFewCt4M56Nd+PD+Jy1Fox85hDMwfj6BbxRmBo=</latexit>

kBT = 0
<latexit sha1_base64="Sw2Gag24wHiSVXsHHB3FgvUrx/U=">AAAB/nicbVDLSsNAFL2prxpfVZdugqXgqiQi6EYodeOyQl/QhjKZTNqxM5MwMxFKKPgJbvUD3Ilbf8W1P+I07cK2HrhwOOfemXtPkDCqtOt+W4WNza3tneKuvbd/cHhUOj5pqziVmLRwzGLZDZAijArS0lQz0k0kQTxgpBOM72Z+54lIRWPR1JOE+BwNBY0oRtpI7fGg3rx1B6WyW3VzOOvEW5ByrQg5GoPSTz+MccqJ0JghpXqem2g/Q1JTzMjU7qeKJAiP0ZD0DBWIE+Vn+bZTp2KU0IliaUpoJ1f/TmSIKzXhgenkSI/UqjcT//N6qY5u/IyKJNVE4PlHUcocHTuz052QSoI1myw9GPCpXQkpwpKa5R08QhJhbRKzTSreagbrpH1Z9dyq93BVrtXn8UARzuAcLsCDa6jBPTSgBRge4QVe4c16tt6tD+tz3lqwFjOnsATr6xfc5ZWG</latexit><latexit sha1_base64="Sw2Gag24wHiSVXsHHB3FgvUrx/U=">AAAB/nicbVDLSsNAFL2prxpfVZdugqXgqiQi6EYodeOyQl/QhjKZTNqxM5MwMxFKKPgJbvUD3Ilbf8W1P+I07cK2HrhwOOfemXtPkDCqtOt+W4WNza3tneKuvbd/cHhUOj5pqziVmLRwzGLZDZAijArS0lQz0k0kQTxgpBOM72Z+54lIRWPR1JOE+BwNBY0oRtpI7fGg3rx1B6WyW3VzOOvEW5ByrQg5GoPSTz+MccqJ0JghpXqem2g/Q1JTzMjU7qeKJAiP0ZD0DBWIE+Vn+bZTp2KU0IliaUpoJ1f/TmSIKzXhgenkSI/UqjcT//N6qY5u/IyKJNVE4PlHUcocHTuz052QSoI1myw9GPCpXQkpwpKa5R08QhJhbRKzTSreagbrpH1Z9dyq93BVrtXn8UARzuAcLsCDa6jBPTSgBRge4QVe4c16tt6tD+tz3lqwFjOnsATr6xfc5ZWG</latexit><latexit sha1_base64="Sw2Gag24wHiSVXsHHB3FgvUrx/U=">AAAB/nicbVDLSsNAFL2prxpfVZdugqXgqiQi6EYodeOyQl/QhjKZTNqxM5MwMxFKKPgJbvUD3Ilbf8W1P+I07cK2HrhwOOfemXtPkDCqtOt+W4WNza3tneKuvbd/cHhUOj5pqziVmLRwzGLZDZAijArS0lQz0k0kQTxgpBOM72Z+54lIRWPR1JOE+BwNBY0oRtpI7fGg3rx1B6WyW3VzOOvEW5ByrQg5GoPSTz+MccqJ0JghpXqem2g/Q1JTzMjU7qeKJAiP0ZD0DBWIE+Vn+bZTp2KU0IliaUpoJ1f/TmSIKzXhgenkSI/UqjcT//N6qY5u/IyKJNVE4PlHUcocHTuz052QSoI1myw9GPCpXQkpwpKa5R08QhJhbRKzTSreagbrpH1Z9dyq93BVrtXn8UARzuAcLsCDa6jBPTSgBRge4QVe4c16tt6tD+tz3lqwFjOnsATr6xfc5ZWG</latexit><latexit sha1_base64="q6o+ey88tnvd8WIsGgkoNovD0tw=">AAAB/nicbVDLSsNAFL2prxpfVZdugqXgqiQi6EYodeOyQl/QhjKZTNqxM5MwMxFKKPgJbvUD3Ilbf8W1P+K0zcK2HrhwOOfemXtPkDCqtOt+W4WNza3tneKuvbd/cHhUOj5pqziVmLRwzGLZDZAijArS0lQz0k0kQTxgpBOM72Z+54lIRWPR1JOE+BwNBY0oRtpI7fGg3rx1B6WyW3XncNaJl5My5GgMSj/9MMYpJ0JjhpTqeW6i/QxJTTEjU7ufKpIgPEZD0jNUIE6Un823nToVo4ROFEtTQjtz9e9EhrhSEx6YTo70SK16M/E/r5fq6MbPqEhSTQRefBSlzNGxMzvdCakkWLPJ0oMBn9qVkCIsqVnewSMkEdYmMduk4q1msE7al1XPrXoPV+VaPc+nCGdwDhfgwTXU4B4a0AIMj/ACr/BmPVvv1of1uWgtWPnMKSzB+voFdkWVPg==</latexit>

Electron-mediated	

P.	Bruno,	Phys.	Rev.	B	52,	411	(1995)	

J1
JAF

<latexit sha1_base64="SNInFpP2yhfa3j/icXYvxgovQdo=">AAACDHicbZDNSsNAFIVv6l+Nf7Eu3QRLwVVJRNBlVRBxVcHWQhvCZDpph84kYWYilpBX8BHc6gO4E7e+g2tfxGnahW29MMPhnHtnLl+QMCqV43wbpZXVtfWN8qa5tb2zu2ftV9oyTgUmLRyzWHQCJAmjEWkpqhjpJIIgHjDyEIyuJvnDIxGSxtG9GifE42gQ0ZBipLTlW5VeKBDObn0311d2cZ3nvlV16k5R9rJwZ6LaKENRTd/66fVjnHISKcyQlF3XSZSXIaEoZiQ3e6kkCcIjNCBdLSPEifSyYvfcrmmnb4ex0CdSduH+ncgQl3LMA93JkRrKxWxi/pd1UxWeexmNklSRCE8/ClNmq9iegLD7VBCs2HjuwYDnZq1PERZUL2/jIdJ0lOZnairuIoNl0T6pu07dvTutNi6neKAMh3AEx+DCGTTgBprQAgxP8AKv8GY8G+/Gh/E5bS0Zs5kDmCvj6xdgOptM</latexit><latexit sha1_base64="SNInFpP2yhfa3j/icXYvxgovQdo=">AAACDHicbZDNSsNAFIVv6l+Nf7Eu3QRLwVVJRNBlVRBxVcHWQhvCZDpph84kYWYilpBX8BHc6gO4E7e+g2tfxGnahW29MMPhnHtnLl+QMCqV43wbpZXVtfWN8qa5tb2zu2ftV9oyTgUmLRyzWHQCJAmjEWkpqhjpJIIgHjDyEIyuJvnDIxGSxtG9GifE42gQ0ZBipLTlW5VeKBDObn0311d2cZ3nvlV16k5R9rJwZ6LaKENRTd/66fVjnHISKcyQlF3XSZSXIaEoZiQ3e6kkCcIjNCBdLSPEifSyYvfcrmmnb4ex0CdSduH+ncgQl3LMA93JkRrKxWxi/pd1UxWeexmNklSRCE8/ClNmq9iegLD7VBCs2HjuwYDnZq1PERZUL2/jIdJ0lOZnairuIoNl0T6pu07dvTutNi6neKAMh3AEx+DCGTTgBprQAgxP8AKv8GY8G+/Gh/E5bS0Zs5kDmCvj6xdgOptM</latexit><latexit sha1_base64="SNInFpP2yhfa3j/icXYvxgovQdo=">AAACDHicbZDNSsNAFIVv6l+Nf7Eu3QRLwVVJRNBlVRBxVcHWQhvCZDpph84kYWYilpBX8BHc6gO4E7e+g2tfxGnahW29MMPhnHtnLl+QMCqV43wbpZXVtfWN8qa5tb2zu2ftV9oyTgUmLRyzWHQCJAmjEWkpqhjpJIIgHjDyEIyuJvnDIxGSxtG9GifE42gQ0ZBipLTlW5VeKBDObn0311d2cZ3nvlV16k5R9rJwZ6LaKENRTd/66fVjnHISKcyQlF3XSZSXIaEoZiQ3e6kkCcIjNCBdLSPEifSyYvfcrmmnb4ex0CdSduH+ncgQl3LMA93JkRrKxWxi/pd1UxWeexmNklSRCE8/ClNmq9iegLD7VBCs2HjuwYDnZq1PERZUL2/jIdJ0lOZnairuIoNl0T6pu07dvTutNi6neKAMh3AEx+DCGTTgBprQAgxP8AKv8GY8G+/Gh/E5bS0Zs5kDmCvj6xdgOptM</latexit><latexit sha1_base64="MEDZxjU1ten3578GBZhcWRzviOo=">AAACDHicbZDNSgMxFIUz9a+Of2NdugmWgqsyI4Iuq4KIqwq2FtphyKSZNjTJDElGLMO8go/gVh/Anbj1HVz7IqbtLGzrhYTDOfcmly9MGFXadb+t0srq2vpGedPe2t7Z3XP2K20VpxKTFo5ZLDshUoRRQVqaakY6iSSIh4w8hKOrSf7wSKSisbjX44T4HA0EjShG2liBU+lFEuHsNvByc2UX13keOFW37k4LLguvEFVQVDNwfnr9GKecCI0ZUqrruYn2MyQ1xYzkdi9VJEF4hAaka6RAnCg/m+6ew5px+jCKpTlCw6n7dyJDXKkxD00nR3qoFrOJ+V/WTXV07mdUJKkmAs8+ilIGdQwnIGCfSoI1G889GPLcrvUpwpKa5SEeIkNHG362oeItMlgW7ZO659a9u9Nq47LgUwaH4AgcAw+cgQa4AU3QAhg8gRfwCt6sZ+vd+rA+Z60lq5g5AHNlff0C+YubBA==</latexit>
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Interlayer	Coupling	
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⇠ = JI/JAF
<latexit sha1_base64="VJazFDDfCe8x0zqz0zQmMTFJfeE=">AAACBXicbVDLSsNAFL2prxpfVZdugqXgqiYiqAuhKoh2VcHYQhvDZDJth04ezEzEErL3E9zqB7gSt36Ha3/EadqFrR64cDjnvjhezKiQpvmlFebmFxaXisv6yura+kZpc+tORAnHxMYRi3jLQ4IwGhJbUslIK+YEBR4jTW9wMfKbD4QLGoW3chgTJ0C9kHYpRlJJ951Help3r/frbnp2mbmlslk1cxh/iTUh5VoRcjTc0nfHj3ASkFBihoRoW2YsnRRxSTEjmd5JBIkRHqAeaSsaooAIJ82/zoyKUnyjG3FVoTRy9fdEigIhhoGnOgMk+2LWG4n/ee1Edo+dlIZxIkmIx4e6CTNkZIwiMHzKCZZsOLXQCzK94lOEOVXPG7iPOMJSJaerVKzZDP4S+6B6UrVuDsu183E6UIQd2IU9sOAIanAFDbABA4dneIFX7Ul70961j3FrQZvMbMMUtM8fMcKYoA==</latexit><latexit sha1_base64="VJazFDDfCe8x0zqz0zQmMTFJfeE=">AAACBXicbVDLSsNAFL2prxpfVZdugqXgqiYiqAuhKoh2VcHYQhvDZDJth04ezEzEErL3E9zqB7gSt36Ha3/EadqFrR64cDjnvjhezKiQpvmlFebmFxaXisv6yura+kZpc+tORAnHxMYRi3jLQ4IwGhJbUslIK+YEBR4jTW9wMfKbD4QLGoW3chgTJ0C9kHYpRlJJ951Help3r/frbnp2mbmlslk1cxh/iTUh5VoRcjTc0nfHj3ASkFBihoRoW2YsnRRxSTEjmd5JBIkRHqAeaSsaooAIJ82/zoyKUnyjG3FVoTRy9fdEigIhhoGnOgMk+2LWG4n/ee1Edo+dlIZxIkmIx4e6CTNkZIwiMHzKCZZsOLXQCzK94lOEOVXPG7iPOMJSJaerVKzZDP4S+6B6UrVuDsu183E6UIQd2IU9sOAIanAFDbABA4dneIFX7Ul70961j3FrQZvMbMMUtM8fMcKYoA==</latexit><latexit sha1_base64="VJazFDDfCe8x0zqz0zQmMTFJfeE=">AAACBXicbVDLSsNAFL2prxpfVZdugqXgqiYiqAuhKoh2VcHYQhvDZDJth04ezEzEErL3E9zqB7gSt36Ha3/EadqFrR64cDjnvjhezKiQpvmlFebmFxaXisv6yura+kZpc+tORAnHxMYRi3jLQ4IwGhJbUslIK+YEBR4jTW9wMfKbD4QLGoW3chgTJ0C9kHYpRlJJ951Help3r/frbnp2mbmlslk1cxh/iTUh5VoRcjTc0nfHj3ASkFBihoRoW2YsnRRxSTEjmd5JBIkRHqAeaSsaooAIJ82/zoyKUnyjG3FVoTRy9fdEigIhhoGnOgMk+2LWG4n/ee1Edo+dlIZxIkmIx4e6CTNkZIwiMHzKCZZsOLXQCzK94lOEOVXPG7iPOMJSJaerVKzZDP4S+6B6UrVuDsu183E6UIQd2IU9sOAIanAFDbABA4dneIFX7Ul70961j3FrQZvMbMMUtM8fMcKYoA==</latexit><latexit sha1_base64="4SvUbR2fZcaeP3kM4Fa5yHRXwag=">AAACBXicbVDLSsNAFJ3UV42vqks3g6XgqiYiqAuhKoh2VcHYQhvDZDJth84kYWYilpC9n+BWP8CVuPU7XPsjTtssbPXAhcM598XxY0alsqwvozA3v7C4VFw2V1bX1jdKm1t3MkoEJg6OWCRaPpKE0ZA4iipGWrEgiPuMNP3BxchvPhAhaRTeqmFMXI56Ie1SjJSW7juP9LTuXe/XvfTsMvNKZatqjQH/EjsnZZCj4ZW+O0GEE05ChRmSsm1bsXJTJBTFjGRmJ5EkRniAeqStaYg4kW46/jqDFa0EsBsJXaGCY/X3RIq4lEPu606OVF/OeiPxP6+dqO6xm9IwThQJ8eRQN2FQRXAUAQyoIFix4dRCn2dmJaAIC6qfh7iPBMJKJ2fqVOzZDP4S56B6UrVvDsu18zyeItgBu2AP2OAI1MAVaAAHYCDAM3gBr8aT8Wa8Gx+T1oKRz2yDKRifP8tbmFg=</latexit>

Interfacial	coupling	

0.6 
0.3 

ü  Dependence	on	temperature	

kBT/JAF
<latexit sha1_base64="sjWfnh3hpu7hncrDAfXJMzF8MOU=">AAACA3icbVDLSsNAFL2prxpfVZdugqXgqiYi6LJWEHFVoS9IQ5hMJu3QSSbMTIQSsvQT3OoHuBO3fohrf8Q07cK2HrhwOOfemXuPFzMqlWl+a6W19Y3NrfK2vrO7t39QOTzqSp4ITDqYMy76HpKE0Yh0FFWM9GNBUOgx0vPGt1O/90SEpDxqq0lMnBANIxpQjFQu2WO32T5/cNObu8ytVM26WcBYJdacVBtlKNByKz8Dn+MkJJHCDElpW2asnBQJRTEjmT5IJIkRHqMhsXMaoZBIJy1WzoxarvhGwEVekTIK9e9EikIpJ6GXd4ZIjeSyNxX/8+xEBddOSqM4USTCs4+ChBmKG9P7DZ8KghWbLDzohZle8ynCgubLG3iEBMIqj03PU7GWM1gl3Yu6Zdatx8tqozmLB8pwAqdwBhZcQQPuoQUdwMDhBV7hTXvW3rUP7XPWWtLmM8ewAO3rF6pGl6I=</latexit><latexit sha1_base64="sjWfnh3hpu7hncrDAfXJMzF8MOU=">AAACA3icbVDLSsNAFL2prxpfVZdugqXgqiYi6LJWEHFVoS9IQ5hMJu3QSSbMTIQSsvQT3OoHuBO3fohrf8Q07cK2HrhwOOfemXuPFzMqlWl+a6W19Y3NrfK2vrO7t39QOTzqSp4ITDqYMy76HpKE0Yh0FFWM9GNBUOgx0vPGt1O/90SEpDxqq0lMnBANIxpQjFQu2WO32T5/cNObu8ytVM26WcBYJdacVBtlKNByKz8Dn+MkJJHCDElpW2asnBQJRTEjmT5IJIkRHqMhsXMaoZBIJy1WzoxarvhGwEVekTIK9e9EikIpJ6GXd4ZIjeSyNxX/8+xEBddOSqM4USTCs4+ChBmKG9P7DZ8KghWbLDzohZle8ynCgubLG3iEBMIqj03PU7GWM1gl3Yu6Zdatx8tqozmLB8pwAqdwBhZcQQPuoQUdwMDhBV7hTXvW3rUP7XPWWtLmM8ewAO3rF6pGl6I=</latexit><latexit sha1_base64="sjWfnh3hpu7hncrDAfXJMzF8MOU=">AAACA3icbVDLSsNAFL2prxpfVZdugqXgqiYi6LJWEHFVoS9IQ5hMJu3QSSbMTIQSsvQT3OoHuBO3fohrf8Q07cK2HrhwOOfemXuPFzMqlWl+a6W19Y3NrfK2vrO7t39QOTzqSp4ITDqYMy76HpKE0Yh0FFWM9GNBUOgx0vPGt1O/90SEpDxqq0lMnBANIxpQjFQu2WO32T5/cNObu8ytVM26WcBYJdacVBtlKNByKz8Dn+MkJJHCDElpW2asnBQJRTEjmT5IJIkRHqMhsXMaoZBIJy1WzoxarvhGwEVekTIK9e9EikIpJ6GXd4ZIjeSyNxX/8+xEBddOSqM4USTCs4+ChBmKG9P7DZ8KghWbLDzohZle8ynCgubLG3iEBMIqj03PU7GWM1gl3Yu6Zdatx8tqozmLB8pwAqdwBhZcQQPuoQUdwMDhBV7hTXvW3rUP7XPWWtLmM8ewAO3rF6pGl6I=</latexit><latexit sha1_base64="vr7yqCfhqGTYE9EmMAk0HRsGJxw=">AAACA3icbVDLSsNAFJ3UV42vqks3g6XgqiYi6LJWEHFVoS9IQ5hMJu3QSSbMTIQSsvQT3OoHuBO3fohrf8Rpm4VtPXDhcM69M/ceP2FUKsv6Nkpr6xubW+Vtc2d3b/+gcnjUlTwVmHQwZ1z0fSQJozHpKKoY6SeCoMhnpOePb6d+74kISXncVpOEuBEaxjSkGCktOWOv2T5/8LKbu9yrVK26NQNcJXZBqqBAy6v8DAKO04jECjMkpWNbiXIzJBTFjOTmIJUkQXiMhsTRNEYRkW42WzmHNa0EMORCV6zgTP07kaFIyknk684IqZFc9qbif56TqvDazWicpIrEeP5RmDKoOJzeDwMqCFZssvCgH+VmLaAIC6qXh3iEBMJKx2bqVOzlDFZJ96JuW3X78bLaaBb5lMEJOAVnwAZXoAHuQQt0AAYcvIBX8GY8G+/Gh/E5by0ZxcwxWIDx9QtDppda</latexit>

J1
JAF

<latexit sha1_base64="SNInFpP2yhfa3j/icXYvxgovQdo=">AAACDHicbZDNSsNAFIVv6l+Nf7Eu3QRLwVVJRNBlVRBxVcHWQhvCZDpph84kYWYilpBX8BHc6gO4E7e+g2tfxGnahW29MMPhnHtnLl+QMCqV43wbpZXVtfWN8qa5tb2zu2ftV9oyTgUmLRyzWHQCJAmjEWkpqhjpJIIgHjDyEIyuJvnDIxGSxtG9GifE42gQ0ZBipLTlW5VeKBDObn0311d2cZ3nvlV16k5R9rJwZ6LaKENRTd/66fVjnHISKcyQlF3XSZSXIaEoZiQ3e6kkCcIjNCBdLSPEifSyYvfcrmmnb4ex0CdSduH+ncgQl3LMA93JkRrKxWxi/pd1UxWeexmNklSRCE8/ClNmq9iegLD7VBCs2HjuwYDnZq1PERZUL2/jIdJ0lOZnairuIoNl0T6pu07dvTutNi6neKAMh3AEx+DCGTTgBprQAgxP8AKv8GY8G+/Gh/E5bS0Zs5kDmCvj6xdgOptM</latexit><latexit sha1_base64="SNInFpP2yhfa3j/icXYvxgovQdo=">AAACDHicbZDNSsNAFIVv6l+Nf7Eu3QRLwVVJRNBlVRBxVcHWQhvCZDpph84kYWYilpBX8BHc6gO4E7e+g2tfxGnahW29MMPhnHtnLl+QMCqV43wbpZXVtfWN8qa5tb2zu2ftV9oyTgUmLRyzWHQCJAmjEWkpqhjpJIIgHjDyEIyuJvnDIxGSxtG9GifE42gQ0ZBipLTlW5VeKBDObn0311d2cZ3nvlV16k5R9rJwZ6LaKENRTd/66fVjnHISKcyQlF3XSZSXIaEoZiQ3e6kkCcIjNCBdLSPEifSyYvfcrmmnb4ex0CdSduH+ncgQl3LMA93JkRrKxWxi/pd1UxWeexmNklSRCE8/ClNmq9iegLD7VBCs2HjuwYDnZq1PERZUL2/jIdJ0lOZnairuIoNl0T6pu07dvTutNi6neKAMh3AEx+DCGTTgBprQAgxP8AKv8GY8G+/Gh/E5bS0Zs5kDmCvj6xdgOptM</latexit><latexit sha1_base64="SNInFpP2yhfa3j/icXYvxgovQdo=">AAACDHicbZDNSsNAFIVv6l+Nf7Eu3QRLwVVJRNBlVRBxVcHWQhvCZDpph84kYWYilpBX8BHc6gO4E7e+g2tfxGnahW29MMPhnHtnLl+QMCqV43wbpZXVtfWN8qa5tb2zu2ftV9oyTgUmLRyzWHQCJAmjEWkpqhjpJIIgHjDyEIyuJvnDIxGSxtG9GifE42gQ0ZBipLTlW5VeKBDObn0311d2cZ3nvlV16k5R9rJwZ6LaKENRTd/66fVjnHISKcyQlF3XSZSXIaEoZiQ3e6kkCcIjNCBdLSPEifSyYvfcrmmnb4ex0CdSduH+ncgQl3LMA93JkRrKxWxi/pd1UxWeexmNklSRCE8/ClNmq9iegLD7VBCs2HjuwYDnZq1PERZUL2/jIdJ0lOZnairuIoNl0T6pu07dvTutNi6neKAMh3AEx+DCGTTgBprQAgxP8AKv8GY8G+/Gh/E5bS0Zs5kDmCvj6xdgOptM</latexit><latexit sha1_base64="MEDZxjU1ten3578GBZhcWRzviOo=">AAACDHicbZDNSgMxFIUz9a+Of2NdugmWgqsyI4Iuq4KIqwq2FtphyKSZNjTJDElGLMO8go/gVh/Anbj1HVz7IqbtLGzrhYTDOfcmly9MGFXadb+t0srq2vpGedPe2t7Z3XP2K20VpxKTFo5ZLDshUoRRQVqaakY6iSSIh4w8hKOrSf7wSKSisbjX44T4HA0EjShG2liBU+lFEuHsNvByc2UX13keOFW37k4LLguvEFVQVDNwfnr9GKecCI0ZUqrruYn2MyQ1xYzkdi9VJEF4hAaka6RAnCg/m+6ew5px+jCKpTlCw6n7dyJDXKkxD00nR3qoFrOJ+V/WTXV07mdUJKkmAs8+ilIGdQwnIGCfSoI1G889GPLcrvUpwpKa5SEeIkNHG362oeItMlgW7ZO659a9u9Nq47LgUwaH4AgcAw+cgQa4AU3QAhg8gRfwCt6sZ+vd+rA+Z60lq5g5AHNlff0C+YubBA==</latexit>
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J1(0)
<latexit sha1_base64="CoxE8kes9MWoj1wdF1GKGvHZ8pQ=">AAACD3icbZDLSsNAFIZP6q3GW1RcuQmWQrspiQi6LLoRVxV6gzaEyWTSDp1cmJkIJeQhfAS3+gDuxK2P4NoXcZp2YVsPDPPz/+fMHD4vYVRIy/rWShubW9s75V19b//g8Mg4PumKOOWYdHDMYt73kCCMRqQjqWSkn3CCQo+Rnje5m+W9J8IFjaO2nCbECdEoogHFSCrLNc6GAUc4e3DtWrueF7dVz12jYjWsosx1YS9EpVmGolqu8TP0Y5yGJJKYISEGtpVIJ0NcUsxIrg9TQRKEJ2hEBkpGKCTCyYr1c7OqHN8MYq5OJM3C/TuRoVCIaeipzhDJsVjNZuZ/2SCVwY2T0ShJJYnw/KMgZaaMzRkL06ecYMmmSw96Ya5XfYowp2p5E4+RAiQVQl1RsVcZrIvuZcO2GvbjVaV5O8cDZTiHC6iBDdfQhHtoQQcwZPACr/CmPWvv2of2OW8taYuZU1gq7esXnv+bQg==</latexit><latexit sha1_base64="CoxE8kes9MWoj1wdF1GKGvHZ8pQ=">AAACD3icbZDLSsNAFIZP6q3GW1RcuQmWQrspiQi6LLoRVxV6gzaEyWTSDp1cmJkIJeQhfAS3+gDuxK2P4NoXcZp2YVsPDPPz/+fMHD4vYVRIy/rWShubW9s75V19b//g8Mg4PumKOOWYdHDMYt73kCCMRqQjqWSkn3CCQo+Rnje5m+W9J8IFjaO2nCbECdEoogHFSCrLNc6GAUc4e3DtWrueF7dVz12jYjWsosx1YS9EpVmGolqu8TP0Y5yGJJKYISEGtpVIJ0NcUsxIrg9TQRKEJ2hEBkpGKCTCyYr1c7OqHN8MYq5OJM3C/TuRoVCIaeipzhDJsVjNZuZ/2SCVwY2T0ShJJYnw/KMgZaaMzRkL06ecYMmmSw96Ya5XfYowp2p5E4+RAiQVQl1RsVcZrIvuZcO2GvbjVaV5O8cDZTiHC6iBDdfQhHtoQQcwZPACr/CmPWvv2of2OW8taYuZU1gq7esXnv+bQg==</latexit><latexit sha1_base64="CoxE8kes9MWoj1wdF1GKGvHZ8pQ=">AAACD3icbZDLSsNAFIZP6q3GW1RcuQmWQrspiQi6LLoRVxV6gzaEyWTSDp1cmJkIJeQhfAS3+gDuxK2P4NoXcZp2YVsPDPPz/+fMHD4vYVRIy/rWShubW9s75V19b//g8Mg4PumKOOWYdHDMYt73kCCMRqQjqWSkn3CCQo+Rnje5m+W9J8IFjaO2nCbECdEoogHFSCrLNc6GAUc4e3DtWrueF7dVz12jYjWsosx1YS9EpVmGolqu8TP0Y5yGJJKYISEGtpVIJ0NcUsxIrg9TQRKEJ2hEBkpGKCTCyYr1c7OqHN8MYq5OJM3C/TuRoVCIaeipzhDJsVjNZuZ/2SCVwY2T0ShJJYnw/KMgZaaMzRkL06ecYMmmSw96Ya5XfYowp2p5E4+RAiQVQl1RsVcZrIvuZcO2GvbjVaV5O8cDZTiHC6iBDdfQhHtoQQcwZPACr/CmPWvv2of2OW8taYuZU1gq7esXnv+bQg==</latexit><latexit sha1_base64="SIi2oeXD90rzLc2a0CZbpamUuZo=">AAACD3icbZDLSsNAFIYn9VbjLSqu3AyWQrspiQi6LLoRVxV6gzaEyWTSDp1JwsxEKCEP4SO41QdwJ259BNe+iNM2C9t6YJif/z9n5vD5CaNS2fa3UdrY3NreKe+ae/sHh0fW8UlXxqnApINjFou+jyRhNCIdRRUj/UQQxH1Gev7kbpb3noiQNI7aapoQl6NRREOKkdKWZ50NQ4Fw9uA5tXY9n992Pfesit2w5wXXhVOICiiq5Vk/wyDGKSeRwgxJOXDsRLkZEopiRnJzmEqSIDxBIzLQMkKcSDebr5/DqnYCGMZCn0jBuft3IkNcyin3dSdHaixXs5n5XzZIVXjjZjRKUkUivPgoTBlUMZyxgAEVBCs2XXrQ57lZDSjCgurlIR4jDUhphKam4qwyWBfdy4ZjN5zHq0rztuBTBufgAtSAA65BE9yDFugADDLwAl7Bm/FsvBsfxueitWQUM6dgqYyvXzhfmvo=</latexit>

