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1 ïÄ�µÚÄÅ

�C�U©*ÿkv
�yâL²·���»3\�)ä¿�\�ÝÄ

��±ØC"ùL²�»~êΛ����þ§·���»´��\�)ä

�ìCde Sitter��»"

,��¡§duvkÔ����Ø2´D¼��§NõD¼��¥�Å

ðÆÚé¡5òØ2�±§AO´§�xD¼��é¡5�âÔ[�C

5�ék�U´»"�"Ïd§âÔ[�C�nØ==���$U�k

�nØ§y3§A�Ly�3de Sitter��¥��A��C/ª"éuÛ
�D¼��¥�*ÿöó§de Sitter��¥âÔ[é¡5´²w»"
�"Ïd§ïÄde Sitter��¥âÔ[»"�|Ø´ék¿Â�§ùp·
�ÄkïÄâÔ[»"�²;>ÄåÆ"
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2 é¡�mnØ

��N�Ý5¡�´��é¡�§XJ§#NkN(N + 1)/2��5Õá�Killing¥

þ"��þ!�u,:��Ó5��m§7´��é¡�"�,�k§::��Ó

5��m7´��é¡�"��§��é¡��m7½´þ!���Ó5�"

����é¡��m7,´~Ç�m§�=§�IÇ�~ê"XJ����é

¡�mÝ5��KA���ê(½ÚÇ~ê(½§@où���é¡�m7,´

���"XJ·��é��é¡�m?1�[�ïÄ§��3���B��IX¥

�Ñù��Ý5Ò1
"

��N���é¡��mo�±i\3��N + 1��²��m¥§|^ù�²��

m�Ý5Úi\^�§Ò�±éN´p�Ñù�i\f6/�Ý5"
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3 de Sitter�����é¡5
éde Sitter��5`§§�±w�´�i\35�Minkowski��¥£Ý5
�ηAB = diag(1,−1,−1,−1,−1)¤�4��¡SΛµ

SΛ : ηABξ
AξB = −R2, (1)

ds2 = ηAB dξ
A dξB, (2)

dd�±p�Ñde Sitter���Ý5µ

ds2 = ηµνdξ
µdξν − K(ηµνξ

µdξν)2

1 +K(ηµνξµξν)
(3)

AO�§ù�Ý5�±32Â�IC�eC¤��/�mÃ'0�Ý

5§�Ò´·�Ý5"

ds2 = (1−Kx2)dt2 − dx2 − K(x · dx)2

1−Kx2 . (4)
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éude Sitter��§kéõ�À��IX§'X�Û�I§�/�I§·
��I�"ÏL�Û�I�±
)��de Sitter���AÛã�§eã
´d�de Sitter�����«¿ã

V¡L«de Sitter�m§J��L«de Sitter�m¥���NÈSd−1.
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�/�IKU
é�B�©Ûde Sitter��¥�ÏJ(�"

dSd�$Ûdã. H�ü4?�a�ÿ/�,ã¥z�:Ñ�L��d − 2�¥

¡Sd−2.À.¡���Sd−1.J�L«3H4:?�*ÿö�L�Ú�5À."�/

�mT3I−?�−π/2§3I+?�π/2.

ù�$Ûdã¤�«�de Sitter�m�,��5�Ò´µ?Û��ü��
*ÿöÑÃ{
)������
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·��I�Ð?3u�±ò�mÚ�m©l§����²w�a

�Killingé¡5. I���a�Killing¥þ��Ï´w,�§�kkù
o��Killing¥þ§·�â�±½Â�müz�¯K§½ö�é{`§
·�âU½ÂHamiltonþ"

ù�$Ûdã`²
·��IeKilling¥þ∂/∂t)¤�ÏJ��.À.£J�L

«¤3r2 = 1,HÏJ1I3m>�0 ≤ r ≤ 1 . Ã¡�L�Ú�5I± ur = ∞.

