
�5�I�F���"�O�P�N�B�M�Z���*�O�G�M�P�X���P�G���%�P�N�B�J�O���X�B�M�M���G�F�S�N�J�P�O��
�J�O���P�E�E���E�J�N�F�O�T�J�P�O

�:�P�T�I�J�Z�V�L�J���.�B�U�T�V�L�J�	�0�T�B�L�B���6���


�$�P�M�M�B�C�P�S�B�U�J�P�O���X���)���'�V�L�B�Z�B�
���/���,�B�X�B�J�
���.���.�P�S�J�
���5���0�O�P�H�J�
���4���:�B�N�B�H�V�D�I�J

�8�P�S�L���J�O���Q�S�P�H�S�F�T�T



�3�F�W�J�T�J�U�J�O�H���$�B�M�M�B�O���)�B�S�W�F�Z���N�F�D�I�B�O�J�T�N

�$���(�����$�B�M�M�B�O���+�S�����B�O�E���+���"�����)�B�S�W�F�Z���
�/�V�D�M���1�I�Z�T�����#���������	���������


�	�"�O�P�N�B�M�Z���D�B�O�D�F�M�M�B�U�J�P�O���N�F�D�I�B�O�J�T�N�


�.�Z���U�B�M�L



�~ �$�B�M�M�B�O���)�B�S�W�F�Z���N�F�D�I�B�O�J�T�N

�~ �5�I�F���Q�S�P�C�M�F�N

�~ �0�V�S���S�F�T�F�B�S�D�I

�� ���E�J�N����
�6�	���
���C�B�D�L���H�S�P�V�O�E
�$�P�O�U�J�O�V�V�N�5�I�F�P�S�Z

�&�V�D�M�J�E�F�B�O���T�J�H�O�B�U�V�S�F

�4�F�U���V�Q

�0�V�U�M�J�O�F



�~ �$�B�M�M�B�O���)�B�S�W�F�Z���N�F�D�I�B�O�J�T�N

�~ �5�I�F���Q�S�P�C�M�F�N

�~ �0�V�S���S�F�T�F�B�S�D�I

�� ���E�J�N����
�6�	���
���C�B�D�L���H�S�P�V�O�E
�$�P�O�U�J�O�V�V�N�5�I�F�P�S�Z

�&�V�D�M�J�E�F�B�O���T�J�H�O�B�U�V�S�F

�4�F�U���V�Q

�0�V�U�M�J�O�F



���"�O�P�N�B�M�Z���$�B�O�D�F�M�M�B�U�J�P�O���.�F�D�I�B�O�J�T�N��

�"�O�P�N�B�M�Z���G�S�P�N���#�V�M�L�������"�O�P�N�B�M�Z���G�S�P�N���&�E�H�F������

�$�P�O�E�F�O�T�F�E���N�B�U�U�F�S����

�#�V�M�L���&�E�H�F���D�P�S�S�F�T�Q�P�O�E�F�O�D�F���J�O���U�P�Q�P�M�P�H�J�D�B�M���N�B�U�U�F�S
�F�U�D����

�~ �"�Q�Q�M�J�D�B�U�J�P�O

�-�F�F�
���4�F�O�H���)�V�B�U�
�����%�J�S�B�D���T�V�S�G�B�D�F���T�U�B�U�F�T���P�G��
�N�B�H�O�F�U�J�D���U�P�Q�P�M�P�H�J�D�B�M���J�O�T�V�M�B�U�P�S�T�����	���������
����
�%�P�D�U�P�S�B�M���%�J�T�T�F�S�U�B�U�J�P�O�T����������������

�$�B�M�M�B�O���)�B�S�W�F�Z���N�F�D�I�B�O�J�T�N



�4�F�U���V�Q

�/�F�Y�U�
���B�O�P�N�B�M�Z���D�B�O�D�F�M�M�B�U�J�P�O���à

�"�O�P�N�B�M�Z���G�S�P�N���#�V�M�L�������"�O�P�N�B�M�Z���G�S�P�N���&�E�H�F������

�$�I�J�S�B�M���N�B�T�T�M�F�T�T���F�E�H�F���N�P�E�F

M (x3)
<latexit sha1_base64="UAMgoGerzhwpRlKRcoO68g+q3qA="></latexit>

x3
<latexit sha1_base64="lboOPv8TF3jIVL6IZSMkWnkDKoQ="></latexit>

�,�J�O�L���T�U�S�V�D�U�V�S�F

M (± ! ) " ± M
<latexit sha1_base64="z3aeqlCxOlwqbJrkRouR77dTKNc="></latexit>
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! µ J µ
bulk =

i
4"

#µ ! 3! µ A!

!
!
!
x 3 =0

<latexit sha1_base64="7U7LFhWIEPcUgU14drC7Mh/XwTw="></latexit>
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Se! =
i

4!

!
d3x" (x3)#µ !" Aµ $! A"

<latexit sha1_base64="aPSv1SqacBRiihjGBY7/j5P56A0="></latexit>

M (x3)
<latexit sha1_base64="UAMgoGerzhwpRlKRcoO68g+q3qA="></latexit>

x3
<latexit sha1_base64="lboOPv8TF3jIVL6IZSMkWnkDKoQ="></latexit>

SBulk !
!

d3x ! (D/ + M "(x3)) ! + PV
<latexit sha1_base64="szl5wMshYEuIMNjbJAimxfkzXc8="></latexit>
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SEdge =
!

d2x ! R D/ ! R
<latexit sha1_base64="Jm8vH3oyDbNBL6XYZb5L1Cws5Ew="></latexit>
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! i J i
Edge = !

i
4"

#ij ! i Aj
<latexit sha1_base64="Rp5OjgNfrfqxlH9pqBPWkpu+dW8="></latexit>
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M (x3)
<latexit sha1_base64="UAMgoGerzhwpRlKRcoO68g+q3qA="></latexit>

x3
<latexit sha1_base64="lboOPv8TF3jIVL6IZSMkWnkDKoQ="></latexit>
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�%�F�F�Q���J�O���#�V�M�L

