
! 1015 2

I > 1018 2

8 80
∼ 800

m

θmn d

nλ/md = sin(θ ) + sin(θmn) ,

λ n
θ θ

θmn



d

ω = ω ,
ω

c
sin θ + k =

2π

d
j ,

ω = 2πc/λ
θ j

ω k

ε(ω) = 1−ω2
p/ω

2 ≡ 1−α
α > 2

(k c/ω )2 = ε(ω )/(ε(ω ) + 1)

jλ/d = (α− 1)1/2/(α− 2)1/2 + sin(θ ) .

α α = ne/nc

ne nc = meω2/4πe2 = 1.1 ×
1021 −3/(λ[µ ])2

α ≫ 1
sin(θ ) ≃ −1 + jλ/d

d > jλ/2

j = 1
ω (k )

j ≥ 2
d

m

sin(θmn) ≃ − sin(θ ) +
n

m
(1 + sin(θ )) ,

α ≫ 1

-20

-10

 0

 10

 20

 0  10  20

y
/λ

x/λ

t=0T

 0  10  20

x/λ

t=35T

-15

 0

 15

B
z
 [
a

0
]

θi=-30°

θ0=30°

n=0

n=-1

n=-2

n=1

Bz d = 2λ
30◦ t = 0T t = 35T

30◦ θ = θ = −30◦

n = 1,−1,−2
90◦ 0◦ −30◦

(a) (b)

M
ax

 F
ie

ld
 [F

/F
(0

)]

angle of incidence [°]

G30, E
G30, B

F, E
F, B

 1

 2

 3

 4

 5

 6

 10  20  30  40  50

(a) (b)

k y

kx

-4

 0

 4

 8

 0  4  8
100

101

102

103

104

fft
(B

z)
2  [a

rb
.u

ni
ts

]
≃ 35◦

B̂z(kx, ky)
35◦

ne = 128nc

ne ≫ nc

1λ

d = 2λ
θ = 30◦



0.25λ

80λ × 80λ

λ/154
m ≈ 15 ≈ 10

5λ cos2

λ/c
P

5◦ − 45◦

a0 = 15 a0 =
0.85(I[1018 2])1/2λL[µ ] λ = 0.8 µ

≈ 4.9× 1020 −2

a0 = 5 − 100
I = 5.4× 1019 − 2.2× 1022 −2

d = 1.52λ
3.41λ θ = 20◦

45◦

a0 = 15 d = 2λ

-5

0

5

10

15

 0  5  10  15

k y

kx

F @45°

 0  5  10  15
kx

G30 @15°

 0  5  10  15
kx

G30 @30°

 0  5  10  15
kx

G30 @35°

 0  5  10  15
kx

G30 @45°

10-6

10-5

10-4

10-3

10-2

10-1

fft
(B

z)
2  [a

rb
.u

ni
ts

]

B̂z(kx, ky) 45◦ θi = 15◦, 30◦, 35◦, 45◦

θi = 35◦

Bz

t = 0T
t = 35T T = λ/c

x = 0 n = −1 n = −2

θ
θ

≈ 35◦

∼ 5

θ

Bz(x < 0, y, t = 35T ) Bz

B̂z(kx, ky)
35◦

k = 1

15◦, 30◦

, 35◦, 45◦ 45◦

m = 1

35◦



 0

 15

 10  30  50

I m
 [a

rb
.u

.]

m = 5

G30
F

 0

 3

 10  30  50
angle of incidence [°]

m = 10

 0

 1

 10  30  50

m = 15

Im
m = 5, 10, 15

Im 35◦ Im

ky = 0

m
θ

Im(θ)

θ
=

∫ km+1/2

km−1/2
k k|B̂z(kx, ky)|2 ,

kx = k cos(θ) ky = k sin(θ) m
Im = Im(θ)

|θ| < π/2
Im

m = 5, 10, 15

32.5◦−35◦ 30◦

Im

θ θ

m

35◦ 45◦

λ/400
m ≈ 40

45◦

80◦

m = 1

10-8

10-6

10-4

10-2

100

 0  10  20  30  40

G30 35°

F 45°

In
te

ns
ity

 [I
/I 0

]

m

45± 2.5◦

45◦ 80± 2.5◦ 35◦

≈ 60%
m = 2 ≈ 6

≈
m = 40





-20

-10

 0

 10

 20

 0  10  20

y
/λ

x/λ

t=0T

 0  10  20

x/λ

t=35T

-15

 0

 15

B
z
 [
a

0
]

θi=-30°

θ0=30°

n=0

n=-1

n=-2

n=1



(a) (b)

M
ax

 F
ie

ld
 [F

/F
(0

)]

angle of incidence [°]

G30, E
G30, B

F, E
F, B

 1

 2

 3

 4

 5

 6

 10  20  30  40  50

(a) (b)
k y

kx

-4

 0

 4

 8

 0  4  8
100

101

102

103

104

fft
(B

z)
2  [a

rb
.u

ni
ts

]



-5

0

5

10

15

 0  5  10  15

k y

kx

F @45°

 0  5  10  15
kx

G30 @15°

 0  5  10  15
kx

G30 @30°

 0  5  10  15
kx

G30 @35°

 0  5  10  15
kx

G30 @45°

10-6

10-5

10-4

10-3

10-2

10-1

fft
(B

z)
2  [a

rb
.u

ni
ts

]



 0

 15

 10  30  50

I m
 [a

rb
.u

.]

m = 5

G30
F

 0

 3

 10  30  50
angle of incidence [°]

m = 10

 0

 1

 10  30  50

m = 15



10-8

10-6

10-4

10-2

100

 0  10  20  30  40

G30 35°

F 45°

In
te

ns
ity

 [I
/I 0

]

m