·�3ùpæ��«¢yLorentz»"��Y§=^·��I�de Sitter�

�¥�|Ø��D¼��|Ø�?�"
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4 Û���Ie|

·�|^Û�Ie|nØ5ïáâÔ[»"�²;>ÄåÆ"3Ie|

nØ¥§|^Ieϑa
µ �±3��6/�?¿�:��CÜþ|��I©

þTλµν...ÚT:Û�Ie|©þTabc...�mïáéX:

Tλµν... = ϑa
λϑ

b
µϑ

a
ν . . . Tabc... (5)

3�IÄe§���Ý5�gµν§3Û�Ie|¥§��Ý5�D¼Ý

5ηab = diag(1,−1,−1,−1).ÀJ¥�I§·��±r·�de SitterÝ5�
¤µ

ds2 = σdt2 − 1

σ
dr2 − r2dθ2 − r2 sin θ2dφ2 , (6)

Ù¥σ = 1−Kr2§Ïd·��±½ÂÛ�âÔ[Ieµϑa
µ, a = 0, 1, 2, 3

ϑa
µ = diag(

√
σ,

1√
σ
, r, r sin θ) . (7)

32Â�éØ¥§�*ÿþ´Û�âÔ[�I¥�¥þÚÜþ©þ"3

ùp·��±aq�½ÂD¼��¥�*ÿþÒ´de Sitter��¥éAÔ
nþ�¥þÜþ|�Û�Ie|©þ"
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·�de Sitter��¥��¥þÚ{�¥þÑ�±UìÛ�Ie|5©)§
é>^|§·�Ú\o�>^³

Aµ = eµ
aA

a = (
1√
σ
ϕ,
√
σAr,

1

r
Aθ,

1

r sin θ
Aφ) (8)

eµ
a = ηabg

µνϑb
ν = diag(

1√
σ
,
√
σ,

1

r
,

1

r sin θ
), Aa = (ϕ,Ar, Aθ, Aφ) .

ùp�Aa´4�/ÊÏ¥þ0�©þ§/ÊÏ¥þ0�´·�¤Ïé�
�*ÿþ",	§·�5¿�Ý5£4¤��mÜ©£éAuS3¤�¤�
�����IX§ÏdXe�±½ÂFÝ§ÑÝ§^ÝÚ.Ê.d�

f"

∼
∇ ψ = d′ψ =

√
σψ, rϑ

1 +
1

r
ψ, θϑ

2 +
1

r sin θ
ψ, φϑ

3 , (9)

∼
∇ ·~f = ∗′d′ ∗′ f =

2

r

√
σfr +

√
σfr, r +

cos θ

r sin θ
fθ +

1

r
fθ, θ +

1

r sin θ
fφ, φ ,(10)
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ïÄ�µÚÄÅ

é¡�mnØ

de Sitter�����é . . .

Û���Ie|

Lorentz»"�>ÄåÆ

UþÄþÅð

·>|Ú·^|

(JÚ?�Úó��Ð"

Ì�ë�©z

�  �

�¯Ì�

I K �

JJ II

J I

1 11�� 25�

� £

�¶w«

' 4

ò Ñ

∼
∇ ×~f = ∗′d′f = (

cos θ

r sin θ
fφ +

1

r
fφ, θ −

1

r sin θ
fθ, φ)ϑ

1 (11)

+(
1

r sin θ
fr, φ −

√
σfφ, r −

√
σ

r
fφ)ϑ

2

+(

√
σ

r
fθ +

√
σfθ, r −

1

r
fr, θ)ϑ

3 ,

∼
∇

2
ψ = (d′δ′ + δ′d′)ψ =

√
σ

r2

∂

∂r
(r2√σψ, r)

+
1

r2 sin θ

∂

∂θ
(sin θψ, θ) +

1

r2 sin2 θ

∂2ψ

∂φ2 . (12)

3±þ�ªf¥·�^ÎÒ/∼0Ú/′0L«ùp�FÝ§ÑÝÚ^
ÝÑ´3f6/S3þ�§~f�´f6/S3 þ�/ÊÏ¥þ0§~f =

frϑ
1 + fθϑ

2 + fφϑ
3 = (fr, fθ, fφ)§§�Ð´4�”ÊÏ¥þ”fa��mÜ©"

