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- w I J i � $ ] � � h ^ � $ ] 5 � f � � � h � � r � ~ � � h � g • o � y � �

f j ! � L � � w s ] � � A z � E 3 � • L � 5 � ( $ ] L� 5 � � � L � 5 � P o ) f

� v � h � � r j Z � e l � � h | R m $ ] < k } � . c g � ~ � � L � < k } � .

c � r " - 	 r + 7 
 P | � � , � Q ^ � $ ] < � • L � 5 � � k } � � � y E | X �

g • � 7 - � h � � y 1 � � L � � j Z a f � � � j i [ � L � � 0 ] K Z ; z n � h

a i [ � w A c s 
 & �

� h a � � w 2 ] I k a � g � � 20 8 � 20 Q v a � ^ v h I � L � j ; ; p ' h I �

L � & 8 � N w v E Q � � jx � � ! W o � R � 0 o P a � p n � } � r 2 < � � 3 � �

h � � 1 � � e ; 2003 Q � 2006 Q o 2008 Q � l S B � 
 $ F � J D � Z h I i (WMAP)

� ] I = f � ~ � T � P | f r (SDSS) � = f � b 7 � Q � L b r ! P � h a H P � I � =

f � < � a 0 � g � z v � h a � 9 u = U || r+ 7 + * ? +�CDM = U � > = U � � �

7 - � h ^ � X 1 & u � " 73% � � L � � 23% � � $ ] ( k s ; � � $ ] ) � 4% � � � c

x $ ] � ~ � � � � _ x o ^ � x � e ^ � O � � L � o � $ ] ; 7 - � h � k s � 1 � E ;

z v � h ] I L b � � c s � � b � � � � = f � � � > = U � � - � h � � 0 c � r + 7 h

5 P | � h n - w I � Z Y @ 9 � � � * ? 9 � � > 9 � A ^ � 0 c � h n - � J b A g &

Z < s � 2 � | y � h = V X X � b x �

9 u � h a = U

[1]
� w I c s n k ( � D 
 0 $ # ) ] ; � h a � � � � h - r ] � � ;

g & J D z Z � � c : : � h^ $ ] o L � � 1 B ; w r � � / � w g ; j J � � � h a � �

X � � w I c s • % ; � h ! ^ P � � � � S F " O � E w • % u / W � F " O � � � � 	 �

h ^ / � 
 r w � ; j J � � a � � � Z � ; ^ � � � 
 F " O � � � � w b - 6 U M ; � w

I ] I D a ] I ~ � r ] � = V | C � o - � h ^ 
 r e b � - a ] I ~ � w r � L X 8 M

g & J D z Z $ ] 1 B � ] ; Friedmann-Robertson-Walker(FRW) � a �

ds2 = d t2 � a2(t)
h dr 2

1 � kr 2 + r 2(d� 2 + sin 2 � d� 2)
i

; (1)

e ^ � (r; �; � ) ; Z � - D ] ] � � � ^ o 
 9 � � 6 U � 
 9 � � T - � h Y @ � C _ . �

0 w ] � � p ' 
 9 � ; A 7 � � t ; . ' 
 9 � c = z � 
 w ] � � � V U . ` � � . � k

� { # � x � k = 0 ; +1 ; � 1 f � ^ R �2 s � h / � � � p ' � r = V � a(t) ; . ' � j P

/ W � 9 � � x (Scale Factor) �z n � S � a(t = t0) = a0 = 1 �

� h a ; i [ � h = V � e n � � a k � # 6 (1) V ; S : � � h � . p = V � < A L •

b � h � n � � � � 8 M � h � � 
 a � \ s � � � � T g � 
 O - Z y f � . p � - T �

- z n � 9 u � h a = U ^ � � T g O - Z ; u � � h a Q P � X 6 �

R �� �
1
2

g�� � G �� = 8 �G T �� + � g�� ; (2)

e ^ � R �� ; Ricci > � � R ; { # 9 � � � ; � h a Q P � T �� ; f � � h � 
 a � L

� > � �

T �� =
X

i

T i
�� ;
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e ^ � T i
�� ; A z � � X X 1 � L � > � � � 6  $ ] � c x � � � $ ] � �

$ # � h ^ g & J D z Z � D ] � � ? � o � G . - FRW � a 2 � c � L � > � � m :

7 � �

T i�
� = diag( � i (t); � pi (t); � pi (t); � pi (t)) ; (3)

e ^ � � i � pi 1 ; ; J I � X X 1 ( 6  � c x � � � $ ] � ) � L � 5 � o g q � c 3 � ;

