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Abstract: Based on the anisotropies of CMB (Cosmic Microwave Background Radiation,

CMB) on the large scale and Mach’s principle, this paper proposed that the Lorentz

invariance is violated from the length scale of galaxy. SIM(2) gauge theory was taken as

an example of such motivation to illustrate the so called dark matter effect, the deviation

of astronomical observation from Newton-Einstein prediction, which can be emerged from

the accumulated Lorentz violation effect on the short scale. SIM(2) gauge theory was

analyzed and 8 additional constrain equations were obtained in addition to the equation

of motion, while the independent components of contorsion were also reduced to 8. It can

lead us to the conclusion that the contorsion is non-trivial and can contribute an effective

energy-momentum distribution even in the region devoid of matter. Finally, the cylindrical

symmetrized solution of metric under weak field expansion was given and its property was

analyzed.
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0 Ú ó

2Â�éØ´��ÔnÆ¥�­��nØ��. �Xþf|Ø, AO´Ù¥5�nØ¤

õ/Ú�
f>nØ, \þ�Ú�nØ(Grand Unified Theory, GUT)�Áï, <�Åìm©

g�´Ä�±ò2Â�éØ, �Ò´ÚånØNB�5�|Ø�¥�. Utiyama 3 1955 c

ÄkJÑ
ò2Â�éØw¤´�«5�nØ�g�[1], ¦�Ñ
5�³´�¼Î, 5�|

r´iùÜþ. Kibble 3 1960 cÄu Utiyama �Ä:, òù�nØ�\/ªz[2]. 
�w3

1974 c�^¦gC� Yang-Mills nØòÚå5�z[3].

Lorentz é¡5´��ÔnÆ�Ä:. glð�d��§|�¯­, OÏd"3w�ð

�d��§|{©�Ó�, �w�
ù��§|´k Lorentz é¡5�. ù�*:�.6C


Úî�����*. OÏd"òù�é¡5^3
¦�1��nØ——dÂ�éØ¥. �

X�m�í£, ÔnÆ[�m©g�XJvk Lorentz é¡5¬�)N��Ôn, 
ù
V

«Ñy3
�ºÝ�Ônã�þ.

CMB ´�»@Ï1fòÍ��Ë�. l CMB �êâ�±w�, ·���(Xì�é

u CMB ·�ë�X± 627±22 km/s ��Ý÷Õ² l = 263.99◦ ± 0.14◦, b = 48.26◦ ± 0.03◦ �

�$Ä, ù�$Ä��ó4Ý��É5. lnØ�Ýw, CMB ·�ë�X��3=¦3�l

?Û(X�/�Ñ»�
 Lorentz �C5[4]. CMB êâ��3$õ?ÝÚÙ¦�~, ÃX�

~�ºÝ���É5!�~ü�Ú�pd©Ù�, Ù¥±Y�m����Ø5gu$ -l õ

?Ýµ¥�Ðm l=2 �o?Ý�Ì���¿ýó�'L$, l=3 �o?Ý�l?Ý�ªmk

Ã{)º�éX¿���¡Ú��¡�U¥»�ü��:ë�kéX, ù�ë���¡�

��¶%[5].

êâ�n`²Û�.5Ied�ºÝÔ�©Ù(½, Ù�±����/�ã�µÛ�

Ôn5Æd�»��ºÝ(�(½[6]. ù�·�g��ºÝþ Lorentz é¡5�¯KJø


ë�.

CMB ����Ó5±9éêâ�n�g�V«
 Lorentz é¡53�ºÝþ»"
3

�ºÝþ\È¤�*�A��U5.

1999 c, Coleman Ú Galshow JÑ
 l Lorentz é¡5����.[7]. ù��.��

�²£±9�m=ÄØC5, 
#Né�=Ä�UC; ù��.^��~�a�4¥(e¥)5

ëêz. 
� Colladay Ú Kostelecky Ú\
����e¥���6Ä, ù
þ�±w¤´d

u Lorentz é¡5»"
���,
Üþ��"�ý�Ï"�[8].