�5ÕáÄϑi = ϑi
µdx

µ, i = 1, 2, 3 Ò�Ñ
d3�/ÊÏ¥þ0��
�"
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5 Lorentz»"�>ÄåÆ
y3·��±Ú\>^|r�C2/ªµF = dA = 1

2Fµνdx
µ ∧ dxν"�d

·�Äk½Â/ÊÏ0>^|rÜþ�©þFab§§U
��¤��Ý


�/ªµ

Fab =


0 −Er −Eθ −Eφ

Er 0 Bφ −Bθ

Eθ −Bφ 0 Br

Eφ Bθ −Br 0

 (13)

u´FµνÒ´µ

Fµν =


0 −Er −r

√
σEθ −r sin θ

√
σEφ

Er 0 r√
σ
Bφ −r sin θ√

σ
Bθ

r
√
σEθ − r√

σ
Bφ 0 r2 sin θBr

r sin θ
√
σEφ

r sin θ√
σ
Bθ −r2 sin θBr 0

 . (14)

>^|��^þ�±��µ

IM =

∫
(−F ∧ ∗F − A ∧ ∗j) , (15)

ÎÒ/∗0´Hodge�f"

http://192.9.200.1
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d��±��>|rÝÚ^|rÝ�L�ª:

~E = − 1√
σ

∼
∇ (

√
σϕ)− 1√

σ

∂ ~A

∂t
(16)

~B =
∼
∇ × ~A , (17)

5¿�F = dA´���Ü2/ª,Ïd·�á��±��Bianchið�
ªµdF = d2A ≡ 0ÚÄåÆ�§µδF = ∗d ∗ F = j = jµdx

µ§Ù¥

·�½Âµ

jµ = ϑµ
aj

a = (
1√
σ
ρ,
√
σjr,

1

r
jθ,

1

r sin θ
jφ). (18)

u´·�dS��¥�>^|�§Ò�±�¤µ

∼
∇ · ~B = 0 (19)

∼
∇ ×(

√
σ ~E) +

∂ ~B

∂t
= 0 (20)

∼
∇ · ~E = ρ (21)

∼
∇ × ~B − 1√

σ

∂ ~E

∂t
= ~j (22)

http://192.9.200.1
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,	§d��5�^��AT´�A�de Sitter�C5�§=δA = 0"�

¤·�ÙG�/ªÒ´µ

∼
∇ ·(

√
σ ~A) +

∂ϕ

∂t
= 0 (23)

ù�de Sitter5�3�¡?n·^|¯K��ÿAO�"
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6 UþÄþÅð

y3·��Ä>^|ÚÔ���p�^§�=Ú��·�dS��¥�Ö
6��p�^"

XÚ�.¼þ�±�¤µ

LM = LE + L′M = −1

4
F µνFµν − jµA

µ (24)

Ù¥§LE = −1
4F

µνFµν´X>^�§L′M´�p�^�"u´>^å�
±ÏL�^þ�n5��µ

fµ = F µ
γj

γ = (e
~v · ~E√
σ
,
√
σfr,

1

r
fθ,

1

r sin θ
fφ) (25)

~f = (fr, fθ, fφ) = e( ~E + ~v × ~B) .

�K → 0§âÔ[»"�>ÄåÆÒC¤âÔ[�C�§>^å�ÒÓ

�C�âÔ[å"XJ·��Ï~@�½ÂUÄÜþ�X>^�µ

T αβ
em ≡ F α

γF
αβ − 1

4
gαβFλδF

λδ , (26)

http://192.9.200.1
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@oâÔ[»"�>ÄåÆ�UþÄþÅðÆÒ�±�¤µ

T αβ
em ; β = −F α

βj
β = −fα . (27)

ÎÒ”;”´�C�ê� �"·�r§�¤Ie/ªµ

1√
σ

∼
∇ ·~S +

1√
σ

∂ω

∂t
= −~j · ~E , (28)