DkBT/"F
<latexit sha1_base64="QafnRlyVkINIxBLRf2/sQ03dC8E=">AAACDXicbVDLSsNAFL3xWeMr2qWbYCm4qokIuixVxGWFvqANYTKZtEMnD2YmhRD6DX6CW/0Ad+LWb3DtjzhNu7CtBy4czrkvjpcwKqRlfWsbm1vbO7ulPX3/4PDo2Dg57Yg45Zi0ccxi3vOQIIxGpC2pZKSXcIJCj5GuN76b+d0J4YLGUUtmCXFCNIxoQDGSSnKN8v3YbbQuBxPESSIoU9qDa1SsmlXAXCf2glTqJSjQdI2fgR/jNCSRxAwJ0betRDo54pJiRqb6IBUkQXiMhqSvaIRCIpy8eH5qVpXim0HMVUXSLNS/EzkKhchCT3WGSI7EqjcT//P6qQxunZxGSSpJhOeHgpSZMjZnSZg+5QRLli0t9MKpXvUpwpyq5008QhxhqQLUVSr2agbrpHNVs62a/XRdqTfm8UAJzuAcLsCGG6jDIzShDRgyeIFXeNOetXftQ/uct25oi5kyLEH7+gXPNpuD</latexit><latexit sha1_base64="QafnRlyVkINIxBLRf2/sQ03dC8E=">AAACDXicbVDLSsNAFL3xWeMr2qWbYCm4qokIuixVxGWFvqANYTKZtEMnD2YmhRD6DX6CW/0Ad+LWb3DtjzhNu7CtBy4czrkvjpcwKqRlfWsbm1vbO7ulPX3/4PDo2Dg57Yg45Zi0ccxi3vOQIIxGpC2pZKSXcIJCj5GuN76b+d0J4YLGUUtmCXFCNIxoQDGSSnKN8v3YbbQuBxPESSIoU9qDa1SsmlXAXCf2glTqJSjQdI2fgR/jNCSRxAwJ0betRDo54pJiRqb6IBUkQXiMhqSvaIRCIpy8eH5qVpXim0HMVUXSLNS/EzkKhchCT3WGSI7EqjcT//P6qQxunZxGSSpJhOeHgpSZMjZnSZg+5QRLli0t9MKpXvUpwpyq5008QhxhqQLUVSr2agbrpHNVs62a/XRdqTfm8UAJzuAcLsCGG6jDIzShDRgyeIFXeNOetXftQ/uct25oi5kyLEH7+gXPNpuD</latexit><latexit sha1_base64="QafnRlyVkINIxBLRf2/sQ03dC8E=">AAACDXicbVDLSsNAFL3xWeMr2qWbYCm4qokIuixVxGWFvqANYTKZtEMnD2YmhRD6DX6CW/0Ad+LWb3DtjzhNu7CtBy4czrkvjpcwKqRlfWsbm1vbO7ulPX3/4PDo2Dg57Yg45Zi0ccxi3vOQIIxGpC2pZKSXcIJCj5GuN76b+d0J4YLGUUtmCXFCNIxoQDGSSnKN8v3YbbQuBxPESSIoU9qDa1SsmlXAXCf2glTqJSjQdI2fgR/jNCSRxAwJ0betRDo54pJiRqb6IBUkQXiMhqSvaIRCIpy8eH5qVpXim0HMVUXSLNS/EzkKhchCT3WGSI7EqjcT//P6qQxunZxGSSpJhOeHgpSZMjZnSZg+5QRLli0t9MKpXvUpwpyq5008QhxhqQLUVSr2agbrpHNVs62a/XRdqTfm8UAJzuAcLsCGG6jDIzShDRgyeIFXeNOetXftQ/uct25oi5kyLEH7+gXPNpuD</latexit><latexit sha1_base64="shlHrUYHIygnel0s2RFj6fWDe8k=">AAACDXicbVDLSsNAFJ34rPEV7dLNYCm4qokIuixVxGWFvqANYTKZtEMnkzAzKYTQb/AT3OoHuBO3foNrf8Rpm4VtPXDhcM59cfyEUals+9vY2Nza3tkt7Zn7B4dHx9bJaUfGqcCkjWMWi56PJGGUk7aiipFeIgiKfEa6/vhu5ncnREga85bKEuJGaMhpSDFSWvKs8v3Ya7QuBxMkSCIp09qDZ1Xsmj0HXCdOQSqgQNOzfgZBjNOIcIUZkrLv2IlycyQUxYxMzUEqSYLwGA1JX1OOIiLdfP78FFa1EsAwFrq4gnP170SOIimzyNedEVIjuerNxP+8fqrCWzenPEkV4XhxKEwZVDGcJQEDKghWLFta6EdTsxpQhAXVz0M8QgJhpQM0dSrOagbrpHNVc+ya83RdqTeKfErgDJyDC+CAG1AHj6AJ2gCDDLyAV/BmPBvvxofxuWjdMIqZMliC8fULaJabOw==</latexit>

⇠ x

sinhx
<latexit sha1_base64="7KmRm8+2W+ulxG8HmwEDZ3HdL+k=">AAACD3icbZDLSgMxFIbPeK31VhVXboKl4KrMiKDLohuXFewFOkPJpJk2NMkMSUZahnkIH8GtPoA7cesjuPZFTC8L2/pD4M9/zkkOX5hwpo3rfjtr6xubW9uFneLu3v7BYenouKnjVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLyb1FtPVGkWy0czTmggcF+yiBFsbNQtnfqaCT9SmGSjPLMXOUCjvFsqu1V3KrRqvLkp1wowVb1b+vF7MUkFlYZwrHXHcxMTZFgZRjjNi36qaYLJEPdpx1qJBdVBNl0/RxWb9FAUK3ukQdP070SGhdZjEdpOgc1AL9cm4X+1TmqimyBjMkkNlWT2UZRyZGI0YYF6TFFi+HjhwVDkxUqPYaKYXR6RAbZwjEVYtFS8ZQarpnlZ9dyq93BVrt3O8EABzuAcLsCDa6jBPdShAQQyeIFXeHOenXfnw/mcta4585kTWJDz9Quy8J0r</latexit><latexit sha1_base64="7KmRm8+2W+ulxG8HmwEDZ3HdL+k=">AAACD3icbZDLSgMxFIbPeK31VhVXboKl4KrMiKDLohuXFewFOkPJpJk2NMkMSUZahnkIH8GtPoA7cesjuPZFTC8L2/pD4M9/zkkOX5hwpo3rfjtr6xubW9uFneLu3v7BYenouKnjVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLyb1FtPVGkWy0czTmggcF+yiBFsbNQtnfqaCT9SmGSjPLMXOUCjvFsqu1V3KrRqvLkp1wowVb1b+vF7MUkFlYZwrHXHcxMTZFgZRjjNi36qaYLJEPdpx1qJBdVBNl0/RxWb9FAUK3ukQdP070SGhdZjEdpOgc1AL9cm4X+1TmqimyBjMkkNlWT2UZRyZGI0YYF6TFFi+HjhwVDkxUqPYaKYXR6RAbZwjEVYtFS8ZQarpnlZ9dyq93BVrt3O8EABzuAcLsCDa6jBPdShAQQyeIFXeHOenXfnw/mcta4585kTWJDz9Quy8J0r</latexit><latexit sha1_base64="7KmRm8+2W+ulxG8HmwEDZ3HdL+k=">AAACD3icbZDLSgMxFIbPeK31VhVXboKl4KrMiKDLohuXFewFOkPJpJk2NMkMSUZahnkIH8GtPoA7cesjuPZFTC8L2/pD4M9/zkkOX5hwpo3rfjtr6xubW9uFneLu3v7BYenouKnjVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLyb1FtPVGkWy0czTmggcF+yiBFsbNQtnfqaCT9SmGSjPLMXOUCjvFsqu1V3KrRqvLkp1wowVb1b+vF7MUkFlYZwrHXHcxMTZFgZRjjNi36qaYLJEPdpx1qJBdVBNl0/RxWb9FAUK3ukQdP070SGhdZjEdpOgc1AL9cm4X+1TmqimyBjMkkNlWT2UZRyZGI0YYF6TFFi+HjhwVDkxUqPYaKYXR6RAbZwjEVYtFS8ZQarpnlZ9dyq93BVrt3O8EABzuAcLsCDa6jBPdShAQQyeIFXeHOenXfnw/mcta4585kTWJDz9Quy8J0r</latexit><latexit sha1_base64="uj8moxPbfx1M2dhxfkVUz99LQ+s=">AAACD3icbZC7TsMwFIYdriXcAoiJxaKqxFQlCAnGChbGItGL1ESV4zitVduJbAe1ivIQPAIrPAAbYuURmHkR3DYDbfklS7//c4599IUpo0q77re1tr6xubVd2bF39/YPDp2j47ZKMolJCycskd0QKcKoIC1NNSPdVBLEQ0Y64ehuWu88EaloIh71JCUBRwNBY4qRNlHfOfUV5X4sEc7HRW4uYgjHRd+punV3JrhqvNJUQalm3/nxowRnnAiNGVKq57mpDnIkNcWMFLafKZIiPEID0jNWIE5UkM/WL2DNJBGME2mO0HCW/p3IEVdqwkPTyZEequXaNPyv1st0fBPkVKSZJgLPP4ozBnUCpyxgRCXBmk0WHgx5YdciirCkZnmIh8jA0Qahbah4ywxWTfuy7rl17+Gq2rgt+VTAGTgHF8AD16AB7kETtAAGOXgBr+DNerberQ/rc966ZpUzJ2BB1tcvTFCc4w==</latexit>

Electron-mediated	



U = �K cos 2�
<latexit sha1_base64="nFOJ8BE8ktUXXWZkoAKPQYNAo6c=">AAACEHicbVDLSsNAFL3xWeMr6sKFm2ApuLEkRVAXQtGN4KaCsYUmlMlk2g6dZMLMRCghX+EnuNUPcCVu/QPX/ohJ2oVtPXDhcM69M/ceP2ZUKsv61paWV1bX1isb+ubW9s6usbf/KHkiMHEwZ1x0fCQJoxFxFFWMdGJBUOgz0vZHN4XffiJCUh49qHFMvBANItqnGKlc6hmHztWpGyI1xIild5mLuWy48ZD2jKpVt0qYi8SekmqzAiVaPePHDThOQhIpzJCUXduKlZcioShmJNPdRJIY4REakG5OIxQS6aXlAZlZy5XA7HORV6TMUv07kaJQynHo553FrnLeK8T/vG6i+hdeSqM4USTCk4/6CTMVN4s0zIAKghUbzzzoh5leCyjCgubLm3iIBMIqD1HPU7HnM1gkTqN+Wbfvz6rN60k6UIEjOIYTsOEcmnALLXAAQwYv8Apv2rP2rn1on5PWJW06cwAz0L5+AVytnRA=</latexit><latexit sha1_base64="nFOJ8BE8ktUXXWZkoAKPQYNAo6c=">AAACEHicbVDLSsNAFL3xWeMr6sKFm2ApuLEkRVAXQtGN4KaCsYUmlMlk2g6dZMLMRCghX+EnuNUPcCVu/QPX/ohJ2oVtPXDhcM69M/ceP2ZUKsv61paWV1bX1isb+ubW9s6usbf/KHkiMHEwZ1x0fCQJoxFxFFWMdGJBUOgz0vZHN4XffiJCUh49qHFMvBANItqnGKlc6hmHztWpGyI1xIild5mLuWy48ZD2jKpVt0qYi8SekmqzAiVaPePHDThOQhIpzJCUXduKlZcioShmJNPdRJIY4REakG5OIxQS6aXlAZlZy5XA7HORV6TMUv07kaJQynHo553FrnLeK8T/vG6i+hdeSqM4USTCk4/6CTMVN4s0zIAKghUbzzzoh5leCyjCgubLm3iIBMIqD1HPU7HnM1gkTqN+Wbfvz6rN60k6UIEjOIYTsOEcmnALLXAAQwYv8Apv2rP2rn1on5PWJW06cwAz0L5+AVytnRA=</latexit><latexit sha1_base64="nFOJ8BE8ktUXXWZkoAKPQYNAo6c=">AAACEHicbVDLSsNAFL3xWeMr6sKFm2ApuLEkRVAXQtGN4KaCsYUmlMlk2g6dZMLMRCghX+EnuNUPcCVu/QPX/ohJ2oVtPXDhcM69M/ceP2ZUKsv61paWV1bX1isb+ubW9s6usbf/KHkiMHEwZ1x0fCQJoxFxFFWMdGJBUOgz0vZHN4XffiJCUh49qHFMvBANItqnGKlc6hmHztWpGyI1xIild5mLuWy48ZD2jKpVt0qYi8SekmqzAiVaPePHDThOQhIpzJCUXduKlZcioShmJNPdRJIY4REakG5OIxQS6aXlAZlZy5XA7HORV6TMUv07kaJQynHo553FrnLeK8T/vG6i+hdeSqM4USTCk4/6CTMVN4s0zIAKghUbzzzoh5leCyjCgubLm3iIBMIqD1HPU7HnM1gkTqN+Wbfvz6rN60k6UIEjOIYTsOEcmnALLXAAQwYv8Apv2rP2rn1on5PWJW06cwAz0L5+AVytnRA=</latexit><latexit sha1_base64="0hX3hzFqRcOOFPn18ynA9uQxOSM=">AAACEHicbVDLSsNAFJ34rPEVdeHCTbAU3FiSIqgLoehGcFPB2EITymQybYfOTMLMRCghX+EnuNUPcCVu/QPX/oiTNgvbeuDC4Zx7Z+49YUKJVI7zbSwtr6yurVc2zM2t7Z1da2//UcapQNhDMY1FJ4QSU8Kxp4iiuJMIDFlIcTsc3RR++wkLSWL+oMYJDhgccNInCCot9axD7+rUZ1ANEaTZXe6jWDb8ZEh6VtWpOxPYi8QtSRWUaPWsHz+KUcowV4hCKbuuk6ggg0IRRHFu+qnECUQjOMBdTTlkWAbZ5IDcrmklsvux0MWVPVH/TmSQSTlmoe4sdpXzXiH+53VT1b8IMsKTVGGOph/1U2qr2C7SsCMiMFJ0PPNgyHKzFhGIBNHL22gIBURKh2jqVNz5DBaJ16hf1t37s2rzuoynAo7AMTgBLjgHTXALWsADCOTgBbyCN+PZeDc+jM9p65JRzhyAGRhfv/ZGnMg=</latexit>
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Bilayer	Effect	

�
z

F	

AF	

ü  Magnon-induced	anisotropy	

K ⇠ K0 +
K1

L3
<latexit sha1_base64="N1gbnxLqhtF2fAKi1Al9jkOOtbw=">AAACL3icbVDLSsNAFL2prxpfVZdugqUgCCVR8bEruhF0UcHaQlPLZDpph84kYWYilJA/8Sv8BLf6AboRwZV/4TTtog8PDJw55947d44XMSqVbX8auYXFpeWV/Kq5tr6xuVXY3nmQYSwwqeGQhaLhIUkYDUhNUcVIIxIEcY+Rute/Gvr1JyIkDYN7NYhIi6NuQH2KkdJSu3DqcqR6GLHkJnUl5RPXtn3o+gLhZFJz0uT28ThtF4p22c5gzRNnTIqVPGSotgs/bifEMSeBwgxJ2XTsSLUSJBTFjKSmG0sSIdxHXdLUNECcyFaS/S+1SlrpWH4o9AmUlamTHQniUg64pyuHq8pZbyj+5zVj5Z+3EhpEsSIBHj3kx8xSoTUMy+pQQbBig6mBHk/NUociLKhe3sI9pENSOmNTp+LMZjBPakfli7Jzd1KsXI7SgTzswT4cgANnUIFrqEINMDzDK7zBu/FifBhfxveoNGeMe3ZhCsbvH2v6qr0=</latexit><latexit sha1_base64="N1gbnxLqhtF2fAKi1Al9jkOOtbw=">AAACL3icbVDLSsNAFL2prxpfVZdugqUgCCVR8bEruhF0UcHaQlPLZDpph84kYWYilJA/8Sv8BLf6AboRwZV/4TTtog8PDJw55947d44XMSqVbX8auYXFpeWV/Kq5tr6xuVXY3nmQYSwwqeGQhaLhIUkYDUhNUcVIIxIEcY+Rute/Gvr1JyIkDYN7NYhIi6NuQH2KkdJSu3DqcqR6GLHkJnUl5RPXtn3o+gLhZFJz0uT28ThtF4p22c5gzRNnTIqVPGSotgs/bifEMSeBwgxJ2XTsSLUSJBTFjKSmG0sSIdxHXdLUNECcyFaS/S+1SlrpWH4o9AmUlamTHQniUg64pyuHq8pZbyj+5zVj5Z+3EhpEsSIBHj3kx8xSoTUMy+pQQbBig6mBHk/NUociLKhe3sI9pENSOmNTp+LMZjBPakfli7Jzd1KsXI7SgTzswT4cgANnUIFrqEINMDzDK7zBu/FifBhfxveoNGeMe3ZhCsbvH2v6qr0=</latexit><latexit sha1_base64="N1gbnxLqhtF2fAKi1Al9jkOOtbw=">AAACL3icbVDLSsNAFL2prxpfVZdugqUgCCVR8bEruhF0UcHaQlPLZDpph84kYWYilJA/8Sv8BLf6AboRwZV/4TTtog8PDJw55947d44XMSqVbX8auYXFpeWV/Kq5tr6xuVXY3nmQYSwwqeGQhaLhIUkYDUhNUcVIIxIEcY+Rute/Gvr1JyIkDYN7NYhIi6NuQH2KkdJSu3DqcqR6GLHkJnUl5RPXtn3o+gLhZFJz0uT28ThtF4p22c5gzRNnTIqVPGSotgs/bifEMSeBwgxJ2XTsSLUSJBTFjKSmG0sSIdxHXdLUNECcyFaS/S+1SlrpWH4o9AmUlamTHQniUg64pyuHq8pZbyj+5zVj5Z+3EhpEsSIBHj3kx8xSoTUMy+pQQbBig6mBHk/NUociLKhe3sI9pENSOmNTp+LMZjBPakfli7Jzd1KsXI7SgTzswT4cgANnUIFrqEINMDzDK7zBu/FifBhfxveoNGeMe3ZhCsbvH2v6qr0=</latexit><latexit sha1_base64="0JYsevvvgdVc13hwWng1PPRma4A=">AAACL3icbVDLSsNAFJ3UV42vqEs3wVIQhJKo+NgV3Qi6qGBsoallMpm0Q2eSMDMRSsif+BV+glv9AN2I4Mq/cNJm0YcHBs6cc++dO8eLKRHSsj610sLi0vJKeVVfW9/Y3DK2dx5ElHCEHRTRiLc8KDAlIXYkkRS3Yo4h8yhueoOr3G8+YS5IFN7LYYw7DPZCEhAEpZK6xqnLoOwjSNObzBWETVy71qEbcIjSSc3O0tvH46xrVKyaNYI5T+yCVECBRtf4cf0IJQyHElEoRNu2YtlJIZcEUZzpbiJwDNEA9nBb0RAyLDrp6H+ZWVWKbwYRVyeU5kid7EghE2LIPFWZrypmvVz8z2snMjjvpCSME4lDNH4oSKgpIzMPy/QJx0jS4dRAj2V61ScQcaKWN1EfqpCkylhXqdizGcwT56h2UbPvTir1yyKeMtgD++AA2OAM1ME1aAAHIPAMXsEbeNdetA/tS/sel5a0omcXTEH7/QMFoqp1</latexit>

K0
<latexit sha1_base64="/sZJLoTaMGh8LgHtyzt2p8TZaZA=">AAACBXicbVDLSsNAFL2prxpfVZduBkvBVUlE0GXRjeCmgn1AG8pkMmmHTiZxZiKUkLWf4FY/wJ249Ttc+yNO2i5s64GBwzn33jkcP+FMacf5tkpr6xubW+Vte2d3b/+gcnjUVnEqCW2RmMey62NFORO0pZnmtJtIiiOf044/vin8zhOVisXiQU8S6kV4KFjICNZG8voR1iOCeXaXD5xBperUnSnQKnHnpNoowxTNQeWnH8QkjajQhGOleq6TaC/DUjPCaW73U0UTTMZ4SHuGChxR5WXT0DmqGSVAYSzNExpN1b8bGY6UmkS+mSxCqmWvEP/zeqkOr7yMiSTVVJDZR2HKkY5R0QAKmKRE88nCQT/K7VrAMJHMhEdkhCUm2hRnm1bc5Q5WSfu87jp19/6i2rie1QNlOIFTOAMXLqEBt9CEFhB4hBd4hTfr2Xq3PqzP2WjJmu8cwwKsr18W5JkH</latexit><latexit sha1_base64="/sZJLoTaMGh8LgHtyzt2p8TZaZA=">AAACBXicbVDLSsNAFL2prxpfVZduBkvBVUlE0GXRjeCmgn1AG8pkMmmHTiZxZiKUkLWf4FY/wJ249Ttc+yNO2i5s64GBwzn33jkcP+FMacf5tkpr6xubW+Vte2d3b/+gcnjUVnEqCW2RmMey62NFORO0pZnmtJtIiiOf044/vin8zhOVisXiQU8S6kV4KFjICNZG8voR1iOCeXaXD5xBperUnSnQKnHnpNoowxTNQeWnH8QkjajQhGOleq6TaC/DUjPCaW73U0UTTMZ4SHuGChxR5WXT0DmqGSVAYSzNExpN1b8bGY6UmkS+mSxCqmWvEP/zeqkOr7yMiSTVVJDZR2HKkY5R0QAKmKRE88nCQT/K7VrAMJHMhEdkhCUm2hRnm1bc5Q5WSfu87jp19/6i2rie1QNlOIFTOAMXLqEBt9CEFhB4hBd4hTfr2Xq3PqzP2WjJmu8cwwKsr18W5JkH</latexit><latexit sha1_base64="/sZJLoTaMGh8LgHtyzt2p8TZaZA=">AAACBXicbVDLSsNAFL2prxpfVZduBkvBVUlE0GXRjeCmgn1AG8pkMmmHTiZxZiKUkLWf4FY/wJ249Ttc+yNO2i5s64GBwzn33jkcP+FMacf5tkpr6xubW+Vte2d3b/+gcnjUVnEqCW2RmMey62NFORO0pZnmtJtIiiOf044/vin8zhOVisXiQU8S6kV4KFjICNZG8voR1iOCeXaXD5xBperUnSnQKnHnpNoowxTNQeWnH8QkjajQhGOleq6TaC/DUjPCaW73U0UTTMZ4SHuGChxR5WXT0DmqGSVAYSzNExpN1b8bGY6UmkS+mSxCqmWvEP/zeqkOr7yMiSTVVJDZR2HKkY5R0QAKmKRE88nCQT/K7VrAMJHMhEdkhCUm2hRnm1bc5Q5WSfu87jp19/6i2rie1QNlOIFTOAMXLqEBt9CEFhB4hBd4hTfr2Xq3PqzP2WjJmu8cwwKsr18W5JkH</latexit><latexit sha1_base64="QGA5JMFFhygd0o1m+3gZe1hpNOg=">AAACBXicbVDLSsNAFL2pr1pfVZduBkvBVUlE0GXRjeCmgn1AG8pkMmmHTiZxZiKUkLWf4FY/wJ249Ttc+yNO2ixs64GBwzn33jkcL+ZMadv+tkpr6xubW+Xtys7u3v5B9fCoo6JEEtomEY9kz8OKciZoWzPNaS+WFIcep11vcpP73ScqFYvEg57G1A3xSLCAEayN5A5CrMcE8/QuG9rDas1u2DOgVeIUpAYFWsPqz8CPSBJSoQnHSvUdO9ZuiqVmhNOsMkgUjTGZ4BHtGypwSJWbzkJnqG4UHwWRNE9oNFP/bqQ4VGoaemYyD6mWvVz8z+snOrhyUybiRFNB5h8FCUc6QnkDyGeSEs2nCwe9MKvUfYaJZCY8ImMsMdGmuIppxVnuYJV0zhuO3XDuL2rN66KfMpzAKZyBA5fQhFtoQRsIPMILvMKb9Wy9Wx/W53y0ZBU7x7AA6+sXsDWYvw==</latexit>

Surface	magnons	(bilayer	effect)	

Bulk	magnons	(trilayer	effect)	K1
<latexit sha1_base64="sLxnyK3FWHrxxCkdbrQ0CKbzN0g=">AAACBXicbVDLSsNAFL2prxpfVZduBkvBVUlE0GXRjeCmgn1AG8pkMmmHTiZxZiKUkLWf4FY/wJ249Ttc+yNO2i5s64GBwzn33jkcP+FMacf5tkpr6xubW+Vte2d3b/+gcnjUVnEqCW2RmMey62NFORO0pZnmtJtIiiOf044/vin8zhOVisXiQU8S6kV4KFjICNZG8voR1iOCeXaXD9xBperUnSnQKnHnpNoowxTNQeWnH8QkjajQhGOleq6TaC/DUjPCaW73U0UTTMZ4SHuGChxR5WXT0DmqGSVAYSzNExpN1b8bGY6UmkS+mSxCqmWvEP/zeqkOr7yMiSTVVJDZR2HKkY5R0QAKmKRE88nCQT/K7VrAMJHMhEdkhCUm2hRnm1bc5Q5WSfu87jp19/6i2rie1QNlOIFTOAMXLqEBt9CEFhB4hBd4hTfr2Xq3PqzP2WjJmu8cwwKsr18YeZkI</latexit><latexit sha1_base64="sLxnyK3FWHrxxCkdbrQ0CKbzN0g=">AAACBXicbVDLSsNAFL2prxpfVZduBkvBVUlE0GXRjeCmgn1AG8pkMmmHTiZxZiKUkLWf4FY/wJ249Ttc+yNO2i5s64GBwzn33jkcP+FMacf5tkpr6xubW+Vte2d3b/+gcnjUVnEqCW2RmMey62NFORO0pZnmtJtIiiOf044/vin8zhOVisXiQU8S6kV4KFjICNZG8voR1iOCeXaXD9xBperUnSnQKnHnpNoowxTNQeWnH8QkjajQhGOleq6TaC/DUjPCaW73U0UTTMZ4SHuGChxR5WXT0DmqGSVAYSzNExpN1b8bGY6UmkS+mSxCqmWvEP/zeqkOr7yMiSTVVJDZR2HKkY5R0QAKmKRE88nCQT/K7VrAMJHMhEdkhCUm2hRnm1bc5Q5WSfu87jp19/6i2rie1QNlOIFTOAMXLqEBt9CEFhB4hBd4hTfr2Xq3PqzP2WjJmu8cwwKsr18YeZkI</latexit><latexit sha1_base64="sLxnyK3FWHrxxCkdbrQ0CKbzN0g=">AAACBXicbVDLSsNAFL2prxpfVZduBkvBVUlE0GXRjeCmgn1AG8pkMmmHTiZxZiKUkLWf4FY/wJ249Ttc+yNO2i5s64GBwzn33jkcP+FMacf5tkpr6xubW+Vte2d3b/+gcnjUVnEqCW2RmMey62NFORO0pZnmtJtIiiOf044/vin8zhOVisXiQU8S6kV4KFjICNZG8voR1iOCeXaXD9xBperUnSnQKnHnpNoowxTNQeWnH8QkjajQhGOleq6TaC/DUjPCaW73U0UTTMZ4SHuGChxR5WXT0DmqGSVAYSzNExpN1b8bGY6UmkS+mSxCqmWvEP/zeqkOr7yMiSTVVJDZR2HKkY5R0QAKmKRE88nCQT/K7VrAMJHMhEdkhCUm2hRnm1bc5Q5WSfu87jp19/6i2rie1QNlOIFTOAMXLqEBt9CEFhB4hBd4hTfr2Xq3PqzP2WjJmu8cwwKsr18YeZkI</latexit><latexit sha1_base64="VZ3JNAGKLKna3hA7RWLGEOu0RzA=">AAACBXicbVDLSsNAFL2pr1pfVZduBkvBVUlE0GXRjeCmgn1AG8pkMmmHTiZxZiKUkLWf4FY/wJ249Ttc+yNO2ixs64GBwzn33jkcL+ZMadv+tkpr6xubW+Xtys7u3v5B9fCoo6JEEtomEY9kz8OKciZoWzPNaS+WFIcep11vcpP73ScqFYvEg57G1A3xSLCAEayN5A5CrMcE8/QuGzrDas1u2DOgVeIUpAYFWsPqz8CPSBJSoQnHSvUdO9ZuiqVmhNOsMkgUjTGZ4BHtGypwSJWbzkJnqG4UHwWRNE9oNFP/bqQ4VGoaemYyD6mWvVz8z+snOrhyUybiRFNB5h8FCUc6QnkDyGeSEs2nCwe9MKvUfYaJZCY8ImMsMdGmuIppxVnuYJV0zhuO3XDuL2rN66KfMpzAKZyBA5fQhFtoQRsIPMILvMKb9Wy9Wx/W53y0ZBU7x7AA6+sXscqYwA==</latexit>