2000 c, Amelino-Camelia JÑ
VdÂ�éØ[9]. ù�nØ�¡�kü�*ÿöØ�

6ºÝ�dÂ�éØµ��´k�Ýþj� c; ��´k�þþj� κ. cö�±@Ó�1

�, �ö�±@Ó� Plank �þ; 
3 κ → ∞ �nØ£�dÂ�éØ. Ïdù�nØ��´

dÂ�éØ»"�.

CPT(Charge conjugation-Parity-Time reversal, CPT)é¡5�´��Ôn��î��

é¡5��; 
ù�é¡5Ú Lorentz +kX�~;��éX. ·�uy, 3,
nØ¥ CP

Ú P ¬Ñy»", ùV«X P!T é¡5¿�´î�ØC�. 
 Lorentz +(�k)\þ P!T

é¡5â´�� Lorentz +. ùÒV«, Lorentz +(�k)��U¬»".

2006 c, Cohen Ú Glashow JÑ
dÂ�éØé¡5»"�Å�, ù�nØ¡�

�~dÂ�éØ[10]. ��é¡5Ø2´ Lorentz +(Poincare +), 
´ Lorentz +�f
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+µE(2)¶HOM(2)¶SIM(2). ¦�uydÂ�éØ¥�¦��mCz!�ÝU\�ØI

� Lorentz +
�I�Ùf+Ò�±¢y. Ù^�´, f+\\ P!T Ò�±*Ü¤�

�� Lorentz +. 3ù
f+¥, »"§Ý���Ò´ 4 )¤�f+ SIM(2) +. 2007 c,

Gibbons!Gomis Ú Pope JÑ
 SIM(2) +����ÛÜé¡+�., ¦�uyù��.ä

k Finsler AÛ�5�[11].

·�± SIM(2) +�Û�5�é¡+, ¿òÙ^u5�nØ.

1 SIM(2)Úå5�nØ

�©��
PÒ5�ë�
©z [12-13].

Lorentz Ý5�L�ª�

ηab =













1 0 0 0

0 −1 0 0

0 0 −1 0

0 0 0 −1













. (1)

½ÂIe ha
µ, §÷v

ηab = gµνha
µhb

ν . (2)

Ù(�Xê�±L«�

f c
ab = (ha

µhb
ν − ha

νhb
µ) ∂νhc

µ. (3)

Ïd

f c
ab = −f c

ba. (4)

Lorentz o�êk 6 �Õá)¤�, Ù÷v�é´f�

[Mab, Mcd] = i (ηbcMad − ηacMbd − ηbdMac + ηadMbc) , (5)

Ù¥, éA�Äþ)¤���

J1 = M23, J2 = M31, J3 = M12. (6)

éA�=Ä (boost) )¤���

K1 = M10, K2 = M20, K3 = M30. (7)

^�ÄþÚ�=Ä)¤�L«, é´'X�±�¤

[Ji, Jj ] = iεijkJk,

[Ji, Kj ] = iεijkKk,

[Ki, Kj] = −iεijkJk.

(8)

SIM(2) )¤��

T1 = K1 + J2 = M10 + M31,

T2 = K2 − J1 = M20 − M23,

J3 = M12, K3 = M30.

(9)
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Lorentz éä Aµ äNÐm�/ª�

Aµ=A10
µM10 + A20

µM20 + A30
µM30 + A12

µM12 + A23
µM23 + A31

µM31. (10)

Mab éeI�¡, ù¦��Ù ¿� Aab
µ �´�¡�. ù�éä½Â��C�ê�Î�

Dµ = ∂µ −
i

2
Aab

µMab. (11)

¢Sþ, Mab ´ Lorentz o�ê�L«, du·�ÀJ��m, �� Lorentz +�¥þL«.

�
òo�ê��3 SIM(2) þ, ·��\���§

A10
µ − A31

µ = 0, A20
µ + A23

µ = 0. (12)

k
ù����, Òl Lorentz ��5�nØ�� SIM(2) ��5�nØ.