+
<latexit sha1_base64="6w3LTdZXegA/ZU7DUX26E9Ehhgs="></latexit>

�"�O�P�N�B�M�P�V�T

+
<latexit sha1_base64="6w3LTdZXegA/ZU7DUX26E9Ehhgs="></latexit>

= 0
<latexit sha1_base64="EbuoWxnVYlbXC+6EaAFbxPj6rcc="></latexit>
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! µ J µ
Deep in Bulk + ! i J i

Edge = 0
<latexit sha1_base64="waKKuhUmtRCz2ubYsh1aNmAijl4="></latexit>
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<latexit sha1_base64="q1AGTG+dS2HUyI2viMua+XcQHsk="></latexit>
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x3
<latexit sha1_base64="jWsImbkaSO/JpXtcWUatPSt+pLA="></latexit>

M (x3) = M tanh(µx3)
<latexit sha1_base64="zSKRSVMIlLX8FtBLcARbcHelea0="></latexit>

M (x3)
<latexit sha1_base64="UAMgoGerzhwpRlKRcoO68g+q3qA="></latexit>

M = µ
<latexit sha1_base64="1qBsLUHtkaC8M3M+rQj7+d3lgdM="></latexit>

M < ! , µ " !
<latexit sha1_base64="dMdCnmFLXoewoU3oE8a6WIW+t+s="></latexit>

M (x3)
<latexit sha1_base64="7SbhB39MlZgpl/itBrlA68ug444="></latexit>

x3
<latexit sha1_base64="lboOPv8TF3jIVL6IZSMkWnkDKoQ="></latexit>

M (x3) = M ! (x3)
<latexit sha1_base64="0SRjYBCO5sr5jAbA77ALXlw1640="></latexit>
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<latexit sha1_base64="VNNNSjnUO9iusG5yTtusUazWQW8="></latexit>
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Fµ! /M 2 << 1
<latexit sha1_base64="36qtzNzZ778Dl9bnKbdla7Uwe1I="></latexit>

O((Fµ ! /M 2)2)
<latexit sha1_base64="ta9tccXxdUSDGhq22zzwsnnJIIM="></latexit>

Fµ ! /M 2 << 1
<latexit sha1_base64="36qtzNzZ778Dl9bnKbdla7Uwe1I="></latexit>
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SWhole = ln det( D/ + M ! (x3)) áPV
<latexit sha1_base64="iOjjDHVBfV0uZoWYVUU+116h9bg="></latexit>

x3
<latexit sha1_base64="lboOPv8TF3jIVL6IZSMkWnkDKoQ="></latexit>

M (x3)
<latexit sha1_base64="7SbhB39MlZgpl/itBrlA68ug444="></latexit>

M (x3) = M ! (x3)
<latexit sha1_base64="0SRjYBCO5sr5jAbA77ALXlw1640="></latexit>
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M (x3)
<latexit sha1_base64="UAMgoGerzhwpRlKRcoO68g+q3qA="></latexit>

x3
<latexit sha1_base64="lboOPv8TF3jIVL6IZSMkWnkDKoQ="></latexit>
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SWhole = ln det( D/ + M ! (x3)) áPV
<latexit sha1_base64="iOjjDHVBfV0uZoWYVUU+116h9bg="></latexit>

J µ
Whole = !

! SWhole

! Aµ
<latexit sha1_base64="lGgUGS8S55nnJkxWyR8X4/gojfQ="></latexit>

�0�V�S���S�F�T�F�B�S�D�I

! µ J µ
Whole = 0

<latexit sha1_base64="qRjxr/Qat2dLiPGvrhVMTNkr1fs="></latexit>
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SWhole = ln det( D/ + M ! (x3)) áPV
<latexit sha1_base64="iOjjDHVBfV0uZoWYVUU+116h9bg="></latexit>

�8�F���F�W�B�M�V�B�U�F
J µ

Whole = !
! SWhole

! Aµ
<latexit sha1_base64="lGgUGS8S55nnJkxWyR8X4/gojfQ="></latexit>

�0�V�S���S�F�T�F�B�S�D�I

! µ J µ
Whole = 0

<latexit sha1_base64="qRjxr/Qat2dLiPGvrhVMTNkr1fs="></latexit>
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A

SWhole = ln det( D/ + M ! (x3)) áPV
<latexit sha1_base64="iOjjDHVBfV0uZoWYVUU+116h9bg="></latexit>

! SWohle = Tr
!

i ! A/
D/ + M "(x3)

"
+ PV

<latexit sha1_base64="oNjIsoX7DeFP7R1iey40x540X2I="></latexit>

! SWhole = Tr [ S0 i ! A/ ! S0 iA/ S 0 i ! A/ + · · · ] + PV
<latexit sha1_base64="0aF/R3hPXlBkGSHjaKLCzqa5OQ0="></latexit>

�&�Y�Q�B�O�E�J�O�H���U�I�J�T���J�O���Q�P�X�F�S�T���P�G���H�B�V�H�F���G�J�M�F�E���"

i ! A
<latexit sha1_base64="zfeDMe+nESA2BWcg5cqXdkA9nMc="></latexit> iA

<latexit sha1_base64="PsHZNlzNlkGYbBPx0UNwSsQTX9Q="></latexit>

i ! A
<latexit sha1_base64="zfeDMe+nESA2BWcg5cqXdkA9nMc="></latexit>

S0 =
1

!/ + M "(x3)
<latexit sha1_base64="4x4lw4NJreDdIEBd2jNGP5tNR78="></latexit>

�5�I�F���W�B�S�J�B�U�J�P�O���P�G���F�G�G�F�D�U�J�W�F���B�D�U�J�P�O

�/�F�Y�U�
���X�F���G�J�O�E���U�I�F���F�Y�Q�S�F�T�T�J�P�O���P�G��S0
<latexit sha1_base64="NaSPeLQ8nRQ9zZHyJGXEKB4OR04="></latexit>
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A

S0 =
1

!/ + M "(x3)
<latexit sha1_base64="4x4lw4NJreDdIEBd2jNGP5tNR78="></latexit>
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���X�F���D�P�O�T�J�E�F�S���)�F�S�N�J�U�J�B�O���P�Q�F�S�B�U�P�S

�5�I�F���&�J�H�F�O���G�V�O�D�U�J�P�O���G�P�S���U�I�J�T���P�Q�F�S�B�U�P�S

H ! (" !/ + M "(x3))( !/ + M "(x3))
<latexit sha1_base64="keOcg9D0Uoc+WiLzmGXbXxjhHzY="></latexit>

= ! ! 2 + M 2 ! 2M " 3#(x3)
<latexit sha1_base64="wv7yMu6JhakbijMQEk2cvxeXE8Y="></latexit>

�#�V�M�L���N�P�E�F

|Bk !
<latexit sha1_base64="YSHByEaPzxO8jmODrisDk2O5JqY="></latexit>

|Ek !
<latexit sha1_base64="ibbn/FI0HPUAu6R8mM9vlTZyhqc="></latexit>

�&�E�H�F���N�P�E�F

! Bulk ,o
± (x) =

1
!