Polycrystal	AF	
(random	in-plane	Néel	vectors)	
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L3
<latexit sha1_base64="N1gbnxLqhtF2fAKi1Al9jkOOtbw=">AAACL3icbVDLSsNAFL2prxpfVZdugqUgCCVR8bEruhF0UcHaQlPLZDpph84kYWYilJA/8Sv8BLf6AboRwZV/4TTtog8PDJw55947d44XMSqVbX8auYXFpeWV/Kq5tr6xuVXY3nmQYSwwqeGQhaLhIUkYDUhNUcVIIxIEcY+Rute/Gvr1JyIkDYN7NYhIi6NuQH2KkdJSu3DqcqR6GLHkJnUl5RPXtn3o+gLhZFJz0uT28ThtF4p22c5gzRNnTIqVPGSotgs/bifEMSeBwgxJ2XTsSLUSJBTFjKSmG0sSIdxHXdLUNECcyFaS/S+1SlrpWH4o9AmUlamTHQniUg64pyuHq8pZbyj+5zVj5Z+3EhpEsSIBHj3kx8xSoTUMy+pQQbBig6mBHk/NUociLKhe3sI9pENSOmNTp+LMZjBPakfli7Jzd1KsXI7SgTzswT4cgANnUIFrqEINMDzDK7zBu/FifBhfxveoNGeMe3ZhCsbvH2v6qr0=</latexit><latexit sha1_base64="N1gbnxLqhtF2fAKi1Al9jkOOtbw=">AAACL3icbVDLSsNAFL2prxpfVZdugqUgCCVR8bEruhF0UcHaQlPLZDpph84kYWYilJA/8Sv8BLf6AboRwZV/4TTtog8PDJw55947d44XMSqVbX8auYXFpeWV/Kq5tr6xuVXY3nmQYSwwqeGQhaLhIUkYDUhNUcVIIxIEcY+Rute/Gvr1JyIkDYN7NYhIi6NuQH2KkdJSu3DqcqR6GLHkJnUl5RPXtn3o+gLhZFJz0uT28ThtF4p22c5gzRNnTIqVPGSotgs/bifEMSeBwgxJ2XTsSLUSJBTFjKSmG0sSIdxHXdLUNECcyFaS/S+1SlrpWH4o9AmUlamTHQniUg64pyuHq8pZbyj+5zVj5Z+3EhpEsSIBHj3kx8xSoTUMy+pQQbBig6mBHk/NUociLKhe3sI9pENSOmNTp+LMZjBPakfli7Jzd1KsXI7SgTzswT4cgANnUIFrqEINMDzDK7zBu/FifBhfxveoNGeMe3ZhCsbvH2v6qr0=</latexit><latexit sha1_base64="N1gbnxLqhtF2fAKi1Al9jkOOtbw=">AAACL3icbVDLSsNAFL2prxpfVZdugqUgCCVR8bEruhF0UcHaQlPLZDpph84kYWYilJA/8Sv8BLf6AboRwZV/4TTtog8PDJw55947d44XMSqVbX8auYXFpeWV/Kq5tr6xuVXY3nmQYSwwqeGQhaLhIUkYDUhNUcVIIxIEcY+Rute/Gvr1JyIkDYN7NYhIi6NuQH2KkdJSu3DqcqR6GLHkJnUl5RPXtn3o+gLhZFJz0uT28ThtF4p22c5gzRNnTIqVPGSotgs/bifEMSeBwgxJ2XTsSLUSJBTFjKSmG0sSIdxHXdLUNECcyFaS/S+1SlrpWH4o9AmUlamTHQniUg64pyuHq8pZbyj+5zVj5Z+3EhpEsSIBHj3kx8xSoTUMy+pQQbBig6mBHk/NUociLKhe3sI9pENSOmNTp+LMZjBPakfli7Jzd1KsXI7SgTzswT4cgANnUIFrqEINMDzDK7zBu/FifBhfxveoNGeMe3ZhCsbvH2v6qr0=</latexit><latexit sha1_base64="0JYsevvvgdVc13hwWng1PPRma4A=">AAACL3icbVDLSsNAFJ3UV42vqEs3wVIQhJKo+NgV3Qi6qGBsoallMpm0Q2eSMDMRSsif+BV+glv9AN2I4Mq/cNJm0YcHBs6cc++dO8eLKRHSsj610sLi0vJKeVVfW9/Y3DK2dx5ElHCEHRTRiLc8KDAlIXYkkRS3Yo4h8yhueoOr3G8+YS5IFN7LYYw7DPZCEhAEpZK6xqnLoOwjSNObzBWETVy71qEbcIjSSc3O0tvH46xrVKyaNYI5T+yCVECBRtf4cf0IJQyHElEoRNu2YtlJIZcEUZzpbiJwDNEA9nBb0RAyLDrp6H+ZWVWKbwYRVyeU5kid7EghE2LIPFWZrypmvVz8z2snMjjvpCSME4lDNH4oSKgpIzMPy/QJx0jS4dRAj2V61ScQcaKWN1EfqpCkylhXqdizGcwT56h2UbPvTir1yyKeMtgD++AA2OAM1ME1aAAHIPAMXsEbeNdetA/tS/sel5a0omcXTEH7/QMFoqp1</latexit>
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<latexit sha1_base64="ObQTwFeccsstfZtWeHk/unmOaKA=">AAACA3icbVDLSsNAFL2pr1pfVZdugqVQNyURQd0V3bisYGyhCWUymbRDJw9mboQSuvUT3OoHuBK3fohrf8Rp2oVtPXDhcM59cfxUcIWW9W2U1tY3NrfK25Wd3b39g+rh0aNKMkmZQxORyK5PFBM8Zg5yFKybSkYiX7COP7qd+p0nJhVP4gccp8yLyCDmIacEteS6SLKGi0OG5KxfrVlNq4C5Suw5qbXKUKDdr/64QUKziMVIBVGqZ1spejmRyKlgk4qbKZYSOiID1tM0JhFTXl78PDHrWgnMMJG6YjQL9e9ETiKlxpGvOyOCQ7XsTcX/vF6G4ZWX8zjNkMV0dijMhImJOQ3ADLhkFMV4YaEfTSr1gBMquX7epEMiCUWdW0WnYi9nsEqc8+Z1076/qLVuZulAGU7gFBpgwyW04A7a4ACFFF7gFd6MZ+Pd+DA+Z60lYz5zDAswvn4BU7uYMg==</latexit><latexit sha1_base64="ObQTwFeccsstfZtWeHk/unmOaKA=">AAACA3icbVDLSsNAFL2pr1pfVZdugqVQNyURQd0V3bisYGyhCWUymbRDJw9mboQSuvUT3OoHuBK3fohrf8Rp2oVtPXDhcM59cfxUcIWW9W2U1tY3NrfK25Wd3b39g+rh0aNKMkmZQxORyK5PFBM8Zg5yFKybSkYiX7COP7qd+p0nJhVP4gccp8yLyCDmIacEteS6SLKGi0OG5KxfrVlNq4C5Suw5qbXKUKDdr/64QUKziMVIBVGqZ1spejmRyKlgk4qbKZYSOiID1tM0JhFTXl78PDHrWgnMMJG6YjQL9e9ETiKlxpGvOyOCQ7XsTcX/vF6G4ZWX8zjNkMV0dijMhImJOQ3ADLhkFMV4YaEfTSr1gBMquX7epEMiCUWdW0WnYi9nsEqc8+Z1076/qLVuZulAGU7gFBpgwyW04A7a4ACFFF7gFd6MZ+Pd+DA+Z60lYz5zDAswvn4BU7uYMg==</latexit><latexit sha1_base64="ObQTwFeccsstfZtWeHk/unmOaKA=">AAACA3icbVDLSsNAFL2pr1pfVZdugqVQNyURQd0V3bisYGyhCWUymbRDJw9mboQSuvUT3OoHuBK3fohrf8Rp2oVtPXDhcM59cfxUcIWW9W2U1tY3NrfK25Wd3b39g+rh0aNKMkmZQxORyK5PFBM8Zg5yFKybSkYiX7COP7qd+p0nJhVP4gccp8yLyCDmIacEteS6SLKGi0OG5KxfrVlNq4C5Suw5qbXKUKDdr/64QUKziMVIBVGqZ1spejmRyKlgk4qbKZYSOiID1tM0JhFTXl78PDHrWgnMMJG6YjQL9e9ETiKlxpGvOyOCQ7XsTcX/vF6G4ZWX8zjNkMV0dijMhImJOQ3ADLhkFMV4YaEfTSr1gBMquX7epEMiCUWdW0WnYi9nsEqc8+Z1076/qLVuZulAGU7gFBpgwyW04A7a4ACFFF7gFd6MZ+Pd+DA+Z60lYz5zDAswvn4BU7uYMg==</latexit><latexit sha1_base64="i4dHRMbMltMtX/WqL0hXyyELnUM=">AAACA3icbVDLSsNAFJ3UV62vqks3g6VQNyURQd0V3bisYGyhCWUymbRDZ5IwcyOU0K2f4FY/wJW49UNc+yNO2yxs64ELh3PuixOkgmuw7W+rtLa+sblV3q7s7O7tH1QPjx51kinKXJqIRHUDopngMXOBg2DdVDEiA8E6weh26neemNI8iR9gnDJfkkHMI04JGMnzgGQND4YMyFm/WrOb9gx4lTgFqaEC7X71xwsTmkkWAxVE655jp+DnRAGngk0qXqZZSuiIDFjP0JhIpv189vME140S4ihRpmLAM/XvRE6k1mMZmE5JYKiXvan4n9fLILrycx6nGbCYzg9FmcCQ4GkAOOSKURDjhYWBnFTqISdUcfM8pkOiCAWTW8Wk4ixnsErc8+Z107m/qLVuinjK6ASdogZy0CVqoTvURi6iKEUv6BW9Wc/Wu/Vhfc5bS1Yxc4wWYH39Au1Ul+o=</latexit>

arccos(m1 ·m2)
<latexit sha1_base64="u67EXwTuYRVZiRzDtua0XJXIo2k=">AAACF3icbVDLSgMxFL3js46vqktBBkuhbspMEdRd0Y3LCtYWOqVkMpk2NJkMSUYoQ3d+hZ/gVj/Albh16dofMZ12YVsPBE7OuTf35gQJo0q77re1srq2vrFZ2LK3d3b39osHhw9KpBKTJhZMyHaAFGE0Jk1NNSPtRBLEA0ZawfBm4rceiVRUxPd6lJAuR/2YRhQjbaRe8cRHEmOhKn7AMz7ueT4OhZ5dame9YsmtujmcZeLNSKlegByNXvHHDwVOOYk1ZkipjucmupshqSlmZGz7qSIJwkPUJx1DY8SJ6mb5P8ZO2SihEwlpTqydXP3bkSGu1IgHppIjPVCL3kT8z+ukOrrsZjROUk1iPB0UpczRwpmE4oRUEqzZaO7BgI/tckgRltQs7+ABkghrk6VtUvEWM1gmzVr1qurdnZfq19N0oADHcAoV8OAC6nALDWgChid4gVd4s56td+vD+pyWrlizniOYg/X1CxEcoB0=</latexit><latexit sha1_base64="u67EXwTuYRVZiRzDtua0XJXIo2k=">AAACF3icbVDLSgMxFL3js46vqktBBkuhbspMEdRd0Y3LCtYWOqVkMpk2NJkMSUYoQ3d+hZ/gVj/Albh16dofMZ12YVsPBE7OuTf35gQJo0q77re1srq2vrFZ2LK3d3b39osHhw9KpBKTJhZMyHaAFGE0Jk1NNSPtRBLEA0ZawfBm4rceiVRUxPd6lJAuR/2YRhQjbaRe8cRHEmOhKn7AMz7ueT4OhZ5dame9YsmtujmcZeLNSKlegByNXvHHDwVOOYk1ZkipjucmupshqSlmZGz7qSIJwkPUJx1DY8SJ6mb5P8ZO2SihEwlpTqydXP3bkSGu1IgHppIjPVCL3kT8z+ukOrrsZjROUk1iPB0UpczRwpmE4oRUEqzZaO7BgI/tckgRltQs7+ABkghrk6VtUvEWM1gmzVr1qurdnZfq19N0oADHcAoV8OAC6nALDWgChid4gVd4s56td+vD+pyWrlizniOYg/X1CxEcoB0=</latexit><latexit sha1_base64="u67EXwTuYRVZiRzDtua0XJXIo2k=">AAACF3icbVDLSgMxFL3js46vqktBBkuhbspMEdRd0Y3LCtYWOqVkMpk2NJkMSUYoQ3d+hZ/gVj/Albh16dofMZ12YVsPBE7OuTf35gQJo0q77re1srq2vrFZ2LK3d3b39osHhw9KpBKTJhZMyHaAFGE0Jk1NNSPtRBLEA0ZawfBm4rceiVRUxPd6lJAuR/2YRhQjbaRe8cRHEmOhKn7AMz7ueT4OhZ5dame9YsmtujmcZeLNSKlegByNXvHHDwVOOYk1ZkipjucmupshqSlmZGz7qSIJwkPUJx1DY8SJ6mb5P8ZO2SihEwlpTqydXP3bkSGu1IgHppIjPVCL3kT8z+ukOrrsZjROUk1iPB0UpczRwpmE4oRUEqzZaO7BgI/tckgRltQs7+ABkghrk6VtUvEWM1gmzVr1qurdnZfq19N0oADHcAoV8OAC6nALDWgChid4gVd4s56td+vD+pyWrlizniOYg/X1CxEcoB0=</latexit><latexit sha1_base64="bu2F+v6qDgnrox7HIuCijxgLsHg=">AAACF3icbVBNS8MwGE79nPWr6lGQ4hjMy2iHoN6GXjxOsG6wlpKm2RaWNCVJhVF681f4E7zqD/AkXj169o+YbT24zQcCT57nffO+eaKUEqkc59tYWV1b39isbJnbO7t7+9bB4YPkmUDYQ5xy0Y2gxJQk2FNEUdxNBYYsorgTjW4mfucRC0l4cq/GKQ4YHCSkTxBUWgqtEx8KhLis+xHLWRG6Poq5Ki/Ns9CqOg1nCnuZuCWpghLt0PrxY44yhhOFKJSy5zqpCnIoFEEUF6afSZxCNIID3NM0gQzLIJ/+o7BrWontPhf6JMqeqn87csikHLNIVzKohnLRm4j/eb1M9S+DnCRppnCCZoP6GbUVtyeh2DERGCk6nnswYoVZiwlEgujlbTSEAiKlszR1Ku5iBsvEazauGu7debV1XcZTAcfgFNSBCy5AC9yCNvAAAk/gBbyCN+PZeDc+jM9Z6YpR9hyBORhfv6q1n9U=</latexit>

RC,	D.	Xiao	&	J.	Zhu,	arXiv:1802.07709	

rT ⇠ 1K/nm
<latexit sha1_base64="EsdibjX5se0EB8i3kcuYqqLTGr4=">AAACC3icbVDLSgMxFL1TX7W+xrp0EywFV3VGBHVXdCO4qdBqoTOUTJq2oUlmSDJiGfoLfoJb/QBX4taPcO2PmD4WtvXAhcM598WJEs608bxvJ7eyura+kd8sbG3v7O65+8V7HaeK0AaJeayaEdaUM0kbhhlOm4miWEScPkSD67H/8EiVZrGsm2FCQ4F7knUZwcZKbbcYSBxxjOqBZgL5tydStN2SV/EmQMvEn5FSNQ8T1NruT9CJSSqoNIRjrVu+l5gww8owwumoEKSaJpgMcI+2LJVYUB1mk99HqGyVDurGypY0aKL+nciw0HooItspsOnrRW8s/ue1UtO9CDMmk9RQSaaHuilHJkbjIFCHKUoMH84tjMSoUO4wTBSzzyPSxwoTY/Mr2FT8xQyWSeO0clnx785K1atpOpCHQziCY/DhHKpwAzVoAIEneIFXeHOenXfnw/mctuac2cwBzMH5+gVy85pP</latexit><latexit sha1_base64="EsdibjX5se0EB8i3kcuYqqLTGr4=">AAACC3icbVDLSgMxFL1TX7W+xrp0EywFV3VGBHVXdCO4qdBqoTOUTJq2oUlmSDJiGfoLfoJb/QBX4taPcO2PmD4WtvXAhcM598WJEs608bxvJ7eyura+kd8sbG3v7O65+8V7HaeK0AaJeayaEdaUM0kbhhlOm4miWEScPkSD67H/8EiVZrGsm2FCQ4F7knUZwcZKbbcYSBxxjOqBZgL5tydStN2SV/EmQMvEn5FSNQ8T1NruT9CJSSqoNIRjrVu+l5gww8owwumoEKSaJpgMcI+2LJVYUB1mk99HqGyVDurGypY0aKL+nciw0HooItspsOnrRW8s/ue1UtO9CDMmk9RQSaaHuilHJkbjIFCHKUoMH84tjMSoUO4wTBSzzyPSxwoTY/Mr2FT8xQyWSeO0clnx785K1atpOpCHQziCY/DhHKpwAzVoAIEneIFXeHOenXfnw/mctuac2cwBzMH5+gVy85pP</latexit><latexit sha1_base64="EsdibjX5se0EB8i3kcuYqqLTGr4=">AAACC3icbVDLSgMxFL1TX7W+xrp0EywFV3VGBHVXdCO4qdBqoTOUTJq2oUlmSDJiGfoLfoJb/QBX4taPcO2PmD4WtvXAhcM598WJEs608bxvJ7eyura+kd8sbG3v7O65+8V7HaeK0AaJeayaEdaUM0kbhhlOm4miWEScPkSD67H/8EiVZrGsm2FCQ4F7knUZwcZKbbcYSBxxjOqBZgL5tydStN2SV/EmQMvEn5FSNQ8T1NruT9CJSSqoNIRjrVu+l5gww8owwumoEKSaJpgMcI+2LJVYUB1mk99HqGyVDurGypY0aKL+nciw0HooItspsOnrRW8s/ue1UtO9CDMmk9RQSaaHuilHJkbjIFCHKUoMH84tjMSoUO4wTBSzzyPSxwoTY/Mr2FT8xQyWSeO0clnx785K1atpOpCHQziCY/DhHKpwAzVoAIEneIFXeHOenXfnw/mctuac2cwBzMH5+gVy85pP</latexit><latexit sha1_base64="btUkEBAD1zn+DGhmle61tuuFJT0=">AAACC3icbVDLSsNAFJ3UV42vWJduBkvBVU1EUHdFN4KbCo0WmlAmk0k7dGYSZiZiKf0FP8GtfoArcetHuPZHnLZZ2NYDFw7n3BcnyhhV2nW/rdLK6tr6RnnT3tre2d1z9iv3Ks0lJj5OWSrbEVKEUUF8TTUj7UwSxCNGHqLB9cR/eCRS0VS09DAjIUc9QROKkTZS16kEAkUMwVagKIfe7YngXafq1t0p4DLxClIFBZpd5yeIU5xzIjRmSKmO52Y6HCGpKWZkbAe5IhnCA9QjHUMF4kSFo+nvY1gzSgyTVJoSGk7VvxMjxJUa8sh0cqT7atGbiP95nVwnF+GIiizXRODZoSRnUKdwEgSMqSRYs+HcwoiP7VpMEZbUPA9xH0mEtcnPNql4ixksE/+0fln37s6qjasinjI4BEfgGHjgHDTADWgCH2DwBF7AK3iznq1368P6nLWWrGLmAMzB+voFDJuaBw==</latexit>

Threshold： 

Central	Results	



Ø  Spin	Nernst	Effect	

Ø  Data	Modulation	

Ø  Outlook	

Roadmap	

IQ = I" + I#
<latexit sha1_base64="I+RHsA20Lh8jHF37PpNE73ZKMX0=">AAACGHicbVDLSgMxFL3js9ZX1aULg6UgCGVGBHUhFN3YXQvWFtphyGTSNjSTGZKMpQxd+hV+glv9AFfi1p1rf8T0sbCtFwLnnnPPTXL8mDOlbfvbWlpeWV1bz2xkN7e2d3Zze/sPKkokoTUS8Ug2fKwoZ4LWNNOcNmJJcehzWvd7tyO9/kilYpG414OYuiHuCNZmBGtDebmjsle9LntpK4mxlFF/eDpqgqgvJq2Xy9tFe1xoEThTkC9lYFwVL/dj3CQJqdCEY6Wajh1rN8VSM8LpMNtKFI0x6eEObRoocEiVm44/MkQFwwSoHUlzhEZj9q8jxaFSg9A3kyHWXTWvjcj/tGai25duykScaCrI5KJ2wpGO0CgVFDBJieaDmYV+OMwWAoaJZObxiHSxxESbMLMmFWc+g0VQOyteFZ3qeb50M0kHMnAIx3ACDlxACe6gAjUg8AQv8Apv1rP1bn1Yn5PRJWvqOYCZsr5+AZl7oQQ=</latexit><latexit sha1_base64="I+RHsA20Lh8jHF37PpNE73ZKMX0=">AAACGHicbVDLSgMxFL3js9ZX1aULg6UgCGVGBHUhFN3YXQvWFtphyGTSNjSTGZKMpQxd+hV+glv9AFfi1p1rf8T0sbCtFwLnnnPPTXL8mDOlbfvbWlpeWV1bz2xkN7e2d3Zze/sPKkokoTUS8Ug2fKwoZ4LWNNOcNmJJcehzWvd7tyO9/kilYpG414OYuiHuCNZmBGtDebmjsle9LntpK4mxlFF/eDpqgqgvJq2Xy9tFe1xoEThTkC9lYFwVL/dj3CQJqdCEY6Wajh1rN8VSM8LpMNtKFI0x6eEObRoocEiVm44/MkQFwwSoHUlzhEZj9q8jxaFSg9A3kyHWXTWvjcj/tGai25duykScaCrI5KJ2wpGO0CgVFDBJieaDmYV+OMwWAoaJZObxiHSxxESbMLMmFWc+g0VQOyteFZ3qeb50M0kHMnAIx3ACDlxACe6gAjUg8AQv8Apv1rP1bn1Yn5PRJWvqOYCZsr5+AZl7oQQ=</latexit><latexit sha1_base64="I+RHsA20Lh8jHF37PpNE73ZKMX0=">AAACGHicbVDLSgMxFL3js9ZX1aULg6UgCGVGBHUhFN3YXQvWFtphyGTSNjSTGZKMpQxd+hV+glv9AFfi1p1rf8T0sbCtFwLnnnPPTXL8mDOlbfvbWlpeWV1bz2xkN7e2d3Zze/sPKkokoTUS8Ug2fKwoZ4LWNNOcNmJJcehzWvd7tyO9/kilYpG414OYuiHuCNZmBGtDebmjsle9LntpK4mxlFF/eDpqgqgvJq2Xy9tFe1xoEThTkC9lYFwVL/dj3CQJqdCEY6Wajh1rN8VSM8LpMNtKFI0x6eEObRoocEiVm44/MkQFwwSoHUlzhEZj9q8jxaFSg9A3kyHWXTWvjcj/tGai25duykScaCrI5KJ2wpGO0CgVFDBJieaDmYV+OMwWAoaJZObxiHSxxESbMLMmFWc+g0VQOyteFZ3qeb50M0kHMnAIx3ACDlxACe6gAjUg8AQv8Apv1rP1bn1Yn5PRJWvqOYCZsr5+AZl7oQQ=</latexit><latexit sha1_base64="VEs03bJfQ5k+W8b8izfJ2/K45ck=">AAACGHicbVDLSsNAFJ34rPEVdenCYCkIQklEUBdC0Y3dtWBsoQ1hMpm0QyeTMDOxlNClX+EnuNUPcCVu3bn2R5y0WdjWCwPnnnPPnZnjJ5QIaVnf2tLyyuraemlD39za3tk19vYfRJxyhB0U05i3fSgwJQw7kkiK2wnHMPIpbvmD21xvPWIuSMzu5SjBbgR7jIQEQakozziqe83rupd10wRyHg/Hp3kTxEM2bT2jbFWtSZmLwC5AGRTV8Iwf5UZphJlEFArRsa1EuhnkkiCKx3o3FTiBaAB7uKMggxEWbjb5yNisKCYww5irw6Q5Yf86MhgJMYp8NRlB2RfzWk7+p3VSGV66GWFJKjFD04vClJoyNvNUzIBwjCQdzSz0o7FeCQhEnKjHm6gPOURShamrVOz5DBaBc1a9qtrN83LtpoinBA7BMTgBNrgANXAHGsABCDyBF/AK3rRn7V370D6no0ta4TkAM6V9/QIzI6C8</latexit>

Is = I" � I#
<latexit sha1_base64="ontz6PmyX8DfCjOdbRXqlroHNvA=">AAACGHicbVC7TsMwFL0pr1JeAUYGIqpKLFQJQgIGpAoWuhWJ0kptFTmO01p1nMh2qKqoI1/BJ7DCBzAhVjZmfgSn7UBbrmTp3HPuubaPFzMqlW1/G7ml5ZXVtfx6YWNza3vH3N17kFEiMKnjiEWi6SFJGOWkrqhipBkLgkKPkYbXv8n0xiMRkkb8Xg1j0glRl9OAYqQ05ZqHVVdeVd20ncRIiGgwOskaPxrwSeuaRbtsj8taBM4UFCt5GFfNNX+0Gych4QozJGXLsWPVSZFQFDMyKrQTSWKE+6hLWhpyFBLZSccfGVklzfhWEAl9uLLG7F9HikIph6GnJ0OkenJey8j/tFaigotOSnmcKMLx5KIgYZaKrCwVy6eCYMWGMwu9cFQo+RRhQfXjLdxDAmGlwyzoVJz5DBZB/bR8WXbuzoqV60k6kIcDOIJjcOAcKnALNagDhid4gVd4M56Nd+PD+JyM5oypZx9myvj6BdYfoSg=</latexit><latexit sha1_base64="ontz6PmyX8DfCjOdbRXqlroHNvA=">AAACGHicbVC7TsMwFL0pr1JeAUYGIqpKLFQJQgIGpAoWuhWJ0kptFTmO01p1nMh2qKqoI1/BJ7DCBzAhVjZmfgSn7UBbrmTp3HPuubaPFzMqlW1/G7ml5ZXVtfx6YWNza3vH3N17kFEiMKnjiEWi6SFJGOWkrqhipBkLgkKPkYbXv8n0xiMRkkb8Xg1j0glRl9OAYqQ05ZqHVVdeVd20ncRIiGgwOskaPxrwSeuaRbtsj8taBM4UFCt5GFfNNX+0Gych4QozJGXLsWPVSZFQFDMyKrQTSWKE+6hLWhpyFBLZSccfGVklzfhWEAl9uLLG7F9HikIph6GnJ0OkenJey8j/tFaigotOSnmcKMLx5KIgYZaKrCwVy6eCYMWGMwu9cFQo+RRhQfXjLdxDAmGlwyzoVJz5DBZB/bR8WXbuzoqV60k6kIcDOIJjcOAcKnALNagDhid4gVd4M56Nd+PD+JyM5oypZx9myvj6BdYfoSg=</latexit><latexit sha1_base64="ontz6PmyX8DfCjOdbRXqlroHNvA=">AAACGHicbVC7TsMwFL0pr1JeAUYGIqpKLFQJQgIGpAoWuhWJ0kptFTmO01p1nMh2qKqoI1/BJ7DCBzAhVjZmfgSn7UBbrmTp3HPuubaPFzMqlW1/G7ml5ZXVtfx6YWNza3vH3N17kFEiMKnjiEWi6SFJGOWkrqhipBkLgkKPkYbXv8n0xiMRkkb8Xg1j0glRl9OAYqQ05ZqHVVdeVd20ncRIiGgwOskaPxrwSeuaRbtsj8taBM4UFCt5GFfNNX+0Gych4QozJGXLsWPVSZFQFDMyKrQTSWKE+6hLWhpyFBLZSccfGVklzfhWEAl9uLLG7F9HikIph6GnJ0OkenJey8j/tFaigotOSnmcKMLx5KIgYZaKrCwVy6eCYMWGMwu9cFQo+RRhQfXjLdxDAmGlwyzoVJz5DBZB/bR8WXbuzoqV60k6kIcDOIJjcOAcKnALNagDhid4gVd4M56Nd+PD+JyM5oypZx9myvj6BdYfoSg=</latexit><latexit sha1_base64="ncWdd4jmmC5QLhv8peQALcTJRqY=">AAACGHicbVC7TsMwFHXKq4RXgJGBiKoSC1WCkIABqYKFbkUitFIbRY7jtlYdJ7IdqirKyFfwCazwAUyIlY2ZH8FpM9CWK1k695x7ru3jx5QIaVnfWmlpeWV1rbyub2xube8Yu3sPIko4wg6KaMTbPhSYEoYdSSTF7ZhjGPoUt/zhTa63HjEXJGL3chxjN4R9RnoEQakozzhseOKq4aXdJIacR6PsJG+CaMSmrWdUrJo1KXMR2AWogKKanvGj3CgJMZOIQiE6thVLN4VcEkRxpncTgWOIhrCPOwoyGGLhppOPZGZVMYHZi7g6TJoT9q8jhaEQ49BXkyGUAzGv5eR/WieRvQs3JSxOJGZoelEvoaaMzDwVMyAcI0nHMwv9MNOrAYGIE/V4Ew0gh0iqMHWVij2fwSJwTmuXNfvurFK/LuIpgwNwBI6BDc5BHdyCJnAAAk/gBbyCN+1Ze9c+tM/paEkrPPtgprSvX2/HoOA=</latexit>

+~
<latexit sha1_base64="ZrYXi6th4GJq2X7Eg83bcPr0WdI=">AAAB/XicbVDLSsNAFL3xWeOr6tLNYCkIQklEUHdFNy4rmLbQhjKZTNqxk0mYmQglFPwEt/oBrsSt3+LaH3GadmFbD1w4nHPvzL0nSDlT2nG+rZXVtfWNzdKWvb2zu7dfPjhsqiSThHok4YlsB1hRzgT1NNOctlNJcRxw2gqGtxO/9USlYol40KOU+jHuCxYxgrWRmmfdQYBlr1xxak4BtEzcGanUS1Cg0Sv/dMOEZDEVmnCsVMd1Uu3nWGpGOB3b3UzRFJMh7tOOoQLHVPl5se0YVY0SoiiRpoRGhfp3IsexUqM4MJ0x1gO16E3E/7xOpqMrP2cizTQVZPpRlHGkEzQ5HYVMUqL5aO7BIB7b1ZBhIplZHpEBlphok5htUnEXM1gm3nntuubeX1TqN9N0oATHcAKn4MIl1OEOGuABgUd4gVd4s56td+vD+py2rlizmSOYg/X1C8v1lbE=</latexit><latexit sha1_base64="ZrYXi6th4GJq2X7Eg83bcPr0WdI=">AAAB/XicbVDLSsNAFL3xWeOr6tLNYCkIQklEUHdFNy4rmLbQhjKZTNqxk0mYmQglFPwEt/oBrsSt3+LaH3GadmFbD1w4nHPvzL0nSDlT2nG+rZXVtfWNzdKWvb2zu7dfPjhsqiSThHok4YlsB1hRzgT1NNOctlNJcRxw2gqGtxO/9USlYol40KOU+jHuCxYxgrWRmmfdQYBlr1xxak4BtEzcGanUS1Cg0Sv/dMOEZDEVmnCsVMd1Uu3nWGpGOB3b3UzRFJMh7tOOoQLHVPl5se0YVY0SoiiRpoRGhfp3IsexUqM4MJ0x1gO16E3E/7xOpqMrP2cizTQVZPpRlHGkEzQ5HYVMUqL5aO7BIB7b1ZBhIplZHpEBlphok5htUnEXM1gm3nntuubeX1TqN9N0oATHcAKn4MIl1OEOGuABgUd4gVd4s56td+vD+py2rlizmSOYg/X1C8v1lbE=</latexit><latexit sha1_base64="ZrYXi6th4GJq2X7Eg83bcPr0WdI=">AAAB/XicbVDLSsNAFL3xWeOr6tLNYCkIQklEUHdFNy4rmLbQhjKZTNqxk0mYmQglFPwEt/oBrsSt3+LaH3GadmFbD1w4nHPvzL0nSDlT2nG+rZXVtfWNzdKWvb2zu7dfPjhsqiSThHok4YlsB1hRzgT1NNOctlNJcRxw2gqGtxO/9USlYol40KOU+jHuCxYxgrWRmmfdQYBlr1xxak4BtEzcGanUS1Cg0Sv/dMOEZDEVmnCsVMd1Uu3nWGpGOB3b3UzRFJMh7tOOoQLHVPl5se0YVY0SoiiRpoRGhfp3IsexUqM4MJ0x1gO16E3E/7xOpqMrP2cizTQVZPpRlHGkEzQ5HYVMUqL5aO7BIB7b1ZBhIplZHpEBlphok5htUnEXM1gm3nntuubeX1TqN9N0oATHcAKn4MIl1OEOGuABgUd4gVd4s56td+vD+py2rlizmSOYg/X1C8v1lbE=</latexit><latexit sha1_base64="GJ4BOHQd+XLYjE8JPkwK/gKfaSw=">AAAB/XicbVDLSsNAFL3xWeOr6tLNYCkIQklEUHdFNy4rmLbQhjKZTNqxM0mYmQglFPwEt/oBrsSt3+LaH3HaZmFbD1w4nHPvzL0nSDlT2nG+rZXVtfWNzdKWvb2zu7dfPjhsqiSThHok4YlsB1hRzmLqaaY5baeSYhFw2gqGtxO/9USlYkn8oEcp9QXuxyxiBGsjNc+6gwDLXrni1Jwp0DJxC1KBAo1e+acbJiQTNNaEY6U6rpNqP8dSM8Lp2O5miqaYDHGfdgyNsaDKz6fbjlHVKCGKEmkq1miq/p3IsVBqJALTKbAeqEVvIv7ndTIdXfk5i9NM05jMPooyjnSCJqejkElKNB/NPRiIsV0NGSaSmeURGWCJiTaJ2SYVdzGDZeKd165r7v1FpX5TxFOCYziBU3DhEupwBw3wgMAjvMArvFnP1rv1YX3OWlesYuYI5mB9/QJlnZVp</latexit>

