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(,P++td�u�.�,P 100875)YU�z 1998 RTOS^J'8�i#[ZA�z��M��n}SY�{osp%�p�ibj\_�dt��nQx�k}\��i�?.U7!ps^�>W�J�vLxDN\� 1998R�'8�?�F4BN��ib�h ��}>1E��DoA>�i#[ZA�\���>V�'vK>Vl
����o.�Æ�����{o�ltL9���}��M�>V	��>p9��� # ���ib�#[ZA��M���&>V^E�)��P159 ��� GK�>1�A

1 ����l
1929Qh� (Edwin Hubble) �t�R-�ADZ��
��[-KY�i[�Y\b�ADZ��
�P'�<ZK1[-�7vQ�℄I|L0Eb<ZK1[-� v = H0×d�e^ v ��YZ�� d �R-
�� H0 �1�QP�W�h�QP�E℄;m;�h��"�h��"77��h;-A�Y���EbY�;wb�p'�g&Y��y 20 8� 20 Qv�O�h-Y�~y�ka wR�Y�	�![_2��℄�[�I����Ma`�=�%��f�h^V�$℄o6 ��h�Y�	>;*Z���#

1998 Q�
Id�SNR~� (HZT:High Redshift Supernova Search Team o SCP:Supernova

Cosmology Project) �℄I�i[=f�::�zn��hAy-Y��#s�-"ZY��r�a 
	�LÆ
y<;|4�h"ZY��$℄X1�Ew&7/�ka
)W��
1998 Q�
s�ka&7Pw��LÆ�n-�7��3�$℄-�h^ag�
�Æ1��C��Tg�`�=�%��� ��=8�2008-06-04 � R =8�2008-09-17!%M4�e!{�ldÆGe
BE (10533010)



� 130 �������s���b�L�9������� 27 e�-wIJi�$℄��h^�$℄5�f���h��r�~��h�g�o�y��fj!�LÆ�ws℄��Az�E3��LÆ5� ($℄LÆ5���LÆ5�Po) f�v�h��rjZ�el��h|Rm$℄<k}�.
g�~��LÆ<k}�.
�r"-	r+7
P|��,�Q^�$℄<��LÆ5��k}���yE|X�g��7-�h��y1��LÆ�jZaf���ji[�LÆ�0℄KZ;zn�hai[�wA
s
&��ha��w2℄Ika�g�� 208� 20Qva�^vhI�L�j;;p'hI�L�&8�NwvEQ��jx��!Wo�R�0oPa�pn�}�r2<��3��h�Æ1��e; 2003Q� 2006Qo 2008Q�lSB�
$F�JD�ZhIi (WMAP)�℄I=f�~�T�P|fr (SDSS) �=f�b7�Q�Lbr!P�haHP�IÆ=f�<�a0�g�zv�ha�9u=U—— r+7 + *? +ΛCDM =U�>=UÆ��7-�h^�X1&u�" 73% ��LÆ� 23% ��$℄ (ks;��$℄) � 4% ���
x$℄�~��Æ�_xo^�x�e^�O��LÆo�$℄;7-�h�ks�1�E;zv�h℄ILb��
s��b����=f���>=UÆ�-�h��0
�r+7h5P|�hn-wI�ZY�9���*?9��>9�A^�0
�hn-�JbAg&Z<s�2�|y�h=VXX�bx�9u�ha=U [1] �wI
snk (�D
0$#) ℄;�ha����h-r℄��;g&JDzZ��
::�h^$℄oLÆ�1B;wr��/�wg;jJ���ha��X��wI
s�%;�h!^P����SF"O�Ew�%u/W�F"O����	�h^/�
rw�;jJ��a���Z�;^���
F"O����wb-6UM;�wI℄IDa℄I~�r℄�=V|C�o-�h^
reb�-a℄I~�wr�LX8Mg&JDzZ$℄1B�℄; Friedmann-Robertson-Walker(FRW) �a�
ds2 = dt2 − a2(t)

[ dr2

1 − kr2
+ r2(dθ2 + sin2 θdφ2)

]
, (1)e^� (r, θ, φ) ;Z�-D℄℄���^o
9��6U�
9��T-�hY��C_.�0w℄��p'
9�;A7�� t;.'
9�
=z�
w℄���VU.`��.� k�{#�x� k = 0,+1,−1 f�^R�2s�h/���p'�r=V� a(t) ;.'�jP/W�9��x (Scale Factor) �zn�S� a(t = t0) = a0 = 1 ��ha;i[�h=V�en��ak�#6 (1) V;S:��h�.p=V�<AL�b�h�n����8M�h��
a�\s����Tg�
O-Zyf�.p�-T�-zn�9u�ha=U^��TgO-Z;u��haQP�X6�

Rµν − 1

2
gµν ≡ Gµν = 8πGT µν + Λgµν , (2)e^� Rµν ; Ricci >Æ� R ;{#9Æ� Λ ;�haQP� T µν ;f��h�
a�L�>Æ�

T µν =
∑

i

T i
µν ,



� 2 d V�%��M���&>V 131�e^� T i
µν ;Az��XX1�L�>Æ��6 $℄�
x���$℄��$#�h^g&JDzZ�D℄��?�o�G.- FRW �a2�
�L�>Æ�m:7��

T iµ
ν = diag(ρi(t),−pi(t),−pi(t),−pi(t)) , (3)e^� ρi � pi 1;;JI�XX1 (6 �
x���$℄�) �LÆ5�ogq�
3�;.'�jP�
D�[-��

p = wρ . (4)

w �	�o
�se-Z�#�h^�J�1�mOXz��?�o��j�ay�$℄�
w = 0 ���6 � w = 1/3 ���FpL� w = −1 �1 FRW �a6���TgO-Z�D℄�L�>Æ-Z�sy��m�~O-Z�.�.1Æ-Z�

ä

a
= −4πG

3
(ρ+ 3p) +

Λ

3
, (5)~�p�p1Æ-Z�� Friedmann -Z�

H2 =
( ȧ
a

)2

=
8πG

3
ρ− k

a2
+

Λ

3
. (6)e^� H = ȧ/a �W�h�HP�
-Hr�S H0 ℄;h�QP����J�1�L�>Æ+�LÆGx-Z T ν

µ;ν �m~�~�1-Z�
ρ̇ = −3H(ρ+ p) , (7)>6mW��h�
a�LÆGx-Z�D�_Z-Z�Xj�6 (4)∼(7) VXw�g"O��
a-Z��
3m~�b�h�℄��x a(t) ~�5� ρ ogq p ^.'�7��

2 �N�?W
2.1 
5-"$

1998 Q�ka -�
 Ia USNR(I�h�Y�Z�.&7
3���1�y�
�s��E��vEISNR
��31�y9u��$℄=Ua�k�s!�u℄;S��h<Ag��y9u��$℄=U�k�*ZY�se�#;g�"ZY��se�E�wbmL��=�G℄;�h^n-Bb&4�
ÆS#��h^�$℄�
���v�h�"ZY��ka 1Eb�O�
ÆW�	�LÆ
��j)x�S��LÆ℄;wb�O���g�h"ZY���[��;[��LÆ�m��=hH�S℄;��h"ZY��m��=�y 1998Q�3&7�h�"ZY�~y [2,3] ��LÆwR;�hai[^����mPw�O�QO!�℄I=f (� Ia USNR� CMB ~�r℄�=V��℄IPa)[4] �Kw
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I%��Hr!P�r�a o$�a �8I�ErwI90���LÆ"<a�7-�h�LÆ5�� 2/3 �
�f��h�y�<(gv_�t
��
��j�LÆ�mm~S;Cn�ha^�
s�i[omPw�-Ai�haQP�ws2�8M�hY��℄��x
a(t) ��h$℄LÆ5� ρ ogq p P'n-~2[-�

ä

a
= −4πG

3
(ρ+ 3p) . (8)mEI6xm~ib��LÆ3℄b��Xr�	;�

�X�s+� ρ+ 3p < 0(��LÆ�se-Zs+� w = p/ρ < −1/3) �FL4�h"ZY��ygCn�℄Im~����LÆ	zb�~2jH� (1) �LÆA& uA)C_x�

(2) 
b�=zr�;g
� (3) 
-p'�1B�~;g&��X�-R-~�℄�*ÆK�A	�`XXm℄I�m1;�=V�
2.2 
5-2O��(Cn�LÆn-�5|RA,;�[-��m���i[gPa���=Q��LÆ (X�~X�LÆ�g�H	) ��;n-���LÆ�$�0℄;/.��LÆ�LÆ5�;A7���;^v.'n���E�~;Cna�i[�LÆ����[P��m���Cn�/�R8℄I~�LÆ�[��LÆ�0℄uw!aO��j=s℄IPa0�s���LÆ�%=U;0Q3s��-&7�LÆPn� CDM =U;GI.
�9u�ha=U�->=U^ Einstein O-Z�X6��

Rµν − 1

2
gµνR ≡ Gµν = 8πGT µν . (9)e^�-Z��5;�rE1��5;$℄E1�#y 1998 Q
ISNRG��℄I~�|y WMAP � SDSS ��℄I�::0�-ay$℄X1
f���ha=U�r�℄IA=8s��j℄	>�{>�ha=U�K�Z��Dj!�
�;5n-0o��/�i~g�N�$℄X1�Cn�=�h"ZY��ks�%�-Jo�m~1�
r~�	w~;m-Z��5b&�u℄;[���TgO-Z��rE1�-Bb���S℄;[����Tg��
�%�
&u Brans-Dicke �%� f(R) �%��8B
T

(brane world scenario) ��	%~;m-Z��5b&�u℄;[���TgO-Z�$℄E1����h-"ZY��#yQ�$℄�;4�h*ZY���G.y�syn-"��LÆ5�1Æ�ykR�h"ZY����
��	�-�
Æ^"��"��$℄1Æ —— >1Æ�
0jH;g&�1B-�hp'^�b�;�gq�
&u�haQP=U�9ÆO=U�3ÆO=Uo�+�LÆ=U��[�-Z�rE1��%���TgO-Z�m
~2{wX6y:7�
Gµν + Gdark

µν = 8πGT µν . (10)
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Gµν = 8πG(T µν + T dark

µν ) . (11)Cn[��h"ZY���=d�~�k~�
r~����eb��=- ��j!�hAg&Z��h"ZY��
���
2.3 Q�V,*/�2O��fzn�h"ZY��m�ΛCDM ~�Jb�
a9ÆO=U�;-��Tg�
r&2�i[�LÆEb�OX1�Z℄��#��f�LÆ�m�!b}X�e^wbV ;-r℄��[��
�%�#!\���LÆEwNX1y�f�h"ZY��m�`�=�%-�h℄��;5<
J�E��;wIS�Vj��m����37-V-dq-℄��Q�(o�`�=�%�K�Z�#-�h℄��`�=�%�K�Z��wKwC�i[����3����{`�=�%-�h℄��;5�H���/��(og�u^�h"ZY�K;�
�%-�h℄��	>[��La�~2D�[�O-Z��rE1��[��
�%��bks=U�
2.3.1 hi
bd�8B�%;zvEL$�o�ha^�
s�℄SPw��8B (brane world) EwASm~kRwb[��
�
0r&�-�8B�|T^�8BAV;W���#;b�"��p'���Az�5%^IY��"����8B^"��m~vr��h;EIE�8B (bulk) ^���� (3-brane) �	x$�9u=U�
0	xg��-���#V��
m~-JIE�8B^i=����
m~	L�
~"���=	�-����
�~�[���0�- ; ADD �8B [5,6] � RS [7,8] �8B~� DGP �8B [9] �-f!��8B=U^� DGP =U;wb&iy"Z��=U [10] �
m~1zn�h"ZY��=��
-r℄�i=.wE1X~E�p'aY� DGP =U� Dvali ��kb [11] �>=UA�~a-��h�p�-wI 5 � Minkowski .p� 3-brane �e�
Æm~K��

S = Sbulk + Sbrane . (12)e^�
Sbulk =

∫

M

d5X
√
−(5)g

[ 1

16π(5)G
(5)R

]
, (13)

Sbrane =

∫

M

d4x
√−g

[ 1

8π(5)G
K± + Lbrane(gαβ , ψ)

]
. (14)-~��6x^� Sbulk :7 bulk(o) ��
Æ� Sbrane :7 brane(�) ��
Æ� (5)R ; 5�{#9Æ� (5)G v: 5 �T��
QP� K ;���{#��� Lbrane ;;[-���a�O��x?Æ� ψ v:;[-���$℄O� DGP =U��C~T~�; Lbrane ^i� 4 �9Æ{#�mKX�2X6�

Lbrane =
µ2

2
R+ Lm , (15)
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H2 +

k

a2
=

(√
ρ

3µ2
+

1

4r2c
+ ε

1

2rc

)2

, (16)6^� ε m~} 1 � −1 � rc = µ2/8π(5)G b�R�ÆD� ε = ±1 :7 DGP =Ub�
I1M� (+) 1Mm~A��;g$℄�x_�
�"-r℄���#�H	�mN)$#Y���#�6y"Z1M (self-acceleration branch) � (−) 1M3/�Eby"Z�jZ�s-Ew1M�j!"ZY��3\s���LÆX1�>1M/W�9u1M
(normal branch) �-j! DGP =U.�w#Aj!�>
��$#Bb�WZ4���FpL� 0 �y;��j!��n-Bb�LÆ�u	�~wI�~�=%�1�-��"� quintessence �
phantom 9ÆO�3m~4o-��Hse-Z:7bh# −1 �Y�z.�m~46rU�f��b7�z�um~j!-��v"ebX1�1�wI�haQP� Chaplyginjo��#-�9 [12] ^��D�C�+�LÆ�V �j!����+FpL����>
�=f67�-y"Z1M^} Hubble ℄���z�:���D-
w1M^}9.AB�:��=	��+FpL�m~|4�h"ZY������z.j!FpLH	o GDP =U^�y"ZH	�3=	��Hse-Z	b7h# −1 �Y��<	}YrU�f���D�
SNRo
x(aG|�Pa�=UKY;[�&7- 1σ *ÆK�℄IPauD�W���+�LÆ=U�Aj!FpL� DGP =U�-�9 [13] ^��D	
 “scaling method” [14] i[� DGP =U (−) 1M^�r℄�=VXX�=f&7->1M^�[��
��
:*�� ISW H	�Elk�y"Z1M^�ws=) (-y"Z1M^ ISW H	;/5q�) �
2.3.2 f(R) efgjn7k~� DGP =U~�eb�8B|T (� RS =U) ��;-��Tg�
r&K���~ Einstein-Hilbert �
Æ�

SG =

∫
dnx

√−gR (17)�b&��M;V;-�1W�.p�`~E��<j!#�^�BIjJ=V�#0�1si%� f(R) �%�3;��
�
Æ0$KY�[� [1] �
SG =

∫
d4x

√−gf(R) (18)e^ f(R) �{#9Æ R �BbjP�z��E<A;�w�[�-6�d�m~-�
Æ^"� R �[KA��m~j!"�X� RµνRµν � RµναβRµναβ P~�[KA�W9{#�wIj;�s�� Gauss-BonnetA;�3i[15!���� Gauss-BonnetA-W�.p^;wI�`A7Æ��j-EI=U^yQ�w9ÆO� Gauss-Bonnet An-�s��3=QEI�s-S5�%��LOX^	b7 [15] �



� 2 d V�%��M���&>V 135���� f(R) �%u�
b�%X6�wb;z��Tg�
wr�Æ��aO��:M�
�.p�X���*O;��a}b��j� f(R) �%��aX6�#�wba��
Palatini X63Æ��ao�*;
I���7Æ�	1;�
Dyy71�
b�%X6V�-`�=�%^�� f(R) = R .F;�%��#�Ow#� f(R) �%[Y	>G
FbX6�Ew���n-I% [16,17] �E�Vj!5)x��aX6�}&i$℄� f(R) �%�
Æ��

S =

∫
d4x

√−g[f(R) + Lm] , (19)e^� Lm �$℄�x?Æ�z.�-6g,|R# 8πG = c = 1 ���6[��ay71m�[��O-Z�
Gµν ≡ Rµν − 1

2
Rgµν = T (curv)

µν + T (m)
µν . (20)e^�

T (curv)
µν =

1

f ′(R)
{gµν [f(R) −Rf ′(R)]/2 + f ′(R)(;αβ)(gµαgνβ − gµνgαβ)} , (21)EA; f(R)^E9{#AN)�T9�z~-Z�5�H�Bb{#�o�L�>Æ�T (m)

µν =

T̃
(m)

µν /f ′(R) �u[���y�G�s�$℄L�>Æ T̃
(m)

µν �AIib�z} f(R) = R+ 2Λ.��M-Zg�:�u�haQP���Tg�
��9 [18] kb- Einstein-Hilbert �
Æ^"� Rn(n > 1) �m~-�h0
N)*?�
Carroll �� [19] E3kbwbN)zn"ZY�� f(R) X6�

f(R) = R− µ(n+1)

Rn
. (22)z |R| m0
5rSh5*G.�yg<z�;HP µ �m~4[KA R−n -zn7�6m�m#N)"ZY��#�9 [20] TbEbX6�[KA	}Yh
�A��Z�m�AgEb�m�mLyg,"��FA Rn y�f�-�9 [21]^��D- 49�
�
ao$℄�G�s�$�r&2i[ f(R)=U2<Z
�a�g��hn�ws���0wbn��2� f(R) ���n-
I1M�E
I1MmygHP B ∝ d2f/dr2 y:7� B < 0 �1M&i�znj!�rE1=U�E~=U-E{#2n-�.90��Z�E�Ezz��h℄IA8�#- B > 0 �1M^� f(R)=Um~*Gr4� CMB �JD�Z�<�7<Z$℄Lb�Xs���-�9 [22] ^��D-9Æ>Æ�%r&2i[ 5� f(R) ��
�-^g�h2�z`}BIj�X6� f(R) .�EI=UL�bTPX6�:�<}Yx�� bulk p'{#|��"ZY���h��
�+�LÆ=ULb Hubble HPn��m#
Vb=	� f(R) jP [23] �u;wAv����P�� f(R) �%/A�Æx�
�%-�L2�Bb�HOX�
Vb��+�LÆ=	� f(R) �%�n�m�L�H�%�4�y�=�+�LÆ��+�LÆ=U�
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c HP;f��LÆn�Z℄�[-HP�z c > 1, < 1, � = 1 .�=	� f(R) jP:7b:6�M��)�b c �n�jZ�f�Z�
�
2.4 X_S�A2O�haQP=U;�)xz.u;�Cn�℄IPa8s��k��LÆ=U [4] �
�se-Zx� −1 �LÆ5�;QP�A^.'7���haQP Λ �a���Tg��yV1Ve��ha=U���Tg� 1915Q0���
O-Z;A&i�haQP�� 1917Q��Tg&:�;��Ma`�=�%��hajL
�%��b1`�=�%��
O-Z
�JI�h�0�gwb�ha=U�z.ka 3a8Æ��h;VU��A^.'7�����Tg?m�
OvD�~wI�h;Ve��g&��JDzZ�q �y;b�~��;A����::p'A;x�A7��#;^.'7������~wIp';�������Tg����KwI6	�haQP
�A�	
g_
��
�Er��Tg℄�~wI�;!5�Ve�h=U�W���Tg�h=U�Er�-j!�hQP|���Tg��
O-Z℄m~K��

Gµν − Λgµν = 8πT µν . (23)

Λgµν ��>Æ�X���Tg�
O-Z^�wE1�--Z^
0��g�_
��
�
1929Q�z Hubble �R-�℄I=f�b�hY��90|���Tg�f�/k�haQP��Q���Tg61�haQP���SX;b	w)^�r�p'
�m;�2�&8;vb�/dZ��z 1998Q� IaUSNR�℄I�b�h�"ZY�|��3�
N���haQP��9 [2, 24] vk�~M�[��haQP�i[�-ÆxO%^	Fp
;A	p
��MaJ7Zsy�Fp�L�>ÆK1��a>Æ��H���Tg�K��haQP�� Lorentz A7ZsyFpe�L�>ÆVL}X6�

〈T µν〉vac = −ρvacgµν . (24)7-Q���H�haQP Λeff ��HFpL5� ρeff �AS��1FpLAz~-Z�5�3�~wI&iFpLT9��H�hQP�
Λeff = 8πGρvac − Λ , (25)�D1�haQPAz~-Z�5�~�HFpL5��

ρeff = ρvac − Λ/8πG = Λeff/8πG . (26)$��yg℄IVLLb Λeff �D ρeff , #!(z1 “(” �haQP Λ oFpL ρvac �-℄I�Æ��haQP Λeff �h�QP�^-;zwÆ�� [1] ���
Λeff ≈ H2

0 = (2.13h× 10−47GeV) , (27)m#�~=	�LÆ5� ρeff :

ρobs
eff =

Λ

8πG
≈ 10−47GeV4 . (28)
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ρvac =

1

2

∫ ∞

0

d3K

(2π)3

√
k2 +m2 =

1

4π

∫ ∞

0

k2
√
k2 +m2dk . (29)m�6ib� ρvac ∝ k4 �� ρvac 1^vG�℄#�5r#&��$#ÆxO%-BIw�:�℄� kc ~2�H�3�6�1=f� ρvac ≈ k4

c/16π2 �-`�=�%�x.2�mÆ�ÆxO%-a|n℄� mpl = 1.22 × 1019GeV ~2;�H��3 kc = mpl �ErY\b�FpL�%S��
ρth
vac ≈ 1074GeV . (30)m~ib��%�b�SY�1℄ISr� 121 IÆ��E��vsLbwI�℄IS=8�0QG�P�℄\s�	(
�haQPA Λ/8πG - 10121 �Æ��KYQ0�;�E;AmV����#W
�Q0�;�m (fine tunning problem) ��6}w�:��OG�L9�1�Æx��
aL9��~�FpL ρvac ≈ 10−3GeV4 ���n-h
�Q0�;�m�����h^FpL5�;IQP�
A^.'7��#$℄�5�^v�h�Y�#*G ρm ∝ a−3 �G.-�h�0
�FpL5�=��$℄5�3�	X�wI0QG�P��/.\\b7E.G�P�4�7-FpL5��$℄�5�b7-zwIÆ��EI�m/W�rsZ�m (coincidence problem) �!{��haQP;wI!��I!H�y�;�)xob�:6$�g��`2��3wRU
h[�r�haQP�jPG'X���yv!U
u��L�a�fEI�m�7�Ebws��3s.
wO
f��%&7�s.VLyn��2�� (anthropic principle) [25]�D5T℄ (string landscape) [26] ���h�!IFp�0IFp��haQPAz�#�~agFp�haQP�jPG;��j!��~n-�x.�

2.5 �-�2O���haQPn-
I
0�m�℄\s������[y�=�h�"ZY��j�����haQP=Ua�~��LÆse-Z; wΛ = −1�;A^�h�n�#&)7���#r�℄I::�-w��*ÆKse-Z;'^^.'7���VAg^.'�n�15�,#|�K;b�Er�����3j!L�>Æ^&i^.'n���
a9ÆO φ �E~=U/W�9ÆO=U�1� quintessence ��wI,
�K39ÆO�0Q~X�0
�h*?gZ^�*?x���wIb�0K3�LA�9ÆO=U�1�C+*?^ K-inflation �[� [27]K-essence =U [28] �~��5%^ D-brane =[� tachyon=U [29] �-E~=U^�yg`2j��:jP�m~4�hn�~�LÆk}�se�#�n�0
�x.![�u℄;S�4zn�LÆk}�seX��
an�-{�wI)�x��3,�ygEb)�x�[y��rsZ�m�-�LÆ�%i[^�9ÆO=U�e)xZ#b�vr�)�
�z�9ÆO���z.uuyN��m�1�zn�"ZY���a�*?P';5�/.O%K��-J�E;S�%V��Cn|�wIP�m�E�4�PB�E
l"ZY�KY{w8M [30] �Cnv!�LÆ=U�G
9ÆOy8M�~2D�e^ÆU��b�
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2.5.1 quintessence a phantomK�}Y�h0
"ZY��ks{`D�9ÆO*?xwr��LÆumL;�
a9ÆO��m;�9ÆO=U; quintessence [31,32] �w#~wI�,
)Xe�:�E
e�9ÆO φ y:7�
;wIK309ÆO�-g&JDzZ��ha=U^�ex?5���

Lφ =
1

2
φ̇2 − V (φ) , (31)e^� φ̇ :7��h.y}�mEIx?Æb&���~ quintessence �gqoLÆ5�1;��

ρφ = T 0
0 =

1

2
φ̇2 + V (φ) , (32)

pφ = −Tα
α =

1

2
φ̇2 − V (φ) . (33)=	�e-Z��

wφ = pφ/ρφ =
φ̇2 − 2V (φ)

φ̇2 + 2V (φ)
. (34)6�� wφ D� −1 o +1 P'�z quintessence mv5^��:D2
�� wφ �fG�

−1/3 �3|��h"ZY���f
8O� −1�=.wI�haQP� quintessence�:jP�!bX6 [33] ��f<z�`}:jP�4e+� Γ = V ′V/(V ′′)2 ≥ 1, quintessence=Ub�w~)�x���t}� (tracker solution) �EbO/W�t}O�b�t}O� quintessence=U�j�;�
�n��a5x.A9C�'Xa5x.�rGm~=M
100 IÆ���m~n�~Hr��h�E℄46�	rsZ�m
 [34] �℄� quintessence=Um~�H�46rsZ�m�y-	x$�^��3BAbEr� quintessence: [32] �

Phantom 9ÆO���3;�0�℄II5��--wg���SNRPa�Ps�~zn��LÆ�se-Z� −1.38 < w < −0.82 [35] �E℄S:��LÆ�se-Z w < −1n-�mLZ� quintessence =U6�I~+�Ewsy��;� Caldwell�� [35] j!�b�;��LA�9ÆO�/W� phantom �ex?Æ5�mK��
Lφ = −1

2
φ̇2 − V (φ) , (35)=	�gqoLÆ5�1;��

ρφ = T 0
0 = −1

2
φ̇2 + V (φ) , (36)

pφ = −Tα
α = −1

2
φ̇2 − V (φ) . (37)=	�e-Z��

wφ = pφ/ρφ =
−φ̇2 − 2V (φ)