. ' � j P � 
 D � [ - � �

p = w� : (4)

w � 	 � o 
 � s e - Z � # � h ^ � J � 1 � m O X z � � ? � o � � j � a y � $ ] �

w = 0 � � � 6  � w = 1 =3 � � � F p L � w = � 1 �

1 FRW � a 6 � � � T g O - Z � D ] � L � > � - Z � s y @ � m � ~ O - Z � . �

. 1 � - Z �

•a
a

= �
4�G

3
(� + 3 p) +

�
3

; (5)

~ � p � p 1 � - Z � � Friedmann - Z �

H 2 =
� _a

a

� 2
=

8�G
3

� �
k
a2 +

�
3

: (6)

e ^ � H = _a=a �W � h @ H P � c - H r � S H0 ] ; h @ Q P �

� � � J � 1 � L � > � + � L � G x - Z T �
� ;� � m ~ � ~ � 1 - Z �

_� = � 3H (� + p) ; (7)

> 6 m W � � h � 
 a � L � G x - Z � D � _ Z - Z � X j � 6 (4)� (7) V X w � g

" O � � 
 a - Z � � c 3 m ~ @ b � h � ] � � x a(t) ~ � 5 � � o g q p ^ . ' �

7 � �

2 � N � ? W

2.1 
 5 - " $

1998 Q � k a  - � 
 Ia U S N R ( I � h � Y @ Z � . & 7 c 3 � � � 1 � y �

c � s � � E � � v E I S N R c � � 3 1 � y 9 u � � $ ] = U a � k � s ! � u ] ;

S � � h < A g � � y 9 u � � $ ] = U � k � * Z Y @ s e � # ; g � " Z Y @ � s

e � E � w b m L � @ = � G ] ; � h ^ n - B b & 4 � 
 � S # � � h ^ � $ ] � 
 �

• � v � h � " Z Y @ � k a  1 E b � O � 
 � W � 	 � L � 
 � � j ) x � S � � L �

] ; w b � O � � � g � h " Z Y @ � � [ � � ; [ � � L � � m � @ = h H � S ] ; �

� h " Z Y @ � m � @ = �

y 1998 Q � 3 & 7 � h � " Z Y @ ~ y

[2;3]
� � L � w R ; � h a i [ ^ � � � � m P

w � O � Q O ! � ] I = f ( � Ia U S N R � CMB ~ � r ] � = V � � ] I P a )[4]
� K w
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C L 0 � � L � � n - � � h " Z Y @ � & 7 a � b � � L � � m �A J @ 7 v � ~ � � h

� � 1 � � A � � D | � � $ � a " k b w = �

� L � � n - @ f � [ � � h � Q � � Y @ Z � � e � X X 1 � w - � � m � R c I % �

� H r ! P � r � a  o $ � a  � 8 I � E r w I 9 0 � � � L � " < a � 7 - � h • L

� 5 � � 2/3 � c � f � � h � y � < ( g v _ � t c � � 
 � � j � L � � m m ~ S ; C

n � h a ^ � c s � i [ o m P w � - A i � h a Q P � w s 2 � 8 M � h Y @ � ] � � x

a(t) � � h $ ] L � 5 � � o g q p P ' n - ~ 2 [ - �

•a
a

= �
4�G

3
(� + 3 p) : (8)

m E I 6 x m ~ i b � � L � 3 ] b � � X r � 	 ; � 
 
 � X � s + � � + 3 p < 0(� � L �

� s e - Z s + � w = p=� < � 1=3) �F L 4 � h " Z Y @ �

y g C n � ] I m ~ � � � � L � 	 z b � ~ 2 j H � (1) � L � A &  u A ) C _ x �

(2) c b � = z r � ; g 
 � (3) c - p ' � 1 B � ~ ; g & � � X � - R - ~ � ] � * � K

� A 	 � ` X X m ] I � m 1 ; � = V �

2.2 
 5 - 2 O � � (

C n � L � n - � 5 | R A , ; � [ - � � m � � � i [ g P a � � � = Q � � L � ( X

� ~ X � L � � g � H 	 ) � � ; n - � � � L � � $ � 0 ] ; / . � � L � � L � 5 � ; A