� Aa
bµ �éA��5éä Γρ

νµ ÷v

Γρ
νµ = ha

ρDµha
ν = ha

ρ∂µha
ν + ha

ρAa
bµhb

ν , (13)

ù�±©)��¼ÎÚ contorsion

Γρ
µν = Γ′ρ

µν + Kρ
µν . (14)

Ac
ab �¤ f c

ab ±9LÇ T c
ab �¼ê, ÷v

Aa
bc =

1

2
(fb

a
c + Tb

a
c + fc

a
b + Tc

a
b − fa

bc − T a
bc) . (15)

­ÇÚg^éäm÷v

Rab
µν = ∂µAab

ν − ∂νAab
µ + Aa

cµAcb
ν − Aa

cνAcb
µ. (16)

�±�¤���I�/ª

Rρ
λνµ = ha

ρhb
λRa

bνµ = Γρ
λµ,ν − Γρ

λν,µ + Γρ
ηνΓη

λµ − Γρ
ηµΓη

λν . (17)

E,ò.¼þÀ��Iþ­Ç. �â­ÇÜþ, Iþ­Ç�±��

R = ha
νhb

µRab
νµ = ha

νhb
µ

(

Aab
µ,ν − Aab

ν,µ+Aa
eνAeb

µ − Aa
eµAeb

ν

)

. (18)

Lorentz ��5�nØ��^þ´ Hilbert �^þ, 
 SIM(2) ��5�nØkü��å,

��u�2�^ü��å¦f�, �^þ�

SE =
1

16πG

∫ √
−g

(

R + λ1
µ

(

A10
µ − A31

µ

)

+ λ2
µ

(

A20
µ + A23

µ

)

.
)

d4x. (19)

·�ég^éä�C©, (J�

δASE =
1

16πG

∫
d4xhδA

(

Rab
ab + λ1

µ
(

A10
µ − A31

µ

)

+ λ2
µ

(

A20
µ + A23

µ

))

=
1

16πG

∫
d4xδAab

µ

[

−Dν (h (ha
νhb

µ − ha
µhb

ν))

+λ1
µh

(

δa
1δb

0 − δa
3δb

1
)

+ λ2
µh

(

δa
2δb

0 − δa
2δb

3
)

]

,
(20)
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Ù¥,

Dν (h (ha
νhb

µ − ha
µhb

ν))

= ∂ν (h (ha
νhb

µ − ha
µhb

ν)) − h (hc
νhb

µ − hc
µhb

ν)Ac
aν − h (hc

νha
µ − hc

µha
ν)Ab

c
ν .

(21)

ù�(J�±��

−Dν (h (ha
νhb

µ − ha
µhb

ν)) + λ1
µh

(

δa
1δb

0 − δa
3δb

1
)

+ λ2
µh

(

δa
2δb

0 − δa
2δb

3
)

= 0. (22)

du

Dα

(

h
(

ha
αhb

β − ha
βhb

α
))

= h
(

hc
βT c

ba − ha
βT c

bc + hb
βT c

ac

)

, (23)

Ïdé SIM(2) 5�nØ, =¦´vkÔ�|��¹e, LÇ�Ø2� 0. ·���

hc
β (T c

01 + T c
13) +

(

h0
β − h3

β
)

T c
1c + h1

β (T c
3c − T c

0c) = 0,

hc
β (T c

02 + T c
32) − h2

β (T c
0c + T c

3c) +
(

h0
β + h3

β
)

T c
2c = 0.

(24)

éÙ¦� (a, b) k

Dν (h (ha
νhb

µ − ha
µhb

ν)) = 0, (25)

éIeC©

δhSE =
1

16πG

∫
d4x

[

δhRab
ab + h

(

∂νAab
µ+Aa

eνAeb
µ

)

δh (ha
νhb

µ − ha
µhb

ν)

+
(

A10
µ − A31

µ

)

δ (hλ1
µ) +

(

A20
µ + A23

µ

)

δ (hλ2
µ)

]

. (26)

du�å�§, ·����ÄåÆ�§3/ªþÚ Einstein �§��

Ra
c −

1

2
δc

aR = 0. (27)

·�E,òd¡� Einstein �§. ��5¿ü:: 1�, ¢�þù��§��Ú�å�§é

á, Ïd, ­ÇÚ Hilbert �^þ�(JØÓ¶1�, ù��§� contorsion ¿Ø� 0, ÏdÙ

5�³Ú2Â�éØ�ØÓ.

