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A(r) = − i re
ω

∫

�
3

ρ(r′)E(r′)

‖r − r′‖ e−ik‖r−r′‖ d3r′ .
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∇× B − ε0µ0

∂E
∂t = µ0 J
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EP (r) = − i

ω

(
c2∇×∇× A(r) − 1

ε0
J(r)

)

= − i

ω
c2∇×∇× A(r) − χ(r)E(r)

= − re
k2

∇×∇×
(∫

�
3

ρ(r′)E(r′)

‖r − r′‖ e−ik‖r−r′‖ d3r′
)
− χ(r)E(r)
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G = {n1a1 + n2a2 + n3a3 |n1, n2, n3 ∈ 	} .
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ρ(r + T ) = ρ(r) ∀ T ∈ G .
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ρ(r) =
1

V

∑

H∈G∗

FHe−iH·r 
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V := a1 · a2 × a3
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V

ρ(r)eiH·rd3r .
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i = π
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j,k=1

aj × ak

a1 · a2 × a3
εijk ,
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G
∗

= {ha∗
1 + ka∗

2 + la∗
3 |h, k, l ∈ 	} .
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E(r) = E0e
−iK·r ������ � �


A(r) = − i re
ωV

E0

∫

�
3

∑

H∈G∗

FH

e−iH·r′−iK·r′−ik‖r−r′‖

‖r − r′‖ d3r′
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= − i re
ωV

E0

∑

H∈G∗

FHe−i(K+H)·r

∫

�
3

e−i(K+H)·r′−ik‖r′‖

‖r′‖ d3r′ .
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A(r) = − i re
ωV

E0

∑

H∈G∗

FHe−i(K+H)·r 4π

‖K + H‖2 − k2
.
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EP (r) = − re
k2V

∇×∇×



E0

∑

H∈G∗

FHe−iKH ·r 4π

‖KH‖2 − k2



− χ(r)E(r)

=
4πre
k2V

∑

H∈G∗

FH

(
KH (KH · E0) − E0‖KH‖2

‖KH‖2 − k2
+ E0

)
e−iKH ·r

= Γ
∑

H∈G∗

FHe−i(KH)·r

(
(E0 − E⊥) − k2E⊥

‖KH‖2 − k2

)
,
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‖KH′‖2 − k2 ≈ −2nk2∆θ sin 2θB ,
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EP (r) = Γ

(
F0e−iK·r E0

1 − n2
+ FH′e−iK

H′ ·r

(
E⊥

2n∆θ sin 2θB
+ E0 − E⊥

))
.
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EP (r) = E0e
−iK·r + ΓFH′e−iK
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A(r) = − ire
ω

E0

∫

�
3

ρ(r′)

‖r − r′‖ e−iK·r′−ik‖r−r′‖ d3r′

� ��$ �

= − ire
ωV

E0

∑

H

FH

∫

S

e−iH·r′−iK·r′

f(r′z , H)
e−ik‖r−r′‖

‖r − r′‖ d3r′ .
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e−ikr

r
=

1

2π2
lim
ε→0

∫

�
3

e−iq·r

q2 − k2 + iε
d3q
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A(r) = − ik

4πc
ΓE0

∑

H

FH

∫

S

e−iKH ·r′

f(r′z , H)
1

2π2
lim
ε→0

∫

�
3

e−iq·(r−r′)

q2 − k2 + iε
d3q d3r′

= − ik

8π3c
ΓE0

∑

H

FH lim
ε→0

∫

�
3

e−iq·r

q2 − k2 + iε

∫

S

e−i(KH−q)·r′

f(r′z, H) d3r′ d3q .
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qy

���� �
�� ��

 ������ ������#���
 �
� �� ���
&� �
��

A(r) = − ik

2πc
ΓE0

∑

H

FH lim
ε→0

∫

�
3

e−iq·r

q2 − k2 + iε
δ(Kx + Hx − qx)δ(Ky + Hy − qy)

∫ L

0

e−i(Kz+Hz−qz)r′

z f(r′z, H) dr′z d3q

= − ik

2πc
ΓE0

∑

H

FH lim
ε→0

∫

�
e−i((Kx+Hx)rx+(Ky+Hy)y+qzrz)