4"
(e! ik 3 x 3 " eik 3 x 3 )ei !ká!x u±

<latexit sha1_base64="cbWEdOl7WAkCWIo2Og3PxyRmw00="></latexit>

! Bulk ,e
± (x) =

1
!

4" (k2
3 + M 2)

((k3 ! iM )e! ik 3 |x 3 | + ( k3 ± iM )eik 3 |x 3 | )ei !ká!x u±
<latexit sha1_base64="0YUw7c5Ew+1raGRq44j0rAo3e1Y="></latexit>

! Edge ,e
+ (x) =

!
Me! M |x 3 |ei !ká!x u+

<latexit sha1_base64="KFAHeSs77Covh+Bz1gpZ0m6X+LI="></latexit>

u+ =
!

1
0

"

<latexit sha1_base64="IhILipCAsQKBq0fSk4Lly5qrv7w="></latexit>

u� =

✓
0
1

◆

<latexit sha1_base64="zLAJ3SR9mTGCoGKC15aYTikaxuU="></latexit>

S0
<latexit sha1_base64="NaSPeLQ8nRQ9zZHyJGXEKB4OR04="></latexit>

�)�P�X���U�P���F�W�B�M�V�B�U�F��



�#�V�M�L���N�P�E�F

|Bk !
<latexit sha1_base64="YSHByEaPzxO8jmODrisDk2O5JqY="></latexit>

|Ek !
<latexit sha1_base64="ibbn/FI0HPUAu6R8mM9vlTZyhqc="></latexit>

�&�E�H�F���N�P�E�F
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± (x) =

1
!
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(e! ik 3 x 3 " eik 3 x 3 )ei !ká!x u±

<latexit sha1_base64="cbWEdOl7WAkCWIo2Og3PxyRmw00="></latexit>

! Bulk ,e
± (x) =

1
!

4" (k2
3 + M 2)

((k3 ! iM )e! ik 3 |x 3 | + ( k3 ± iM )eik 3 |x 3 | )ei !ká!x u±
<latexit sha1_base64="0YUw7c5Ew+1raGRq44j0rAo3e1Y="></latexit>

! Edge ,e
+ (x) =

!
Me! M |x 3 |ei !ká!x u+

<latexit sha1_base64="KFAHeSs77Covh+Bz1gpZ0m6X+LI="></latexit>

u+ =
!

1
0

"

<latexit sha1_base64="IhILipCAsQKBq0fSk4Lly5qrv7w="></latexit>
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✓
0
1

◆

<latexit sha1_base64="zLAJ3SR9mTGCoGKC15aYTikaxuU="></latexit>

�5�I�F���&�J�H�F�O���G�V�O�D�U�J�P�O���G�P�S���U�I�J�T���P�Q�F�S�B�U�P�S

�'�J�S�T�U�
���X�F���D�P�O�T�J�E�F�S���)�F�S�N�J�U�J�B�O���P�Q�F�S�B�U�P�S

H ! (" !/ + M "(x3))( !/ + M "(x3))
<latexit sha1_base64="keOcg9D0Uoc+WiLzmGXbXxjhHzY="></latexit>

= ! ! 2 + M 2 ! 2M " 3#(x3)
<latexit sha1_base64="wv7yMu6JhakbijMQEk2cvxeXE8Y="></latexit>

S0
<latexit sha1_base64="NaSPeLQ8nRQ9zZHyJGXEKB4OR04="></latexit>

�)�P�X���U�P���F�W�B�M�V�B�U�F��

�U�I�F���D�P�N�Q�M�F�U�F���T�F�U



S0(x, y) = hx| 1

@/+M✏(x3)
|yi

<latexit sha1_base64="oCQtjg/5swl3rLZ3/t2gGYizuXA="></latexit>

!

k

|Bk ! " Bk | + |Ek ! " Ek | = 1
<latexit sha1_base64="OL0PqruNzXyCr3q4pWbdztua0i4="></latexit>

�*�O�T�F�S�U�J�O�H���U�I�F���D�P�N�Q�M�F�U�F���T�F�U

A

!
!

d2!k
(2" )2

M
2Ek

"

#(y3) + ( $3Ek + M )
i!k/
!k2

#

e! E k ( |x 3 |+ |y3 |)+ i~ká(~x ! ~y)

<latexit sha1_base64="lXUnODqz/BrORXdVr5wS23hc2Iw="></latexit>

⌘ SBulk
0

<latexit sha1_base64="FPn4rbRSyolEsYKtpk/TbekXi9k="></latexit>

! SEdge
0

<latexit sha1_base64="F24vbnqN1DhNyzjNDBUsOI22Mnk="></latexit>

Ek =
!