I"
<latexit sha1_base64="0i6Y+hPHO3w7ca/bQHQAHCHr4k0=">AAACA3icbVDLSsNAFL2prxpfVZdugqXgqiQiqLuiG91VMLbQhDKZTNqhk2SYmSglZOsnuNUPcCVu/RDX/ojTtAvbeuDC4Zz74gScUals+9uorKyurW9UN82t7Z3dvdr+wYNMM4GJi1OWim6AJGE0Ia6iipEuFwTFASOdYHQ98TuPREiaJvdqzIkfo0FCI4qR0pJ328+9jCMh0qeiX6vbTbuEtUycGam3qlCi3a/9eGGKs5gkCjMkZc+xufJzJBTFjBSml0nCER6hAelpmqCYSD8vfy6shlZCK0qFrkRZpfp3IkexlOM40J0xUkO56E3E/7xepqILP6cJzxRJ8PRQlDFLpdYkACukgmDFxnMLg7gwGyFFWFD9vIWHSCCsdG6mTsVZzGCZuKfNy6Zzd1ZvXU3TgSocwTGcgAPn0IIbaIMLGDi8wCu8Gc/Gu/FhfE5bK8Zs5hDmYHz9AlYUmNU=</latexit><latexit sha1_base64="0i6Y+hPHO3w7ca/bQHQAHCHr4k0=">AAACA3icbVDLSsNAFL2prxpfVZdugqXgqiQiqLuiG91VMLbQhDKZTNqhk2SYmSglZOsnuNUPcCVu/RDX/ojTtAvbeuDC4Zz74gScUals+9uorKyurW9UN82t7Z3dvdr+wYNMM4GJi1OWim6AJGE0Ia6iipEuFwTFASOdYHQ98TuPREiaJvdqzIkfo0FCI4qR0pJ328+9jCMh0qeiX6vbTbuEtUycGam3qlCi3a/9eGGKs5gkCjMkZc+xufJzJBTFjBSml0nCER6hAelpmqCYSD8vfy6shlZCK0qFrkRZpfp3IkexlOM40J0xUkO56E3E/7xepqILP6cJzxRJ8PRQlDFLpdYkACukgmDFxnMLg7gwGyFFWFD9vIWHSCCsdG6mTsVZzGCZuKfNy6Zzd1ZvXU3TgSocwTGcgAPn0IIbaIMLGDi8wCu8Gc/Gu/FhfE5bK8Zs5hDmYHz9AlYUmNU=</latexit><latexit sha1_base64="0i6Y+hPHO3w7ca/bQHQAHCHr4k0=">AAACA3icbVDLSsNAFL2prxpfVZdugqXgqiQiqLuiG91VMLbQhDKZTNqhk2SYmSglZOsnuNUPcCVu/RDX/ojTtAvbeuDC4Zz74gScUals+9uorKyurW9UN82t7Z3dvdr+wYNMM4GJi1OWim6AJGE0Ia6iipEuFwTFASOdYHQ98TuPREiaJvdqzIkfo0FCI4qR0pJ328+9jCMh0qeiX6vbTbuEtUycGam3qlCi3a/9eGGKs5gkCjMkZc+xufJzJBTFjBSml0nCER6hAelpmqCYSD8vfy6shlZCK0qFrkRZpfp3IkexlOM40J0xUkO56E3E/7xepqILP6cJzxRJ8PRQlDFLpdYkACukgmDFxnMLg7gwGyFFWFD9vIWHSCCsdG6mTsVZzGCZuKfNy6Zzd1ZvXU3TgSocwTGcgAPn0IIbaIMLGDi8wCu8Gc/Gu/FhfE5bK8Zs5hDmYHz9AlYUmNU=</latexit><latexit sha1_base64="ZRbTIhdra3b2cXmKTRcyvah31qQ=">AAACA3icbVDLSsNAFL2prxpfVZdugqXgqiQiqLuiG91VMLbQhDKZTNqhk2SYmSglZOsnuNUPcCVu/RDX/ojTNgvbeuDC4Zz74gScUals+9uorKyurW9UN82t7Z3dvdr+wYNMM4GJi1OWim6AJGE0Ia6iipEuFwTFASOdYHQ98TuPREiaJvdqzIkfo0FCI4qR0pJ328+9jCMh0qeiX6vbTXsKa5k4JalDiXa/9uOFKc5ikijMkJQ9x+bKz5FQFDNSmF4mCUd4hAakp2mCYiL9fPpzYTW0ElpRKnQlypqqfydyFEs5jgPdGSM1lIveRPzP62UquvBzmvBMkQTPDkUZs1RqTQKwQioIVmw8tzCIC7MRUoQF1c9beIgEwkrnZupUnMUMlol72rxsOndn9dZVGU8VjuAYTsCBc2jBDbTBBQwcXuAV3oxn4934MD5nrRWjnDmEORhfv++tmI0=</latexit>

�~
<latexit sha1_base64="t/Q3kSe8TME5O8D+ADJaL4tuwKg=">AAAB/XicbVDLSsNAFL3xWeOr6tLNYCm4sSQiqLuiG5cVTFtoQ5lMJu3YySTMTIQSCn6CW/0AV+LWb3HtjzhNu7CtBy4czrl35t4TpJwp7Tjf1srq2vrGZmnL3t7Z3dsvHxw2VZJJQj2S8ES2A6woZ4J6mmlO26mkOA44bQXD24nfeqJSsUQ86FFK/Rj3BYsYwdpIzbPuIMCyV644NacAWibujFTqJSjQ6JV/umFCspgKTThWquM6qfZzLDUjnI7tbqZoiskQ92nHUIFjqvy82HaMqkYJUZRIU0KjQv07keNYqVEcmM4Y64Fa9Cbif14n09GVnzORZpoKMv0oyjjSCZqcjkImKdF8NPdgEI/tasgwkcwsj8gAS0y0Scw2qbiLGSwT77x2XXPvLyr1m2k6UIJjOIFTcOES6nAHDfCAwCO8wCu8Wc/Wu/VhfU5bV6zZzBHMwfr6Bc8nlbM=</latexit><latexit sha1_base64="t/Q3kSe8TME5O8D+ADJaL4tuwKg=">AAAB/XicbVDLSsNAFL3xWeOr6tLNYCm4sSQiqLuiG5cVTFtoQ5lMJu3YySTMTIQSCn6CW/0AV+LWb3HtjzhNu7CtBy4czrl35t4TpJwp7Tjf1srq2vrGZmnL3t7Z3dsvHxw2VZJJQj2S8ES2A6woZ4J6mmlO26mkOA44bQXD24nfeqJSsUQ86FFK/Rj3BYsYwdpIzbPuIMCyV644NacAWibujFTqJSjQ6JV/umFCspgKTThWquM6qfZzLDUjnI7tbqZoiskQ92nHUIFjqvy82HaMqkYJUZRIU0KjQv07keNYqVEcmM4Y64Fa9Cbif14n09GVnzORZpoKMv0oyjjSCZqcjkImKdF8NPdgEI/tasgwkcwsj8gAS0y0Scw2qbiLGSwT77x2XXPvLyr1m2k6UIJjOIFTcOES6nAHDfCAwCO8wCu8Wc/Wu/VhfU5bV6zZzBHMwfr6Bc8nlbM=</latexit><latexit sha1_base64="t/Q3kSe8TME5O8D+ADJaL4tuwKg=">AAAB/XicbVDLSsNAFL3xWeOr6tLNYCm4sSQiqLuiG5cVTFtoQ5lMJu3YySTMTIQSCn6CW/0AV+LWb3HtjzhNu7CtBy4czrl35t4TpJwp7Tjf1srq2vrGZmnL3t7Z3dsvHxw2VZJJQj2S8ES2A6woZ4J6mmlO26mkOA44bQXD24nfeqJSsUQ86FFK/Rj3BYsYwdpIzbPuIMCyV644NacAWibujFTqJSjQ6JV/umFCspgKTThWquM6qfZzLDUjnI7tbqZoiskQ92nHUIFjqvy82HaMqkYJUZRIU0KjQv07keNYqVEcmM4Y64Fa9Cbif14n09GVnzORZpoKMv0oyjjSCZqcjkImKdF8NPdgEI/tasgwkcwsj8gAS0y0Scw2qbiLGSwT77x2XXPvLyr1m2k6UIJjOIFTcOES6nAHDfCAwCO8wCu8Wc/Wu/VhfU5bV6zZzBHMwfr6Bc8nlbM=</latexit><latexit sha1_base64="dz53fIAXQQ/vLBAL1gcLLDzlluQ=">AAAB/XicbVDLSsNAFL3xWeOr6tLNYCm4sSQiqLuiG5cVTFtoQ5lMJu3YmSTMTIQSCn6CW/0AV+LWb3Htjzhts7CtBy4czrl35t4TpJwp7Tjf1srq2vrGZmnL3t7Z3dsvHxw2VZJJQj2S8ES2A6woZzH1NNOctlNJsQg4bQXD24nfeqJSsSR+0KOU+gL3YxYxgrWRmmfdQYBlr1xxas4UaJm4BalAgUav/NMNE5IJGmvCsVId10m1n2OpGeF0bHczRVNMhrhPO4bGWFDl59Ntx6hqlBBFiTQVazRV/07kWCg1EoHpFFgP1KI3Ef/zOpmOrvycxWmmaUxmH0UZRzpBk9NRyCQlmo/mHgzE2K6GDBPJzPKIDLDERJvEbJOKu5jBMvHOa9c19/6iUr8p4inBMZzAKbhwCXW4gwZ4QOARXuAV3qxn6936sD5nrStWMXMEc7C+fgFoz5Vr</latexit>

I#
<latexit sha1_base64="zh3m+io25RO6fl9qnJ3UClPjRjM=">AAACBXicbVDLSsNAFL2prxpfVZdugqXgqiQiqLuiG91VMLbQxjKZTNqhk0mYmVhKyN5PcKsf4Erc+h2u/RGnaRe29cDA4Zx77lyOnzAqlW1/G6WV1bX1jfKmubW9s7tX2T94kHEqMHFxzGLR9pEkjHLiKqoYaSeCoMhnpOUPryd+64kISWN+r8YJ8SLU5zSkGCktPd72sm4QjzgSIh7lvUrVrtsFrGXizEi1UYYCzV7lR6dxGhGuMENSdhw7UV6GhKKYkdzsppIkCA9Rn3Q05Sgi0suKq3OrppXACmOhH1dWof5NZCiSchz5ejJCaiAXvYn4n9dJVXjhZZQnqSIcTz8KU2ap2JpUYAVUEKzYeG6hH+VmLaAIC6qPt/AACYSVbs7UrTiLHSwT97R+WXfuzqqNq2k7UIYjOIYTcOAcGnADTXABg4AXeIU349l4Nz6Mz+loyZhlDmEOxtcv9zGZvA==</latexit><latexit sha1_base64="zh3m+io25RO6fl9qnJ3UClPjRjM=">AAACBXicbVDLSsNAFL2prxpfVZdugqXgqiQiqLuiG91VMLbQxjKZTNqhk0mYmVhKyN5PcKsf4Erc+h2u/RGnaRe29cDA4Zx77lyOnzAqlW1/G6WV1bX1jfKmubW9s7tX2T94kHEqMHFxzGLR9pEkjHLiKqoYaSeCoMhnpOUPryd+64kISWN+r8YJ8SLU5zSkGCktPd72sm4QjzgSIh7lvUrVrtsFrGXizEi1UYYCzV7lR6dxGhGuMENSdhw7UV6GhKKYkdzsppIkCA9Rn3Q05Sgi0suKq3OrppXACmOhH1dWof5NZCiSchz5ejJCaiAXvYn4n9dJVXjhZZQnqSIcTz8KU2ap2JpUYAVUEKzYeG6hH+VmLaAIC6qPt/AACYSVbs7UrTiLHSwT97R+WXfuzqqNq2k7UIYjOIYTcOAcGnADTXABg4AXeIU349l4Nz6Mz+loyZhlDmEOxtcv9zGZvA==</latexit><latexit sha1_base64="zh3m+io25RO6fl9qnJ3UClPjRjM=">AAACBXicbVDLSsNAFL2prxpfVZdugqXgqiQiqLuiG91VMLbQxjKZTNqhk0mYmVhKyN5PcKsf4Erc+h2u/RGnaRe29cDA4Zx77lyOnzAqlW1/G6WV1bX1jfKmubW9s7tX2T94kHEqMHFxzGLR9pEkjHLiKqoYaSeCoMhnpOUPryd+64kISWN+r8YJ8SLU5zSkGCktPd72sm4QjzgSIh7lvUrVrtsFrGXizEi1UYYCzV7lR6dxGhGuMENSdhw7UV6GhKKYkdzsppIkCA9Rn3Q05Sgi0suKq3OrppXACmOhH1dWof5NZCiSchz5ejJCaiAXvYn4n9dJVXjhZZQnqSIcTz8KU2ap2JpUYAVUEKzYeG6hH+VmLaAIC6qPt/AACYSVbs7UrTiLHSwT97R+WXfuzqqNq2k7UIYjOIYTcOAcGnADTXABg4AXeIU349l4Nz6Mz+loyZhlDmEOxtcv9zGZvA==</latexit><latexit sha1_base64="gP6vI3gY9YwhP1MZuoprmQFfdkw=">AAACBXicbVC9TsMwGHTKXwl/BUYWi6oSU5UgJGCrYIGtSIRWakPlOE5r1bEj26Gqouw8Ais8ABNi5TmYeRHcNgNtOcnS6e67z58uSBhV2nG+rdLK6tr6RnnT3tre2d2r7B88KJFKTDwsmJDtACnCKCeeppqRdiIJigNGWsHweuK3nohUVPB7PU6IH6M+pxHFSBvp8baXdUMx4khKMcp7lapTd6aAy8QtSBUUaPYqPyaN05hwjRlSquM6ifYzJDXFjOR2N1UkQXiI+qRjKEcxUX42vTqHNaOEMBLSPK7hVP2byFCs1DgOzGSM9EAtehPxP6+T6ujCzyhPUk04nn0UpQxqAScVwJBKgjUbzy0M4tyuhRRhSc3xEA+QRFib5mzTirvYwTLxTuuXdffurNq4KuopgyNwDE6AC85BA9yAJvAABhK8gFfwZj1b79aH9TkbLVlF5hDMwfr6BZDZmXQ=</latexit>
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Symmetry	

T-reversal	
	
	

I	(AB	exchange)	
	

+~�~

�SA = SA � ẑ
<latexit sha1_base64="qN15gQpt5kWS+AD++Rdrj7bVOxc=">AAACHnicbVDLSsNAFL2pr1pfVZdugrXgxpKIoBuh6sZlRfuAppTJZNoOnUnCzI1QQ37Ar/AT3OoHuBO3uvZHTB+CbT0wcOace+feOW4ouEbL+jIyC4tLyyvZ1dza+sbmVn57p6aDSFFWpYEIVMMlmgnusypyFKwRKkakK1jd7V8N/fo9U5oH/h0OQtaSpOvzDqcEU6mdP3A8JpA4roxvk/bF+S85cnoE4+HtIUna+YJVskYw54k9IYVyFkaotPPfjhfQSDIfqSBaN20rxFZMFHIqWJJzIs1CQvuky5op9YlkuhWPfpOYxVTxzE6g0uOjOVL/dsREaj2QblopCfb0rDcU//OaEXbOWjH3wwiZT8eDOpEwMTCH0ZgeV4yiGEw96MokV/Q4oYqny5u0RxShmCaaS1OxZzOYJ7Xjkm2V7JuTQvlyHA9kYQ/24RBsOIUyXEMFqkDhEZ7hBV6NJ+PNeDc+xqUZY9KzC1MwPn8AMD+jQA==</latexit><latexit sha1_base64="qN15gQpt5kWS+AD++Rdrj7bVOxc=">AAACHnicbVDLSsNAFL2pr1pfVZdugrXgxpKIoBuh6sZlRfuAppTJZNoOnUnCzI1QQ37Ar/AT3OoHuBO3uvZHTB+CbT0wcOace+feOW4ouEbL+jIyC4tLyyvZ1dza+sbmVn57p6aDSFFWpYEIVMMlmgnusypyFKwRKkakK1jd7V8N/fo9U5oH/h0OQtaSpOvzDqcEU6mdP3A8JpA4roxvk/bF+S85cnoE4+HtIUna+YJVskYw54k9IYVyFkaotPPfjhfQSDIfqSBaN20rxFZMFHIqWJJzIs1CQvuky5op9YlkuhWPfpOYxVTxzE6g0uOjOVL/dsREaj2QblopCfb0rDcU//OaEXbOWjH3wwiZT8eDOpEwMTCH0ZgeV4yiGEw96MokV/Q4oYqny5u0RxShmCaaS1OxZzOYJ7Xjkm2V7JuTQvlyHA9kYQ/24RBsOIUyXEMFqkDhEZ7hBV6NJ+PNeDc+xqUZY9KzC1MwPn8AMD+jQA==</latexit><latexit sha1_base64="qN15gQpt5kWS+AD++Rdrj7bVOxc=">AAACHnicbVDLSsNAFL2pr1pfVZdugrXgxpKIoBuh6sZlRfuAppTJZNoOnUnCzI1QQ37Ar/AT3OoHuBO3uvZHTB+CbT0wcOace+feOW4ouEbL+jIyC4tLyyvZ1dza+sbmVn57p6aDSFFWpYEIVMMlmgnusypyFKwRKkakK1jd7V8N/fo9U5oH/h0OQtaSpOvzDqcEU6mdP3A8JpA4roxvk/bF+S85cnoE4+HtIUna+YJVskYw54k9IYVyFkaotPPfjhfQSDIfqSBaN20rxFZMFHIqWJJzIs1CQvuky5op9YlkuhWPfpOYxVTxzE6g0uOjOVL/dsREaj2QblopCfb0rDcU//OaEXbOWjH3wwiZT8eDOpEwMTCH0ZgeV4yiGEw96MokV/Q4oYqny5u0RxShmCaaS1OxZzOYJ7Xjkm2V7JuTQvlyHA9kYQ/24RBsOIUyXEMFqkDhEZ7hBV6NJ+PNeDc+xqUZY9KzC1MwPn8AMD+jQA==</latexit><latexit sha1_base64="IRzIcVsN5BOVVlljCDcwQJ8Y+tM=">AAACHnicbVDLSsNAFJ3UV42vqks3wVpwY0lE0I1QdeOyon1AE8JkMm2HziRh5kaoIT/gV/gJbvUD3IlbXfsjJm0F23pg4Mw59869c7yIMwWm+aUVFhaXlleKq/ra+sbmVml7p6nCWBLaICEPZdvDinIW0AYw4LQdSYqFx2nLG1zlfuueSsXC4A6GEXUE7gWsywiGTHJLB7ZPOWDbE8lt6l6c/5Iju48hyW8PaeqWymbVHMGYJ9aElNEEdbf0bfshiQUNgHCsVMcyI3ASLIERTlPdjhWNMBngHu1kNMCCKicZ/SY1KpniG91QZicAY6T+7UiwUGoovKxSYOirWS8X//M6MXTPnIQFUQw0IONB3ZgbEBp5NIbPJCXAh1MPeiLVKz7DRLJseYP0scQEskT1LBVrNoN50jyuWmbVujkp1y4n+RTRHtpHh8hCp6iGrlEdNRBBj+gZvaBX7Ul70961j3FpQZv07KIpaJ8/yZCi+A==</latexit>

�SB = SB + ẑ
<latexit sha1_base64="Ht9Atpp7Tm5ofHizHxAxQKaqBlY=">AAACHnicbVDLSsNAFL2pr1pfVZdugrUgCCURQTdCqRuXFe0DmlImk2k7dCYJMzdCDfkBv8JPcKsf4E7c6tofMX0ItvXAwJlz7p1757ih4Bot68vILC2vrK5l13Mbm1vbO/ndvboOIkVZjQYiUE2XaCa4z2rIUbBmqBiRrmANd3A18hv3TGke+Hc4DFlbkp7Pu5wSTKVO/sjxmEDiuDK+TTqVy19y4vQJxqPbQ5J08gWrZI1hLhJ7SgrlLIxR7eS/HS+gkWQ+UkG0btlWiO2YKORUsCTnRJqFhA5Ij7VS6hPJdDse/yYxi6nimd1ApcdHc6z+7YiJ1Hoo3bRSEuzreW8k/ue1IuxetGPuhxEyn04GdSNhYmCOojE9rhhFMZx50JVJruhxQhVPlzdpnyhCMU00l6Ziz2ewSOqnJdsq2TdnhXJlEg9k4QAO4RhsOIcyXEMVakDhEZ7hBV6NJ+PNeDc+JqUZY9qzDzMwPn8AMEqjQA==</latexit><latexit sha1_base64="Ht9Atpp7Tm5ofHizHxAxQKaqBlY=">AAACHnicbVDLSsNAFL2pr1pfVZdugrUgCCURQTdCqRuXFe0DmlImk2k7dCYJMzdCDfkBv8JPcKsf4E7c6tofMX0ItvXAwJlz7p1757ih4Bot68vILC2vrK5l13Mbm1vbO/ndvboOIkVZjQYiUE2XaCa4z2rIUbBmqBiRrmANd3A18hv3TGke+Hc4DFlbkp7Pu5wSTKVO/sjxmEDiuDK+TTqVy19y4vQJxqPbQ5J08gWrZI1hLhJ7SgrlLIxR7eS/HS+gkWQ+UkG0btlWiO2YKORUsCTnRJqFhA5Ij7VS6hPJdDse/yYxi6nimd1ApcdHc6z+7YiJ1Hoo3bRSEuzreW8k/ue1IuxetGPuhxEyn04GdSNhYmCOojE9rhhFMZx50JVJruhxQhVPlzdpnyhCMU00l6Ziz2ewSOqnJdsq2TdnhXJlEg9k4QAO4RhsOIcyXEMVakDhEZ7hBV6NJ+PNeDc+JqUZY9qzDzMwPn8AMEqjQA==</latexit><latexit sha1_base64="Ht9Atpp7Tm5ofHizHxAxQKaqBlY=">AAACHnicbVDLSsNAFL2pr1pfVZdugrUgCCURQTdCqRuXFe0DmlImk2k7dCYJMzdCDfkBv8JPcKsf4E7c6tofMX0ItvXAwJlz7p1757ih4Bot68vILC2vrK5l13Mbm1vbO/ndvboOIkVZjQYiUE2XaCa4z2rIUbBmqBiRrmANd3A18hv3TGke+Hc4DFlbkp7Pu5wSTKVO/sjxmEDiuDK+TTqVy19y4vQJxqPbQ5J08gWrZI1hLhJ7SgrlLIxR7eS/HS+gkWQ+UkG0btlWiO2YKORUsCTnRJqFhA5Ij7VS6hPJdDse/yYxi6nimd1ApcdHc6z+7YiJ1Hoo3bRSEuzreW8k/ue1IuxetGPuhxEyn04GdSNhYmCOojE9rhhFMZx50JVJruhxQhVPlzdpnyhCMU00l6Ziz2ewSOqnJdsq2TdnhXJlEg9k4QAO4RhsOIcyXEMVakDhEZ7hBV6NJ+PNeDc+JqUZY9qzDzMwPn8AMEqjQA==</latexit><latexit sha1_base64="kP1vkg7LYP0yImR580Nfm/ra3Hg=">AAACHnicbVDLSsNAFJ3UV42vqEs3wVoQhJKIoBuh1I3LivYBTSmTyaQdOpOEmRuhhvyAX+EnuNUPcCdude2PmLQVbOuBgTPn3Dv3znEjzhRY1pdWWFpeWV0rrusbm1vbO8buXlOFsSS0QUIeyraLFeUsoA1gwGk7khQLl9OWO7zK/dY9lYqFwR2MItoVuB8wnxEMmdQzjhyPcsCOK5LbtFe7/CUnzgBDkt8e0rRnlKyKNYa5SOwpKaEp6j3j2/FCEgsaAOFYqY5tRdBNsARGOE11J1Y0wmSI+7ST0QALqrrJ+DepWc4Uz/RDmZ0AzLH6tyPBQqmRcLNKgWGg5r1c/M/rxOBfdBMWRDHQgEwG+TE3ITTzaEyPSUqAj2YedEWqlz2GiWTZ8iYZYIkJZInqWSr2fAaLpHlasa2KfXNWqtam+RTRATpEx8hG56iKrlEdNRBBj+gZvaBX7Ul70961j0lpQZv27KMZaJ8/yZui+A==</latexit>

Spin-Orbit	Coupling	



D2
<latexit sha1_base64="pcNeZK5F1NI9cqjqIA2ZYfhBgkM=">AAAB+nicbVDLSsNAFL2prxpfVZduBkvBVUmKoO6KunBZ0dhCG8pkMmmHzkzCzEQoJZ/gVj/Albj1Z1z7I6ZpF7b1wIXDOffO3HuChDNtHOfbKq2tb2xulbftnd29/YPK4dGTjlNFqEdiHqtOgDXlTFLPMMNpJ1EUi4DTdjC6mfrtZ6o0i+WjGSfUF3ggWcQINrn0cNtv9CtVp+4UQKvEnZNqswwFWv3KTy+MSSqoNIRjrbuukxh/gpVhhNPM7qWaJpiM8IB2cyqxoNqfFKtmqJYrIYpilZc0qFD/Tkyw0HosgrxTYDPUy95U/M/rpia69CdMJqmhksw+ilKOTIymd6OQKUoMHy88GIjMroUME8Xy5REZYoWJyeOy81Tc5QxWideoX9Xd+/Nq83qWDpThBE7hDFy4gCbcQQs8IDCAF3iFNyuz3q0P63PWWrLmM8ewAOvrF0iAlEQ=</latexit><latexit sha1_base64="pcNeZK5F1NI9cqjqIA2ZYfhBgkM=">AAAB+nicbVDLSsNAFL2prxpfVZduBkvBVUmKoO6KunBZ0dhCG8pkMmmHzkzCzEQoJZ/gVj/Albj1Z1z7I6ZpF7b1wIXDOffO3HuChDNtHOfbKq2tb2xulbftnd29/YPK4dGTjlNFqEdiHqtOgDXlTFLPMMNpJ1EUi4DTdjC6mfrtZ6o0i+WjGSfUF3ggWcQINrn0cNtv9CtVp+4UQKvEnZNqswwFWv3KTy+MSSqoNIRjrbuukxh/gpVhhNPM7qWaJpiM8IB2cyqxoNqfFKtmqJYrIYpilZc0qFD/Tkyw0HosgrxTYDPUy95U/M/rpia69CdMJqmhksw+ilKOTIymd6OQKUoMHy88GIjMroUME8Xy5REZYoWJyeOy81Tc5QxWideoX9Xd+/Nq83qWDpThBE7hDFy4gCbcQQs8IDCAF3iFNyuz3q0P63PWWrLmM8ewAOvrF0iAlEQ=</latexit><latexit sha1_base64="pcNeZK5F1NI9cqjqIA2ZYfhBgkM=">AAAB+nicbVDLSsNAFL2prxpfVZduBkvBVUmKoO6KunBZ0dhCG8pkMmmHzkzCzEQoJZ/gVj/Albj1Z1z7I6ZpF7b1wIXDOffO3HuChDNtHOfbKq2tb2xulbftnd29/YPK4dGTjlNFqEdiHqtOgDXlTFLPMMNpJ1EUi4DTdjC6mfrtZ6o0i+WjGSfUF3ggWcQINrn0cNtv9CtVp+4UQKvEnZNqswwFWv3KTy+MSSqoNIRjrbuukxh/gpVhhNPM7qWaJpiM8IB2cyqxoNqfFKtmqJYrIYpilZc0qFD/Tkyw0HosgrxTYDPUy95U/M/rpia69CdMJqmhksw+ilKOTIymd6OQKUoMHy88GIjMroUME8Xy5REZYoWJyeOy81Tc5QxWideoX9Xd+/Nq83qWDpThBE7hDFy4gCbcQQs8IDCAF3iFNyuz3q0P63PWWrLmM8ewAOvrF0iAlEQ=</latexit><latexit sha1_base64="HsrsdRIOHHHg9hzifEPwXG7duGI=">AAAB+nicbVDLSsNAFL2prxpfVZduBkvBVUmKoO6KunBZ0dhCG8pkMmmHTiZhZiKUkk9wqx/gStz6M679EadtFrb1wIXDOffO3HuClDOlHefbKq2tb2xulbftnd29/YPK4dGTSjJJqEcSnshOgBXlTFBPM81pJ5UUxwGn7WB0M/Xbz1QqlohHPU6pH+OBYBEjWBvp4bbf6FeqTt2ZAa0StyBVKNDqV356YUKymApNOFaq6zqp9idYakY4ze1epmiKyQgPaNdQgWOq/Mls1RzVjBKiKJGmhEYz9e/EBMdKjePAdMZYD9WyNxX/87qZji79CRNppqkg84+ijCOdoOndKGSSEs3HCw8GcW7XQoaJZGZ5RIZYYqJNXLZJxV3OYJV4jfpV3b0/rzavi3jKcAKncAYuXEAT7qAFHhAYwAu8wpuVW+/Wh/U5by1ZxcwxLMD6+gXiGZP8</latexit>