φ̇2 + 2V (φ)
. (38)
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phantom =UuL��rsZ�m [37] �y��

)a��LÆx.�EI=U	n-wI�:��A��Z [38,39] �����- phantom �LÆ=U��
�LÆ5�^.'n�0yA*G)#5"��j��h�Y�1#y#q��|}Y�h�<(; Big Rip(rU�)[40] �a~-Ew�LÆ=U^��h�H<;�;��y;��fa}�:b�wI�rS�G.rU�um~46�Ebws2�h�n�℄7Xg
Z�� [41] �
2.5.2 quintom � hessence a hantom

Huterer o Cooray [42] 
A=[�Y�-( (uncorrelated estimate method) �~��LÆ�se-Z-r� 2σ �'M*ÆK�h# −1 �mLZ� Riess �� [43] - 2006 Q�
�N�SNRPau�~�=X�=%� quintessence LXLb −1 < w < 1 �se-Z�#
phantom LXLb w < −1 �se-Z��j�)x�℄;V1wI�wI quintessence O
φ1 owI phantom O φ2 yUz`z�LÆ�=U��;�0�4>�� [44] Lb�wbse-Zh# −1�=U���
z.b� quintessence o phantom 
b$℄�Z℄�℄/};� quintom �

quintom �x?Æ Lφ ��
Lφ =

1

2
∂µφ1∂

µφ1 −
1

2
∂µφ2∂

µφ2 − V (φ1, φ2) . (39)-p'^R� FRW �h^�m�~eLÆ5� ρ ogq p [45]:

ρ =
1

2
φ̇1

2 − 1

2
φ̇2

2 + V (φ1, φ2) , (40)

p =
1

2
φ̇1

2 − 1

2
φ̇2

2 − V (φ1, φ2) . (41)=	��e�LÆse-Zm~KX�
w =

φ̇1
2 − φ̇2

2 − 2V (φ1, φ2)

φ̇1
2 − φ̇2

2 + 2V (φ1, φ2)
. (42)m�6^m~ib�z quintom ^v:K�LA� quintessence O^� φ1 O�7�#r�v:;�LA� Phantom O^� φ2 O�7�#� φ̇1

2 > φ̇2
2 .� w > −1 �#z φ̇1

2 < φ̇2
2.� w < −1 �Er℄yg
IO�n�y07��LÆse-Zmg�� w > −1 n�~7-� w < −1 �y;�ygSNRPa1(a�~��LÆse-Zh# −1 �=fV<
�zzG� 1.7�9��O0
�Y�!(ygSNRQ+R8����jEI9�~��Y�/�℄IPaykRR8"O��akb� quintom =U/�j!O φ1 o φ2 �=��
�j. quintom �:Lm~:7�
IO:L�)x="�

V (φ1, φ2) = V1(φ1) + V2(φ2) . (43)



� 140 �������s���b�L�9������� 27 e�
Guo �� [45] |Ri[�Ebws2������~Eb=U���)�x�;~ phantom��u℄;S quintom ��a�1;�~ phantom �Eu1}YrU��m�Ag- Higher

Derivatives �ws2�Eb*I;m~46� [46] �|y�i[P�j!� quintom =U^O φ1 o φ2 =��
�ws� hessence =Uo
hantom =U℄;E-7�ÆUv:�27)xD�w2E
b=U�z=��
� φ1 Oo φ2 O4�:Lb�~2X6�

V (φ1, φ2) = V (φ2
1 + φ2

2) (44).�v��&7 quintom O�x?ÆRg27�7�;A7��
φ1 −→ φ1 cosh(iα) − φ2 sinh(iα) , (45)

φ2 −→ −φ1 sinh(iα) + φ2 cosh(iα) , (46)e^ α ;QP�m~! quintom �x?ÆKX��wbX6�
LQ = Lhe =

1

2
[(∂µφ)2 − φ2(∂µθ)

2] − V (φ) . (47)E�
~�
IN�7Æ (φ, θ) �e��W�� φ2 = φ2
1 − φ2

2, coth θ = φ1/φ2, Ew~=UW� “hessence” [47] �z.EbX6����=U="�wI"��sy�� φ2
1 > φ2

2 �-^R� FRW �h^�$# φ o θ �;g&��m~�b hessence �n�-Z�
φ̈+ 3Hφ̇+ φθ̇2 + dV/dφ = 0 , (48)

φ2θ̈ + (2φφ̇+ 3Hφ2)θ̇ = 0 . (49)e^� φ̇ � θ̇ � φ̈ � θ̈ �1;:7��h.ywlo%l}P� hessence �gqoLÆ5�1;��
phe =

1

2
(φ̇2 − φ2θ̇2) − V (φ) , (50)

ρhe =
1

2
(φ̇2 − φ2θ̇2) + V (φ) . (51)m6 (49) m~�~�

Q = a3φ2θ̇ = const. . (52)�f! hessence i�wb0K3�:9ÆO�G. Q ℄�	�BbGxm��j 3m~

Q yqv θ̇�v�6 (48) m~1(�-Z�K��

φ̈+ 3Hφ̇+
Q2

a6φ3
+

dV

dφ
= 0 , (53)



� 2 d V�%��M���&>V 141�>-Z�%� hessence �LÆGx-Z ρ̇he + 3H(ρhe + phe) = 0 �z.� hessence �gqoLÆ5�-Zm~�K��
phe =

1

2
φ̇2 − Q2

2a6φ2
− V (φ) , (54)

ρhe =
1

2
φ̇2 − Q2

2a6φ2
+ V (φ) . (55)=	� hessence �se-Z��

whe =
φ̇2 −Q2/(a6φ2) − 2V (φ)

φ̇2 −Q2/(a6φ2) + 2V (φ)
. (56):6m~ibz φ̇2 ≥ Q2/(a6φ2) .� whe ≥ −1 �# φ̇2 ≤ Q2/(a6φ2) .� whe ≤ −1 �

φ̇2 = Q2/(a6φ2) g�g���yg φ O�n�07�se-Zh# −1 �n��mse-Zm~ib�z Q = 0 .� hessence q�Xay� quintessence =U��jmEI4��m~!
quintessence i� hessence �wbjJws�#s hessence ���)�x�; quintessence �E℄46�rU��m�z φ2

1 < φ2
2 .�m~1 quintom �x?ÆKX��wbX6�

LQ = Lha =
1

2
[−(∂µφ)2 + φ2(∂µθ)

2] − V (φ) . (57)E�7Æ (φ, θ) ����� φ2 = −φ2
1 + φ2

2,coth θ = φ2/φ1 �E~=U/W� “hantom” [48] �
� hessence=U~X�1(-6y1( hantom=U�m~�b hantom�se-Z��
wha =

−φ̇2 +Q2/(a6φ2) − 2V (φ)