!k2 + M 2
<latexit sha1_base64="b4o5LQx/LR/b2MdE7e8lFUFGpKg="></latexit>

=
!

d3k
(2! )3

! ik/ + M "(y3)
k2 + M 2 eik(x�y)

<latexit sha1_base64="0nuUUApEHvp7ss3vR9GG2Jd0xrg="></latexit>

: S0(x, y)
<latexit sha1_base64="OIRI2NiK1guE3wU4cW/inNm7Kw4="></latexit>

S0
<latexit sha1_base64="NaSPeLQ8nRQ9zZHyJGXEKB4OR04="></latexit>

�)�P�X���U�P���F�W�B�M�V�B�U�F��



S0(x, y) = hx| 1

@/+M✏(x3)
|yi

<latexit sha1_base64="oCQtjg/5swl3rLZ3/t2gGYizuXA="></latexit>

!

k

|Bk ! " Bk | + |Ek ! " Ek | = 1
<latexit sha1_base64="OL0PqruNzXyCr3q4pWbdztua0i4="></latexit>

�*�O�T�F�S�U�J�O�H���U�I�F���D�P�N�Q�M�F�U�F���T�F�U

A
⌘ SBulk

0
<latexit sha1_base64="FPn4rbRSyolEsYKtpk/TbekXi9k="></latexit>

! SEdge
0

<latexit sha1_base64="F24vbnqN1DhNyzjNDBUsOI22Mnk="></latexit>

: S0(x, y)
<latexit sha1_base64="OIRI2NiK1guE3wU4cW/inNm7Kw4="></latexit>

S0
<latexit sha1_base64="NaSPeLQ8nRQ9zZHyJGXEKB4OR04="></latexit>

�)�P�X���U�P���F�W�B�M�V�B�U�F��



A

�-�F�U�`�T���F�W�B�M�V�B�U�F

! SWhole = Tr [ S0 i ! A/ ! S0 iA/ S 0 i ! A/ + · · · ] + PV
<latexit sha1_base64="0aF/R3hPXlBkGSHjaKLCzqa5OQ0="></latexit>

i ! A
<latexit sha1_base64="zfeDMe+nESA2BWcg5cqXdkA9nMc="></latexit> iA

<latexit sha1_base64="PsHZNlzNlkGYbBPx0UNwSsQTX9Q="></latexit>

i ! A
<latexit sha1_base64="zfeDMe+nESA2BWcg5cqXdkA9nMc="></latexit>

S0 =
1

!/ + M "(x3)
<latexit sha1_base64="4x4lw4NJreDdIEBd2jNGP5tNR78="></latexit>



: SBulk
0

<latexit sha1_base64="feiK50CbZz3KPcS/0plQQiM1C54="></latexit>

: SEdge
0

<latexit sha1_base64="IZ6iqd1JHPXNLUjDQbM34QTFg10="></latexit>

Tr [ S0 i ! A/ ] = 0
<latexit sha1_base64="Gh3TZfyNPx1dj4QT14ZQ7sVT+yE="></latexit>

= 0
<latexit sha1_base64="Gh3TZfyNPx1dj4QT14ZQ7sVT+yE="></latexit>

Tr[ SBulk
0 i�A/ ]

<latexit sha1_base64="7CXMWMJ8oZICay6FkdMyvJyU8OU="></latexit>

Tr[ SEdge
0 i ! A/ ]

<latexit sha1_base64="1h9GA0/14dM6xnbcI9ZQ9N8zTho="></latexit>

Tr [ S0 i ! A/ ]= 0
<latexit sha1_base64="q9j2xAsISprD2/gFz7awBLioiOs="></latexit>

���Q�U�����G�V�O�D�U�J�P�O



�Tr [S0 iA/S0 i�A/]

�Tr[SEdge
0 iA/SEdge

0 i�A/]
<latexit sha1_base64="65ExfuGPkIs/4OItOiEviuYRg1o="></latexit>

�Tr[SBulk
0 iA/SBulk

0 i�A/]
<latexit sha1_base64="VpGhL2nl/JYTW58wkMKuNn9c1W4="></latexit>

�Tr[SBulk(/Edge)
0 iA/SEdge(/Bulk)

0 i�A/]
<latexit sha1_base64="2NNIk206Hw8ujbZYCqtq86uPoH4="></latexit>

�5�I�F���D�P�S�S�F�M�B�U�J�P�O���C�F�U�X�F�F�O��
�#�V�M�L���B�O�E���&�E�H�F

���Q�U�����G�V�O�D�U�J�P�O
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Z
d2xAi�A

i
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x3=0

<latexit sha1_base64="Lv/AFbIr1pwc+O9415qg87Cq20g="></latexit>

=
1
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Z
d2xA3�A

3
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x3=0

<latexit sha1_base64="6C5/XEtmMeMXt945lBevIiOngKM="></latexit>
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8⇡

Z
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<latexit sha1_base64="2F99gi+XQNu10v7Td4HaAAfApJw="></latexit>

+
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4!

!
d2xA i"Ai

"
"
"
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<latexit sha1_base64="tYNMgtR4Um4M2gQd+PDhhY7pJPg="></latexit>

+
i

4⇡

Z
d2x✏ik3�Aj

✓
@i@j
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Ak

◆���
x3=0

<latexit sha1_base64="ba04RVC0kz4LC5ImSJfovVAMEUU="></latexit>

+
i

4⇡

Z
d2x✏jk3�Ak

✓
@i@j
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Ai

◆���
x3=0

<latexit sha1_base64="Wbt07HJkNbbX9q4JQdjwyNzUrAU="></latexit>
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4⇡

Z
d2xAi�Aj✏

ij3
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x3=0
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4⇡

Z
d3x✓(x3)Fµ⌫�A⇢✏
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<latexit sha1_base64="u0z8PuXs9/C2/YWstxDOh0p54UA="></latexit>
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Z
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µ
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<latexit sha1_base64="cdthVdwtpI5522R329oqt+TH4+Q="></latexit>

�6�O�E�F�SFµ! /M 2 << 1
<latexit sha1_base64="36qtzNzZ778Dl9bnKbdla7Uwe1I="></latexit>

�3�F�T�V�M�U���P�G�����Q�U�����G�V�O�D�U�J�P�O
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<latexit sha1_base64="77CwVaaxVbYJQjrxQxw4OY9cgng="></latexit>
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<latexit sha1_base64="Lv/AFbIr1pwc+O9415qg87Cq20g="></latexit>
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<latexit sha1_base64="6C5/XEtmMeMXt945lBevIiOngKM="></latexit>
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<latexit sha1_base64="tYNMgtR4Um4M2gQd+PDhhY7pJPg="></latexit>
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<latexit sha1_base64="u0z8PuXs9/C2/YWstxDOh0p54UA="></latexit>
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<latexit sha1_base64="cdthVdwtpI5522R329oqt+TH4+Q="></latexit>