J2
<latexit sha1_base64="NfIE8B69OXsYhakSPddrEywGHVY=">AAAB+nicbVDLSsNAFL2prxpfVZduBkvBVUmKoO6KbsRVRWMLbSiTyaQdOjMJMxOhlHyCW/0AV+LWn3Htj5imXdjWAxcO59w7c+8JEs60cZxvq7S2vrG5Vd62d3b39g8qh0dPOk4VoR6Jeaw6AdaUM0k9wwynnURRLAJO28HoZuq3n6nSLJaPZpxQX+CBZBEj2OTSw12/0a9UnbpTAK0Sd06qzTIUaPUrP70wJqmg0hCOte66TmL8CVaGEU4zu5dqmmAywgPazanEgmp/UqyaoVquhCiKVV7SoEL9OzHBQuuxCPJOgc1QL3tT8T+vm5ro0p8wmaSGSjL7KEo5MjGa3o1CpigxfLzwYCAyuxYyTBTLl0dkiBUmJo/LzlNxlzNYJV6jflV378+rzetZOlCGEziFM3DhAppwCy3wgMAAXuAV3qzMerc+rM9Za8mazxzDAqyvX1IElEo=</latexit><latexit sha1_base64="NfIE8B69OXsYhakSPddrEywGHVY=">AAAB+nicbVDLSsNAFL2prxpfVZduBkvBVUmKoO6KbsRVRWMLbSiTyaQdOjMJMxOhlHyCW/0AV+LWn3Htj5imXdjWAxcO59w7c+8JEs60cZxvq7S2vrG5Vd62d3b39g8qh0dPOk4VoR6Jeaw6AdaUM0k9wwynnURRLAJO28HoZuq3n6nSLJaPZpxQX+CBZBEj2OTSw12/0a9UnbpTAK0Sd06qzTIUaPUrP70wJqmg0hCOte66TmL8CVaGEU4zu5dqmmAywgPazanEgmp/UqyaoVquhCiKVV7SoEL9OzHBQuuxCPJOgc1QL3tT8T+vm5ro0p8wmaSGSjL7KEo5MjGa3o1CpigxfLzwYCAyuxYyTBTLl0dkiBUmJo/LzlNxlzNYJV6jflV378+rzetZOlCGEziFM3DhAppwCy3wgMAAXuAV3qzMerc+rM9Za8mazxzDAqyvX1IElEo=</latexit><latexit sha1_base64="NfIE8B69OXsYhakSPddrEywGHVY=">AAAB+nicbVDLSsNAFL2prxpfVZduBkvBVUmKoO6KbsRVRWMLbSiTyaQdOjMJMxOhlHyCW/0AV+LWn3Htj5imXdjWAxcO59w7c+8JEs60cZxvq7S2vrG5Vd62d3b39g8qh0dPOk4VoR6Jeaw6AdaUM0k9wwynnURRLAJO28HoZuq3n6nSLJaPZpxQX+CBZBEj2OTSw12/0a9UnbpTAK0Sd06qzTIUaPUrP70wJqmg0hCOte66TmL8CVaGEU4zu5dqmmAywgPazanEgmp/UqyaoVquhCiKVV7SoEL9OzHBQuuxCPJOgc1QL3tT8T+vm5ro0p8wmaSGSjL7KEo5MjGa3o1CpigxfLzwYCAyuxYyTBTLl0dkiBUmJo/LzlNxlzNYJV6jflV378+rzetZOlCGEziFM3DhAppwCy3wgMAAXuAV3qzMerc+rM9Za8mazxzDAqyvX1IElEo=</latexit><latexit sha1_base64="2ss4jeMjKBqFT7NQ5840k9daLhs=">AAAB+nicbVDLSsNAFL2prxpfVZduBkvBVUmKoO6KbsRVRWMLbSiTyaQdOpmEmYlQSj7BrX6AK3Hrz7j2R5y2WdjWAxcO59w7c+8JUs6Udpxvq7S2vrG5Vd62d3b39g8qh0dPKskkoR5JeCI7AVaUM0E9zTSnnVRSHAectoPRzdRvP1OpWCIe9TilfowHgkWMYG2kh7t+o1+pOnVnBrRK3IJUoUCrX/nphQnJYio04Vipruuk2p9gqRnhNLd7maIpJiM8oF1DBY6p8iezVXNUM0qIokSaEhrN1L8TExwrNY4D0xljPVTL3lT8z+tmOrr0J0ykmaaCzD+KMo50gqZ3o5BJSjQfLzwYxLldCxkmkpnlERliiYk2cdkmFXc5g1XiNepXdff+vNq8LuIpwwmcwhm4cAFNuIUWeEBgAC/wCm9Wbr1bH9bnvLVkFTPHsADr6xfrnZQC</latexit>

J1
<latexit sha1_base64="Hrq0ViWCUrJwO9WVDOJQ7JNZMPw=">AAAB+nicbVDLSsNAFL2prxpfVZduBkvBVUlEUHdFN+KqorGFNpTJZNIOnZmEmYlQQj7BrX6AK3Hrz7j2R0zTLmz1wIXDOffO3HuChDNtHOfLqqysrq1vVDftre2d3b3a/sGjjlNFqEdiHqtugDXlTFLPMMNpN1EUi4DTTjC+nvqdJ6o0i+WDmSTUF3goWcQINoV0fztwB7W603RKoL/EnZN6qwol2oPadz+MSSqoNIRjrXuukxg/w8owwmlu91NNE0zGeEh7BZVYUO1n5ao5ahRKiKJYFSUNKtXfExkWWk9EUHQKbEZ62ZuK/3m91EQXfsZkkhoqyeyjKOXIxGh6NwqZosTwycKDgcjtRsgwUaxYHpERVpiYIi67SMVdzuAv8U6bl0337qzeupqlA1U4gmM4ARfOoQU30AYPCAzhGV7g1cqtN+vd+pi1Vqz5zCEswPr8AVBwlEk=</latexit><latexit sha1_base64="Hrq0ViWCUrJwO9WVDOJQ7JNZMPw=">AAAB+nicbVDLSsNAFL2prxpfVZduBkvBVUlEUHdFN+KqorGFNpTJZNIOnZmEmYlQQj7BrX6AK3Hrz7j2R0zTLmz1wIXDOffO3HuChDNtHOfLqqysrq1vVDftre2d3b3a/sGjjlNFqEdiHqtugDXlTFLPMMNpN1EUi4DTTjC+nvqdJ6o0i+WDmSTUF3goWcQINoV0fztwB7W603RKoL/EnZN6qwol2oPadz+MSSqoNIRjrXuukxg/w8owwmlu91NNE0zGeEh7BZVYUO1n5ao5ahRKiKJYFSUNKtXfExkWWk9EUHQKbEZ62ZuK/3m91EQXfsZkkhoqyeyjKOXIxGh6NwqZosTwycKDgcjtRsgwUaxYHpERVpiYIi67SMVdzuAv8U6bl0337qzeupqlA1U4gmM4ARfOoQU30AYPCAzhGV7g1cqtN+vd+pi1Vqz5zCEswPr8AVBwlEk=</latexit><latexit sha1_base64="Hrq0ViWCUrJwO9WVDOJQ7JNZMPw=">AAAB+nicbVDLSsNAFL2prxpfVZduBkvBVUlEUHdFN+KqorGFNpTJZNIOnZmEmYlQQj7BrX6AK3Hrz7j2R0zTLmz1wIXDOffO3HuChDNtHOfLqqysrq1vVDftre2d3b3a/sGjjlNFqEdiHqtugDXlTFLPMMNpN1EUi4DTTjC+nvqdJ6o0i+WDmSTUF3goWcQINoV0fztwB7W603RKoL/EnZN6qwol2oPadz+MSSqoNIRjrXuukxg/w8owwmlu91NNE0zGeEh7BZVYUO1n5ao5ahRKiKJYFSUNKtXfExkWWk9EUHQKbEZ62ZuK/3m91EQXfsZkkhoqyeyjKOXIxGh6NwqZosTwycKDgcjtRsgwUaxYHpERVpiYIi67SMVdzuAv8U6bl0337qzeupqlA1U4gmM4ARfOoQU30AYPCAzhGV7g1cqtN+vd+pi1Vqz5zCEswPr8AVBwlEk=</latexit><latexit sha1_base64="vHnviJqboWtkICIU4kQ+1x4ZdyI=">AAAB+nicbVDLSsNAFL2prxpfVZduBkvBVUlEUHdFN+KqorGFNpTJZNIOnZmEmYlQQj7BrX6AK3Hrz7j2R0zbLGz1wIXDOffO3HuChDNtHOfLqqysrq1vVDftre2d3b3a/sGjjlNFqEdiHqtugDXlTFLPMMNpN1EUi4DTTjC+nvqdJ6o0i+WDmSTUF3goWcQINoV0fztwB7W603RmQH+JW5I6lGgPat/9MCapoNIQjrXuuU5i/Awrwwinud1PNU0wGeMh7RVUYkG1n81WzVGjUEIUxaooadBM/T2RYaH1RARFp8BmpJe9qfif10tNdOFnTCapoZLMP4pSjkyMpnejkClKDJ8sPBiI3G6EDBPFiuURGWGFiSnisotU3OUM/hLvtHnZdO/O6q2rMp4qHMExnIAL59CCG2iDBwSG8Awv8Grl1pv1bn3MWytWOXMIC7A+fwDqCZQB</latexit>

J3
<latexit sha1_base64="6HVab+YsZ+aZmDAaly5fufslOBY=">AAAB+nicbVDLSsNAFL2pr1pfVZduBkvBVUlUUHdFN+KqorGFNpTJZNIOnZmEmYlQQj7BrX6AK3Hrz7j2R0zTLmzrgQuHc+6duff4MWfa2Pa3VVpZXVvfKG9WtrZ3dveq+wdPOkoUoS6JeKQ6PtaUM0ldwwynnVhRLHxO2/7oZuK3n6nSLJKPZhxTT+CBZCEj2OTSw13/rF+t2Q27AFomzozUmmUo0OpXf3pBRBJBpSEca9117Nh4KVaGEU6zSi/RNMZkhAe0m1OJBdVeWqyaoXquBCiMVF7SoEL9O5FiofVY+HmnwGaoF72J+J/XTUx46aVMxomhkkw/ChOOTIQmd6OAKUoMH8896IusUg8YJorlyyMyxAoTk8dVyVNxFjNYJu5p46rh3J/XmtfTdKAMR3AMJ+DABTThFlrgAoEBvMArvFmZ9W59WJ/T1pI1mzmEOVhfv1OYlEs=</latexit><latexit sha1_base64="6HVab+YsZ+aZmDAaly5fufslOBY=">AAAB+nicbVDLSsNAFL2pr1pfVZduBkvBVUlUUHdFN+KqorGFNpTJZNIOnZmEmYlQQj7BrX6AK3Hrz7j2R0zTLmzrgQuHc+6duff4MWfa2Pa3VVpZXVvfKG9WtrZ3dveq+wdPOkoUoS6JeKQ6PtaUM0ldwwynnVhRLHxO2/7oZuK3n6nSLJKPZhxTT+CBZCEj2OTSw13/rF+t2Q27AFomzozUmmUo0OpXf3pBRBJBpSEca9117Nh4KVaGEU6zSi/RNMZkhAe0m1OJBdVeWqyaoXquBCiMVF7SoEL9O5FiofVY+HmnwGaoF72J+J/XTUx46aVMxomhkkw/ChOOTIQmd6OAKUoMH8896IusUg8YJorlyyMyxAoTk8dVyVNxFjNYJu5p46rh3J/XmtfTdKAMR3AMJ+DABTThFlrgAoEBvMArvFmZ9W59WJ/T1pI1mzmEOVhfv1OYlEs=</latexit><latexit sha1_base64="6HVab+YsZ+aZmDAaly5fufslOBY=">AAAB+nicbVDLSsNAFL2pr1pfVZduBkvBVUlUUHdFN+KqorGFNpTJZNIOnZmEmYlQQj7BrX6AK3Hrz7j2R0zTLmzrgQuHc+6duff4MWfa2Pa3VVpZXVvfKG9WtrZ3dveq+wdPOkoUoS6JeKQ6PtaUM0ldwwynnVhRLHxO2/7oZuK3n6nSLJKPZhxTT+CBZCEj2OTSw13/rF+t2Q27AFomzozUmmUo0OpXf3pBRBJBpSEca9117Nh4KVaGEU6zSi/RNMZkhAe0m1OJBdVeWqyaoXquBCiMVF7SoEL9O5FiofVY+HmnwGaoF72J+J/XTUx46aVMxomhkkw/ChOOTIQmd6OAKUoMH8896IusUg8YJorlyyMyxAoTk8dVyVNxFjNYJu5p46rh3J/XmtfTdKAMR3AMJ+DABTThFlrgAoEBvMArvFmZ9W59WJ/T1pI1mzmEOVhfv1OYlEs=</latexit><latexit sha1_base64="kUIWQNUZ+5kTG3yA8xPy/qmpCRI=">AAAB+nicbVDLSsNAFL2pr1pfVZdugqXgqiQqqLuiG3FV0dhCG8pkMmmHzkzCzEQoIZ/gVj/Albj1Z1z7I07bLGzrgQuHc+6dufcECaNKO863VVpZXVvfKG9WtrZ3dveq+wdPKk4lJh6OWSw7AVKEUUE8TTUjnUQSxANG2sHoZuK3n4lUNBaPepwQn6OBoBHFSBvp4a5/1q/WnIYzhb1M3ILUoECrX/3phTFOOREaM6RU13US7WdIaooZySu9VJEE4REakK6hAnGi/Gy6am7XjRLaUSxNCW1P1b8TGeJKjXlgOjnSQ7XoTcT/vG6qo0s/oyJJNRF49lGUMlvH9uRuO6SSYM3Gcw8GPK/UQ4qwpGZ5Gw+RRFibuComFXcxg2XinTauGu79ea15XcRThiM4hhNw4QKacAst8ADDAF7gFd6s3Hq3PqzPWWvJKmYOYQ7W1y/tMZQD</latexit>
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Exchange	 DMI	

Spin	Nernst	Effect	
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Spin	Nernst	Effect	

RC,	Okamoto	&	Xiao,	PRL	117,	217202	(2016)	

Spin-up	

Spin-down	

�rT
<latexit sha1_base64="KTlXxzuQoOuIkLO+fKVWu6vFucA=">AAACAHicbVDLSsNAFL3xWeOr6tLNYCm4sSQiqLuiG5cVGltpQ5lMJu3QmUmYmQgldOUnuNUPcCVu/RPX/ohp2oVtPXDhcM69M/eeIOFMG8f5tlZW19Y3Nktb9vbO7t5++eDwQcepItQjMY9VO8CaciapZ5jhtJ0oikXAaSsY3k781hNVmsWyaUYJ9QXuSxYxgk0uPZ51JQ44Rs1eueLUnAJombgzUqmXoECjV/7phjFJBZWGcKx1x3US42dYGUY4HdvdVNMEkyHu005OJRZU+1mx8BhVcyVEUazykgYV6t+JDAutRyLIOwU2A73oTcT/vE5qois/YzJJDZVk+lGUcmRiNLkehUxRYvho7sFAjO1qyDBRLF8ekQFWmJg8NDtPxV3MYJl457Xrmnt/UanfTNOBEhzDCZyCC5dQhztogAcEBLzAK7xZz9a79WF9TltXrNnMEczB+voFlc6Wpg==</latexit><latexit sha1_base64="KTlXxzuQoOuIkLO+fKVWu6vFucA=">AAACAHicbVDLSsNAFL3xWeOr6tLNYCm4sSQiqLuiG5cVGltpQ5lMJu3QmUmYmQgldOUnuNUPcCVu/RPX/ohp2oVtPXDhcM69M/eeIOFMG8f5tlZW19Y3Nktb9vbO7t5++eDwQcepItQjMY9VO8CaciapZ5jhtJ0oikXAaSsY3k781hNVmsWyaUYJ9QXuSxYxgk0uPZ51JQ44Rs1eueLUnAJombgzUqmXoECjV/7phjFJBZWGcKx1x3US42dYGUY4HdvdVNMEkyHu005OJRZU+1mx8BhVcyVEUazykgYV6t+JDAutRyLIOwU2A73oTcT/vE5qois/YzJJDZVk+lGUcmRiNLkehUxRYvho7sFAjO1qyDBRLF8ekQFWmJg8NDtPxV3MYJl457Xrmnt/UanfTNOBEhzDCZyCC5dQhztogAcEBLzAK7xZz9a79WF9TltXrNnMEczB+voFlc6Wpg==</latexit><latexit sha1_base64="KTlXxzuQoOuIkLO+fKVWu6vFucA=">AAACAHicbVDLSsNAFL3xWeOr6tLNYCm4sSQiqLuiG5cVGltpQ5lMJu3QmUmYmQgldOUnuNUPcCVu/RPX/ohp2oVtPXDhcM69M/eeIOFMG8f5tlZW19Y3Nktb9vbO7t5++eDwQcepItQjMY9VO8CaciapZ5jhtJ0oikXAaSsY3k781hNVmsWyaUYJ9QXuSxYxgk0uPZ51JQ44Rs1eueLUnAJombgzUqmXoECjV/7phjFJBZWGcKx1x3US42dYGUY4HdvdVNMEkyHu005OJRZU+1mx8BhVcyVEUazykgYV6t+JDAutRyLIOwU2A73oTcT/vE5qois/YzJJDZVk+lGUcmRiNLkehUxRYvho7sFAjO1qyDBRLF8ekQFWmJg8NDtPxV3MYJl457Xrmnt/UanfTNOBEhzDCZyCC5dQhztogAcEBLzAK7xZz9a79WF9TltXrNnMEczB+voFlc6Wpg==</latexit><latexit sha1_base64="D+5y6nMwh1XvhD9/dcuf+w1QihQ=">AAACAHicbVDLSsNAFJ34rPFVdelmsBTcWBIR1F3RjcsKja20odxMJu3QmUmYmQgldOUnuNUPcCVu/RPX/ohpm4VtPXDhcM69M/eeIOFMG8f5tlZW19Y3Nktb9vbO7t5++eDwQcepItQjMY9VOwBNOZPUM8xw2k4UBRFw2gqGtxO/9USVZrFsmlFCfQF9ySJGwOTS41lXQsABN3vlilNzpsDLxC1IBRVo9Mo/3TAmqaDSEA5ad1wnMX4GyjDC6djuppomQIbQp52cShBU+9l04TGu5kqIo1jlJQ2eqn8nMhBaj0SQdwowA73oTcT/vE5qois/YzJJDZVk9lGUcmxiPLkeh0xRYvho7sFAjO1qyIAoli+PyQAUEJOHZuepuIsZLBPvvHZdc+8vKvWbIp4SOkYn6BS56BLV0R1qIA8RJNALekVv1rP1bn1Yn7PWFauYOUJzsL5+AS92ll4=</latexit>
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Spin	Nernst	Effect	

Neutron	Scattering:	Wildes,	Roessli,	Lebech	&	Godfrey,	JCM	1998		
DFT:	Sivadas,	Daniels,	Swendsen,	Okamoto	&	Xiao,	PRB	2015	
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Spin	Nernst	Effect	

Theory 

Shiomi,	Takashima	&	Saitoh	
PRB	96,	134425	(2017)	

Experiment 

RC,	Okamoto	&	Xiao,	
PRL	117,	217202	(2016)	
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Berry	Phase	Effect	

Sundaram	&	Niu,	1999;	Xiao,	Chang	&	Niu	2010	

ṙc = r!(kc)� k̇c ⇥B(kc)
<latexit sha1_base64="n3i7afhHsbDS481PMZ8yTRQjmAg="></latexit><latexit sha1_base64="n3i7afhHsbDS481PMZ8yTRQjmAg="></latexit><latexit sha1_base64="n3i7afhHsbDS481PMZ8yTRQjmAg="></latexit><latexit sha1_base64="r14ySRNyDJuhqdG/TRoYSou2kUg="></latexit>

D.	J.	Thouless			F.D.M.	Haldane		J.	M.	Kosterlitz	

Nobel	Prize	in	
Physics,	2016	

M.	V.	Berry	1984	�(C) =

ZZ
ds ·B

<latexit sha1_base64="qFDsYwTQD+z8+vMx5mr6YqNKuoc="></latexit><latexit sha1_base64="qFDsYwTQD+z8+vMx5mr6YqNKuoc="></latexit><latexit sha1_base64="qFDsYwTQD+z8+vMx5mr6YqNKuoc="></latexit><latexit sha1_base64="1m/J1xQ5500RTablE9GzIgwZf1o=">AAACJXicbVDNSsNAGNz4W+tf1aOXYClUkJKIoB6E0l48VrC20ITyZbNpl+4mYXcjlJCX8Cl8BK/6AJ5E8OTBF3HT9mBbBxaGme/bnR0vZlQqy/oyVlbX1jc2C1vF7Z3dvf3SweGDjBKBSRtHLBJdDyRhNCRtRRUj3VgQ4B4jHW/UzP3OIxGSRuG9GsfE5TAIaUAxKC31S2fOADiHavP0xqE0VKbveDyVmYP9SOXU4aCGGFjayLJ+qWzVrAnMZWLPSBnN0OqXfhw/wgknocIMpOzZVqzcFISimJGs6CSSxIBHMCA9TUPgRLrp5FeZWdGKbwaR0EcHm6h/N1LgUo65pyfzjHLRy8X/vF6igis3pWGcKBLi6UNBwkwVmXlFpk8FwYqN5y70eFas+BSwoDq8iYcgACvdbFG3Yi92sEza57Xrmn13Ua43ZvUU0DE6QVVko0tUR7eohdoIoyf0gl7Rm/FsvBsfxud0dMWY7RyhORjfvx1rpeU=</latexit>

C 
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Effective	‘Lorentz’	Force	

B"(k) = B#(k)

B�(k) = �B�(�k)
<latexit sha1_base64="ao2R8GUs2UVwKDK6VdceqKXpuCM="></latexit><latexit sha1_base64="ao2R8GUs2UVwKDK6VdceqKXpuCM="></latexit><latexit sha1_base64="ao2R8GUs2UVwKDK6VdceqKXpuCM="></latexit><latexit sha1_base64="/A0kBUG6PxzSvwzcX67G+he6b8I="></latexit>

K
<latexit sha1_base64="yQJxFXYne8NV23w6NC8wugqVY/I=">AAAB+HicbVDLSgMxFL3js9ZX1aWbYCm4KjMiqLuiG8FNC44ttEPJZDJtaJIZkoxQhn6BW/0AV+LWv3Htj5hOu7CtBy4czrk3ufeEKWfauO63s7a+sbm1Xdop7+7tHxxWjo6fdJIpQn2S8ER1QqwpZ5L6hhlOO6miWISctsPR3dRvP1OlWSIfzTilgcADyWJGsLFS66Ffqbp1twBaJd6cVBslKNDsV356UUIyQaUhHGvd9dzUBDlWhhFOJ+VepmmKyQgPaNdSiQXVQV4sOkE1q0QoTpQtaVCh/p3IsdB6LELbKbAZ6mVvKv7ndTMTXwc5k2lmqCSzj+KMI5Og6dUoYooSw8cLD4ZiUq5FDBPF7PKIDLHCxNiwyjYVbzmDVeJf1G/qXuuy2ridpQMlOIUzOAcPrqAB99AEHwhQeIFXeHNy5935cD5nrWvOfOYEFuB8/QIj2JOm</latexit><latexit sha1_base64="yQJxFXYne8NV23w6NC8wugqVY/I=">AAAB+HicbVDLSgMxFL3js9ZX1aWbYCm4KjMiqLuiG8FNC44ttEPJZDJtaJIZkoxQhn6BW/0AV+LWv3Htj5hOu7CtBy4czrk3ufeEKWfauO63s7a+sbm1Xdop7+7tHxxWjo6fdJIpQn2S8ER1QqwpZ5L6hhlOO6miWISctsPR3dRvP1OlWSIfzTilgcADyWJGsLFS66Ffqbp1twBaJd6cVBslKNDsV356UUIyQaUhHGvd9dzUBDlWhhFOJ+VepmmKyQgPaNdSiQXVQV4sOkE1q0QoTpQtaVCh/p3IsdB6LELbKbAZ6mVvKv7ndTMTXwc5k2lmqCSzj+KMI5Og6dUoYooSw8cLD4ZiUq5FDBPF7PKIDLHCxNiwyjYVbzmDVeJf1G/qXuuy2ridpQMlOIUzOAcPrqAB99AEHwhQeIFXeHNy5935cD5nrWvOfOYEFuB8/QIj2JOm</latexit><latexit sha1_base64="yQJxFXYne8NV23w6NC8wugqVY/I=">AAAB+HicbVDLSgMxFL3js9ZX1aWbYCm4KjMiqLuiG8FNC44ttEPJZDJtaJIZkoxQhn6BW/0AV+LWv3Htj5hOu7CtBy4czrk3ufeEKWfauO63s7a+sbm1Xdop7+7tHxxWjo6fdJIpQn2S8ER1QqwpZ5L6hhlOO6miWISctsPR3dRvP1OlWSIfzTilgcADyWJGsLFS66Ffqbp1twBaJd6cVBslKNDsV356UUIyQaUhHGvd9dzUBDlWhhFOJ+VepmmKyQgPaNdSiQXVQV4sOkE1q0QoTpQtaVCh/p3IsdB6LELbKbAZ6mVvKv7ndTMTXwc5k2lmqCSzj+KMI5Og6dUoYooSw8cLD4ZiUq5FDBPF7PKIDLHCxNiwyjYVbzmDVeJf1G/qXuuy2ridpQMlOIUzOAcPrqAB99AEHwhQeIFXeHNy5935cD5nrWvOfOYEFuB8/QIj2JOm</latexit><latexit sha1_base64="qYPJEMtXh4Wju+J6PPE0c/LbET4=">AAAB+HicbVDLSgMxFL3js9ZX1aWbYCm4KjMiqLuiG8FNC44ttEPJZDJtaJIZkoxQhn6BW/0AV+LWv3Htj5i2s7CtBy4czrk3ufeEKWfauO63s7a+sbm1Xdop7+7tHxxWjo6fdJIpQn2S8ER1QqwpZ5L6hhlOO6miWISctsPR3dRvP1OlWSIfzTilgcADyWJGsLFS66Ffqbp1dwa0SryCVKFAs1/56UUJyQSVhnCsdddzUxPkWBlGOJ2Ue5mmKSYjPKBdSyUWVAf5bNEJqlklQnGibEmDZurfiRwLrccitJ0Cm6Fe9qbif143M/F1kDOZZoZKMv8ozjgyCZpejSKmKDF8vPBgKCblWsQwUcwuj8gQK0yMDatsU/GWM1gl/kX9pu61LquN2yKeEpzCGZyDB1fQgHtogg8EKLzAK7w5ufPufDif89Y1p5g5gQU4X7+9cZNe</latexit>

K 0
<latexit sha1_base64="utvFUJW7QWHZ5YyO44Fu2Z+L6dE=">AAAB+XicbVDLSsNAFL3xWeOr6tLNYCm6KokI6q7oRnBTxdhCG8pkMmmHzkzCzEQosX/gVj/Albj1a1z7I6ZpF7b1wIXDOffO3HuChDNtHOfbWlpeWV1bL23Ym1vbO7vlvf1HHaeKUI/EPFatAGvKmaSeYYbTVqIoFgGnzWBwPfabT1RpFssHM0yoL3BPsogRbHLp/va4W644NacAWiTulFTqJSjQ6JZ/OmFMUkGlIRxr3XadxPgZVoYRTkd2J9U0wWSAe7SdU4kF1X5WbDpC1VwJURSrvKRBhfp3IsNC66EI8k6BTV/Pe2PxP6+dmujCz5hMUkMlmXwUpRyZGI3PRiFTlBg+nHkwECO7GjJMFMuXR6SPFSYmT8vOU3HnM1gk3mntsubenVXqV5N0oASHcAQn4MI51OEGGuABgQhe4BXerGfr3fqwPietS9Z05gBmYH39Aoajk9c=</latexit><latexit sha1_base64="utvFUJW7QWHZ5YyO44Fu2Z+L6dE=">AAAB+XicbVDLSsNAFL3xWeOr6tLNYCm6KokI6q7oRnBTxdhCG8pkMmmHzkzCzEQosX/gVj/Albj1a1z7I6ZpF7b1wIXDOffO3HuChDNtHOfbWlpeWV1bL23Ym1vbO7vlvf1HHaeKUI/EPFatAGvKmaSeYYbTVqIoFgGnzWBwPfabT1RpFssHM0yoL3BPsogRbHLp/va4W644NacAWiTulFTqJSjQ6JZ/OmFMUkGlIRxr3XadxPgZVoYRTkd2J9U0wWSAe7SdU4kF1X5WbDpC1VwJURSrvKRBhfp3IsNC66EI8k6BTV/Pe2PxP6+dmujCz5hMUkMlmXwUpRyZGI3PRiFTlBg+nHkwECO7GjJMFMuXR6SPFSYmT8vOU3HnM1gk3mntsubenVXqV5N0oASHcAQn4MI51OEGGuABgQhe4BXerGfr3fqwPietS9Z05gBmYH39Aoajk9c=</latexit><latexit sha1_base64="utvFUJW7QWHZ5YyO44Fu2Z+L6dE=">AAAB+XicbVDLSsNAFL3xWeOr6tLNYCm6KokI6q7oRnBTxdhCG8pkMmmHzkzCzEQosX/gVj/Albj1a1z7I6ZpF7b1wIXDOffO3HuChDNtHOfbWlpeWV1bL23Ym1vbO7vlvf1HHaeKUI/EPFatAGvKmaSeYYbTVqIoFgGnzWBwPfabT1RpFssHM0yoL3BPsogRbHLp/va4W644NacAWiTulFTqJSjQ6JZ/OmFMUkGlIRxr3XadxPgZVoYRTkd2J9U0wWSAe7SdU4kF1X5WbDpC1VwJURSrvKRBhfp3IsNC66EI8k6BTV/Pe2PxP6+dmujCz5hMUkMlmXwUpRyZGI3PRiFTlBg+nHkwECO7GjJMFMuXR6SPFSYmT8vOU3HnM1gk3mntsubenVXqV5N0oASHcAQn4MI51OEGGuABgQhe4BXerGfr3fqwPietS9Z05gBmYH39Aoajk9c=</latexit><latexit sha1_base64="o6WxabmVe6ZeEsMDpkknEErQCE0=">AAAB+XicbVDLSsNAFL3xWeOr6tJNsBRdlUQEdVd0I7ipYmyhDWUymbRDZyZhZiKU2D9wqx/gStz6Na79EadtFrb1wIXDOffO3HvClFGlXffbWlpeWV1bL23Ym1vbO7vlvf1HlWQSEx8nLJGtECnCqCC+ppqRVioJ4iEjzXBwPfabT0QqmogHPUxJwFFP0JhipI10f3vcLVfcmjuBs0i8glSgQKNb/ulECc44ERozpFTbc1Md5EhqihkZ2Z1MkRThAeqRtqECcaKCfLLpyKkaJXLiRJoS2pmofydyxJUa8tB0cqT7at4bi/957UzHF0FORZppIvD0ozhjjk6c8dlORCXBmg1nHgz5yK5GFGFJzfIO7iOJsDZp2SYVbz6DReKf1i5r3t1ZpX5VxFOCQziCE/DgHOpwAw3wAUMML/AKb9az9W59WJ/T1iWrmDmAGVhfvyBLk48=</latexit>