−φ̇2 +Q2/(a6φ2) + 2V (φ)
. (58)��ib�z φ̇2 ≤ Q2/(a6φ2) .� wha ≥ −1 �z φ̇2 ≥ Q2/(a6φ2) .� wha ≤ −1 �Kk�

hessence =U=)�yuzr;yg φ O�n�07�se-Zh# −1�n��mse-Z:6ib�- Q = 0 . hantom =U�~�ay� phantom =U� Hantom ���)�x�� phantom �n-rU��m��P� quintom � hessence o hantom E 3 b=U�kbks;���f�LÆse-Zh# −1 ��m [48] �
2.6 Chaplygin ;C2O

Chaplygin jo=U [49,50] u;vQ,��LÆ{`D� Chaplygin joe0;pj�
a�~1��5$0� chaplygin jo;wbf���o��se-Z�
p = − A

ρch
(59)8M�e^ A ;wIKQP�v��_Z-Z ρ̇+ 3H(p+ ρ) = 0 |�b�

ρch =

√
A+

B

a6
, (60)
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1
6 .�ρch ≃

√
B

a3
�z a ≫ (B/A)

1
6 .� ρch ≃ −pch ≃

√
A �m�7�/KY�m~ib�-�h�0
�℄��x a vGs+� a ≪ (B/A)

1
6 �j. chaplygin jo�5� ρch ≃ a−3 �eY�C0=�%$℄�-�h�
�℄��x a vrs+� a≫ (B/A)

1
6 �j. chaplygin jo�5�

ρch ≃ −pch ≃
√
A �eY�C�haQP�sb�;g p ≃ −

√
A �%nv�LÆ�4����h�"ZY�kR�
�a~� chaplygin jo6R/A��LÆo�$℄�{w=U [51] ��9 [52] hi�kbEI=U��ImL����

Chaplygin jo��wb� d-branes �-��H�o$℄b7�uLX� Born-Infeld �
Æ����;�y� chaplyginjo=U�~�`�� generalized chaplygin jo [53] �ese-Z��
p = − A

ρα
ch

, (61)E� α �QP�s� 0 < α < 1 � Bento �� [54] 
0�� α �}S*Æ� 0 ≤ α ≤ 0.5 ��℄IPaPs�k�S� 0.2∼0.5 �v��_Z-Z��~�
ρ =

[
A+

√
B

a3(1+α)

] 1
1+α

, (62)E;Cni[�5!� chaplygin jo=U�m�7�-Zm~i~�z A = 1 .�=U��~�y� chaplygin jo=U�r�a |RB~EI=U� Ia USNR [55] � CMB 3�Z [56] =��HP�Z�y;�EI=U��wr�:�EI�:V-G�℄��b7�
Sandvik �� [57] &7�`� Chaplygin jo=U^
��Q#bG|�&��E�℄I:6=- �0���-EIi[^���`� Chaplygin jo�~��3Æ�� 99.999% '^�HPp'�/Vd��jm~qD1 Chaplygin joJ���LÆ�=U� ChaplyginjoV;w~j;�	#�Y=U��j-Er�=U^uAL07�Hse-ZHPh# −1 �#�Hse-ZHPh# −1�7E;℄I��M[��e^=��
� Chaplyginjo=U;07EIh#�wb-6�

Chimento [58,59] �kb�wIN� chaplygin jo=U��a�� modified chaplygin jo=U�
�se-Z��
p =

1

1 + α

[
αρ+

A

ρα

]
. (63)-~�Jb chaplygin jo=U^� A g�QP� Guo o Zhang [60] kb� variable

chaplygin jo=U�ee-Z��
p = −A(α)

ρ
, (64)e^ A(α) = A0a

−n A,;QP�j|� Meng o Hu [61] 1
�`�a� extended chaplyginjo���
p = −A(α)

ρα
. (65)
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2.7 <I
5-2O
�u��Æx$��p ���+���>��/Æ�;Æx�
�
0��Pw�|R�~`,�Æz�[��+���m~Hj�9 [62] ��LÆ�mm0℄�S	>;wIÆx�
��m����+��;�J�Æx�
�%�wI
0���G.�LÆ�0Z℄	>o�+��++=[�Fischler o Susskind [63] E3PB1�+��	
��ha�
Cohen �� [64] kb�+�LÆ� Cohen(CKN) =U�Tb^EÆxO%�X�sy�
H	m~�$�j;;u��XX	>/46�E℄syO%^�LÆ�wI�;���O%^���L℄��

L3ρΛ ≤ LM2
p , (66)E� L ;JI$�-{�rG�-�ha�℄;BIAB��f��L�w�:� Λ f��℄�a��w��z�[-�

Λ
4 ≈M2

pL
−2 . (67)z�+��/+�.��LÆ5���

ρΛ = 3c2M2
pL

−2 , (68)EI�LÆS6LXY\b�0oS=O�S�82y�wI�m℄;AB L �`}� Hinton [65] Tbz}h�AB� L = H−1 .�
ρm = 3(1 − c2)M2

pH
2 , (69)EIse-ZS:�LÆ�Y�o0=�%Z�$℄wr�A	4��h"ZY���#��ha^d� Hubble ABP���n-	xABo9.AB [66] �e^	xAB�����

RH = a

∫ t

0

dt

a
= a

∫ a

0

da

Ha2
. (70)-�)x�/�$℄n-�ws2� Friedmann -Zm~/)���

HRH = c . (71)yg	xAB (particle horizon) ���m~�~�
1

Ha2
= c

d

da

( 1

Ha

)
, (72)

ρΛ = 3a2M2
pa

−2(1+ 1
c
) . (73)m#�~�

w = −1

3
+

2

3c
> −1

3
. (74)
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�����
Rh = a

∫ ∞

t

dt

a
= a

∫ ∞

a

da

Ha2
. (75)1ev��LÆ5�S6m~�~�

ρΛ = 3c2M2
pR

2
h = 3a2M2

pa
−2(1− 1

c
) . (76)KwCm�bse-Z�

w = −1

3
− 2

3c
< −

√
ΩA . (77)m~}Y�h�"ZY��m#XQ�kb��+�LÆ=U�EIse-Z^V�wIHP c � 3m~

yPs7-
�� w �℄IS�m�6m~ib�� c = 1 �3�LÆ�Y�CwI�haQP�� c > 1 ��LÆ�se-Z5ar� −1 �~X� quintessence �� c < 1 ��LÆ1:7bm w > −1 h#X w < −1 � quintom Y��m,HP c ��f��LÆZ℄;X[
s��yg℄IPa�Ps;[�m~�� c S�m#��se-Z�n�Y�~��h��a<(��`�+�LÆ=U��R8�wb-6℄;j!�LÆo$℄P'�=��
 [67] �w#yS�j!=��
�LÆ���Pw℄;,��f	rsZ�m
��#�CnJb℄IPa�Ps=f67��4n-�LÆo$℄�=��
�
u;0Q���z���=��
��+�LÆuA���j��Gong [68] 1�+�LÆ�`~ Brans-Dicke9Æ>Æ�%�>�%6w�;��Tg�
�%��
ZID�OQy���Jb9Æ>Æ�%m~y����5%��L�H�%b7�m#,l�g��3�T~�=f67�- Brans-Dicke�%r&K�`}9.AB�zz:��m~�~ym��+�LÆ=U�-�+LÆ=U^m~�frsZ�m�y;
un-wI�m�E3�
AL46rU� [69,70] ����-�%��
�9.AB;JI.p�JoAS�9.AB�n-�5y{��h�n�ws —— 9.ABV-"ZY���h^n-�#�y��h;5wR(["ZY��;I�OP [71] �

2.8 L�`W
5-2On7��b=U8M�;�LÆ��
=��
�=U�G.�3ANs��f�LÆ;�
aO�
	A	��h^�eb$℄u&)=��
J���	#b
o�H��P'b�hH�℄I"O�w#Aj!�LÆo
x�=��
�#Vj!��$℄�=��
�E~j!�LÆ��$℄=��
�=U/W�=��
�LÆ=U
(Interacting Dark Energy Model)�D�s�LÆ=U (Coupled Dark Energy Model)�z.�����$℄���u�AX%���j�LÆ��$℄P'�=��
u�g�3�`,[o�-=��
��LÆO-{^��LÆ�9ÆO φ ygLÆ3�A δ y��$℄O M&)=��
�

ρ̇M + 3HρM (1 + wM ) = δ , (78)
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ρ̇φ + 3Hρφ(1 + wφ) = −δ . (79)e^ ρ̇M o ρ̇φ 1;:7�$℄o�LÆX1�LÆ5�� ρ̇M o ρ̇φ :7��h.y}�9ÆO�t}=U�H����rsZ�m��f��9ÆOo$℄�=��
3	&7-Bbws2
	Lb�wb�frsZ�m��H}X�-9ÆO�t}=U^�O-{�(�-Z~X�)�x���yEb)�x� (attractor solution);A����VL[_w�.'�-6 �k�.

3t}6 X1�n��-$℄�k�.

3t}$℄�n���j/W�t}x (tracker) [34,72,73] ��#EIt}�un-
I�m [74] � (1) �fzn
3�LÆ5��0;<k}���G.℄sy-r+7nsX.
 (Big Bang Nucleosynthesis,

BBN) 
3�LÆ5�u3℄<k}��� (2) t}�=U���bp'�se-Z���t}O�Y�Cay$℄��#
�gq���<0b�;�gq�m#AL|��h�"ZY��#-�s�9ÆO=U^�-Bbws2�O-{b����)�x��Eb�s4���$℄	x�℄Æ^v9ÆO�n�#�7�-�hn�~w�9�|K�)�xz�m#4�$℄5���LÆ5�P17XwIQP [75,76] �Eb)�x�a5x.vA9C�Vs�sX6/���-{�n��a	K�=z����)�xz�Eb�/W�9�� (scaling

solution) [77,78] �Cn9���n--v!=U^/`,�i[�t}� (tracking solution)o9�� (scaling solution) �;)�x� (attractor solution) �n�~�|�sK�~���z��G.4.W��~�;5����)�x�J�E℄\s1(-�hai[^g�
s���ym-{ —— �
a-{ [79] ���k~ quintessence =U�9ÆO�se-Z�}S*Æ −1 < w < 1 �#7-��ha℄I::�LÆ�se-Z�znS;mLG� −1 ����07EbZ℄3℄s[�
quintessence �e^wI)x�?(℄;��=��
��LÆ=U� Amendola ��kb�
quintessence ��$℄�s�=��
=U [75] � Szydlowski [80] $#�$℄��LÆP'�LÆ3��<kb�wI(o�-( [81] �LÆ5�� ρ ��?�o+�Gx-Z ρ̇+ 3(1 + w)Hρ = 0, �$℄o�LÆm1;:7�

ρ̇m + 3Hρm = 0 , (80)

ρ̇x + 3(1 + wx)Hρx = 0 . (81)�7
I-Z;E
b�o/�=��
�ws��f
DP'�LÆ3��3m:7�
ρ̇m + 3Hρm = δ , (82)

ρ̇x + 3(1 + wx)Hρx = −δ . (83)e^�=��
A δ m}�!bX6�-Ebws2�^v�hn�~w�9�|��$℄o�LÆ℄	b�Z��1��u��vEI-{�)�x��K;�����3�LÆ�F4��LÆ�se-Zm~h# −1 �� quintessence ��$℄�=��
i[��0u�%� [82,83] �e^��fj!w~jJ� quintessence �$℄ ( &u
x) �=��
� quintessence �℄Æ	^vgÆ$℄5�
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 (chameleon) [84] �- phantom �LÆ=U^��f/��$℄�=��
 phantom LÆ5�^.'5"�z�=��
.� phantom �LÆm~Q7X�$℄��j�$℄o�LÆm~��Bb^w� Phantom �$℄~=z�-6Q*m#�~ scaling ���o�rsZ�m�u46��hrU��<( [85] �=�yS�
k-essence �$℄=��
�P�s��!�

Chaplygin joyQ;���LÆ��$℄�{w8M�u℄;S/�yQ$��eb�$℄n-�-Ebws2j! chaplygin joo�$℄�=��
;/�
f��y 2005 Q~y�v!℄IPaPs<AM[ chaplygin jo���LÆo�$℄�{w8M��j�7-�3h5uD�JJ! chaplygin jo���LÆ�{`D [86] �z.j!eb�$℄�n-�E.j! chaplygin jo��$℄�=��
F;���� [87] ���yS�=��
��LÆ=U-�frsZ�mose-Zh# −1 ��m�gvw���
�
2.9 9B�
5-2Od�n7i%�9ÆO=U��3ÆO=Uu;w~S�j!��LÆ�
a=U�e^ Yang-Mills(YM) O=U;vb�v:Z�3ÆO=U�EI=U�0�>p���hai[ [88] �>=UÆ��h^��LÆm~
wbg&<sJDzZ� YM Oy8M [89] �oay�9ÆO=1�>=U�
Iksj�� (1) YM =ULXv��07r��DG� −1�$e� (2) >=U�~/�m~
��;�HP��j*G�=UV1�^�Z�y;��3ÆO�jJZo:)Z�E~=U	�~o9ÆO=UAz�tI��JD�Z��K;��EI�m�n-�4�3ÆO=UALC9ÆO=UGr�~`,4
�

Cai [71] kb�wbv����=U ——“Agegraphic dark energy ” �m Károlyházy A��[- [90] �
δt = βt2/3

p t1/3 (84)b& (e^ β ;Æ�� 1 �QP� tp � Planck .') �Lbz6 (68) ~X�wb�LÆX6�
�Æx
ao`�=�%� Károlyházy A��[-Lb� Minkowski .p^�a?)�LÆ5��
ρq ≈ Eδt3

δt3
≈ 1

t2pt
2
. (85)1Ew[-�`~JIm℄I�h�m�~a�� Agegraphic �LÆ�

ρq =
3n2M2

p

T 2
, (86)e^ n �=UHP� T ��hQ��

T =

∫ t

0

dt′ =

∫ a

0

da

Ha
=

∫ ∞

z

dz

(1 + z)H
, (87)1�hQ���6 (87) v�6 (86) ^��

∫ ∞

z

dz

(1 + z)H
=

n

H
√

Ωq

. (88)
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5� z y}�m�~^g FRW �h^��LÆn�-Z�
dΩq

dz
=

−1

1 + z

(
3 − 2

n

√
Ωq

)
Ωq(1 − Ωq) . (89)=	�se-Z��

wq = −1 +
2

3n

√
Ωq . (90)��6m~ib�Vs n >

√
Ωq �3 wq < −1/3 ��mX�|��h�"ZY���
�	zTb�;� Agegraphic =Uo�+�LÆX6�~X�ye��Vy{�hQ��m#An-
r�fZ��m�j��nD;~ Károlyházy A��[-�#0�+���b&��Agm�w-72�
b=Ub��e=X�X6�u^��v Károlyházy A��[-o�+��n-BbO%Kl���-�fagO��ha��;7v�ha�
-�~�f~j!=Uu�;0�-�ha��
fP������-�h℄��EI����h℄I;=8��y-G℄���he0A;g&JDzZ��-R-~℄�~2�h�;�X~Z��z.zn�~�℄I*Æu;�;��-��L/℄I�.pPKRuAL(Lws;4r���;℄��kb�y��?(�!�h�EbAg&Zj!K��iiL5�=�h�"ZY� [91] ��h�Ag&Z�
��m~mG℄��or℄��yS:�e^G℄��Ag&Z�
��m~m
I-7yj!� (1) G℄���Ag&Zyg-T=��


(backreaction) w8~r℄���	��h��H Friedmann -Z1X�
a
��m#Lg~|4�h"ZY���
 [92] � (2) G℄���Ag&Z	:6
�_x�i=�m#}Ywb℄I��H	—— �h�"ZY��#r℄���Ag&Z��h"ZY���=℄;[��a�Æ��h<AC FRW �a8M�Gr;g&�JAzZ��-E~=U^�bv:Z�; LTB =U [93] �
��aX6�2�
ds2 = −dt2 +B2(r, t) +A2(r, t)(dθ2 + sin2 dφ2) . (91)

3 ?'q;	���=7-k+�h��LÆ�0℄�aDkbJbJr�=U�^!<b��%=U|RLX�=�h�"ZY��y�<AL��Q9�;m0℄�y�=�LÆ�g��)#kP�Cn�/�wI�~r!Pp /z��LÆ�%�D=U�m~S0wb=U�D�%��y���~Pg��-AzZ��L�℄IPa�s�y�n-wI�: —— 1��haQP=U℄�;zn�℄IPa��s�=U�y
z.n-rsZ�moQ0�;�m�#zn0�gy��
a=U
0��m~�frsZ�m�y��fA�Q0�;�m�se-Z w ;9��LÆZ℄�
sHP�z.u;z1Jb�LÆ=U�
sHP�zn℄I�ks
&Pw℄;��se-Z w � w ;5hH�� −1 ��f
A�� −1 #
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an�jZ��G.
�;4.n��—— ;5G� −1 �;5h# −1 �;w-�v
s���w�f��m��LÆ�0℄f�v�h�<(��j���LÆ�$�0℄X�zH$�aor�aB�[-�mPw�G.�����LÆ�0℄�;-�ha℄��0�N��%��;ygA�5"�r�℄IPaBb�LÆ��1=U�-�m�q �/��Pn�-
x� ��s�w[b��ka yA��h`onK�Cnd�O��LÆn-P���3�
�$�0℄�~�w!aO�I%-aI6��LÆ��m"�~
0�%��
f�E1��j- 3��LÆ�mKYh`�z.�
f�%u31�~KwC�&8o���mAz-DeB�f�LÆ�m�- ;vS�
w��=U`2-(oO!OQ��℄IPa31	�=ULbvq�;[�m#7h�O�h�D�LÆ�&47��7-�LÆ�m;�hao$�a^�
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The Theoretical Models of Dark Energy

CHEN Yun

(Department of Astronomy, Beijing Normal University, Beijing 100875, China)

Abstract: One of the most important issues of modern cosmology concerns the acceleration of

the cosmological expansion, which has been discovered by recent supernovae, CMBR and LSS

observations. Most attempts have been done to explain this acceleration. Currently there are

three kinds of mechanism for cosmic acceleration: (1) Dark energy is regarded as a source of the

Einstein field equation. The nature of the dark energy is unknown but it behaves like a fluid

with negative pressure, that can drive the universe to accelerate. By focusing our attention on

specific examples of dark energy scenarios, we discuss several different candidates for this dark

component, namely, ΛCDM, holographic dark energy model, chaplygin gas model and some scalar

field models. Among them ΛCDM fits the data best. But it is embarrassed by the cosmological

constant problem. In this case, people proposed holographic dark energy model, chaplygin gas

model, and some scalar field models, however, these models still do not solve the cosmological
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constant problem thoroughly. (2) The modified gravity theory is considered in the present

Hubble scale, in which the acceleration is regarded as the property of the gravity theory, without

any exotic negative pressure component. Examples of modified gravity theory include braneworld

model and f(R) gravity. The above mentioned two mechanisms are based on the cosmological

principle, which considers that our universe is isotropic and homogeneous. (3) The inhomogeneoty

of our universe is used to explain the acceleration. This can happen in two ways: (1) locally

via backreaction and observational effects, and via large scale inhomogeneity. (2) Small scale

inhomogeneity has two effects: The backreaction from small scale inhomogeneity to the large scale

geometry can generate a dynamic effect in the effective Friedmann equation for the cosmology;

Small scale inhomogeneity has significant effects on the propagation of photons, with potentially

important effects on observations.A large scale inhomogeneity of the observable universe ,such as

that described by the LTB pressure-free spherically symmetric models , can explain the supernova

observations without any dark energy.

Key words: cosmology; accelerating expansion; dark energy; theoretical models
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