7 � � � ; ^ v . ' n � � � E � ~ ; C n a � i [ � L � � � � � [ P � � m � � � C n

� / � R 8 ] I ~ � L � � [ � � L � � 0 ] u w ! a O � � j = s ] I P a 0 � s � � �

L � � % = U ; 0 Q3 s � �

- & 7 � L � P n � CDM = U ; G I . c � 9 u � h a = U � - > = U ^ Einstein O

- Z � X 6 � �

R �� �
1
2

g�� R � G �� = 8 �G T �� : (9)

e ^ � - Z � � 5 ; � r E 1 � � 5 ; $ ] E 1 � # y 1998 Q 
 I S N R G � � ] I ~

� | y WMAP � SDSS �� ] I � : : 0 � - a y $ ] X 1 
 f � � � h a = U � r �

] I A = 8 s � � j ] 	 > � { > � h a = U � K � Z � � D j ! � 
 � ; 5 n - 0 o @

� / � i ~ g � N � $ ] X 1 � C n @ = � h " Z Y @ � k s � % � - J o � m ~ 1 � 


r ~ � 	 w ~ ; m - Z � � 5 b & � u ] ; [ @ � � T g O - Z � � r E 1 � - B b � �

� S ] ; [ @ � � � T g � � 
 � % � c & u Brans-Dicke � % � f (R) � % � @ 8 B 
 T

(brane world scenario) � � 	 % ~ ; m - Z � � 5 b & � u ] ; [ @ � � T g O - Z � $

] E 1 � � � � h - " Z Y @ � # y Q � $ ] � ; 4 � h * Z Y @ � � G . y � s y n -

" � � L � 5 � 1 � � y k R � h " Z Y @ � � � 
 � � 	 � - � 
 � ^ " � � " � � $

] 1 � || > 1 � � 
 0 j H ; g & � 1 B - � h p ' ^ � b � ; � g q � c & u � h

a Q P = U �9 � O = U � 3 � O = U o � + � L � = U � �

[ @ - Z � r E 1 � � % � � � T g O - Z � m 
 ~ 2 { w X 6 y : 7 �

G �� + Gdark
�� = 8 �G T �� : (10)
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z � � [ @ $ ] E 1 � � % � � � T g O - Z u m : 7 X ~ 2 { w X 6 �

G �� = 8 �G (T �� + T dark
�� ) : (11)

C n [ � � h " Z Y @ � @ = d � ~ � k ~ � 
 r ~ � � � � e b � @ = -  � � j !

� h A g & Z � � h " Z Y @ � 
 @ � �

2.3 Q � V , * / � 2 O

� @ f z n � h " Z Y @ � m � �CDM ~ � J b � 
 a 9 � O = U � ; - � � T g � 


r & 2 � i [ � L � E b � O X 1 � Z ] � � # � @ f � L � � m � ! b } X � e ^ w b V  

; - r ] � � [ @ � 
 � % � # ! \ � � � L � E w N X 1 y @ f � h " Z Y @ � m � ` �

= � % - � h ] � � ; 5 < 
 J � E � � ; w I S � V j � � m � � � � 3 7 - V - d q -

] � � Q � ( o � ` � = � % � K � Z � # - � h ] � � ` � = � % � K � Z � � w K w C

� i [ � � � � 3 � � � � { ` � = � % - � h ] � � ; 5 � H � � � / � � ( o g � u ^ �

h " Z Y @ K ; � 
 � % - � h ] � � 	 > [ @ � L a � ~ 2 D � [ @ O - Z � � r E 1 �

� [ @ � 
 � % � � b k s = U �

2.3.1 h i c b d

@ 8 B � % ; z v E L $ � o � h a ^ � c s � ] S P w � @ 8 B (brane world) E w

A S m ~ k R w b [ @ � 
 � 
 0 r & � - @ 8 B � | T ^ � 8 B A V ; W � � � # ; b

� " � � p ' � � � A z � 5 % ^ I Y � � " � � � @ 8 B ^ " � � m ~ v r � � h ; E

I E � 8 B (bulk) ^ � � � @ (3-brane) � 	 x $ � 9 u = U � 
 0 	 x g � � - @ � �

# V � � 
 m ~ - J I E � 8 B ^ i = � � � � 
 m ~ 	 L � 
 ~ " � � � = 	 � - @ �

� � 
 � ~ � [ @ �

� 0 � -  ; ADD @ 8 B

[5;6]
� RS [7;8]

@ 8 B ~ � DGP @ 8 B

[9]
� - f ! � @ 8 B

= U ^ � DGP = U ; w b & i y " Z @ � = U

[10]
� c m ~ 1 z n � h " Z Y @ @ = � � 


- r ] � i = . w E 1 X ~ E � p ' a Y � DGP = U � Dvali � � k b

[11]
� > = U A � ~

a - � � h � p � - w I 5 � Minkowski . p � 3-brane � e � 
 � m ~ K � �

S = Sbulk + Sbrane : (12)

e ^ �

Sbulk =
Z

M
d5X

p
� (5) g

h 1
16� (5) G

(5) R
i

; (13)

Sbrane =
Z

M
d4x

p
� g

h 1
8� (5) G

K � + L brane (g�� ;  )
i

: (14)