K 0
<latexit sha1_base64="z70OgvNlnm31o3Z/Oqbg/6x7LY0=">AAAB+XicdVDLSsNAFL2prxpfVZduBkvRVUhaS5pd0Y3gporRQlvKZDpph04ezEyEEvsHbvUDXIlbv8a1P2KaKljRAwOHc+69c+/xYs6kMs13rbC0vLK6VlzXNza3tndKu3s3MkoEoS6JeCTaHpaUs5C6iilO27GgOPA4vfXGZzP/9o4KyaLwWk1i2gvwMGQ+I1hl0tXFUb9UNg2ratt1C5mG4zh2vTYnZq2BLMPMUW4WIUerX/roDiKSBDRUhGMpO5YZq16KhWKE06neTSSNMRnjIe1kNMQBlb0033SKKpkyQH4kshcqlKs/O1IcSDkJvKwywGokf3sz8S+vkyi/0UtZGCeKhmT+kZ9wpCI0OxsNmKBE8cnCQC+Y6pUBw0SwbHlERlhgorK09CyV79PR/8StGo5hXZ6Um6fzdKAIB3AIx2CBDU04hxa4QMCHB3iEJ+1ee9ZetNd5aUH76tmHBWhvnyHOlD4=</latexit><latexit sha1_base64="z70OgvNlnm31o3Z/Oqbg/6x7LY0=">AAAB+XicdVDLSsNAFL2prxpfVZduBkvRVUhaS5pd0Y3gporRQlvKZDpph04ezEyEEvsHbvUDXIlbv8a1P2KaKljRAwOHc+69c+/xYs6kMs13rbC0vLK6VlzXNza3tndKu3s3MkoEoS6JeCTaHpaUs5C6iilO27GgOPA4vfXGZzP/9o4KyaLwWk1i2gvwMGQ+I1hl0tXFUb9UNg2ratt1C5mG4zh2vTYnZq2BLMPMUW4WIUerX/roDiKSBDRUhGMpO5YZq16KhWKE06neTSSNMRnjIe1kNMQBlb0033SKKpkyQH4kshcqlKs/O1IcSDkJvKwywGokf3sz8S+vkyi/0UtZGCeKhmT+kZ9wpCI0OxsNmKBE8cnCQC+Y6pUBw0SwbHlERlhgorK09CyV79PR/8StGo5hXZ6Um6fzdKAIB3AIx2CBDU04hxa4QMCHB3iEJ+1ee9ZetNd5aUH76tmHBWhvnyHOlD4=</latexit><latexit sha1_base64="z70OgvNlnm31o3Z/Oqbg/6x7LY0=">AAAB+XicdVDLSsNAFL2prxpfVZduBkvRVUhaS5pd0Y3gporRQlvKZDpph04ezEyEEvsHbvUDXIlbv8a1P2KaKljRAwOHc+69c+/xYs6kMs13rbC0vLK6VlzXNza3tndKu3s3MkoEoS6JeCTaHpaUs5C6iilO27GgOPA4vfXGZzP/9o4KyaLwWk1i2gvwMGQ+I1hl0tXFUb9UNg2ratt1C5mG4zh2vTYnZq2BLMPMUW4WIUerX/roDiKSBDRUhGMpO5YZq16KhWKE06neTSSNMRnjIe1kNMQBlb0033SKKpkyQH4kshcqlKs/O1IcSDkJvKwywGokf3sz8S+vkyi/0UtZGCeKhmT+kZ9wpCI0OxsNmKBE8cnCQC+Y6pUBw0SwbHlERlhgorK09CyV79PR/8StGo5hXZ6Um6fzdKAIB3AIx2CBDU04hxa4QMCHB3iEJ+1ee9ZetNd5aUH76tmHBWhvnyHOlD4=</latexit><latexit sha1_base64="EKpNFi63+IhfHwXFbU7hlMv+0nA=">AAAB+XicdVDLSsNAFJ3UV42vqks3g6XoKiStJc2u6EZwU8XYQhvKZDJph04mYWYilNg/cKsf4Erc+jWu/RHTh2BFDwwczrn3zr3HTxiVyjQ/tMLK6tr6RnFT39re2d0r7R/cyTgVmLg4ZrHo+EgSRjlxFVWMdBJBUOQz0vZHF1O/fU+EpDG/VeOEeBEacBpSjFQu3Vyd9Etl07Cqtl23oGk4jmPXa3Ni1hrQMswZymCBVr/02QtinEaEK8yQlF3LTJSXIaEoZmSi91JJEoRHaEC6OeUoItLLZptOYCVXAhjGIn9cwZn6syNDkZTjyM8rI6SG8rc3Ff/yuqkKG15GeZIqwvH8ozBlUMVwejYMqCBYsfHSQD+a6JWAIixovjzEQyQQVnlaep7K9+nwf+JWDcewrs/KzfNFPEVwBI7BKbCADZrgErSACzAIwSN4As/ag/aivWpv89KCtug5BEvQ3r8Au2eT9g==</latexit>

K
<latexit sha1_base64="yV7o/EOt1CoqBPS5MAL0t20uQVk=">AAAB+HicdVDLSsNAFL2pr1pfVZduBkvBVUhaS5pd0Y3gpgVjC20pk8mkHTp5MDMRSugXuNUPcCVu/RvX/ohpoqCiBwYO59x7597jxpxJZRhvWmltfWNzq7xd2dnd2z+oHh7dyigRhDok4pEYuFhSzkLqKKY4HcSC4sDltO/OL1d+/44KyaLwRi1iOg7wNGQ+I1hlUu96Uq0ZutmwrJaJDN22bavVLIjRbCNTN3LUOmXI0Z1U30deRJKAhopwLOXQNGI1TrFQjHC6rIwSSWNM5nhKhxkNcUDlOM0XXaJ6pnjIj0T2QoVy9XtHigMpF4GbVQZYzeRvbyX+5Q0T5bfHKQvjRNGQFB/5CUcqQqurkccEJYovfgx0g2Wl7jFMBMuWR2SGBSYqC6uSpfJ1OvqfOA3d1s3eea1zUaQDZTiBUzgDEyzowBV0wQECFO7hAR61VHvSnrWXorSkffYcww9orx++9JQN</latexit><latexit sha1_base64="yV7o/EOt1CoqBPS5MAL0t20uQVk=">AAAB+HicdVDLSsNAFL2pr1pfVZduBkvBVUhaS5pd0Y3gpgVjC20pk8mkHTp5MDMRSugXuNUPcCVu/RvX/ohpoqCiBwYO59x7597jxpxJZRhvWmltfWNzq7xd2dnd2z+oHh7dyigRhDok4pEYuFhSzkLqKKY4HcSC4sDltO/OL1d+/44KyaLwRi1iOg7wNGQ+I1hlUu96Uq0ZutmwrJaJDN22bavVLIjRbCNTN3LUOmXI0Z1U30deRJKAhopwLOXQNGI1TrFQjHC6rIwSSWNM5nhKhxkNcUDlOM0XXaJ6pnjIj0T2QoVy9XtHigMpF4GbVQZYzeRvbyX+5Q0T5bfHKQvjRNGQFB/5CUcqQqurkccEJYovfgx0g2Wl7jFMBMuWR2SGBSYqC6uSpfJ1OvqfOA3d1s3eea1zUaQDZTiBUzgDEyzowBV0wQECFO7hAR61VHvSnrWXorSkffYcww9orx++9JQN</latexit><latexit sha1_base64="yV7o/EOt1CoqBPS5MAL0t20uQVk=">AAAB+HicdVDLSsNAFL2pr1pfVZduBkvBVUhaS5pd0Y3gpgVjC20pk8mkHTp5MDMRSugXuNUPcCVu/RvX/ohpoqCiBwYO59x7597jxpxJZRhvWmltfWNzq7xd2dnd2z+oHh7dyigRhDok4pEYuFhSzkLqKKY4HcSC4sDltO/OL1d+/44KyaLwRi1iOg7wNGQ+I1hlUu96Uq0ZutmwrJaJDN22bavVLIjRbCNTN3LUOmXI0Z1U30deRJKAhopwLOXQNGI1TrFQjHC6rIwSSWNM5nhKhxkNcUDlOM0XXaJ6pnjIj0T2QoVy9XtHigMpF4GbVQZYzeRvbyX+5Q0T5bfHKQvjRNGQFB/5CUcqQqurkccEJYovfgx0g2Wl7jFMBMuWR2SGBSYqC6uSpfJ1OvqfOA3d1s3eea1zUaQDZTiBUzgDEyzowBV0wQECFO7hAR61VHvSnrWXorSkffYcww9orx++9JQN</latexit><latexit sha1_base64="E4EZyIptnO5+sZn2Zj1y1nOiBdc=">AAAB+HicdVDLSsNAFJ3UV42vqks3g6XgKiStJc2u6EZw04KxhTaUyWTaDp2ZhJmJUEK/wK1+gCtx69+49kdMH4IVPTBwOOfeO/eeMGFUadv+MAobm1vbO8Vdc2//4PCodHxyr+JUYuLjmMWyGyJFGBXE11Qz0k0kQTxkpBNOrud+54FIRWNxp6cJCTgaCTqkGOlcat8OSmXbcqquW3egbXme59ZrS2LXGtCx7AXKYIXWoPTZj2KcciI0ZkipnmMnOsiQ1BQzMjP7qSIJwhM0Ir2cCsSJCrLFojNYyZUIDmOZP6HhQv3ZkSGu1JSHeSVHeqx+e3PxL6+X6mEjyKhIUk0EXn40TBnUMZxfDSMqCdZsujYw5DOzElGEJc2Xh3iMJMI6D8vMU/k+Hf5P/KrlWU77sty8WsVTBGfgHFwAB7igCW5AC/gAAwIewRN4NjLjxXg13palBWPVcwrWYLx/AVick8U=</latexit>

DMI	
breaks	
degeneracy!	

!"(k)

!#(k)

ṙc = r!(kc)� k̇c ⇥B(kc)
<latexit sha1_base64="n3i7afhHsbDS481PMZ8yTRQjmAg="></latexit><latexit sha1_base64="n3i7afhHsbDS481PMZ8yTRQjmAg="></latexit><latexit sha1_base64="n3i7afhHsbDS481PMZ8yTRQjmAg="></latexit><latexit sha1_base64="r14ySRNyDJuhqdG/TRoYSou2kUg="></latexit>

Berry	Phase	Effect	



ferromagnet	

!(k) = !A + ck2
<latexit sha1_base64="XOK07qAJk57/RP8YvQaoIPZ8PUc=">AAACG3icbVDLSsNAFL2prxpfUZduoqVQEUpSBN0IVTcuK9gHNDFMptN26EwSZiZCCV37FX6CW/0Ad+LWhWt/xDTpwlYPDJw55965d44fMSqVZX1phaXlldW14rq+sbm1vWPs7rVkGAtMmjhkoej4SBJGA9JUVDHSiQRB3Gek7Y+up377gQhJw+BOjSPicjQIaJ9ipFLJMw6dkJMBqjg+T0aT44v86l2e4Fy5r3lGyapaGcy/xJ6RUr0IGRqe8e30QhxzEijMkJRd24qUmyChKGZkojuxJBHCIzQg3ZQGiBPpJtlXJmY5VXpmPxTpCZSZqb87EsSlHHM/reRIDeWiNxX/87qx6p+7CQ2iWJEA54P6MTNVaE5zMXtUEKzYeO5Bn0/0co8iLGi6vImHSCCs0jj1NBV7MYO/pFWr2lbVvj0t1a/yeKAIB3AEFbDhDOpwAw1oAoZHeIYXeNWetDftXfvISwvarGcf5qB9/gB026Eq</latexit><latexit sha1_base64="XOK07qAJk57/RP8YvQaoIPZ8PUc=">AAACG3icbVDLSsNAFL2prxpfUZduoqVQEUpSBN0IVTcuK9gHNDFMptN26EwSZiZCCV37FX6CW/0Ad+LWhWt/xDTpwlYPDJw55965d44fMSqVZX1phaXlldW14rq+sbm1vWPs7rVkGAtMmjhkoej4SBJGA9JUVDHSiQRB3Gek7Y+up377gQhJw+BOjSPicjQIaJ9ipFLJMw6dkJMBqjg+T0aT44v86l2e4Fy5r3lGyapaGcy/xJ6RUr0IGRqe8e30QhxzEijMkJRd24qUmyChKGZkojuxJBHCIzQg3ZQGiBPpJtlXJmY5VXpmPxTpCZSZqb87EsSlHHM/reRIDeWiNxX/87qx6p+7CQ2iWJEA54P6MTNVaE5zMXtUEKzYeO5Bn0/0co8iLGi6vImHSCCs0jj1NBV7MYO/pFWr2lbVvj0t1a/yeKAIB3AEFbDhDOpwAw1oAoZHeIYXeNWetDftXfvISwvarGcf5qB9/gB026Eq</latexit><latexit sha1_base64="XOK07qAJk57/RP8YvQaoIPZ8PUc=">AAACG3icbVDLSsNAFL2prxpfUZduoqVQEUpSBN0IVTcuK9gHNDFMptN26EwSZiZCCV37FX6CW/0Ad+LWhWt/xDTpwlYPDJw55965d44fMSqVZX1phaXlldW14rq+sbm1vWPs7rVkGAtMmjhkoej4SBJGA9JUVDHSiQRB3Gek7Y+up377gQhJw+BOjSPicjQIaJ9ipFLJMw6dkJMBqjg+T0aT44v86l2e4Fy5r3lGyapaGcy/xJ6RUr0IGRqe8e30QhxzEijMkJRd24qUmyChKGZkojuxJBHCIzQg3ZQGiBPpJtlXJmY5VXpmPxTpCZSZqb87EsSlHHM/reRIDeWiNxX/87qx6p+7CQ2iWJEA54P6MTNVaE5zMXtUEKzYeO5Bn0/0co8iLGi6vImHSCCs0jj1NBV7MYO/pFWr2lbVvj0t1a/yeKAIB3AEFbDhDOpwAw1oAoZHeIYXeNWetDftXfvISwvarGcf5qB9/gB026Eq</latexit><latexit sha1_base64="9Lgl0ZmHOT5fb7i9i9DRR9kuXcA=">AAACG3icbVDLSsNAFJ3UV42vqEs30VKoCCUpgm6EqhuXFewDmhgmk0k7dCYTZiZCCV37FX6CW/0Ad+LWhWt/xLTJwlYPDJw55965d44fUyKVZX1ppaXlldW18rq+sbm1vWPs7nUkTwTCbcQpFz0fSkxJhNuKKIp7scCQ+RR3/dH11O8+YCEJj+7UOMYug4OIhARBlUmecehwhgew5vgsHU2OL/Krd3mCcuW+4RkVq27NYP4ldkEqoEDLM76dgKOE4UghCqXs21as3BQKRRDFE91JJI4hGsEB7mc0ggxLN519ZWJWMyUwQy6yEylzpv7uSCGTcsz8rJJBNZSL3lT8z+snKjx3UxLFicIRygeFCTUVN6e5mAERGCk6nnvQZxO9GhCIBMmWN9EQCohUFqeepWIvZvCXdBp126rbt6eV5lWRTxkcgCNQAzY4A01wA1qgDRB4BM/gBbxqT9qb9q595KUlrejZB3PQPn8ADjug4g==</latexit>
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Terahertz	Spin	Dynamics	

J
<latexit sha1_base64="RCUZIRGjlUE1OwukhubOm826MI8=">AAAB+HicbVDLSgMxFL3js9ZX1aWbYCm4KjMiqLuiG3HVgmML7VAymUwbmmSGJCOUoV/gVj/Albj1b1z7I6bTLmzrgQuHc+5N7j1hypk2rvvtrK1vbG5tl3bKu3v7B4eVo+MnnWSKUJ8kPFGdEGvKmaS+YYbTTqooFiGn7XB0N/Xbz1RplshHM05pIPBAspgRbKzUeuhXqm7dLYBWiTcn1UYJCjT7lZ9elJBMUGkIx1p3PTc1QY6VYYTTSbmXaZpiMsID2rVUYkF1kBeLTlDNKhGKE2VLGlSofydyLLQei9B2CmyGetmbiv953czE10HOZJoZKsnsozjjyCRoejWKmKLE8PHCg6GYlGsRw0QxuzwiQ6wwMTassk3FW85glfgX9Zu617qsNm5n6UAJTuEMzsGDK2jAPTTBBwIUXuAV3pzceXc+nM9Z65oznzmBBThfvyJEk6U=</latexit><latexit sha1_base64="RCUZIRGjlUE1OwukhubOm826MI8=">AAAB+HicbVDLSgMxFL3js9ZX1aWbYCm4KjMiqLuiG3HVgmML7VAymUwbmmSGJCOUoV/gVj/Albj1b1z7I6bTLmzrgQuHc+5N7j1hypk2rvvtrK1vbG5tl3bKu3v7B4eVo+MnnWSKUJ8kPFGdEGvKmaS+YYbTTqooFiGn7XB0N/Xbz1RplshHM05pIPBAspgRbKzUeuhXqm7dLYBWiTcn1UYJCjT7lZ9elJBMUGkIx1p3PTc1QY6VYYTTSbmXaZpiMsID2rVUYkF1kBeLTlDNKhGKE2VLGlSofydyLLQei9B2CmyGetmbiv953czE10HOZJoZKsnsozjjyCRoejWKmKLE8PHCg6GYlGsRw0QxuzwiQ6wwMTassk3FW85glfgX9Zu617qsNm5n6UAJTuEMzsGDK2jAPTTBBwIUXuAV3pzceXc+nM9Z65oznzmBBThfvyJEk6U=</latexit><latexit sha1_base64="RCUZIRGjlUE1OwukhubOm826MI8=">AAAB+HicbVDLSgMxFL3js9ZX1aWbYCm4KjMiqLuiG3HVgmML7VAymUwbmmSGJCOUoV/gVj/Albj1b1z7I6bTLmzrgQuHc+5N7j1hypk2rvvtrK1vbG5tl3bKu3v7B4eVo+MnnWSKUJ8kPFGdEGvKmaS+YYbTTqooFiGn7XB0N/Xbz1RplshHM05pIPBAspgRbKzUeuhXqm7dLYBWiTcn1UYJCjT7lZ9elJBMUGkIx1p3PTc1QY6VYYTTSbmXaZpiMsID2rVUYkF1kBeLTlDNKhGKE2VLGlSofydyLLQei9B2CmyGetmbiv953czE10HOZJoZKsnsozjjyCRoejWKmKLE8PHCg6GYlGsRw0QxuzwiQ6wwMTassk3FW85glfgX9Zu617qsNm5n6UAJTuEMzsGDK2jAPTTBBwIUXuAV3pzceXc+nM9Z65oznzmBBThfvyJEk6U=</latexit><latexit sha1_base64="+7ypz9acoaeMWJq/YIEl/bBi1x8=">AAAB+HicbVDLSgMxFL3js9ZX1aWbYCm4KjMiqLuiG3HVgmML7VAymUwbmmSGJCOUoV/gVj/Albj1b1z7I6btLGzrgQuHc+5N7j1hypk2rvvtrK1vbG5tl3bKu3v7B4eVo+MnnWSKUJ8kPFGdEGvKmaS+YYbTTqooFiGn7XB0N/Xbz1RplshHM05pIPBAspgRbKzUeuhXqm7dnQGtEq8gVSjQ7Fd+elFCMkGlIRxr3fXc1AQ5VoYRTiflXqZpiskID2jXUokF1UE+W3SCalaJUJwoW9Kgmfp3IsdC67EIbafAZqiXvan4n9fNTHwd5EymmaGSzD+KM45MgqZXo4gpSgwfLzwYikm5FjFMFLPLIzLEChNjwyrbVLzlDFaJf1G/qXuty2rjtoinBKdwBufgwRU04B6a4AMBCi/wCm9O7rw7H87nvHXNKWZOYAHO1y+73ZNd</latexit>

!(k) = ±
p
2!J!K + c2k2

<latexit sha1_base64="zDY6xkK7E+458JSZTGl7hmiYVcU="></latexit><latexit sha1_base64="zDY6xkK7E+458JSZTGl7hmiYVcU="></latexit><latexit sha1_base64="zDY6xkK7E+458JSZTGl7hmiYVcU="></latexit><latexit sha1_base64="bKqexFlmhsVNiYfBW3Ew5mY+wFs="></latexit>

!J � !K
<latexit sha1_base64="bPYXPykAKebZuI1LgJ4xtvczBfU=">AAACDXicbVDLSsNAFL3xWeMr2qWbYCm4KokIuiy6Ed1UsA9oQphMJunQmSTMTIQQ+g1+glv9AHfi1m9w7Y+Ypl3Y1gMXDufcF8dPGZXKsr61tfWNza3t2o6+u7d/cGgcHfdkkglMujhhiRj4SBJGY9JVVDEySAVB3Gek749vpn7/iQhJk/hR5SlxOYpiGlKMVCl5Rt1JOImQd+dE0Zzee0bDalkVzFViz0mjXYMKHc/4cYIEZ5zECjMk5dC2UuUWSCiKGZnoTiZJivAYRWRY0hhxIt2ien5iNkslMMNElBUrs1L/ThSIS5lzv+zkSI3ksjcV//OGmQqv3ILGaaZIjGeHwoyZKjGnSZgBFQQrli8s9PlEbwYUYUHL5008QgJhVQaol6nYyxmskt55y7Za9sNFo309iwdqcAKncAY2XEIbbqEDXcCQwwu8wpv2rL1rH9rnrHVNm8/UYQHa1y8gh5uz</latexit><latexit sha1_base64="bPYXPykAKebZuI1LgJ4xtvczBfU=">AAACDXicbVDLSsNAFL3xWeMr2qWbYCm4KokIuiy6Ed1UsA9oQphMJunQmSTMTIQQ+g1+glv9AHfi1m9w7Y+Ypl3Y1gMXDufcF8dPGZXKsr61tfWNza3t2o6+u7d/cGgcHfdkkglMujhhiRj4SBJGY9JVVDEySAVB3Gek749vpn7/iQhJk/hR5SlxOYpiGlKMVCl5Rt1JOImQd+dE0Zzee0bDalkVzFViz0mjXYMKHc/4cYIEZ5zECjMk5dC2UuUWSCiKGZnoTiZJivAYRWRY0hhxIt2ien5iNkslMMNElBUrs1L/ThSIS5lzv+zkSI3ksjcV//OGmQqv3ILGaaZIjGeHwoyZKjGnSZgBFQQrli8s9PlEbwYUYUHL5008QgJhVQaol6nYyxmskt55y7Za9sNFo309iwdqcAKncAY2XEIbbqEDXcCQwwu8wpv2rL1rH9rnrHVNm8/UYQHa1y8gh5uz</latexit><latexit sha1_base64="bPYXPykAKebZuI1LgJ4xtvczBfU=">AAACDXicbVDLSsNAFL3xWeMr2qWbYCm4KokIuiy6Ed1UsA9oQphMJunQmSTMTIQQ+g1+glv9AHfi1m9w7Y+Ypl3Y1gMXDufcF8dPGZXKsr61tfWNza3t2o6+u7d/cGgcHfdkkglMujhhiRj4SBJGY9JVVDEySAVB3Gek749vpn7/iQhJk/hR5SlxOYpiGlKMVCl5Rt1JOImQd+dE0Zzee0bDalkVzFViz0mjXYMKHc/4cYIEZ5zECjMk5dC2UuUWSCiKGZnoTiZJivAYRWRY0hhxIt2ien5iNkslMMNElBUrs1L/ThSIS5lzv+zkSI3ksjcV//OGmQqv3ILGaaZIjGeHwoyZKjGnSZgBFQQrli8s9PlEbwYUYUHL5008QgJhVQaol6nYyxmskt55y7Za9sNFo309iwdqcAKncAY2XEIbbqEDXcCQwwu8wpv2rL1rH9rnrHVNm8/UYQHa1y8gh5uz</latexit><latexit sha1_base64="gYRLlKyIj/kLKzUM4zoxP/SxSaw=">AAACDXicbVDLSsNAFJ34rPEV7dLNYCm4KokIuiy6Ed1UsA9oQphMJunQmUmYmQgh9Bv8BLf6Ae7Erd/g2h8xbbOwrQcuHM65L06QMqq0bX8ba+sbm1vbtR1zd2//4NA6Ou6pJJOYdHHCEjkIkCKMCtLVVDMySCVBPGCkH4xvpn7/iUhFE/Go85R4HMWCRhQjXUq+VXcTTmLk37lxXNF732rYLXsGuEqcijRAhY5v/bhhgjNOhMYMKTV07FR7BZKaYkYmppspkiI8RjEZllQgTpRXzJ6fwGaphDBKZFlCw5n6d6JAXKmcB2UnR3qklr2p+J83zHR05RVUpJkmAs8PRRmDOoHTJGBIJcGa5QsLAz4xmyFFWNLyeYhHSCKsywDNMhVnOYNV0jtvOXbLebhotK+rfGrgBJyCM+CAS9AGt6ADugCDHLyAV/BmPBvvxofxOW9dM6qZOliA8fULudibaw==</latexit>

Terahertz	

Anisotropy	/	Zeeman	/	Demagnetization	

at	most	100	GHz	
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RC,	Xiao,	Niu	&	Brataas,	PRL	113,	057601	(2014)	

ü  Spin	pumping	

	

	

ü  Spin-transfer	torques	

Jc	

AF	

HM	 Js	 RC,	Xiao	&	Brataas,	PRL	116,	207603	(2016)	
RC,	Zhu	&	Xiao,	PRL	117,	097202	(2016)	

right-handed	photon:		V>0	

left-handed	photon:		V<0	¤	

¤	

AF	
HM	

VJs	

Terahertz	Spin	Dynamics	
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H =
X

i

⇥
JSi · Si+1 +K(ẑ · Si)

2
⇤
+
X

ij

Dij · Si ⇥ Sj

Faraday	Rotation	

RC,	Daniels,	Zhu	&	Xiao,	Sci.	Rep.	6,	24223	(2016)	

One-Dimensional	AF	Chain	
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Data	Modulation	

RC,	Daniels,	Zhu	&	Xiao,	
Sci.	Rep.	6,	24223	(2016);	
	
Daniels,	RC,	Yu,	Xiao	&	Xiao,	
arXiv:1801.06535	
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Electron	(fermion)	 Magnon	(Boson)	

												Spin	 				Chirality	

							SOC:	 				DMI:	