�6�O�E�F�SFµ! /M 2 << 1
<latexit sha1_base64="36qtzNzZ778Dl9bnKbdla7Uwe1I="></latexit>
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<latexit sha1_base64="Wbt07HJkNbbX9q4JQdjwyNzUrAU="></latexit>
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<latexit sha1_base64="77CwVaaxVbYJQjrxQxw4OY9cgng="></latexit>
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<latexit sha1_base64="Lv/AFbIr1pwc+O9415qg87Cq20g="></latexit>
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= � 1

8⇡

Z
d2xA3�A

3
���
x3=0
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<latexit sha1_base64="tYNMgtR4Um4M2gQd+PDhhY7pJPg="></latexit>
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<latexit sha1_base64="u0z8PuXs9/C2/YWstxDOh0p54UA="></latexit>
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<latexit sha1_base64="cdthVdwtpI5522R329oqt+TH4+Q="></latexit>

�6�O�E�F�SFµ! /M 2 << 1
<latexit sha1_base64="36qtzNzZ778Dl9bnKbdla7Uwe1I="></latexit>
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<latexit sha1_base64="ba04RVC0kz4LC5ImSJfovVAMEUU="></latexit>
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<latexit sha1_base64="Wbt07HJkNbbX9q4JQdjwyNzUrAU="></latexit>
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<latexit sha1_base64="77CwVaaxVbYJQjrxQxw4OY9cgng="></latexit>



� i

4⇡

Z
d2xAi�Aj✏

ij3
���
x3=0

� i

4⇡

Z
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<latexit sha1_base64="u0z8PuXs9/C2/YWstxDOh0p54UA="></latexit>
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<latexit sha1_base64="Wbt07HJkNbbX9q4JQdjwyNzUrAU="></latexit>
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<latexit sha1_base64="u0z8PuXs9/C2/YWstxDOh0p54UA="></latexit>
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�$�4���X�J�U�I���&�E�H�F

�"�O�P�N�B�M�Z���G�S�P�N���#�V�M�L

�(�B�V�H�F���J�O�W�����O�P�O���M�P�D�B�M���U�F�S�N

�(�B�V�H�F���J�O�W�����U�F�S�N

�"�O�P�N�B�M�Z���G�S�P�N���&�E�H�F

@⇢
1

�A⇢

h

<latexit sha1_base64="L/U1BAPM4yOVIAtyNolQNxynBPs="></latexit>

@⇢
1

�A⇢

h

<latexit sha1_base64="L/U1BAPM4yOVIAtyNolQNxynBPs="></latexit>

+
i

4⇡

Z
d2x✏ik3�Aj

✓
@i@j
@2

Ak

◆���
x3=0

<latexit sha1_base64="ba04RVC0kz4LC5ImSJfovVAMEUU="></latexit>
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✓
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<latexit sha1_base64="Wbt07HJkNbbX9q4JQdjwyNzUrAU="></latexit>
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<latexit sha1_base64="77CwVaaxVbYJQjrxQxw4OY9cgng="></latexit>
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<latexit sha1_base64="PxzA6U0UoSll1Jp0X+SKuzvV2JU="></latexit>

i

<latexit sha1_base64="PxzA6U0UoSll1Jp0X+SKuzvV2JU="></latexit>



=<latexit sha1_base64="smVXFBJiyn4X+sKoZKMHtD1Z+yA="></latexit>
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<latexit sha1_base64="nCj/Q0SvQPLZfF+PKnHovb+2fLU="></latexit>
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<latexit sha1_base64="UDtoxgDZVEAtXtB5GCBF4P0t89k="></latexit>

�$�P�O�T�F�S�W�B�U�J�P�O���M�B�X
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@iAj✏

ij3�(x3)
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<latexit sha1_base64="FdQpDTsYZen0caRXZL2Gfi2eNac="></latexit>
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!
i

8!

!
d2x "ij 3#k Ak 1

#2 Fij

�&�G�G�F�D�U�J�W�F���B�D�U�J�P�O



�5�I�J�T���J�T���U�I�F���G�V�U�V�S�F���X�P�S�L

�~ �-�B�V�H�I�M�J�O�`�T���F�Y�Q�F�S�J�N�F�O�U

�~ �$�I�J�S�B�M���B�O�P�N�B�M�Z���F�Y�J�T�U�T���B�O�E���H�B�V�H�F���B�O�P�N�B�M�Z���J�T���D�B�O�D�F�M�M�F�E��
�J�O���U�I�J�T���T�Z�T�U�F�N��

�4�P�M�F�O�P�J�E���G�M�V�Y

�~ �E�F�T�D�S�J�C�F�T���U�I�J�T���T�Z�T�U�F�N����

�8�F���F�Y�Q�F�D�U���U�I�B�U���X�F���D�B�O���V�O�E�F�S�T�U�B�O�E���S�F�M�B�U�J�P�O�T�I�J�Q���C�F�U�X�F�F�O��
�D�I�J�S�B�M���B�O�P�N�B�M�Z���B�O�E���H�B�V�H�F���B�O�P�N�B�M�Z���C�Z���V�T�J�O�H������

SWhole
<latexit sha1_base64="qgfaXaDPotculb0BNVXOE5to4Ek="></latexit>

������ ���E�J�N���D�Z�M�J�O�E�F�S

SWhole
<latexit sha1_base64="qgfaXaDPotculb0BNVXOE5to4Ek="></latexit>

�&�Y�Q�F�D�U�F�E���J�N�Q�B�D�U



�8�F���D�I�F�D�L�F�E���U�I�B�U���H�B�V�H�F���C�S�F�B�L�J�O�H���N�B�T�T���U�F�S�N���T�I�P�X�T���V�Q��
�G�S�P�N���U�I�F���D�P�S�S�F�M�B�U�J�P�O�
�����C�V�U���U�I�F���U�P�U�B�M���I�B�T���H�B�V�H�F���T�Z�N��

�'�V�U�V�S�F���X�P�S�L

�5�P��
�-�B�U�U�J�D�F

������ ���E�J�N�������� ���E�J�N��

�/�P�X

�$�B�M�M�B�O���)�B�S�W�F�Z���N�F�D�I�B�O�J�T�N���J�T���J�N�Q�P�S�U�B�O�U���B�O�E���V�T�F�G�V�M�
��
�C�V�U���U�I�F�Z���E�J�E���O�P�U���U�B�L�F���U�I�F���D�P�S�S�F�M�B�U�J�P�O���J�O�U�P���B�D�D�P�V�O�U��

�0�V�S���N�F�U�I�P�E���D�B�O���F�W�B�M�V�B�U�F���T�Z�T�U�F�N�B�U�J�D�B�M�M�Z���'�6�-�-���F�G�G�F�D�U�J�W�F��
�B�D�U�J�P�O

�4�V�N�N�B�S�Z���B�O�E���0�V�U�M�P�P�L



�#�B�D�L���6�Q



�$�P�O�E�����N�B�U��

x2
<latexit sha1_base64="SojWtWmJSr2sXhYwVfqDO+Xb8n4="></latexit>

x3
<latexit sha1_base64="hPICIJkvgtFuLHX12s9ZnKBIBM4="></latexit>

J↵ = �23✏
↵�E� (↵,� = 2, 3)

<latexit sha1_base64="1JOncnIacnuMdaW+J9zD2bPr8No="></latexit>

�2�V�B�O�U�V�N���)�B�M�M���4�Z�T�U�F�N

x2 x3
<latexit sha1_base64="s5hLq46BkMItd6/bEfiAg95vMGE="></latexit>

x1
<latexit sha1_base64="9akuI4rHNYsAaSySoRQrmU3bssM="></latexit>

�J�T���U�J�N�F���E�J�S�F�D�U�J�P�O

�� �T�Z�N��

⇢ = �23B
<latexit sha1_base64="qdj8Ynf2TyThyJb+kF31MHCuVwA="></latexit>

B
<latexit sha1_base64="anX1/sSARao34FasWyHUUv3hi4E="></latexit>

@1⇢+ @↵J
↵ = 0

<latexit sha1_base64="aq1khHr5HD3u+xlLrU6o2RMLq74="></latexit>

�/�P���&�E�H�F

�#�V�M�L�D�V�S�S�F�O�U���B�O�E���D�I�B�S�H�F���E�F�O�T�J�U�Z



�$�P�O�E�����N�B�U��

x3
<latexit sha1_base64="hPICIJkvgtFuLHX12s9ZnKBIBM4="></latexit>

x2
<latexit sha1_base64="SojWtWmJSr2sXhYwVfqDO+Xb8n4="></latexit>

L
<latexit sha1_base64="ZWuiIHblcEEKIxsX8raXSTyZBrA="></latexit>

�D�J�S�D�V�N�G�F�S�F�O�D
�F

J↵ = ✓(x3)�23✏
↵�E�

<latexit sha1_base64="uT3665++zfDn8RBZTIAhcfwu1ZA="></latexit>

⇢ = ✓(x3)�23B
<latexit sha1_base64="wXNAOpulgJqLyU+uR6H4gTJtoi4="></latexit>

�#�V�M�L�D�V�S�S�F�O�U���B�O�E���D�I�B�S�H�F���E�F�O�T�J�U�Z

�*�O�U�V�J�U�J�W�F�M�Z���	�P�S���/�B�J�W�F�M�Z� �


�8�F���B�T�T�V�N�F���U�I�B�U���U�I�F���T�Z�T�U�F�N��
�I�B�T�����������r �T�Z�N�����P�O���U�I�F���&�E�H�Fx2 x3

<latexit sha1_base64="s5hLq46BkMItd6/bEfiAg95vMGE="></latexit>

@1⇢+ @↵J
↵ = �(x3)

i

2⇡
E2

<latexit sha1_base64="Iur6heYdr5ANuNi2WsqVzMjn964="></latexit>



�$�P�O�E�����N�B�U��

x3
<latexit sha1_base64="hPICIJkvgtFuLHX12s9ZnKBIBM4="></latexit>

x2
<latexit sha1_base64="SojWtWmJSr2sXhYwVfqDO+Xb8n4="></latexit>

L
<latexit sha1_base64="ZWuiIHblcEEKIxsX8raXSTyZBrA="></latexit>

�D�J�S�D�V�N�G�F�S�F�O�D
�F

�&�E�H�F�I�B�T���B���D�I�J�S�B�M���G�F�S�N�J�P�O

2⇡/L
<latexit sha1_base64="gc3Qp5cH+WS9Pi5jI8e0BWZY4co="></latexit>

�7�B�M�F�O�D�F���C�B�O�E

�$�P�O�E�V�D�U�J�P�O��
�C�B�O�E

�&�O�F�S�H�Z

(v = @"/@k)
<latexit sha1_base64="rCdhCcJGAcjaccr0VdwshsjfquI="></latexit>

" = vE2t
<latexit sha1_base64="74cqAPqKcx/yw7AhcjvUckQZK0w="></latexit>

A2(t)
<latexit sha1_base64="NjkPyxWCF8+fkcVLnkhtA2+t2vo="></latexit>

�⇢ =
1

L

E2�t

2⇡/L
<latexit sha1_base64="Mz3TV3tDbn3SAj8wI+DWCNyMzdY="></latexit>

@1⇢+ @↵J
↵ = ��(x3)

i

2⇡
E2

<latexit sha1_base64="UZY43DV26ZlmL6aUIIeKIoXuJbM="></latexit>

�&�V�D�M�J�E



�$�B�M�M�B�O���)�B�S�W�F�Z���N�F�D�I�B�O�J�T�N

�5�I�J�T���N�F�D�I�B�O�J�T�N���J�T���W�F�S�Z���J�N�Q�P�S�U�B�O�U���B�O�E���V�T�F�G�V�M��
�G�P�S���V�O�E�F�S�T�U�B�O�E�J�O�H���5�P�Q�P�M�P�H�J�D�B�M���N�B�U�U�F�S��

x3
<latexit sha1_base64="lboOPv8TF3jIVL6IZSMkWnkDKoQ="></latexit>

M (x3)
<latexit sha1_base64="7SbhB39MlZgpl/itBrlA68ug444="></latexit>

�5�P�Q�����Q�I�B�T�F

�5�S�J�W�J�B�M���Q�I�B�T�F

�2�V�B�O�U�V�N���I�B�M�M���T�Z�T�U�F�N

�$�I�J�S�B�M���N�B�T�T�M�F�T�T��
�&�E�H�F���N�P�E�F��

x3
<latexit sha1_base64="jWsImbkaSO/JpXtcWUatPSt+pLA="></latexit>

�5�P�Q�����Q�I�B�T�F�5�S�J�W�J�B�M���Q�I�B�T�F

�#�V�M�L���&�E�H�F���D�P�S�S�F�T�Q�P�O�E�F�O�D�F�"�O�P�N�B�M�Z���D�B�O�D�F�M�M�B�U�J�P�O

�$�4



�)�P�X���U�P���F�W�B�M�V�B�U�F��S0
<latexit sha1_base64="NaSPeLQ8nRQ9zZHyJGXEKB4OR04="></latexit>

S0(x, y) = hx| 1

@/+M✏(x3)
|yi

<latexit sha1_base64="oCQtjg/5swl3rLZ3/t2gGYizuXA="></latexit>

= hx| 1

H
(�@/+M✏(x3)) |yi

<latexit sha1_base64="x/evaBkqemL+T5hSXNM8GV28xs0="></latexit>

H = (�@/+M✏(x3))(@/+M✏(x3))
<latexit sha1_base64="pIzD45FBeF1wVaU7TpM4vMqHoW8="></latexit>

!

k

|Bk ! " Bk | + |Ek ! " Ek | = 1
<latexit sha1_base64="OL0PqruNzXyCr3q4pWbdztua0i4="></latexit>

�*�O�T�F�S�U�J�O�H���U�I�F���D�P�N�Q�M�F�U�F���T�F�U

= SBulk
0 + SEdge

0
<latexit sha1_base64="YnubtyBQHwJr4T7Yo3KI9GhWzh0="></latexit>



�4�I�B�J�M�F�T�I���$�I�B�O�E�S�B�T�F�L�I�B�S�B�O�`�T���8�P�S�L

m

s
�0{i�µ@µ +m(s)} � = � �

m(s) = m0tanhm0s
<latexit sha1_base64="rMvNEwkj4INyZqbsNgtrWJtWKlo="></latexit>

 Bulk,o /
✓

k2 cos k2s�m(s) sin k2s
�(±! + k1) sin k2s

◆
e�ik0t�ik1x

<latexit sha1_base64="Rl2VeUIIQk6TcAebuAx4/In6VZM="></latexit>

 Bulk,e /
✓

k2 sin k2s+m(s) cos k2s
(±! + k1) cos k2s

◆
e�ik0t�ik1x

<latexit sha1_base64="UGHYTgR9pmat+0q61knY9d4mWWs="></latexit>

 Edge /
✓

sechm0s
0

◆
e�ik0t�ik1x

<latexit sha1_base64="8tiYix/+Gi0bIlGJsgEmSewPlP4="></latexit>

�&�J�H�F�O�G�V�O�D�U�J�P�O�P�G���4 S
<latexit sha1_base64="WTrtA6w1xn8Jemrolx8NMCBScsY="></latexit>

�5�I�J�T���Q�P�J�O�U���J�T���E�J�G�G�F�S�F�O�U���G�S�P�N���P�V�S�T



�4�I�B�J�M�F�T�I���$�I�B�O�E�S�B�T�F�L�I�B�S�B�O�`�T���8�P�S�L

SEdge(z, z
0) =

1

2
(1 + i�2)

m0

2
sech(m0s)sech(m0s

0)

Z
d2k

(2⇡)2
�iki

k20 � k21
e�ik0(t�t0)�ik1(x�x0)

<latexit sha1_base64="zUAYpPtlCBEuHN2nKLd/egAhZmk="></latexit>

SBulk =

Z
d3k

(2⇡)3
k/+M

k2 �m2
0

e�ik(z�z0)

<latexit sha1_base64="tgHI5TSME+DwlZ9L/Lgm3BE4o9I="></latexit>

M =

 
�m(s) k0+k1

k2
2+m2

0
[m(s)m(s0) + ik2(m(s)�m(s0))�m2

0]

0 �m(s0)

!

<latexit sha1_base64="NhpA8D9IXZ0GQq/wX6ajEtMl45k="></latexit>

S(z, z0) =
X

�

 �(z) �(z
0)

�
<latexit sha1_base64="fTQOO7hV4VB6v3bk0E/CC3SOg8w="></latexit>

z = (t, x, s)
<latexit sha1_base64="mw9vI6zPUJAE99oQy1WQf6KGxy4="></latexit>



�4�I�B�J�M�F�T�I���$�I�B�O�E�S�B�T�F�L�I�B�S�B�O�`�T��
�8�P�S�L

Seff =
1

2

Z
d3zd3z0A/µ(z)S(z, z

0)A/⌫(z
0)S(z, z0)

<latexit sha1_base64="wsMS3aZ8nONt/tDzESrygd7la3A="></latexit>

�)�F���F�W�B�M�V�B�U�F�E��

�¢���J�T���U�I�F���D�P�F�G�G�J�D�J�F�O�U���P�G���F�Y�Q�B�O�T�J�P�O���P�G���M�P�H

Seff = � i

8⇡

Z
d3z sgn(s)✏µ⌫⇢Aµ@⌫A⇢ �

1

16⇡2

Z
d3zd3z0 Ai

✏i✏⇤j + ✏j✏⇤i

2✏4
Aj(z

0)

⇥m2
0[1� f ]2sech2(m0s)sech

2(m0s
0)

<latexit sha1_base64="4ukJ8i872m3cnvgvbbXtC1Wi6ZY="></latexit>

f =
e�m0r

r
[rcoshm0(s� s0) + (s� s0)sinhm0(s� s0)]