- ~ � � 6 x ^ � Sbulk : 7 bulk( o ) � � 
 � � Sbrane : 7 brane(@ ) � � 
 � �

(5) R ; 5

� { # 9 � �

(5) G v : 5 � T � � 
 Q P � K ; @ � � { # � � � L brane ; ; [ - @ � �

a � O � • x ? � �  v : ; [ - @ � � $ ] O � DGP = U � � C ~ T ~ � ; L brane ^ i

� 4 � 9 � { # � m K X � 2 X 6 �

L brane =
� 2

2
R + L m ; (15)
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6 ^ � � ; 4 � ] � H P � R v : 4 � { # 9 � � L m ; $ ] O � x ? � � j ! - @ � � w

I FRW � a � � ~ = 	 � Friedmann - Z �

H 2 +
k
a2 =

 s
�

3� 2 +
1

4r 2
c

+ "
1

2r c

! 2

; (16)

6 ^ � " m ~ } 1 � � 1 � r c = � 2=8� (5) G b � R � � D � " = � 1 : 7 DGP = U b � 


I 1 M � (+) 1 M m ~ A � � ; g $ ] � x _ � 
 � " - r ] � � � # � H 	 � m N )

$ # Y @ � � # � 6 y " Z 1 M (self-acceleration branch) � (� ) 1 M 3 / � E b y " Z �

j Z � s - E w 1 M � j ! " Z Y @ � 3 \ s � � � L � X 1 � > 1 M / W � 9 u 1 M

(normal branch) �

- j ! DGP = U . � w # A j ! @ > 
 � � $ # B b � W Z 4 @ � � F p L � 0 �y

; � � j ! @ � n - B b � L � � u 	 � ~ w I � ~ � = % � 1 � - @ � " � quintessence�

phantom 9 � O � 3 m ~ 4 o - � � H s e - Z : 7 b h # � 1 � Y � z . � m ~ 4 6 r U

� f � � b 7 � z � u m ~ j ! - @ � v " e b X 1 � 1 � w I � h a Q P � Chaplygin j o

� � # - � 9 [12] ^ � � D � C � + � L � � V  � j ! @ � � � + F p L � � @ � > 
 �

= f 6 7 � - y " Z 1 M ^ } Hubble ] � � � z � : � � � D - 
 w 1 M ^ } 9 . A B � :

� � = 	 � � + F p L � m ~ | 4 � h " Z Y @ � � � � � z . j ! F p L H 	 o GDP = U

^ � y " Z H 	 � 3 = 	 � � H s e - Z 	 b 7 h # � 1 � Y � � < 	 } Y r U � f � � � D

� 
 S N R o c x ( a G | � P a � = U K Y ; [ � & 7 - 1� * � K � ] I P a u D � W �

� � + � L � = U � A j ! F p L � DGP = U �

- � 9 [13] ^ � � D 	 
 \scaling method" [14]
i [ � DGP = U (� ) 1 M ^ � r ] � =

V X X � = f & 7 - > 1 M ^ � [ @ � 
 � � 
 : * � � ISW H 	 � E l k � y " Z 1 M ^

� w s = ) ( - y " Z 1 M ^ ISW H 	 ; / 5 q � ) �

2.3.2 f (R) e f g j

n 7 k ~ � DGP = U ~ � e b @ 8 B | T ( � RS = U ) � � ; - � � T g � 
 r & K

� � � ~ Einstein-Hilbert � 
 � �

SG =
Z

dn x
p

� gR (17)

� b & � � M ; V ; - � 1 W � . p • ` ~ E � � < j ! # � ^ � B I j J = V � # 0 � 1 s

i % � f (R) � % � 3 ; � � 
 � 
 � 0 $ K Y � [ @

[1]
�

SG =
Z

d4x
p

� gf (R) (18)

e ^ f (R) � { # 9 � R � B b j P � z � � E < A ; � w � [ @ - 6 � d � m ~ - � 
 � ^

" � R � [ K A � � m ~ j ! " � X � R�� R�� � R���� R���� P ~ � [ K A � W 9 { # �

w I j ; � s � � Gauss-Bonnet A ; � 3 i [ 1 5 ! � � � � Gauss-Bonnet A - W � . p ^

; w I � ` A 7 � � � j - E I = U ^ y Q � w 9 � O � Gauss-Bonnet A n - � s � � 3 =

Q E I � s - S 5 � % � � L O X ^ 	 b 7

[15]
�
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� � � f (R) � % u � 
 b � % X 6 � w b ; z � � T g � 
 w r � � � � a O � � :

M � 
 � . p � X � � � * O ; � � a } b � � j � f (R) � % � � a X 6 � # � w b a � �

Palatini X 6 3 � � � a o � * ; 
 I � � � 7 � � 	 1 ; � 
 D y y 7 1 � 
 b � % X 6 V

� - ` � = � % ^ � � f (R) = R . F ; � % � � # � O w # � f (R) � % [ Y 	 > G 
 F b