Spin-FET	 Magnon	spin-FET	

Spin	Hall	effect	 Spin	Nernst	effect	

Oscillatory	RKKY	 Non-oscillatory	RKKY	

Spin-transfer	torque	 Magnon-transfer	torque	

i@t = H 
<latexit sha1_base64="GHG0CsymIIQwyufeDoZXQFYaqmM=">AAACDnicbVDLSsNAFL3xWeMrKq7cBEvBVUlEUBdC0U2XFYwtNCFMJpN26CQZZiZCCf0IP8GtfoArcesvuPZHTNIubOuBGQ7n3Bcn4IxKZVnf2srq2vrGZm1L397Z3ds3Dg4fZZoJTBycslT0AiQJowlxFFWM9LggKA4Y6Qaju9LvPhEhaZo8qDEnXowGCY0oRqqQfOOYuhwJRRHzlcslvWmXv2/UraZVwVwm9ozUWzWo0PGNHzdMcRaTRGGGpOzbFldeXk7GjEx0N5OEIzxCA9IvaIJiIr28On9iNgolNKNUFC9RZqX+7chRLOU4DorKGKmhXPRK8T+vn6noystpwjNFEjxdFGXMVKlZZmGGVBCs2HhuYBBP9EZIERa0ON7EQyQQVkWEepGKvZjBMnHOm9dN+/6i3rqdpgM1OIFTOAMbLqEFbeiAAxhyeIFXeNOetXftQ/uclq5os54jmIP29QuQC5yu</latexit><latexit sha1_base64="GHG0CsymIIQwyufeDoZXQFYaqmM=">AAACDnicbVDLSsNAFL3xWeMrKq7cBEvBVUlEUBdC0U2XFYwtNCFMJpN26CQZZiZCCf0IP8GtfoArcesvuPZHTNIubOuBGQ7n3Bcn4IxKZVnf2srq2vrGZm1L397Z3ds3Dg4fZZoJTBycslT0AiQJowlxFFWM9LggKA4Y6Qaju9LvPhEhaZo8qDEnXowGCY0oRqqQfOOYuhwJRRHzlcslvWmXv2/UraZVwVwm9ozUWzWo0PGNHzdMcRaTRGGGpOzbFldeXk7GjEx0N5OEIzxCA9IvaIJiIr28On9iNgolNKNUFC9RZqX+7chRLOU4DorKGKmhXPRK8T+vn6noystpwjNFEjxdFGXMVKlZZmGGVBCs2HhuYBBP9EZIERa0ON7EQyQQVkWEepGKvZjBMnHOm9dN+/6i3rqdpgM1OIFTOAMbLqEFbeiAAxhyeIFXeNOetXftQ/uclq5os54jmIP29QuQC5yu</latexit><latexit sha1_base64="GHG0CsymIIQwyufeDoZXQFYaqmM=">AAACDnicbVDLSsNAFL3xWeMrKq7cBEvBVUlEUBdC0U2XFYwtNCFMJpN26CQZZiZCCf0IP8GtfoArcesvuPZHTNIubOuBGQ7n3Bcn4IxKZVnf2srq2vrGZm1L397Z3ds3Dg4fZZoJTBycslT0AiQJowlxFFWM9LggKA4Y6Qaju9LvPhEhaZo8qDEnXowGCY0oRqqQfOOYuhwJRRHzlcslvWmXv2/UraZVwVwm9ozUWzWo0PGNHzdMcRaTRGGGpOzbFldeXk7GjEx0N5OEIzxCA9IvaIJiIr28On9iNgolNKNUFC9RZqX+7chRLOU4DorKGKmhXPRK8T+vn6noystpwjNFEjxdFGXMVKlZZmGGVBCs2HhuYBBP9EZIERa0ON7EQyQQVkWEepGKvZjBMnHOm9dN+/6i3rqdpgM1OIFTOAMbLqEFbeiAAxhyeIFXeNOetXftQ/uclq5os54jmIP29QuQC5yu</latexit><latexit sha1_base64="pz4vtHy5Z6ComCGYatSPOsxjxFU=">AAACDnicbVDNSsNAGNz4W+NfVDx5WSwFTyURQT0IRS89VjC20ISw2WzapbtJ2N0IJfQhfASv+gCexKuv4NkXcdPmYFsHdhlmvj8mzBiVyra/jZXVtfWNzdqWub2zu7dvHRw+yjQXmLg4ZanohUgSRhPiKqoY6WWCIB4y0g1Hd6XffSJC0jR5UOOM+BwNEhpTjJSWAuuYehkSiiIWKC+T9KZd/oFVt5v2FHCZOBWpgwqdwPrxohTnnCQKMyRl37Ez5RflZMzIxPRySTKER2hA+pomiBPpF9PzJ7ChlQjGqdAvUXCq/u0oEJdyzENdyZEaykWvFP/z+rmKr/yCJlmuSIJni+KcQZXCMgsYUUGwYuO5gSGfmI2IIiyoPh7iIRIIKx2hqVNxFjNYJu5587rp3F/UW7dVPDVwAk7BGXDAJWiBNugAF2BQgBfwCt6MZ+Pd+DA+Z6UrRtVzBOZgfP0CKbOcZg==</latexit>

@tS = �H ⇥ S
<latexit sha1_base64="GOklSrUdS5cYHd7Edicnw0NZq5A="></latexit><latexit sha1_base64="GOklSrUdS5cYHd7Edicnw0NZq5A="></latexit><latexit sha1_base64="GOklSrUdS5cYHd7Edicnw0NZq5A="></latexit><latexit sha1_base64="XZVctvbNNRDg+ZbdQZAC4lBe3K4=">AAACI3icbVDLSgMxFM34rOOr6tJNsAjiosyIoC6EohuXilaFzlDupGkbmswMyR2hDPMPfoWf4FY/wJW4ceHKHzHTduHrQuDknHvvSU6USmHQ896dqemZ2bn5yoK7uLS8slpdW782SaYZb7JEJvo2AsOliHkTBUp+m2oOKpL8JhqclvrNHddGJPEVDlMeKujFoisYoKXa1d0gBY0CZBuDSOWXxXHQA6WAlrezIkChuBkr7WrNq3ujon+BPwE1MqnzdvUz6CQsUzxGJsGYlu+lGOalH5O8cIPM8BTYAHq8ZWEM1irMR38q6LZlOrSbaHtipCP2+0QOypihimynAuyb31pJ/qe1MuwehrmI0wx5zMZG3UxSTGgZEO0IzRnK4Y+FkSrc7Y4ApoV9PGV90MDQ5uraVPzfGfwFzb36Ud2/2K81TibxVMgm2SI7xCcHpEHOyDlpEkbuySN5Is/Og/PivDpv49YpZzKzQX6U8/EFXQ2liw==</latexit>

rV · (� ⇥ p)
<latexit sha1_base64="9aM40GzQd5tePfewdyucTT8UhIE="></latexit><latexit sha1_base64="9aM40GzQd5tePfewdyucTT8UhIE="></latexit><latexit sha1_base64="9aM40GzQd5tePfewdyucTT8UhIE="></latexit><latexit sha1_base64="xxeGHDT5h+ZE8dycLiinQo/CsxQ=">AAACI3icbZDLSsNAFIYn3q23qEs3wVKoLkoigroT3bisYFRoSjmZTNuhM5MwcyKUkHfwKXwEt/oArsSNC1e+iNPLwtuBgZ/vP2fOzB9nghv0/XdnZnZufmFxabmysrq2vuFubl2bNNeUhTQVqb6NwTDBFQuRo2C3mWYgY8Fu4sH5yL+5Y9rwVF3hMGNtCT3Fu5wCWtRx96NYFpGCWEB5HdEkxfqYGN6TUEbIJTMjkJV7HbfqN/xxeX9FMBVVMq1mx/2MkpTmkimkAoxpBX6G7QI0cipYWYlywzKgA+ixlpUK7K52Mf5T6dUsSbxuqu1R6I3p94kCpDFDGdtOCdg3v70R/M9r5dg9bhdcZTkyRSeLurnwMPVGAXkJ14yiGP64MJZlpZZwoJrbx3u0Dxoo2lwrNpXgdwZ/RXjQOGkEl4fV07NpPEtkh+ySOgnIETklF6RJQkLJPXkkT+TZeXBenFfnbdI640xntsmPcj6+AI7opak=</latexit>

Dij · (Si ⇥ Sj)
<latexit sha1_base64="bunzVft7d7w+pmk9RY1/erioXQ8=">AAACI3icbVC7TsMwFL0pr1JeBUaWiAoJGKoEIQFbBQyMRVCK1FSR47itWzuJ7BukKso/8BV8Ait8ABNiYWDiR3AfA68jWTo+5z7sEySCa3Scd6swMzs3v1BcLC0tr6yuldc3bnScKsoaNBaxug2IZoJHrIEcBbtNFCMyEKwZDM5GfvOOKc3j6BqHCWtL0o14h1OCRvLL+14gs/Pcz3g/92gY4242Uq5yn3vIJdPTWz/f88sVp+qMYf8l7pRUakUYo+6XP70wpqlkEVJBtG65ToLtjCjkVLC85KWaJYQOSJe1DI2IWdfOxn/K7R2jhHYnVuZEaI/V7x0ZkVoPZWAqJcGe/u2NxP+8Voqd43bGoyRFFtHJok4qbIztUUB2yBWjKIY/BgYyL+2EnFDFzeNt2iOKUDS5lkwq7u8M/pLGQfWk6l4eVmqnk3SgCFuwDbvgwhHU4ALq0AAK9/AIT/BsPVgv1qv1NiktWNOeTfgB6+MLEyOmAQ==</latexit><latexit sha1_base64="bunzVft7d7w+pmk9RY1/erioXQ8=">AAACI3icbVC7TsMwFL0pr1JeBUaWiAoJGKoEIQFbBQyMRVCK1FSR47itWzuJ7BukKso/8BV8Ait8ABNiYWDiR3AfA68jWTo+5z7sEySCa3Scd6swMzs3v1BcLC0tr6yuldc3bnScKsoaNBaxug2IZoJHrIEcBbtNFCMyEKwZDM5GfvOOKc3j6BqHCWtL0o14h1OCRvLL+14gs/Pcz3g/92gY4242Uq5yn3vIJdPTWz/f88sVp+qMYf8l7pRUakUYo+6XP70wpqlkEVJBtG65ToLtjCjkVLC85KWaJYQOSJe1DI2IWdfOxn/K7R2jhHYnVuZEaI/V7x0ZkVoPZWAqJcGe/u2NxP+8Voqd43bGoyRFFtHJok4qbIztUUB2yBWjKIY/BgYyL+2EnFDFzeNt2iOKUDS5lkwq7u8M/pLGQfWk6l4eVmqnk3SgCFuwDbvgwhHU4ALq0AAK9/AIT/BsPVgv1qv1NiktWNOeTfgB6+MLEyOmAQ==</latexit><latexit sha1_base64="bunzVft7d7w+pmk9RY1/erioXQ8=">AAACI3icbVC7TsMwFL0pr1JeBUaWiAoJGKoEIQFbBQyMRVCK1FSR47itWzuJ7BukKso/8BV8Ait8ABNiYWDiR3AfA68jWTo+5z7sEySCa3Scd6swMzs3v1BcLC0tr6yuldc3bnScKsoaNBaxug2IZoJHrIEcBbtNFCMyEKwZDM5GfvOOKc3j6BqHCWtL0o14h1OCRvLL+14gs/Pcz3g/92gY4242Uq5yn3vIJdPTWz/f88sVp+qMYf8l7pRUakUYo+6XP70wpqlkEVJBtG65ToLtjCjkVLC85KWaJYQOSJe1DI2IWdfOxn/K7R2jhHYnVuZEaI/V7x0ZkVoPZWAqJcGe/u2NxP+8Voqd43bGoyRFFtHJok4qbIztUUB2yBWjKIY/BgYyL+2EnFDFzeNt2iOKUDS5lkwq7u8M/pLGQfWk6l4eVmqnk3SgCFuwDbvgwhHU4ALq0AAK9/AIT/BsPVgv1qv1NiktWNOeTfgB6+MLEyOmAQ==</latexit><latexit sha1_base64="i5vgiFBYqE9f795fcf/Fo9xDdZM=">AAACI3icbVDLTsJAFJ3iC/GFunTTSEjQBWmNiboj6sIlRhESSprpdICBmbaZuTUhTf/Br/AT3OoHuDJuXLjyRxygCwFPMsmZc+5j5ngRZwos68vILS2vrK7l1wsbm1vbO8XdvQcVxpLQBgl5KFseVpSzgDaAAaetSFIsPE6b3vBq7DcfqVQsDO5hFNGOwL2AdRnBoCW3eOx4IrlO3YQNUof4IVSSsXKXuswBJqjKboP0yC2WrKo1gblI7IyUUIa6W/xx/JDEggZAOFaqbVsRdBIsgRFO04ITKxphMsQ92tY0wHpdJ5n8KTXLWvHNbij1CcCcqH87EiyUGglPVwoMfTXvjcX/vHYM3fNOwoIoBhqQ6aJuzE0IzXFAps8kJcBHMwM9kRbKPsNEMv14k/SxxAR0rgWdij2fwSJpnFQvqvbtaal2mcWTRwfoEFWQjc5QDd2gOmoggp7QC3pFb8az8W58GJ/T0pyR9eyjGRjfv6y8pbk=</latexit>
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106
<latexit sha1_base64="2Wor2lNtDYQHDgDFd+1kdzS6L6A=">AAAB+3icbVDLSsNAFL2pr1pfVZduBkvBVUlEfOyKblxWMLbQxjKZTNqhM5MwMxFKqJ/gVj/Albj1Y1z7IyZpF7b1wIXDOffO3Hv8mDNtbPvbKq2srq1vlDcrW9s7u3vV/YMHHSWKUJdEPFIdH2vKmaSuYYbTTqwoFj6nbX90k/vtJ6o0i+S9GcfUE3ggWcgINrnk2I/n/WrNbtgF0DJxZqTWLEOBVr/60wsikggqDeFY665jx8ZLsTKMcDqp9BJNY0xGeEC7GZVYUO2lxa4TVM+UAIWRykoaVKh/J1IstB4LP+sU2Az1opeL/3ndxISXXspknBgqyfSjMOHIRCg/HAVMUWL4eO5BX0wq9YBholi2PCJDrDAxWV6VLBVnMYNl4p42rhrO3VmteT1NB8pwBMdwAg5cQBNuoQUuEBjCC7zCm/VsvVsf1ue0tWTNZg5hDtbXL6BilG4=</latexit><latexit sha1_base64="2Wor2lNtDYQHDgDFd+1kdzS6L6A=">AAAB+3icbVDLSsNAFL2pr1pfVZduBkvBVUlEfOyKblxWMLbQxjKZTNqhM5MwMxFKqJ/gVj/Albj1Y1z7IyZpF7b1wIXDOffO3Hv8mDNtbPvbKq2srq1vlDcrW9s7u3vV/YMHHSWKUJdEPFIdH2vKmaSuYYbTTqwoFj6nbX90k/vtJ6o0i+S9GcfUE3ggWcgINrnk2I/n/WrNbtgF0DJxZqTWLEOBVr/60wsikggqDeFY665jx8ZLsTKMcDqp9BJNY0xGeEC7GZVYUO2lxa4TVM+UAIWRykoaVKh/J1IstB4LP+sU2Az1opeL/3ndxISXXspknBgqyfSjMOHIRCg/HAVMUWL4eO5BX0wq9YBholi2PCJDrDAxWV6VLBVnMYNl4p42rhrO3VmteT1NB8pwBMdwAg5cQBNuoQUuEBjCC7zCm/VsvVsf1ue0tWTNZg5hDtbXL6BilG4=</latexit><latexit sha1_base64="2Wor2lNtDYQHDgDFd+1kdzS6L6A=">AAAB+3icbVDLSsNAFL2pr1pfVZduBkvBVUlEfOyKblxWMLbQxjKZTNqhM5MwMxFKqJ/gVj/Albj1Y1z7IyZpF7b1wIXDOffO3Hv8mDNtbPvbKq2srq1vlDcrW9s7u3vV/YMHHSWKUJdEPFIdH2vKmaSuYYbTTqwoFj6nbX90k/vtJ6o0i+S9GcfUE3ggWcgINrnk2I/n/WrNbtgF0DJxZqTWLEOBVr/60wsikggqDeFY665jx8ZLsTKMcDqp9BJNY0xGeEC7GZVYUO2lxa4TVM+UAIWRykoaVKh/J1IstB4LP+sU2Az1opeL/3ndxISXXspknBgqyfSjMOHIRCg/HAVMUWL4eO5BX0wq9YBholi2PCJDrDAxWV6VLBVnMYNl4p42rhrO3VmteT1NB8pwBMdwAg5cQBNuoQUuEBjCC7zCm/VsvVsf1ue0tWTNZg5hDtbXL6BilG4=</latexit><latexit sha1_base64="ds1Gy+G5D90AYXwgfuH3ZyLDyPA=">AAAB+3icbVDLSsNAFL2pr1pfVZduBkvBVUlEfOyKblxWMLbQxjKZTNqhM5MwMxFKqJ/gVj/Albj1Y1z7IyZtFrb1wIXDOffO3Hv8mDNtbPvbKq2srq1vlDcrW9s7u3vV/YMHHSWKUJdEPFIdH2vKmaSuYYbTTqwoFj6nbX90k/vtJ6o0i+S9GcfUE3ggWcgINrnk2I/n/WrNbthToGXiFKQGBVr96k8viEgiqDSEY627jh0bL8XKMMLppNJLNI0xGeEB7WZUYkG1l053naB6pgQojFRW0qCp+ncixULrsfCzToHNUC96ufif101MeOmlTMaJoZLMPgoTjkyE8sNRwBQlho/nHvTFpFIPGCaKZcsjMsQKE5PlVclScRYzWCbuaeOq4dyd1ZrXRTxlOIJjOAEHLqAJt9ACFwgM4QVe4c16tt6tD+tz1lqyiplDmIP19Qs6CpQm</latexit>

108
<latexit sha1_base64="jIY1feEPWP8jR78OInlU3ivpjWQ=">AAAB+3icbVDLSsNAFL2prxpfVZduBkvBVUlEsO6KblxWMLbQxjKZTNuhM5MwMxFKqJ/gVj/Albj1Y1z7IyZpF7b1wIXDOffO3HuCmDNtHOfbKq2tb2xulbftnd29/YPK4dGDjhJFqEciHqlOgDXlTFLPMMNpJ1YUi4DTdjC+yf32E1WaRfLeTGLqCzyUbMAINrnkOo+NfqXq1J0CaJW4c1JtlqFAq1/56YURSQSVhnCsddd1YuOnWBlGOJ3avUTTGJMxHtJuRiUWVPtpsesU1TIlRINIZSUNKtS/EykWWk9EkHUKbEZ62cvF/7xuYgYNP2UyTgyVZPbRIOHIRCg/HIVMUWL4ZOHBQEztWsgwUSxbHpERVpiYLC87S8VdzmCVeOf1q7p7d1FtXs/SgTKcwCmcgQuX0IRbaIEHBEbwAq/wZj1b79aH9TlrLVnzmWNYgPX1C6OKlHA=</latexit><latexit sha1_base64="jIY1feEPWP8jR78OInlU3ivpjWQ=">AAAB+3icbVDLSsNAFL2prxpfVZduBkvBVUlEsO6KblxWMLbQxjKZTNuhM5MwMxFKqJ/gVj/Albj1Y1z7IyZpF7b1wIXDOffO3HuCmDNtHOfbKq2tb2xulbftnd29/YPK4dGDjhJFqEciHqlOgDXlTFLPMMNpJ1YUi4DTdjC+yf32E1WaRfLeTGLqCzyUbMAINrnkOo+NfqXq1J0CaJW4c1JtlqFAq1/56YURSQSVhnCsddd1YuOnWBlGOJ3avUTTGJMxHtJuRiUWVPtpsesU1TIlRINIZSUNKtS/EykWWk9EkHUKbEZ62cvF/7xuYgYNP2UyTgyVZPbRIOHIRCg/HIVMUWL4ZOHBQEztWsgwUSxbHpERVpiYLC87S8VdzmCVeOf1q7p7d1FtXs/SgTKcwCmcgQuX0IRbaIEHBEbwAq/wZj1b79aH9TlrLVnzmWNYgPX1C6OKlHA=</latexit><latexit sha1_base64="jIY1feEPWP8jR78OInlU3ivpjWQ=">AAAB+3icbVDLSsNAFL2prxpfVZduBkvBVUlEsO6KblxWMLbQxjKZTNuhM5MwMxFKqJ/gVj/Albj1Y1z7IyZpF7b1wIXDOffO3HuCmDNtHOfbKq2tb2xulbftnd29/YPK4dGDjhJFqEciHqlOgDXlTFLPMMNpJ1YUi4DTdjC+yf32E1WaRfLeTGLqCzyUbMAINrnkOo+NfqXq1J0CaJW4c1JtlqFAq1/56YURSQSVhnCsddd1YuOnWBlGOJ3avUTTGJMxHtJuRiUWVPtpsesU1TIlRINIZSUNKtS/EykWWk9EkHUKbEZ62cvF/7xuYgYNP2UyTgyVZPbRIOHIRCg/HIVMUWL4ZOHBQEztWsgwUSxbHpERVpiYLC87S8VdzmCVeOf1q7p7d1FtXs/SgTKcwCmcgQuX0IRbaIEHBEbwAq/wZj1b79aH9TlrLVnzmWNYgPX1C6OKlHA=</latexit><latexit sha1_base64="Wa7st78VdLoBUmi+8rAmRrdQQHE=">AAAB+3icbVDLSsNAFL2prxpfVZduBkvBVUlEsO6KblxWMLbQxjKZTNuhM5MwMxFKqJ/gVj/Albj1Y1z7IyZtFrb1wIXDOffO3HuCmDNtHOfbKq2tb2xulbftnd29/YPK4dGDjhJFqEciHqlOgDXlTFLPMMNpJ1YUi4DTdjC+yf32E1WaRfLeTGLqCzyUbMAINrnkOo+NfqXq1J0Z0CpxC1KFAq1+5acXRiQRVBrCsdZd14mNn2JlGOF0avcSTWNMxnhIuxmVWFDtp7Ndp6iWKSEaRCoradBM/TuRYqH1RARZp8BmpJe9XPzP6yZm0PBTJuPEUEnmHw0SjkyE8sNRyBQlhk8WHgzE1K6FDBPFsuURGWGFicnysrNU3OUMVol3Xr+qu3cX1eZ1EU8ZTuAUzsCFS2jCLbTAAwIjeIFXeLOerXfrw/qct5asYuYYFmB9/QI9MpQo</latexit>

1010
<latexit sha1_base64="xQvESnmLCB9DkDclT9fyk5U0DA8=">AAAB/nicbVDLSsNAFL2prxpfVZdugqXgqiQiqLuiG5cVjBXaWCaTSTt0ZhJmJkIJWfgJbvUDXIlbf8W1P+I07cK2HrhwOOfemXtPmDKqtOt+W5WV1bX1jeqmvbW9s7tX2z+4V0kmMfFxwhL5ECJFGBXE11Qz8pBKgnjISCccXU/8zhORiibiTo9TEnA0EDSmGGkjdTz3Mffcol+ru023hLNMvBmpt6pQot2v/fSiBGecCI0ZUqrruakOciQ1xYwUdi9TJEV4hAaka6hAnKggL9ctnIZRIidOpCmhnVL9O5EjrtSYh6aTIz1Ui95E/M/rZjq+CHIq0kwTgacfxRlzdOJMbnciKgnWbDz3YMgLuxFRhCU1yzt4iCTC2kRmm1S8xQyWiX/avGx6t2f11tU0HajCERzDCXhwDi24gTb4gGEEL/AKb9az9W59WJ/T1oo1mzmEOVhfv97wla8=</latexit><latexit sha1_base64="xQvESnmLCB9DkDclT9fyk5U0DA8=">AAAB/nicbVDLSsNAFL2prxpfVZdugqXgqiQiqLuiG5cVjBXaWCaTSTt0ZhJmJkIJWfgJbvUDXIlbf8W1P+I07cK2HrhwOOfemXtPmDKqtOt+W5WV1bX1jeqmvbW9s7tX2z+4V0kmMfFxwhL5ECJFGBXE11Qz8pBKgnjISCccXU/8zhORiibiTo9TEnA0EDSmGGkjdTz3Mffcol+ru023hLNMvBmpt6pQot2v/fSiBGecCI0ZUqrruakOciQ1xYwUdi9TJEV4hAaka6hAnKggL9ctnIZRIidOpCmhnVL9O5EjrtSYh6aTIz1Ui95E/M/rZjq+CHIq0kwTgacfxRlzdOJMbnciKgnWbDz3YMgLuxFRhCU1yzt4iCTC2kRmm1S8xQyWiX/avGx6t2f11tU0HajCERzDCXhwDi24gTb4gGEEL/AKb9az9W59WJ/T1oo1mzmEOVhfv97wla8=</latexit><latexit sha1_base64="xQvESnmLCB9DkDclT9fyk5U0DA8=">AAAB/nicbVDLSsNAFL2prxpfVZdugqXgqiQiqLuiG5cVjBXaWCaTSTt0ZhJmJkIJWfgJbvUDXIlbf8W1P+I07cK2HrhwOOfemXtPmDKqtOt+W5WV1bX1jeqmvbW9s7tX2z+4V0kmMfFxwhL5ECJFGBXE11Qz8pBKgnjISCccXU/8zhORiibiTo9TEnA0EDSmGGkjdTz3Mffcol+ru023hLNMvBmpt6pQot2v/fSiBGecCI0ZUqrruakOciQ1xYwUdi9TJEV4hAaka6hAnKggL9ctnIZRIidOpCmhnVL9O5EjrtSYh6aTIz1Ui95E/M/rZjq+CHIq0kwTgacfxRlzdOJMbnciKgnWbDz3YMgLuxFRhCU1yzt4iCTC2kRmm1S8xQyWiX/avGx6t2f11tU0HajCERzDCXhwDi24gTb4gGEEL/AKb9az9W59WJ/T1oo1mzmEOVhfv97wla8=</latexit><latexit sha1_base64="r9mVbqRlVr1Ki3gp4wvgO2hQdWA=">AAAB/nicbVDLSsNAFL2prxpfVZdugqXgqiQiqLuiG5cVjBXaWCaTSTt0ZhJmJkIJWfgJbvUDXIlbf8W1P+K0zcK2HrhwOOfemXtPmDKqtOt+W5WV1bX1jeqmvbW9s7tX2z+4V0kmMfFxwhL5ECJFGBXE11Qz8pBKgnjISCccXU/8zhORiibiTo9TEnA0EDSmGGkjdTz3Mffcol+ru013CmeZeCWpQ4l2v/bTixKccSI0ZkipruemOsiR1BQzUti9TJEU4REakK6hAnGigny6buE0jBI5cSJNCe1M1b8TOeJKjXloOjnSQ7XoTcT/vG6m44sgpyLNNBF49lGcMUcnzuR2J6KSYM3Gcw+GvLAbEUVYUrO8g4dIIqxNZLZJxVvMYJn4p83Lpnd7Vm9dlfFU4QiO4QQ8OIcW3EAbfMAwghd4hTfr2Xq3PqzPWWvFKmcOYQ7W1y94mJVn</latexit>

1012
<latexit sha1_base64="ro5B+4nIPZmMtkiuMK/KoYF3j5w=">AAAB/nicbVDLSsNAFL2prxpfVZduBkvBVUmKoO6KblxWMLbQxjKZTNqhM0mYmQgldOEnuNUPcCVu/RXX/ojTtAvbeuDC4Zx7Z+49QcqZ0o7zbZXW1jc2t8rb9s7u3v5B5fDoQSWZJNQjCU9kJ8CKchZTTzPNaSeVFIuA03Ywupn67ScqFUviez1OqS/wIGYRI1gbqe06j7nbmPQrVafuFECrxJ2TarMMBVr9yk8vTEgmaKwJx0p1XSfVfo6lZoTTid3LFE0xGeEB7RoaY0GVnxfrTlDNKCGKEmkq1qhQ/07kWCg1FoHpFFgP1bI3Ff/zupmOLv2cxWmmaUxmH0UZRzpB09tRyCQlmo8XHgzExK6FDBPJzPKIDLHERJvIbJOKu5zBKvEa9au6e3debV7P0oEynMApnIELF9CEW2iBBwRG8AKv8GY9W+/Wh/U5ay1Z85ljWID19QviGpWx</latexit><latexit sha1_base64="ro5B+4nIPZmMtkiuMK/KoYF3j5w=">AAAB/nicbVDLSsNAFL2prxpfVZduBkvBVUmKoO6KblxWMLbQxjKZTNqhM0mYmQgldOEnuNUPcCVu/RXX/ojTtAvbeuDC4Zx7Z+49QcqZ0o7zbZXW1jc2t8rb9s7u3v5B5fDoQSWZJNQjCU9kJ8CKchZTTzPNaSeVFIuA03Ywupn67ScqFUviez1OqS/wIGYRI1gbqe06j7nbmPQrVafuFECrxJ2TarMMBVr9yk8vTEgmaKwJx0p1XSfVfo6lZoTTid3LFE0xGeEB7RoaY0GVnxfrTlDNKCGKEmkq1qhQ/07kWCg1FoHpFFgP1bI3Ff/zupmOLv2cxWmmaUxmH0UZRzpB09tRyCQlmo8XHgzExK6FDBPJzPKIDLHERJvIbJOKu5zBKvEa9au6e3debV7P0oEynMApnIELF9CEW2iBBwRG8AKv8GY9W+/Wh/U5ay1Z85ljWID19QviGpWx</latexit><latexit sha1_base64="ro5B+4nIPZmMtkiuMK/KoYF3j5w=">AAAB/nicbVDLSsNAFL2prxpfVZduBkvBVUmKoO6KblxWMLbQxjKZTNqhM0mYmQgldOEnuNUPcCVu/RXX/ojTtAvbeuDC4Zx7Z+49QcqZ0o7zbZXW1jc2t8rb9s7u3v5B5fDoQSWZJNQjCU9kJ8CKchZTTzPNaSeVFIuA03Ywupn67ScqFUviez1OqS/wIGYRI1gbqe06j7nbmPQrVafuFECrxJ2TarMMBVr9yk8vTEgmaKwJx0p1XSfVfo6lZoTTid3LFE0xGeEB7RoaY0GVnxfrTlDNKCGKEmkq1qhQ/07kWCg1FoHpFFgP1bI3Ff/zupmOLv2cxWmmaUxmH0UZRzpB09tRyCQlmo8XHgzExK6FDBPJzPKIDLHERJvIbJOKu5zBKvEa9au6e3debV7P0oEynMApnIELF9CEW2iBBwRG8AKv8GY9W+/Wh/U5ay1Z85ljWID19QviGpWx</latexit><latexit sha1_base64="gCcGXbsIi8hhsIkU9BjeuipnzQs=">AAAB/nicbVDLSsNAFL2prxpfVZduBkvBVUmKoO6KblxWMLbQxjKZTNqhM0mYmQgldOEnuNUPcCVu/RXX/ojTNgvbeuDC4Zx7Z+49QcqZ0o7zbZXW1jc2t8rb9s7u3v5B5fDoQSWZJNQjCU9kJ8CKchZTTzPNaSeVFIuA03Ywupn67ScqFUviez1OqS/wIGYRI1gbqe06j7nbmPQrVafuzIBWiVuQKhRo9Ss/vTAhmaCxJhwr1XWdVPs5lpoRTid2L1M0xWSEB7RraIwFVX4+W3eCakYJUZRIU7FGM/XvRI6FUmMRmE6B9VAte1PxP6+b6ejSz1mcZprGZP5RlHGkEzS9HYVMUqL5eOHBQEzsWsgwkcwsj8gQS0y0icw2qbjLGawSr1G/qrt359XmdRFPGU7gFM7AhQtowi20wAMCI3iBV3iznq1368P6nLeWrGLmGBZgff0Ce8KVaQ==</latexit>