<latexit sha1_base64="YyqIzH2776NnYui9b0oRy1Io0SE="></latexit>

rµ = z � z0, ✏i = (t� t0, x� x0)
<latexit sha1_base64="XAfK+J5h+NecxpfEPKlWxMIITWs="></latexit>

✏⇤i = i"ji✏j
<latexit sha1_base64="M1Perks5FX5sHHh0gHZqbl5MIwk="></latexit>



�4�I�B�J�M�F�T�I���$�I�B�O�E�S�B�T�F�L�I�B�S�B�O�`�T��
�8�P�S�L

Seff =
1

2

Z
d3zd3z0A/µ(z)S(z, z

0)A/⌫(z
0)S(z, z0)

<latexit sha1_base64="wsMS3aZ8nONt/tDzESrygd7la3A="></latexit>

�)�F���F�W�B�M�V�B�U�F�E��

�¢���J�T���U�I�F���D�P�F�G�G�J�D�J�F�O�U���P�G���F�Y�Q�B�O�T�J�P�O���P�G���M�P�H

Seff = � i

8⇡

Z
d3z sgn(s)✏µ⌫⇢Aµ@⌫A⇢ �

1

16⇡2

Z
d3zd3z0 Ai

✏i✏⇤j + ✏j✏⇤i

2✏4
Aj(z

0)

⇥m2
0[1� f ]2sech2(m0s)sech

2(m0s
0)

<latexit sha1_base64="4ukJ8i872m3cnvgvbbXtC1Wi6ZY="></latexit>

f =
e�m0r

r
[rcoshm0(s� s0) + (s� s0)sinhm0(s� s0)]

<latexit sha1_base64="YyqIzH2776NnYui9b0oRy1Io0SE="></latexit>

�$�P�N�Q�M�J�D�B�U�F�E
rµ = z � z0, ✏i = (t� t0, x� x0)

<latexit sha1_base64="XAfK+J5h+NecxpfEPKlWxMIITWs="></latexit>

✏⇤i = i"ji✏j
<latexit sha1_base64="M1Perks5FX5sHHh0gHZqbl5MIwk="></latexit>



�$�P�O�T�J�T�U�F�O�U���B�O�P�N�B�M�Z
+

i

4⇡
@iAj✏

ij3�(x3)
<latexit sha1_base64="vc8TfSN/dGBiHeSvY0hdDOf9I5s="></latexit>

� i

4⇡
�(x3)Fij✏

ij3

<latexit sha1_base64="ZODHW70BKhEhJOFoEk5WGU3nU2M="></latexit>

=<latexit sha1_base64="oHJwCjPZJFaQUe+1FScyIriNVXY="></latexit>

=<latexit sha1_base64="oHJwCjPZJFaQUe+1FScyIriNVXY="></latexit> +
i

4⇡
✏ij3@iAj�(x3)

<latexit sha1_base64="ybqIeFFFp6Enp/hMlqeIHKHRfBk="></latexit>

�$�P�O�T�J�T�U�F�O�U���B�O�P�N�B�M�Z

�8�F�T�T�� �;�V�N�J�O�P�D�P�O�E�J�U�J�P�O���E�F�N�B�O�E���U�I�F���B�O�P�N�B�M�Z�
���X�I�J�D�I���D�P�N�F���G�S�P�N���U�I�F���&�E�H�F�
��
�J�T���Q�S�P�Q�P�S�U�J�P�O�B�M���U�P���D�P�O�T�J�T�U�F�O�U���B�O�P�N�B�M�Z

�#�V�U�
���J�O���6�	���
���D�B�T�F���U�I�F���D�P�W�B�S�J�B�O�U���B�O�P�N�B�M�Z���J�T���U�I�F���U�X�J�D�F���P�G���D�P�O�T�J�T�U�F�O�U���B�O�P�N�B�M�Z��

�*�O���P�V�S���O�F�Y�U���X�P�S�L�
���X�F���X�J�M�M���S�F�W�F�B�M���X�I�Z���U�I�F���N�P�E�F���F�Y�Q�B�O�T�J�P�O���D�I�P�P�T�F���U�I�F���D�P�O�T�J�T�U�F�O�U��
�B�O�P�N�B�M�Z



�-�B�V�H�I�M�J�O�`�T���F�Y�Q�F�S�J�N�F�O�U

������ ���E�J�N���D�Z�M�J�O�E�F�S

JBulk = �xyEy
<latexit sha1_base64="T5yt6/ZHIixZC1yCCXq7ghmjlos="></latexit>

�5�I�F���D�I�J�S�B�M���N�P�E�F���P�O���U�I�F���F�E�H�F���N�P�W�F�T���U�P��
�U�I�F���P�U�I�F�S���F�E�H�F���U�I�S�P�V�H�I���U�I�F���C�V�M�L

Jµ
5 = JR,chiral � JL,chiral

<latexit sha1_base64="32OdhUkbStCsV3SK9/MlQay2f9E="></latexit>

�8�F���D�P�N�C�J�O�F���U�I�F���U�X�P���F�E�H�F�T���B�O�E���S�F�H�B�S�E���U�I�J�T��
�B�T���U�I�F���W�F�D�U�P�S���M�J�L�F���U�I�F�P�S�Z��

@µ hJµ
R,gaugei = � i

4⇡
✏µ⌫@µA⌫

<latexit sha1_base64="VbV1MH2evkgPQY5GcLjer750ouE="></latexit>

�(�B�V�H�F���"�O�P�N�B�M�Z

@µ hJµ
L,gaugei =

i

4⇡
✏µ⌫@µA⌫

<latexit sha1_base64="6/vTKc+aLF4YmwBgS8IbrNdRPKU="></latexit>

@µ hJµ
5 i = � i

⇡
✏µ⌫@µA⌫

<latexit sha1_base64="0kh4MYrO6cSMAmgX4IZusUvK2Fc="></latexit>



�8�I�Z���T�Z�T�U�F�N�B�U�J�D� 
�4�I�B�J�M�F�T�I�$�I�B�O�E�S�B�T�F�L�I�B�S�B�O�`�T�.�F�U�I�P�E

�0�V�S���.�F�U�I�P�E
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