·�äN�¦)g´´ò¤k�þÑL�� contorsion K Ú(�Xê f �L�ª.

òg^éä�¤ contorsion �/ªk

Aa
bc = A′a

bc + Ka
bc, (28)

Ù¥,

A′a
bc =

1

2
(fb

a
c + fc

a
b − fa

bc) ,

Ka
bc =

1

2
(Tb

a
c + Tc

a
b − T a

bc) .

(29)

�å^��±^ contorsion Ú f L�

K10
c − K31

c =
1

2

(

f10
c − f31

c − f01
c − fc

10 + f13
c + fc

31
)

,

K20
c + K23

c =
1

2

(

f20
c + f23

c − f02
c − f32

c − fc
20 − fc

23
)

.

(30)
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·�^ contorsion L�

Dν(h(ha
αhb

β − ha
βhb

α)) = h[ηbd(K
dc

a − δa
cKde

e) + ηad(K
cd

b − δb
cKed

e)]hc
β , (31)

�±�¤

η0d

(

Kdc
1 − δ1

cKde
e

)

+ η1d

(

Kcd
0 − δ0

cKed
e

)

= −η1d

(

Kdc
3 − δ3

cKde
e

)

− η3d

(

Kcd
1 − δ1

cKe3
e

)

,

η0d

(

Kdc
2 − δ2

cKde
e

)

+ η2d

(

Kcd
0 − δ0

cKed
e

)

= −η3d

(

Kdc
2 − δ2

cKde
e

)

− η2d

(

Kcd
3 − δ3

cKe3
e

)

.

(32)

é���

K0c
3 − δ3

cK0e
e=Kc3

0 − δ0
cKe3

e

Ú

K2c
1 − δ1

cK2e
e + Kc1

2 − δ2
cKe1

e = 0 (33)

éá, ÒU��

K12
0 = K23

1, K12
1 = K30

2, K12
2 = K30

1, K12
3 = −K10

2,

K31
0 = K10

3, K31
1 = K23

2, K31
2 = −K23

1, K31
3 = K10

0,

K23
0 = −K20

3, K23
2 = −K30

3, K23
3 = −K20

0,

K30
0 = −K10

1,

K20
1 = K10

2, K20
2 = −K10

1, K20
3 = −K20

0,

K10
3 = K10

0,

(34)

±9

K10
1+K30

3 = f1
01 − f1

31,

K10
2 + K23

1 =
1

2

(

−f1
20+f1

23 − f2
10 − f2

31

)

,

K20
0 =

1

4

(

−f0
23 + f2

30 + f3
20 − 2f3

23

)

,

(35)

±9

2f0
10 + f0

31 − f1
30 + f3

10 = 0,

f0
10 − f1

30 − f3
31 = 0,

f0
20 − f2

30 + f3
23 = 0,

f0
12 + f3

12 = 0,

−f1
10 − f1

31=f2
20 − f2

23.

(36)

·�uyÕá� contorsion C¤
 8 �, 
���§�� 8 �, Ïd�ÐU
¦).

,��¡, éIe¦C©��� Einstein �§3���Ie�±��

Rλµ = ∂ρΓ
′ρ

λµ − ∂µΓ′ρ
λρ + Γ′ρ

ηρΓ
′η

λµ − Γ′ρ
ηµΓ′η

λρ

+∂ρK
ρ
λµ − ∂µKρ

λρ

+Γ′ρ
ηρK

η
λµ + Kρ

ηρΓ
′η

λµ − Γ′ρ
ηµKη

λρ − Kρ
ηµΓ′η

λρ

−Kρ
ηµKη

λρ + Kρ
ηρK

η
λµ,

(37)