1014
<latexit sha1_base64="o+u9HWZbg/j1xoJGsnftx0aEhXg=">AAAB/nicbVDLSsNAFL2prxpfVZduBkvBVUmkoO6KblxWMLbQxjKZTNqhM0mYmQgldOEnuNUPcCVu/RXX/ojTtAvbeuDC4Zx7Z+49QcqZ0o7zbZXW1jc2t8rb9s7u3v5B5fDoQSWZJNQjCU9kJ8CKchZTTzPNaSeVFIuA03Ywupn67ScqFUviez1OqS/wIGYRI1gbqe06j7nbmPQrVafuFECrxJ2TarMMBVr9yk8vTEgmaKwJx0p1XSfVfo6lZoTTid3LFE0xGeEB7RoaY0GVnxfrTlDNKCGKEmkq1qhQ/07kWCg1FoHpFFgP1bI3Ff/zupmOLv2cxWmmaUxmH0UZRzpB09tRyCQlmo8XHgzExK6FDBPJzPKIDLHERJvIbJOKu5zBKvHO61d1965RbV7P0oEynMApnIELF9CEW2iBBwRG8AKv8GY9W+/Wh/U5ay1Z85ljWID19QvlRJWz</latexit><latexit sha1_base64="o+u9HWZbg/j1xoJGsnftx0aEhXg=">AAAB/nicbVDLSsNAFL2prxpfVZduBkvBVUmkoO6KblxWMLbQxjKZTNqhM0mYmQgldOEnuNUPcCVu/RXX/ojTtAvbeuDC4Zx7Z+49QcqZ0o7zbZXW1jc2t8rb9s7u3v5B5fDoQSWZJNQjCU9kJ8CKchZTTzPNaSeVFIuA03Ywupn67ScqFUviez1OqS/wIGYRI1gbqe06j7nbmPQrVafuFECrxJ2TarMMBVr9yk8vTEgmaKwJx0p1XSfVfo6lZoTTid3LFE0xGeEB7RoaY0GVnxfrTlDNKCGKEmkq1qhQ/07kWCg1FoHpFFgP1bI3Ff/zupmOLv2cxWmmaUxmH0UZRzpB09tRyCQlmo8XHgzExK6FDBPJzPKIDLHERJvIbJOKu5zBKvHO61d1965RbV7P0oEynMApnIELF9CEW2iBBwRG8AKv8GY9W+/Wh/U5ay1Z85ljWID19QvlRJWz</latexit><latexit sha1_base64="o+u9HWZbg/j1xoJGsnftx0aEhXg=">AAAB/nicbVDLSsNAFL2prxpfVZduBkvBVUmkoO6KblxWMLbQxjKZTNqhM0mYmQgldOEnuNUPcCVu/RXX/ojTtAvbeuDC4Zx7Z+49QcqZ0o7zbZXW1jc2t8rb9s7u3v5B5fDoQSWZJNQjCU9kJ8CKchZTTzPNaSeVFIuA03Ywupn67ScqFUviez1OqS/wIGYRI1gbqe06j7nbmPQrVafuFECrxJ2TarMMBVr9yk8vTEgmaKwJx0p1XSfVfo6lZoTTid3LFE0xGeEB7RoaY0GVnxfrTlDNKCGKEmkq1qhQ/07kWCg1FoHpFFgP1bI3Ff/zupmOLv2cxWmmaUxmH0UZRzpB09tRyCQlmo8XHgzExK6FDBPJzPKIDLHERJvIbJOKu5zBKvHO61d1965RbV7P0oEynMApnIELF9CEW2iBBwRG8AKv8GY9W+/Wh/U5ay1Z85ljWID19QvlRJWz</latexit><latexit sha1_base64="TlMr64OSEgx7ov4dTnVRX/+pjYE=">AAAB/nicbVDLSsNAFL2prxpfVZduBkvBVUmkoO6KblxWMLbQxjKZTNqhM0mYmQgldOEnuNUPcCVu/RXX/ojTNgvbeuDC4Zx7Z+49QcqZ0o7zbZXW1jc2t8rb9s7u3v5B5fDoQSWZJNQjCU9kJ8CKchZTTzPNaSeVFIuA03Ywupn67ScqFUviez1OqS/wIGYRI1gbqe06j7nbmPQrVafuzIBWiVuQKhRo9Ss/vTAhmaCxJhwr1XWdVPs5lpoRTid2L1M0xWSEB7RraIwFVX4+W3eCakYJUZRIU7FGM/XvRI6FUmMRmE6B9VAte1PxP6+b6ejSz1mcZprGZP5RlHGkEzS9HYVMUqL5eOHBQEzsWsgwkcwsj8gQS0y0icw2qbjLGawS77x+VXfvGtXmdRFPGU7gFM7AhQtowi20wAMCI3iBV3iznq1368P6nLeWrGLmGBZgff0CfuyVaw==</latexit>

1016
<latexit sha1_base64="SM9AP43NI7gwluTOTE4PV319BAk=">AAAB/nicbVC7TsMwFL0pr1JeBUYWi6oSU5UgxGOrYGEsEqGV2lA5jtNadZzIdpCqKAOfwAofwIRY+RVmfgQ37UBbjnSlo3Pute89fsKZ0rb9bZVWVtfWN8qbla3tnd296v7Bg4pTSahLYh7Ljo8V5UxQVzPNaSeRFEc+p21/dDPx209UKhaLez1OqBfhgWAhI1gbqe3Yj5lznverNbthF0DLxJmRWrMMBVr96k8viEkaUaEJx0p1HTvRXoalZoTTvNJLFU0wGeEB7RoqcESVlxXr5qhulACFsTQlNCrUvxMZjpQaR77pjLAeqkVvIv7ndVMdXnoZE0mqqSDTj8KUIx2jye0oYJISzcdzD/pRXqkHDBPJzPKIDLHERJvIKiYVZzGDZeKeNq4azt1ZrXk9TQfKcATHcAIOXEATbqEFLhAYwQu8wpv1bL1bH9bntLVkzWYOYQ7W1y/obpW1</latexit><latexit sha1_base64="SM9AP43NI7gwluTOTE4PV319BAk=">AAAB/nicbVC7TsMwFL0pr1JeBUYWi6oSU5UgxGOrYGEsEqGV2lA5jtNadZzIdpCqKAOfwAofwIRY+RVmfgQ37UBbjnSlo3Pute89fsKZ0rb9bZVWVtfWN8qbla3tnd296v7Bg4pTSahLYh7Ljo8V5UxQVzPNaSeRFEc+p21/dDPx209UKhaLez1OqBfhgWAhI1gbqe3Yj5lznverNbthF0DLxJmRWrMMBVr96k8viEkaUaEJx0p1HTvRXoalZoTTvNJLFU0wGeEB7RoqcESVlxXr5qhulACFsTQlNCrUvxMZjpQaR77pjLAeqkVvIv7ndVMdXnoZE0mqqSDTj8KUIx2jye0oYJISzcdzD/pRXqkHDBPJzPKIDLHERJvIKiYVZzGDZeKeNq4azt1ZrXk9TQfKcATHcAIOXEATbqEFLhAYwQu8wpv1bL1bH9bntLVkzWYOYQ7W1y/obpW1</latexit><latexit sha1_base64="SM9AP43NI7gwluTOTE4PV319BAk=">AAAB/nicbVC7TsMwFL0pr1JeBUYWi6oSU5UgxGOrYGEsEqGV2lA5jtNadZzIdpCqKAOfwAofwIRY+RVmfgQ37UBbjnSlo3Pute89fsKZ0rb9bZVWVtfWN8qbla3tnd296v7Bg4pTSahLYh7Ljo8V5UxQVzPNaSeRFEc+p21/dDPx209UKhaLez1OqBfhgWAhI1gbqe3Yj5lznverNbthF0DLxJmRWrMMBVr96k8viEkaUaEJx0p1HTvRXoalZoTTvNJLFU0wGeEB7RoqcESVlxXr5qhulACFsTQlNCrUvxMZjpQaR77pjLAeqkVvIv7ndVMdXnoZE0mqqSDTj8KUIx2jye0oYJISzcdzD/pRXqkHDBPJzPKIDLHERJvIKiYVZzGDZeKeNq4azt1ZrXk9TQfKcATHcAIOXEATbqEFLhAYwQu8wpv1bL1bH9bntLVkzWYOYQ7W1y/obpW1</latexit><latexit sha1_base64="ysXL4s3JqKvQQtbA3gI4XBL+6Mo=">AAAB/nicbVC7TsMwFL0pr1JeBUYWi6oSU5UgxGOrYGEsEqGV2lA5jtNatZPIdpCqKAOfwAofwIRY+RVmfgS3zUBbjnSlo3Pute89fsKZ0rb9bZVWVtfWN8qbla3tnd296v7Bg4pTSahLYh7Ljo8V5Syirmaa004iKRY+p21/dDPx209UKhZH93qcUE/gQcRCRrA2UtuxHzPnPO9Xa3bDngItE6cgNSjQ6ld/ekFMUkEjTThWquvYifYyLDUjnOaVXqpogskID2jX0AgLqrxsum6O6kYJUBhLU5FGU/XvRIaFUmPhm06B9VAtehPxP6+b6vDSy1iUpJpGZPZRmHKkYzS5HQVMUqL5eO5BX+SVesAwkcwsj8gQS0y0iaxiUnEWM1gm7mnjquHcndWa10U8ZTiCYzgBBy6gCbfQAhcIjOAFXuHNerberQ/rc9ZasoqZQ5iD9fULghaVbQ==</latexit>

1018
<latexit sha1_base64="+lEgYHDJLr+NGkMD6GPf28B0fzQ=">AAAB/nicbVDLSsNAFL2prxpfVZdugqXgqiQiWHdFNy4rGFtoY5lMJu3QmUmYmQgldOEnuNUPcCVu/RXX/ojTtAvbeuDC4Zx7Z+49Ycqo0q77bZXW1jc2t8rb9s7u3v5B5fDoQSWZxMTHCUtkJ0SKMCqIr6lmpJNKgnjISDsc3Uz99hORiibiXo9TEnA0EDSmGGkjtT33Mfcak36l6tbdAs4q8eak2ixDgVa/8tOLEpxxIjRmSKmu56Y6yJHUFDMysXuZIinCIzQgXUMF4kQFebHuxKkZJXLiRJoS2inUvxM54kqNeWg6OdJDtexNxf+8bqbjRpBTkWaaCDz7KM6YoxNnersTUUmwZuOFB0M+sWsRRVhSs7yDh0girE1ktknFW85glfjn9au6d3dRbV7P0oEynMApnIEHl9CEW2iBDxhG8AKv8GY9W+/Wh/U5ay1Z85ljWID19QvrmJW3</latexit><latexit sha1_base64="+lEgYHDJLr+NGkMD6GPf28B0fzQ=">AAAB/nicbVDLSsNAFL2prxpfVZdugqXgqiQiWHdFNy4rGFtoY5lMJu3QmUmYmQgldOEnuNUPcCVu/RXX/ojTtAvbeuDC4Zx7Z+49Ycqo0q77bZXW1jc2t8rb9s7u3v5B5fDoQSWZxMTHCUtkJ0SKMCqIr6lmpJNKgnjISDsc3Uz99hORiibiXo9TEnA0EDSmGGkjtT33Mfcak36l6tbdAs4q8eak2ixDgVa/8tOLEpxxIjRmSKmu56Y6yJHUFDMysXuZIinCIzQgXUMF4kQFebHuxKkZJXLiRJoS2inUvxM54kqNeWg6OdJDtexNxf+8bqbjRpBTkWaaCDz7KM6YoxNnersTUUmwZuOFB0M+sWsRRVhSs7yDh0girE1ktknFW85glfjn9au6d3dRbV7P0oEynMApnIEHl9CEW2iBDxhG8AKv8GY9W+/Wh/U5ay1Z85ljWID19QvrmJW3</latexit><latexit sha1_base64="+lEgYHDJLr+NGkMD6GPf28B0fzQ=">AAAB/nicbVDLSsNAFL2prxpfVZdugqXgqiQiWHdFNy4rGFtoY5lMJu3QmUmYmQgldOEnuNUPcCVu/RXX/ojTtAvbeuDC4Zx7Z+49Ycqo0q77bZXW1jc2t8rb9s7u3v5B5fDoQSWZxMTHCUtkJ0SKMCqIr6lmpJNKgnjISDsc3Uz99hORiibiXo9TEnA0EDSmGGkjtT33Mfcak36l6tbdAs4q8eak2ixDgVa/8tOLEpxxIjRmSKmu56Y6yJHUFDMysXuZIinCIzQgXUMF4kQFebHuxKkZJXLiRJoS2inUvxM54kqNeWg6OdJDtexNxf+8bqbjRpBTkWaaCDz7KM6YoxNnersTUUmwZuOFB0M+sWsRRVhSs7yDh0girE1ktknFW85glfjn9au6d3dRbV7P0oEynMApnIEHl9CEW2iBDxhG8AKv8GY9W+/Wh/U5ay1Z85ljWID19QvrmJW3</latexit><latexit sha1_base64="CnpQ/4WbqPpxV/maQFFPGcUxF2w=">AAAB/nicbVDLSsNAFL2prxpfVZdugqXgqiQiWHdFNy4rGFtoY5lMJu3QmUmYmQgldOEnuNUPcCVu/RXX/ojTNgvbeuDC4Zx7Z+49Ycqo0q77bZXW1jc2t8rb9s7u3v5B5fDoQSWZxMTHCUtkJ0SKMCqIr6lmpJNKgnjISDsc3Uz99hORiibiXo9TEnA0EDSmGGkjtT33Mfcak36l6tbdGZxV4hWkCgVa/cpPL0pwxonQmCGlup6b6iBHUlPMyMTuZYqkCI/QgHQNFYgTFeSzdSdOzSiREyfSlNDOTP07kSOu1JiHppMjPVTL3lT8z+tmOm4EORVpponA84/ijDk6caa3OxGVBGs2Xngw5BO7FlGEJTXLO3iIJMLaRGabVLzlDFaJf16/qnt3F9XmdRFPGU7gFM7Ag0towi20wAcMI3iBV3iznq1368P6nLeWrGLmGBZgff0ChUCVbw==</latexit>

1020
<latexit sha1_base64="9GceYpOvV7Z9DGRY8JYexmT20cU=">AAAB/nicbVDLSsNAFL2prxpfVZduBkvBVUmKoO6KblxWMLbQxjKZTNqhM0mYmQgldOEnuNUPcCVu/RXX/ojTtAvbeuDC4Zx7Z+49QcqZ0o7zbZXW1jc2t8rb9s7u3v5B5fDoQSWZJNQjCU9kJ8CKchZTTzPNaSeVFIuA03Ywupn67ScqFUviez1OqS/wIGYRI1gbqe06j3nDmfQrVafuFECrxJ2TarMMBVr9yk8vTEgmaKwJx0p1XSfVfo6lZoTTid3LFE0xGeEB7RoaY0GVnxfrTlDNKCGKEmkq1qhQ/07kWCg1FoHpFFgP1bI3Ff/zupmOLv2cxWmmaUxmH0UZRzpB09tRyCQlmo8XHgzExK6FDBPJzPKIDLHERJvIbJOKu5zBKvEa9au6e3debV7P0oEynMApnIELF9CEW2iBBwRG8AKv8GY9W+/Wh/U5ay1Z85ljWID19QvghpWw</latexit><latexit sha1_base64="9GceYpOvV7Z9DGRY8JYexmT20cU=">AAAB/nicbVDLSsNAFL2prxpfVZduBkvBVUmKoO6KblxWMLbQxjKZTNqhM0mYmQgldOEnuNUPcCVu/RXX/ojTtAvbeuDC4Zx7Z+49QcqZ0o7zbZXW1jc2t8rb9s7u3v5B5fDoQSWZJNQjCU9kJ8CKchZTTzPNaSeVFIuA03Ywupn67ScqFUviez1OqS/wIGYRI1gbqe06j3nDmfQrVafuFECrxJ2TarMMBVr9yk8vTEgmaKwJx0p1XSfVfo6lZoTTid3LFE0xGeEB7RoaY0GVnxfrTlDNKCGKEmkq1qhQ/07kWCg1FoHpFFgP1bI3Ff/zupmOLv2cxWmmaUxmH0UZRzpB09tRyCQlmo8XHgzExK6FDBPJzPKIDLHERJvIbJOKu5zBKvEa9au6e3debV7P0oEynMApnIELF9CEW2iBBwRG8AKv8GY9W+/Wh/U5ay1Z85ljWID19QvghpWw</latexit><latexit sha1_base64="9GceYpOvV7Z9DGRY8JYexmT20cU=">AAAB/nicbVDLSsNAFL2prxpfVZduBkvBVUmKoO6KblxWMLbQxjKZTNqhM0mYmQgldOEnuNUPcCVu/RXX/ojTtAvbeuDC4Zx7Z+49QcqZ0o7zbZXW1jc2t8rb9s7u3v5B5fDoQSWZJNQjCU9kJ8CKchZTTzPNaSeVFIuA03Ywupn67ScqFUviez1OqS/wIGYRI1gbqe06j3nDmfQrVafuFECrxJ2TarMMBVr9yk8vTEgmaKwJx0p1XSfVfo6lZoTTid3LFE0xGeEB7RoaY0GVnxfrTlDNKCGKEmkq1qhQ/07kWCg1FoHpFFgP1bI3Ff/zupmOLv2cxWmmaUxmH0UZRzpB09tRyCQlmo8XHgzExK6FDBPJzPKIDLHERJvIbJOKu5zBKvEa9au6e3debV7P0oEynMApnIELF9CEW2iBBwRG8AKv8GY9W+/Wh/U5ay1Z85ljWID19QvghpWw</latexit><latexit sha1_base64="kfrm/BWc47NCb1+q7w2Zzz/Jspw=">AAAB/nicbVDLSsNAFL2prxpfVZduBkvBVUmKoO6KblxWMLbQxjKZTNqhM0mYmQgldOEnuNUPcCVu/RXX/ojTNgvbeuDC4Zx7Z+49QcqZ0o7zbZXW1jc2t8rb9s7u3v5B5fDoQSWZJNQjCU9kJ8CKchZTTzPNaSeVFIuA03Ywupn67ScqFUviez1OqS/wIGYRI1gbqe06j3nDmfQrVafuzIBWiVuQKhRo9Ss/vTAhmaCxJhwr1XWdVPs5lpoRTid2L1M0xWSEB7RraIwFVX4+W3eCakYJUZRIU7FGM/XvRI6FUmMRmE6B9VAte1PxP6+b6ejSz1mcZprGZP5RlHGkEzS9HYVMUqL5eOHBQEzsWsgwkcwsj8gQS0y0icw2qbjLGawSr1G/qrt359XmdRFPGU7gFM7AhQtowi20wAMCI3iBV3iznq1368P6nLeWrGLmGBZgff0Cei6VaA==</latexit>

Hz	

Antiferromagnetics	



ü  Physics	beyond	Néel	order	
ü  Information	beyond	binary	
ü  Magnetoelastic	Spintronics	

03/12/2018	

ü  Ultrafast	data	processing	
ü  Low-dissipation	memory	
ü  M-bit	(vs.	Q-bit)	

ü  2-D	magnets	(Cr2Ge2Te6,	CrI3,	MnPS3)	
ü  Metals	(Mn2Au,	CuMnAs)	
ü  Insulators	(MnF2,	Cr2O3)	
ü  Heterostructures	(AF/TI,	AF/WSM)	

Starting	in	September	
at	UC-Riverside	
	
Opening:	
	
1	Postdoc	
1	Student	(Physics	or	ECE)	
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"d1
<latexit sha1_base64="lMEXeo5qWXtreLFytW1SdAC4LAM=">AAACCHicbVDLSsNAFL2pr1ofjbp0EywFVyURQd0V3bisYKzQxjKZTNqhM5MwMymU0C/wE9zqB7gSt/6Fa3/EadqFbT1w4cw59869nDBlVGnX/bZKa+sbm1vl7crO7t5+1T44fFBJJjHxccIS+RgiRRgVxNdUM/KYSoJ4yEg7HN5M/faISEUTca/HKQk46gsaU4y0kXp2tTtCkqSKMvPynqKeXXMbbgFnlXhzUmuWoUCrZ/90owRnnAiNGVKq47mpDnIkNcWMTCrdTJEU4SHqk46hAnGigrw4fOLUjRI5cSJNCe0U6t+JHHGlxjw0nRzpgVr2puJ/XifT8WWQU5Fmmgg8WxRnzNGJM03BiagkWLPxwochn1TqEUVYUnO8gwdIIqxNeBWTirecwSrxzxpXDe/uvNa8nqUDZTiGEzgFDy6gCbfQAh8wZPACr/BmPVvv1of1OWstWfOZI1iA9fULuUGaCQ==</latexit><latexit sha1_base64="lMEXeo5qWXtreLFytW1SdAC4LAM=">AAACCHicbVDLSsNAFL2pr1ofjbp0EywFVyURQd0V3bisYKzQxjKZTNqhM5MwMymU0C/wE9zqB7gSt/6Fa3/EadqFbT1w4cw59869nDBlVGnX/bZKa+sbm1vl7crO7t5+1T44fFBJJjHxccIS+RgiRRgVxNdUM/KYSoJ4yEg7HN5M/faISEUTca/HKQk46gsaU4y0kXp2tTtCkqSKMvPynqKeXXMbbgFnlXhzUmuWoUCrZ/90owRnnAiNGVKq47mpDnIkNcWMTCrdTJEU4SHqk46hAnGigrw4fOLUjRI5cSJNCe0U6t+JHHGlxjw0nRzpgVr2puJ/XifT8WWQU5Fmmgg8WxRnzNGJM03BiagkWLPxwochn1TqEUVYUnO8gwdIIqxNeBWTirecwSrxzxpXDe/uvNa8nqUDZTiGEzgFDy6gCbfQAh8wZPACr/BmPVvv1of1OWstWfOZI1iA9fULuUGaCQ==</latexit><latexit sha1_base64="lMEXeo5qWXtreLFytW1SdAC4LAM=">AAACCHicbVDLSsNAFL2pr1ofjbp0EywFVyURQd0V3bisYKzQxjKZTNqhM5MwMymU0C/wE9zqB7gSt/6Fa3/EadqFbT1w4cw59869nDBlVGnX/bZKa+sbm1vl7crO7t5+1T44fFBJJjHxccIS+RgiRRgVxNdUM/KYSoJ4yEg7HN5M/faISEUTca/HKQk46gsaU4y0kXp2tTtCkqSKMvPynqKeXXMbbgFnlXhzUmuWoUCrZ/90owRnnAiNGVKq47mpDnIkNcWMTCrdTJEU4SHqk46hAnGigrw4fOLUjRI5cSJNCe0U6t+JHHGlxjw0nRzpgVr2puJ/XifT8WWQU5Fmmgg8WxRnzNGJM03BiagkWLPxwochn1TqEUVYUnO8gwdIIqxNeBWTirecwSrxzxpXDe/uvNa8nqUDZTiGEzgFDy6gCbfQAh8wZPACr/BmPVvv1of1OWstWfOZI1iA9fULuUGaCQ==</latexit><latexit sha1_base64="cRgVePBPJ5lrnEniTNb9vGp0PZI=">AAACCHicbVDLSsNAFL2pr1ofjbp0M1gKrkoigrorunFZwVihjWUymbRDZ5IwMymU0C/wE9zqB7gSt/6Fa3/EaZuFbT1w4cw59869nCDlTGnH+bZKa+sbm1vl7crO7t5+1T44fFBJJgn1SMIT+RhgRTmLqaeZ5vQxlRSLgNN2MLyZ+u0RlYol8b0ep9QXuB+ziBGsjdSzq90RljRVjJuX+xT27JrTcGZAq8QtSA0KtHr2TzdMSCZorAnHSnVcJ9V+jqVmhNNJpZspmmIyxH3aMTTGgio/nx0+QXWjhChKpKlYo5n6dyLHQqmxCEynwHqglr2p+J/XyXR06ecsTjNNYzJfFGUc6QRNU0Ahk5RoPl74MBCTSj1kmEhmjkdkgCUm2oRXMam4yxmsEu+scdVw785rzesinjIcwwmcggsX0IRbaIEHBDJ4gVd4s56td+vD+py3lqxi5ggWYH39AlLpmcE=</latexit>

"d1
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which only has an out-of-plane component ⌦(k) = ⌦(k)ẑ
in two dimensions.

Before turning to any specific transport e↵ect, we first
explore the symmetry of the Berry curvature and find out
what guarantees a nontrivial transport in the transverse
direction. Given the Néel ground state, the spin Hamil-
tonian of a hexagone can be expanded to the quadratic
order in �SA = SA � ẑ and �SB = SB + ẑ (set S = 1)
as H = HJ + HK + HD, where

HJ =J1(1 � �S
z
A + �S

z
B + �SA · �SB), (8a)

HK =2K(1 + �S
z
A � �S

z
B) + K[(�Sz

A)2 + (�Sz
B)2], (8b)

HD =D2(�S
x
A�S

y
A0 � �S

y
A�S

x
A0) � (A ! B), (8c)

with A
0 standing for second-nearest neighbor A sites.

Now we restrict all symmetry groups to be operating
on the magnon parts �SA and �SB while leaving the
Néel ground state unchanged. Although HJ + HK flips
sign under the time reversal operation T , it recovers af-
ter an additional 180� rotation about the x̂-axis in the
spin space, which we denote by cx. So the combined Tcx

symmetry is preserved. When acting on the EOM (6),
the Tcx symmetry renders the Berry curvature an odd
function ⌦(k) = �⌦(�k). On the other hand, HJ +HK

breaks the inversion symmetry, which, when acting on
the EOM (6), yields ⌦(k) = ⌦(�k). Therefore, only an
odd nonzero ⌦(k) is allowed by symmetry.

The HD term apparently breaks the Tcx symmetry.
But as mentioned earlier, the wave functions are inde-
pendent of D2, hence the Berry curvature should be blind
to the symmetry of HD. What HD really does is inval-
idating the relation !(k) = !(�k) as can be seen from
Eq. (4), for which a Tcx operation on the EOM (6) no
longer imposes the parity of the Berry curvature. In ex-
isting literatures, the actual value of D2 is not available,
so we will treat it as a tuning parameter in our theory.

The role of D2 in magnon dynamics is remarkably dif-
ferent between AFs and FMs. In a honeycomb FM, both
Tcx and the inversion symmetries are kept by HJ + HK

so that the Berry curvature is identically zero without in-
voking the DMI to break the Tcx. Correspondingly, D2

opens a finite gap at the K- and K0-points in a similar
sense as the gap opening through spin-orbit coupling in
electronic systems [23, 24]. By contrast, the gap opening
in our honeycomb AF occurs at the �-point due to the
easy-axis anisotropy, whereas the DMI does not a↵ect the
band topology. On the other hand, as shown by Eq. (4),
the D2 term shifts the spectrum of the two modes in
opposite directions by an odd function d(k) = �d(�k).
Since ⌦(k) is also odd in k, we expect that magnons
of opposite spins will be delivered to opposite transverse
edges, forming a pure spin Hall current.

Spin Nernst e↵ect.—Magnons are charge neutral, so
they cannot be driven by an electric field. Nevertheless,
by introducing an in-plane temperature gradient rT ,
one can create a longitudinal magnon current. Because
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FIG. 2. Dispersion and Berry curvature of the spin-down
(right-handed) magnon mode with J1 = 0.77, J2 = 0.07, J3 =
0.18, and K = �0.0086 taken from MnPS3 [19], assuming
D2 = 0.18. Numbers are in units of meV.

of the Berry curvature, a magnon Hall current is induced
for each individual spin species [22, 25] as

j� =
kB

~ ẑ ⇥ rT

Z
dk]⌦(k) {⇢�(k) ln ⇢�(k)

�[1 + ⇢�(k)] ln[1 + ⇢�(k)]} , (9)

where � =# (") refers to the ↵-mode (�-mode), kB is
the Boltzmann constant, and ⇢� = 1/(e~!�/kBT

� 1) is
the Bose-Einstein distribution function with the chemical
potential taken to be zero (as the magnon number is not
conservative). As can be anticipated from the symmetry
argument shown earlier, j" = j# = 0 if D2 vanishes.
This is because when D2 = 0, !"(k) = !#(k) = !0(k) is
even, so is ⇢�(k); but ⌦(k) is odd, thus the integration
of Eq. (9) vanishes. At this point, it worths mentioning
again that a finite D2 leads to an opposite change of the
spectrum !"/#(k) = !0(k) ⌥ d(k) with d(k) = �d(�k),
whereas the Berry curvature remains unchanged. This
fact is in sharp contrast to the ferromagnetic case where
D2 is responsible for a non-zero Berry curvature.

In the linear response regime, the SNE current can be
written as jSN = ~(j" � j#) ⌘ ↵

s
xyẑ ⇥ rT , where ↵

s
xy is

the SNE coe�cient. In general, an analytic expression of
↵

s
xy = ↵

s
xy(D2, T ) is not available, but we can derive an

approximate form of ↵
s
xy for D2 ⌧ J1. Expanding ⇢� to

linear order in D2, we obtain from Eq. (9) that

↵
s
xy ⇡

2~D2

kBT 2

Z
d!

!e
~!/kBT

(e~!/kBT�1)2
D(!)⌦(!), (10)

where D(!) is the density of states (DOS) and ⌦(!) is
the density of the Berry curvature. While Eq. (10) seems
to be useless for a numerical calculation, it does help
explaining the qualitative pattern of the SNE coe�cient,
which will become clear soon.
Material realization.—Our theoretical proposal on the

SNE in a collinear AF could be experimentally tested
using Mn-based trichalcogenide, such as MnPS3 and
MnPSe3. In these compounds, the Mn ions are half filled
with the high spin state S = 5/2, so the quantum fluctu-
ation in these materials is not as important as spin-1/2
systems. In addition, the magnetic moments of Mn irons

Expand	the	spin	Hamiltonian	up	to	quadratic	order	in:	
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