(Kx + Hx)2 + (Ky + Hy)2 + q2
z − k2 + iε

∫ L

0

e−i(Kz+Hz−qz)r′

z f(r′z, H) dr′z dqz

= − ik

2πc
ΓE0

∑

H

FHe−iKH ·r

∫ L

0

ei(Kz+Hz)(rz−r′

z)f(r′z, H)

lim
ε→0

∫

�
e−iqz(rz−r′

z)

q2
z + ‖KH‖2 − (Kz + Hz)2 − k2 + iε

dqz

︸ ︷︷ ︸

= 2πi
e−iζ|rz−r′

z|

−2ζ

dr′z ,

��&�
 �
� ���& ��
&�
�� �
������
�
 #&��
qz

� 
� ( 
��� ��� ���
���
���"�� ������#���
� 
�� � 	�&�
 �#��� � �
 �
� �&�#�"�
��


ζ =

√
2

2

√
β2 +

√
β4 + ε2 − i

ε√
β2 +

√
β4 + ε2

�
�

β2 = (Kz + Hz)
2 + k2 − ‖KH‖2 
� ����

�

 �
� ������ ��

A(r) = − ik

2πc
ΓE0

∑

H

FHe−iKH ·r

∫ L

0

ei(Kz+Hz)(rz−r′

z)f(r′z , H)πi
e−i|β||rz−r′

z|

−|β| dr′z

= − k

2c
ΓE0

∑

H

FHe−iKH ·r

|β|

(∫ rz

0

f(r′z , H)ei(Kz+Hz−|β|)(rz−r′

z) dr′z

+

∫ L

rz

f(r′z , H)ei(Kz+Hz+|β|)(rz−r′

z) dr′z

)
.
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Kz + Hz + |β| ≈ −1

2

k2 − ‖KH‖2

Kz + Hz
≈ −∆θk2 sin 2θB

Kz + Hz
≈ −∆θk sin 2θB

γH

,

� �� �

�� ������ � �


A(r) ≈ k

2c
ΓE0

FHe−iKH ·r

Kz + Hz + ∆θk sin 2θB/γH

∫ L

rz

f(r′z, H)e
−i

∆θk sin 2θB
γH

(rz−r′

z)
dr′z

�
� 
��� ����
� ���� �
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�


A(r) ≈ k

2c
ΓE0

FHe−iKH ·r

i∆θk sin 2θB

γH
(Kz + Hz + ∆θk sin 2θB/γH)

(
f(L, H)e

−i
∆θk sin 2θB

γH
(rz−L) − f(rz, H) −

∫ L

rz

∂f(r′z, H)

∂r′z
e
−i

∆θk sin 2θB
γH

(rz−r′

z)
dr′z

︸ ︷︷ ︸
≈ 0

� ��
f

�
�� 
�� ��
���� ����
����

)

≈ ik

2c
ΓE0

FHe−iKH ·r

∆θk2 sin 2θB

(
f(rz , H) − f(L, H)e

−i
∆θk sin 2θB

γH
(rz−L)

)
.
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A(r) ≈ i

ck
ΓE0

FHe−iKH ·r

∆θ2 sin 2θB
f(rz , H) ,
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σ
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E(r) ≈ E0ΓFH e−iKH ·r f(rz , H)

∆θ 2 sin 2θB
.
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I(r) = E2
0

(
1 + Γ Re

FH e−iH·rf(rz, H)

∆θ sin 2θB

)
.
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Υc2
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fc

(
Re F1 Im F1

Re F2 Im F2

)

︸ ︷︷ ︸
=: A

(
cos 2πΦc

sin 2πΦc

)
=

(
Υc1

Υc2

)
=: y ,
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fc = ‖A−1y‖ 
� � ��

Φc =
1

2π
arctan

(
x2

x1

)
+

1 − signx1

4

� 
�
(

x1

x2

)
:= A−1y .
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φj := argFj


j = 1, 2
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σfc
=

√
sin2(2πΦc − φ2)σ2

Υc1
/|F1|2 + sin2(2πΦc − φ1)σ2

Υc2
/|F2|2

|sin(φ2 − φ1)|
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σΦc
=

√
cos2(2πΦc − φ2)σ2

Υc1
/|F1|2 + cos2(2πΦc − φ1)σ2

Υc2
/|F2|2

2πfc|sin(φ2 − φ1)|
.
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σfc
<

√
2σΥc,rel

|sin(φ2 − φ1)|

σΦc
<

√
2 σΥc,rel

2πfc|sin(φ2 − φ1)|
.
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Y (∆θ) = Y0