X 6 � E w � � � n - I %

[16;17]
� E � V j ! 5 ) x � � a X 6 �

} & i $ ] � f (R) � % � 
 � � �

S =
Z

d4x
p

� g[f (R) + L m ] ; (19)

e ^ � L m � $ ] � x ? � � z . � - 6 g , | R # 8�G = c = 1 � � � 6 [ � � a y 7 1 m

� [ @ � O - Z �

G �� � R �� �
1
2

Rg�� = T (curv )
�� + T (m )

�� : (20)

e ^ �

T (curv )
�� =

1
f 0(R)

f g�� [f (R) � Rf 0(R)]=2 + f 0(R)(; �� ) (g�� g�� � g�� g�� )g ; (21)

E A ; f (R) ^ E 9 { # A N ) � T 9 � z ~ - Z � 5 � H � B b { # � o � L � > � � T (m )
�� =

eT
(m )
�� =f 0(R) � u [ @ � � y � G � s � $ ] L � > �

eT
(m )
�� � A I i b � z } f (R) = R + 2�

. � � M - Z g � : � u � h a Q P � � � T g � 
 �

� 9 [18] k b - Einstein-Hilbert � 
 � ^ " � Rn (n > 1) � m ~ - � h 0 c N ) * ? �

Carroll � �

[19]
E 3 k b w b N ) z n " Z Y @ � f (R) X 6 �

f (R) = R �
� (n +1)

Rn : (22)

z jRj m 0 c 5 r S h 5 * G . � y g < z � ; H P � � m ~ 4 [ K A R� n
- z n 7 � 6

m �m # N ) " Z Y @ � # � 9 [20] T b E b X 6 � [ K A 	 } Y h c � A � � Z � m �A

g E b � m � m L y g , " � � F A Rn
y @ f �

- � 9 [21] ^ � � D - 4 9 � 
 � 
 a o $ ] � G � s � $ � r & 2 i [ f (R) = U 2 <

Z 
 � a � g � �h n � w s � � � 0 w b n � � 2 � f (R) � @ � n - 
 I 1 M � E 
 I 1

M m y g H P B / d2f=dr 2
y : 7 � B < 0 � 1 M & i � z n j ! � r E 1 = U � E ~ = U

- E { # 2 n - � . 9 0 � � Z � E � Ez z � � h ] I A 8 � # - B > 0 � 1 M ^ � f (R)

= U m ~ * G r 4 � CMB � J D � Z �< @ 7 < Z $ ] L b � X s �

� � - � 9 [22] ^ � � D - 9 � > � � % r & 2 i [ 5 � f (R) @ � 
 � - ^ g � h 2 �

z ` }B I j � X 6 � f (R) . � E I = U L � b T P X 6 � : �< } Y x � � bulk p ' {

# | � � " Z Y @ � � h �

� 
 � + � L � = U L b Hubble H P n � �m # c V b = 	 � f (R) j P

[23]
� u ; w

A v � � � �P � � f (R) � % / A � � x � 
 � % - � L 2 � B b � H O X � c V b � � +

� L � = 	 � f (R) � % � n � m � L � H � % � 4 � y @ = � + � L � � � + � L � = U �
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c H P ; f � � L � n � Z ] � [ - H P �z c > 1; < 1; � = 1 . � = 	 � f (R) j P : 7 b

: 6 � M � � ) � b c � n � j Z � f � Z � 
 �

2.4 X _ S � A 2 O

� h a Q P = U ; � ) x z . u ; � C n � ] I P a 8 s � � k � � L � = U

[4]
� c �

s e - Z x � � 1 � L � 5 � ; Q P �A ^ . ' 7 � � � h a Q P � � a � � � T g � � y

V 1 V e � � h a = U � � � T g � 1915 Q 0 � � � 
 O - Z ; A & i � h a Q P � � 1917

Q � � T g & : � ; � � M a ` � = � % � � h a j L 
 � % � � b 1 ` � = � % � � 
 O

- Z 
 � J I � h � 0 � g w b � h a = U � z . k a  3 a 8 � � � h ; V U � � A ^ . '

7 � � � � � T g ? m � 
 O v D � ~ w I � h ; V e � � g & � � J D z Z � q  � y ; b

� ~ � @ ; A � � � � : : p ' A ; x � A 7 � � # ; ^ . ' 7 � � � � � � ~ w I p ' ; �

� � @ � � � T g � � � � K w I 6 	 � h a Q P 
 � A � 	 c g _ 
 � � 
 � E r � � T g

] � ~ w I � ; ! 5 � V e � h = U � W � � � T g � h = U � E r � - j ! � h Q P | � �

� T g � � 
 O - Z ] m ~ K � �

G �� � � g�� = 8 � T �� : (23)

� g�� � � > � � X � � � T g � 
 O - Z ^ � w E 1 � - - Z ^ c 0 � � g � _ 
 � � 
 �

1929 Q � z Hubble � R - � ] I = f � b � h Y @ � 9 0 | � � � T g � f � / k � h a Q

P � � Q � � � T g 6 1 � h a Q P � � � S X ; b 	 w ) ^ � r � p ' 
 � m ; � 2 � & 8

; v b � / d Z � � z 1998 Q � Ia U S N R � ] I � b � h � " Z Y @ | � � 3 � c N � �

� h a Q P � � 9 [2, 24] v k � ~ M � [ � � h a Q P � i [ �

- � x O % ^ 	 F p 
 ; A	 p 
 � � M a J 7 Z s y � F p � L � > � K 1 � � a

> � � � H � � � T g � K � � h a Q P � � Lorentz A 7 Z s y F p e � L � > � V L

} X 6 �

hT �� i vac = � � vac g�� : (24)

7 - Q � � � H � h a Q P � e� � � H F p L 5 � � e� � A S � � 1 F p L A z ~ - Z � 5 �

3 � ~ w I & i F p L T 9 � � H � h Q P �

� e� = 8 �G� vac � � ; (25)

� D 1 � h a Q P A z ~ - Z � 5 � ~ � H F p L 5 � �

� e� = � vac � � =8�G = � e� =8�G : (26)

$ � � y g ] I V L L b � e� � D � e� , # ! ( z 1 \ ( " � h a Q P � o F p L � vac � - ]

I � � � � h a Q P � e� � h @ Q P � ^ - ; z w � � �

[1]
� � �

� e� � H 2
0 = (2 :13h � 10� 47GeV) ; (27)

m # � ~ = 	 � L � 5 � � e� :

� obs
e� =

�
8�G

� 10� 47GeV4 : (28)
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- � x O ^ � ] � m a N ) � � � L a Y \ b � F p L � �

� vac =
1
2

Z 1

0

d3K
(2� )3

p
k2 + m2 =

1
4�

Z 1

0
k2

p
k2 + m2dk : (29)

m � 6 i b � � vac / k4
� � � vac 1 ^ v G � ] # � 5 r # & � � $ # � x O % - B I w � :

� ] � kc ~ 2 � H � 3 � 6 � 1 = f � � vac � k4
c =16� 2

� - ` � = � % � x . 2 � m � � �

x O % - a | n ] � mpl = 1 :22� 1019GeV ~ 2 ; � H � � 3 kc = mpl � E r Y \ b � F p

L � % S � �

� th
vac � 1074GeV : (30)

m ~ i b � � % � b � S Y � 1 ] I S r � 121 I � � � E � � v s L b w I � ] I S

= 8 � 0 Q G � P � ] \ s � 	 ( 
 � h a Q P A � =8�G - 10121
� � � � K Y Q 0 � ; � E

; A m V � � � � # W c � Q 0 � ; � m (�ne tunning problem) � � 6 } w � : � � O G �

L 9 � 1 � � x � � 
 a L 9 � � ~ � F p L � vac � 10� 3GeV4
� � � n - h c � Q 0 � ; �

m � � � � � h ^ F p L 5 � ; I Q P � c A ^ . ' 7 � � # $ ] � 5 � ^ v � h � Y @ # *

G � m / a� 3
� G . - � h � 0 c � F p L 5 � = � � $ ] 5 � 3 � 	 X � w I 0 Q G � P �

� / . \ \ b 7 E . G � P � 4 � 7 - F p L 5 � � $ ] � 5 � b 7 - z w I � � � E I �

m / W � r s Z � m (coincidence problem) �

! { � � h a Q P ; w I ! � � I ! H � y � ; � ) x o b � : 6 $ � g � � ` 2 � � 3 w

R U 
 h [ � r � h a Q P � j P G ' X � � � y v ! U 
 u � � L � a @ f E I � m � 7 �

E b w s � � 3 s . c w O 
 f � � % & 7 � s . V L y n � � 2 � � (anthropic principle) [25]

� D 5 T ] (string landscape) [26]
� � � h � ! I F p � 0 I F p � � h a Q P A z � # � ~

a g F p � h a Q P � j P G ; � � j !� � ~ n - � x . �

2.5 � - � 2 O

� � � h a Q P n - 
 I 
 0 � m � ] \ s � � � � � � [ y @ = � h � " Z Y @ �

j � � � � � h a Q P = U a � ~ � � L � s e - Z ; w� = � 1� ; A ^ � h � n � # &

) 7 � � � # r � ] I : : � - w � � * � K s e - Z ; ' ^ ^ . ' 7 � � � V A g ^ .