Ù¥, Kµ
νρ = ha

µhb
νhc

ρK
a

bc. ª(37)�1�1Ò´pÛÜþ, {eÜ©Ò´���I�

contorsion ��z. ùq�Ñ 10 ��§, \þ 10 �Ý5©þ, Ïd, o�´ 18 ���þÚ 18

��§.
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·�¦)�´ý� Einstein �§. ·�òpÛÜþP� R̃λµ, Ký��§�±�¤

−R̃λµ = ∂ρK
ρ
λµ − ∂µKρ

λρ

+Γ′ρ
ηρK

η
λµ + Kρ

ηρΓ
′η

λµ − Γ′ρ
ηµKη

λρ − Kρ
ηµΓ′η

λρ

−Kρ
ηµKη

λρ + Kρ
ηρK

η
λµ,

(38)

ù��u¦)���ý���§. ¢Sþ, é Einstein �§

R̃µν −
1

2
gµνR̃ =

(

TSIM(2)

)

µν
, (39)

(

TSIM(2)

)

µν
Ò´ Kµν ¤�z�Ô�|. ù`²=¦3vkÔ�|��¹e, du SIM(2) +

�¬�z��aqÔ�|�þ, ù�þ�±�^5��VÔ��ÿÀö. 
¢Sþ, ·�u

yé²����÷v¤k��å�§, 3ù«�¹e, contorsion ��Ü� 0.

·�À���Îé¡X, Ý5Üþ���Îé¡Ý5













V (ρ, z)
2

0 0 −V (ρ, z)
2
w (ρ, z)

0 −Ω(ρ, z)
2

0 0

0 0 −Ω(ρ, z)
2
Λ(ρ, z)

2
0

−V (ρ, z)2w (ρ, z) 0 0 V (ρ, z)2w(ρ, z)2 − ρ2

V (ρ,z)2













. (40)

À�Ü·� Lorentz C�, �¦÷v 8 ��å�§. ¤�ÜÝ53ð(½(XºÝe´D¼

Ý5�f|Cq, ÙA�ëê� GM/c2

Rc

, Ù¥, Rc ´ð(½(XºÝ, c ´1�, G ´�kÚå

~ê, M´ð%½(X��þ£X���ù�ëêÒ��u 2 × 10−6¤. ·���¦Îé¡

Ý5÷vf|Cq£�Ø�¦�|´f|), ¿^ù�A�ëê£�{üå�, P�ε¤��

Ðmëê. Ðm���, ·�uy÷v�å�Ý5�/ª�













1 + 2εV (ρ, z) 0 0 − [1 + 2εV (ρ, z)] εa

0 − [1+2εV (ρ,z)]
[1+2εf(ρ)] 0 0

0 0 − [1+2εh(z)]
[1+2εV (ρ,z)] 0

− [1 + 2εV (ρ, z)] εa 0 0 ε2a2 [1 + 2εV (ρ, z)] − ρ2

1+2εV (ρ,z)













.

(41)

òù�(J�\|�§, uy3���¹e V (ρ, z) = 0. �e5, ·�©Ûù�Ý5�5�.

éo�k

gµνUµUν = 1. (42)

d u $ Ä ; , 3 � � ² ¡ þ, · � À J � � ² ¡. � â Ý 5 · � w � 2 �Killing¥

þµ ∂
∂tÚ ∂

∂ϕ . dd�±½Âü�Åðþ

E :=
∂t

∂τ
(43)

Ú

L := ρ2 ∂ϕ

∂τ
, (44)

Ù¥, E ´Uþ, L �L�Äþ. òÝ5ÚÅðþ�\��

[1 + 2εf (ρ)]

(

dρ

dτ

)2

= E2 − 1 −
L2

ρ2
− 2εaE

L

ρ2
. (45)
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�±wÑk�³�

U = 1 +
L2

ρ2
+ 2εaE

L

ρ2
. (46)

·�uyù�Ý5vkÚå³, �kl%³. ù��vk­½�;�, ��É�»���6

Ò¬ª�Ã¡�?.
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