~S = σ( ~E × ~B), ω =
1

2
(E2 +B2),

∼
∇ ·

⇀⇀

J +
1√
σ

∂~g

∂t
−K(~r × ~E × ~E) = −~f , (29)

⇀⇀

J = − ~E ~E − ~B ~B +
1

2

⇀⇀

I (E2 +B2), ~g = ~E × ~B ,

Ù¥~S, ω,
⇀⇀

J ,Ú~g©O´XÚ�U6�Ý(·<Ë¥þ)§Uþ�Ý§>^
AåÜþÚÄþ�Ý"

⇀⇀

I ´S3¥�ü Üþ.·�w�ù
�§²wØÓ
uD¼��¥�Åð�§"
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7 ·>|Ú·^|

��·�de Sitter��¥>^|�§���A^§·�ïÄ
?u~r0 =

(r0, θ0, φ0)���:>Ö£>Ö�q¤�·>|"�½ÂÛ�Ie|þ�:

>Ö§I�	·�dS��¥�>6ÅðÆ§=δj = 0§�¤Ie/ª�

∼
∇ ·(

√
σ~j) +

∂ρ

∂t
= 0 . (30)

23ëê�mrù��§��¥�I�/ªµ

∇ ·
~∼
j +

1√
σ

∂ρ

∂t
= 0 , (31)

Ù¥
~∼
j = (

√
σjr, jθ, jφ)"ÏdS

3þr0?�δ¼êÒ�±��µδ
′ 3(~r − ~r0) =

√
σδ3(~r − ~r0)§y3·��±�ρ = qδ′ 3(~r − ~r0)"|^·�c¡���|

�§§·>³�§ÒC¤µ

−
∼
∇ ·( 1√

σ

∼
∇ (

√
σϕ)) = qδ′ 3(~r − ~r0) . (32)

|^¥�I§rþª�¤ÙG�/ª§=µ

−∇2ϕ+K
∂

∂r
(r2∂ϕ

∂r
) + 3Kϕ+ 2Kr

∂ϕ

∂r
+
K2r2

σ
= qδ′ 3(~r − ~r0) (33)
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·�5¿�ù��§7L´de Sitter�C�§·�o�±3·�de
Sitter�m¥���Ü·�/[²£04�m��:lx = 0 C�?
¿a§Ïd·��o�±ÀJ*ÿ:Ò´�m�I�:§=3(33)ª¥

4r → 0§·�Òk

−∇2ϕ+ 3Kϕ = qδ3(~r − ~r0) . (34)

u´)Ñ·>³Ú·>|rÒ�©N´
"

ϕ =
q

4πr0
e−
√

3K r0 (35)

~E = −q ~r0
4πr3

0
e−
√

3K r0 + q

√
3K~r0
4πr2

0
e−
√

3K r0 . (36)

ù�/ªw,Ú¥Õ½ÆØÓ"?�Ïf��3¦�·>³���)A

³§§¯¢þ�±w�dde Sitter�����1f·�þ"
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�e5·��Ä
·�dS��¥�>6�·^|"3~r0?�����>
6(>6rÝ�I§�»�a§�%3~r0?)§*ÿöE,?u�m�:"3
·^|�/e§IÀJ5�^�§|^(23)ª�5�^�§�±��

∼
∇ · ~A =

K√
σ
~r · ~A . (37)

,��¡§l(34)ª��Û�âÔ[�Ie�Åð6�µ

~∼
j(~r) =

√
σ~j(~r), ~j(~r) = jrϑ

1 + jθϑ
2 + jφϑ

3 (38)

5¿�S3þ�/ÊÏ¥þ0~f = frϑ
1 + fθϑ

2 + fφϑ
3�Au��3�î¼�

m¥�¥þ~f = 1√
σ
fr~er+fθ~eθ+fφ~eφ§½Â ~A′(~r) = 1√

σ
Ar~er+Aθ~eθ+Aφ~eφ§

ò�§£37¤�¤¥�Ie�/ª�

∇ · ~A′ = 4KrA′r +Kr2A′r, r (39)