' � n � 1 5 � , # | � K ; b � E r � � � � � 3 j ! L � > � ^ & i ^ . ' n � � �


 a 9 � O � � E ~ = U / W � 9 � O = U �1 � quintessence� � w I , c � K 3 9 �

O � 0 Q ~ X � 0 c � h * ? g Z ^ � * ? x � � � w I b � 0 K 3 � L A � 9 � O =

U � 1 � C + * ? ^ K-in
ation � [ �

[27] K-essence= U

[28]
� ~ � � 5 % ^ D-brane = [

� tachyon = U

[29]
� - E ~ = U ^ � y g ` 2 j � � : j P � m ~ 4 � h n � ~ � L � k

} � s e � # � n � 0 c � x . ! [ � u ] ; S � 4 z n � L � k } � s e X � � 
 an

� - { � w I ) � x � � 3 , � y g E b ) � x � [ y � @ r s Z � m � - � L � � % i

[ ^ � 9 � O = U � e ) x Z # b � v r � ) � 
 � z � 9 � O � � � z . u u y N � �

m �1 � z n � " Z Y @ � � a � * ? P ' ; 5 � / . O % K � � - J � E ; S � % V

� � C n | � w I P � m � E � 4 � P B � E 
 l " Z Y @ K Y { w 8 M

[30]
� C n v !

� L � = U � G 
 9 � O y 8 M � ~ 2 D � e ^ � U � � b �
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2.5.1 quintessencea phantom

K � } Y � h 0 c " Z Y @ � k s { ` D � 9 � O * ? x w r � � L � u m L ; � 


a 9 � O � � m ; � 9 � O = U ; quintessence[31;32]
� w # ~ w I � , c ) X e � : � E


 e � 9 � O � y : 7 � c ; w I K 3 0 9 � O � - g & J D z Z � � h a = U ^ � e x

? 5 � � �

L � =
1
2

_� 2 � V (� ) ; (31)

e ^ �

_� : 7 � � h . y } �m E I x ? � b & � � � ~ quintessence� g q o L � 5 �

1 ; � �

� � = T 0
0 =

1
2

_� 2 + V (� ) ; (32)

p� = � T �
� =

1
2

_� 2 � V (� ) : (33)

= 	 � e - Z � �

w� = p� =� � =
_� 2 � 2V (� )
_� 2 + 2 V (� )

: (34)

6 � � w� D � � 1 o +1 P ' �z quintessencem v 5 ^ � � : D 2 c � � w� � f G �

� 1=3 � 3 | � � h " Z Y @ � � f c 8 O � � 1 � = . w I � h a Q P � quintessence� :

j P � ! b X 6

[33]
� � f < z � ` } : j P � 4 e + � � = V 0V=(V 00)2 � 1, quintessence

= U b � w ~ ) � x @ � � t } @ (tracker solution) � E b O / W � t } O � b � t } O

� quintessence= U � j � ; � c � n � � a 5 x . A 9 C � ' X a 5 x . � r G m ~ = M

100 I � � � � m ~ n � ~ H r � � h � E ] 4 6 � 	 r s Z � m 


[34]
� ] � quintessence

= U m ~ � H � 4 6 r s Z � m � y - 	 x $ � ^ � � 3 B A b E r � quintessence:

[32]
�

Phantom 9 � O � � � 3 ; � 0 � ] I I 5 � � - - w g � � � S N R P a � P s � ~

z n � � L � � s e - Z � � 1:38 < w < � 0:82 [35]
� E ] S : � � L � � s e - Z w < � 1

n - � m L Z � quintessence= U 6 � I ~ + � E w s y � � ; � Caldwell � �

[35]
j !� b

� ; � � L A � 9 � O �/ W � phantom � e x ? � 5 � m K � �

L � = �
1
2

_� 2 � V (� ) ; (35)

= 	 � g q o L � 5 � 1 ; � �

� � = T 0
0 = �

1
2

_� 2 + V (� ) ; (36)

p� = � T �
� = �

1
2

_� 2 � V (� ) : (37)

= 	 � e - Z � �

w� = p� =� � =
� _� 2 � 2V(� )

_� 2 + 2 V (� )
: (38)
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6 � � � � K � V (� ), phantom � e - Z H P • ; G � � 1 � � N quintessence= U ~ X �

phantom = U u L � @ r s Z � m

[37]
�y � � c 
 ) a � � L � x . � E I = U 	 n -

w I � : � � A � � Z

[38;39]
� � � � � - phantom � L � = U � � c � L � 5 � ^ . ' n

� 0 y A * G ) # 5 " � � j � � h � Y @ 1 # y # q � � | } Y � h � < ( ; Big Rip( r

U � )[40]
� a ~ - E w � L � = U ^ � � h � H < ; � ; � �y ; � � f a } � : b � w

I � r S � G . r U � u m ~ 4 6 � E b w s 2 � h � n � ] 7 X g c Z � �

[41]
�

2.5.2 quintom � hessencea hantom

Huterer o Cooray [42]