(
1 +

Γ

sin 2θB
Υc

1

∆θ

)
±
√

Y0 .
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Y0
Γ

sin 2θB

1

∆θ
(Υc2 − Υc1︸ ︷︷ ︸

=: ∆Υc

) > 2
√

Y0 .
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α [◦] 10 ± 1 80.5 ± 0.5 10 ± 1 80.5 ± 0.5
zeff [µm] 1.6 ± 0.1 3.74 ± 0.02 1.3 ± 0.1 3.76 ± 0.02
Υc 137 ± 5 153 ± 4 135 ± 5 151 ± 3
ReF(110)

�� ��&�$ �� ��&�$
fc 0.75 ± 0.03 0.84 ± 0.02 0.75 ± 0.03 0.83 ± 0.02
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Ψ̂(q) =
4π

q2 − k2
=: Φk(q).
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1

(2π)3
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e−iq·rΦk(q)d3q =
1

r






eikr Im k > 0
cos(kr) Im k = 0

e−ikr Im k < 0 .
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e−ikr−µr

r
=

1

2π2

∫
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e−iq·r

q2 − (k − iµ)2
d3q .
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e−ikr

r
=

1

2π2
lim
µ→0

∫
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3

e−iq·r

q2 − (k − iµ)2
d3q .
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∇ · E =
1

ε0
ρ ∇ · B = 0
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∇× B − ε0µ0
∂E

∂t
= µ0 J ∇× E +

∂B

∂t
= 0
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D := ε0 E + P H :=
1

µ0
B − M ,
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M
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∇ · D = ρfrei ∇ · B = 0
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∇× H − ∂D

∂t
= Jfrei ∇× E +

∂B

∂t
= 0 ,
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ρfrei := ρ + ∇ · P Jfrei := J − ∂P

∂t
−∇× M .


� �#�
	
��� � ��
���
��
 ���# ���
 ����� ��
��� �
� $�
�

� 
����� ��
���
�

∂ρ

∂t
+ ∇ · J = 0 .
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E := −∇φ − ∂A

∂t
B := ∇× A ,
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φ
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1

c2

∂2φ

∂t2
− ∆φ = ρ
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1

c2

∂2A

∂t2
− ∆A = J .
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φ(x, t) =

∫ ∫
G+(x, t, x′, t′)ρ(x′, t′)dx dt
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A(x, t) =

∫ ∫
G+(x, t, x′, t′)J(x′, t′)dx dt ,
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G+
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G±(x, t, x′, t′) =
δ
(
t′ −

[
t ∓ ‖x−x′‖

c

])

‖x − x′‖
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ρ(r) =
1

V

∑

H∈G∗

FHe−iH·r

FH =

∫

V

ρ(r)eiH·rd3r

=
∑

j

fj(H)eiH·rj
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Γ =
4πre
k2V

η =
b∆θ sin 2θB + 1

2ΓF0(1 − b)

Γ|p|
√
|b|FHF−H

ξ0 =
1

2
kΓ|p|

√
|b|
√

FHF−H

(
η ±

√
η2 + b

|b|

)

ξH =
1

2
kΓ|p| 1√

|b|
√

FHF−H

(
η ±

√
η2 + b

|b|

)−1

�
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I(r) ∝ 1 +
Γ

sin 2θB
×
(

∆θ′ Re
(
FHe−iH·r

)

∆θ′2 + δ2
+

δ Im
(
FHe−iH·r

)

∆θ′2 + δ2

)

∆θ′ = ∆θ + ΓF ′
0(1 − b)/(2b sin 2θB)

δ = ΓF ′′
0

1 − b

2b sin 2θB
=

µ0

k

1 − b

2b sin 2θB

����
����
�
� � ��� ��� !� ����
 �

Y (∆θ) =
Y0

1 + M

(
1 +

Γ

sin 2θB

(
Υc −

Υµ

1 + M

)
1

∆θ

)

Υc = |FH |fc cos(2πΦc − argFH )

Υµ =
Im
(
FHF−H

)

2 ImF0

M =
µ2 sin θ

µ0 sin α
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