¥³��©�§�Ò�±�¤¥�I©þ�/ªµ

− (∇2 ~A′)r + 4KA′r + 6KrA′r, r +Kr2A′r, r ,r =
1√
σ
jr (40)

−(∇2 ~A′)θ + [K(r(rA′θ), r), r + 3KA′r, θ] = jθ (41)

−(∇2 ~A′)φ + [K(r(rA′φ), r), r +
3

sin θ
KA′r, φ] = jφ . (42)
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−∇2 ~A′(~r) + 4K ~A′(~r) = ~j′(~r) (43)

Ù)�µ

~A′(0) = A′φ′~eφ′ = −A′φ′ sin θ sin (φ− φ0)~er

−A′φ′ cos θ sin (φ− φ0)~eθ − A′φ′ cos (φ− φ0)~eφ (44)

Ù¥

~A′ = A′φ′~eφ′ =
Ia

4π

∮ 2π

0

cosϕdϕ√
r2
0 + a2 − 2r0a sin θ′ cosϕ

e−
√

4K
√

r2
0+a2−2r0a sin θ′ cos ϕ~eφ′(45)

�2r0a sin θ′ � r2
0 +a2�§=3�|(r0 � a)ÚC¶|(r0 sin θ′ � a)«�§

þ¡�È©U
�CqÐm�n?µ

A′φ′ =
Ia

4π

∫
dϕ cosϕ[P r0a sin θ′ cosϕ

(r2
0 + a2)3/2 +N r3

0a
3 sin3 θ′ cos3 ϕ

(r2
0 + a2)7/2 ] (46)

=
Ia

4π
[P r0a sin θ′

(r2
0 + a2)3/2 +

3

4
N r3

0a
3 sin3 θ′

(r2
0 + a2)7/2 ] ,
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Ù¥

P =
e−
√

4K(r2
0+a2)

2
(1 +

√
4K(r2

0 + a2))

N =
e−
√

4K(r2
0+a2)

48
{15 + 15

√
4K(r2

0 + a2) + 24K(r2
0 + a2) + [

√
4K(r2

0 + a2) ]3}

r�:C£�3*ÿ:?§-θ′ = π − θ0, φ
′ = φ0 − π§u´*ÿ:?�

�>6�¥³ ~AÒ´µ

~

A(0) = ~A′(0) = A′r~er + A′θ~eθ + A′φ~eφ = −A′φ′ sin θ sin (φ− φ0)~er (47)

−A′φ′ cos θ sin (φ− φ0)~eθ − A′φ′ cos (φ− φ0)~eφ .

·>³Ú·^³¥��êP~Ïf¯¢þ�«
1f�k��þ"�

,3·���.¥d·>³Ú·^³���1fk��þké���

É§�d
mγc

~ ∼
√
K ∼

√
Λ�±é{ü���ù�k��þ�þ?�

��µmγ ∼ 10−64�§ùÚyk©z¥�¢�þU*ÿ�1f�þþ

�mγ < 1.2 × 10−51��'�
13�êþ?§Ïd8c�¢���vk�
�ù��uÿ°Ý"
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3dâÔ[»"��.e�UþÄþÅðÆ"����âÔ[»"�>

^|nØ�A^¿�D�TnØ¢�¿Â§·�©OïÄ
ü�Ä��

¯Kµ:>Ö�·>|Ú�>6�·^|"·�uy3ü«�¹eÑk

��aq��êP~Ïf§ù��A�±w�´��;.�âÔ[»"

��A"

�´·�==?Ø
²;>ÄåÆ�.§?�Ú�ó�ò´XÛ3dµ

ee��A�þfz¯K",��¡§·�3ùpæ^
·�Ý5§®

kïÄó�L²Beltrami�Ie�de Sitter���±ég,/½Âí2�
dÂ�éØ§XÛ3Beltrami�Ie�ï>^|nØÒw�ék¿Â"
·�3ùp�?Ø
IO�.>^Ü©�í2¯K§3·��IO�.
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