 A = [ � Y � - ( (uncorrelated estimate method) � ~ � � L

� � s e - Z - r � 2� � ' M * � K � h # � 1 � m L Z � Riess � �

[43]
- 2006 Q � 


� N � S N R P a u � ~ � = X � = % � quintessenceL X L b � 1 < w < 1 � s e - Z � #

phantom L X L b w < � 1 � s e - Z � � j � ) x � ] ; V 1 w I � w I quintessenceO

� 1 o w I phantom O � 2 y U z ` z � L � � = U � � ; � 0 � 4 > � �

[44]
L b � w b s

e - Z h # � 1 � = U � � � c z . b � quintessenceo phantom 
 b $ ] � Z ] � ] / } ;

� quintom �

quintom � x ? � L � � �

L � =
1
2

@� � 1@� � 1 �
1
2

@� � 2@� � 2 � V (� 1; � 2) : (39)

- p ' ^ R � FRW � h ^ � m � ~ e L � 5 � � o g q p [45] :

� =
1
2

_� 1
2 �

1
2

_� 2
2 + V(� 1; � 2) ; (40)

p =
1
2

_� 1
2 �

1
2

_� 2
2 � V (� 1; � 2) : (41)

= 	 � � e � L � s e - Z m ~ K X �

w =
_� 1

2 � _� 2
2 � 2V(� 1; � 2)

_� 1
2 � _� 2

2 + 2 V(� 1; � 2)
: (42)

m � 6 ^ m ~ i b � z quintom ^ v : K � L A � quintessenceO ^ � � 1 O � 7 � # r � v

: ; � L A � Phantom O ^ � � 2 O � 7 � # �

_� 1
2 > _� 2

2
. � w > � 1 � # z

_� 1
2 < _� 2

2

. � w < � 1 � E r ] y g 
 I O � n � y 0 7 � � L � s e - Z m g • � w > � 1 n � ~

7 - � w < � 1 � y ; � y g S N R P a 1 ( a � ~ � � L � s e - Z h # � 1 � = f V < 


� z z G � 1.7 � 9 � � O 0 c � Y � ! ( y g S N R Q + R 8 � � � � j E I 9 � ~ � � Y

� / � ] I P a y k R R 8 " O �

� a k b � quintom = U / � j ! O � 1 o � 2 � = � � 
 � j . quintom � : L m ~ :

7 � 
 I O : L � ) x = " �

V (� 1; � 2) = V1(� 1) + V2(� 2) : (43)
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Guo � �

[45]
| R i [ � E b w s 2 � � � @ � � ~ E b = U � � � ) � x @ ; ~ phantom

@ � u ] ; S quintom � � a @ 1 ; � ~ phantom � E u 1 } Y r U � � m �A g - Higher

Derivatives � w s 2 � E b * I ; m ~ 4 6 �

[46]
�

| y � i [ P � j ! � quintom = U ^ O � 1 o � 2 = � � 
 � w s � hessence= U o

hantom = U ] ; E - 7 � � U v : � 2 7 ) x D � w 2 E 
 b = U �

z = � � 
 � � 1 O o � 2 O 4 � : L b � ~ 2 X 6 �

V (� 1; � 2) = V (� 2
1 + � 2

2) (44)

. � v � � & 7 quintom O � x ? � R g 2 7 � 7 � ; A 7 � �

� 1 �! � 1 cosh(i� ) � � 2 sinh(i� ) ; (45)

� 2 �! � � 1 sinh(i� ) + � 2 cosh(i� ) ; (46)

e ^ � ; Q P � m ~ ! quintom � x ? � K X � � w b X 6 �

L Q = L he =
1
2

[(@� � )2 � � 2(@� � )2] � V (� ) : (47)

E � 
 ~ � 
 I N � 7 � (�; � ) � e � � W � � � 2 = � 2
1 � � 2

2, coth � = � 1=� 2, E w ~ = U W

� \hessence" [47]
� z . E b X 6 � � � � = U = " � w I " � � s y � � � 2

1 > � 2
2 �

- ^ R � FRW � h ^ � $ # � o � � ; g & � � m ~ � b hessence� n � - Z �

•� + 3 H _� + � _� 2 + d V=d� = 0 ; (48)

� 2 •� + (2 � _� + 3 H� 2) _� = 0 : (49)

e ^ �

_� �

_� �

•� �

•� � 1 ; : 7 � � h . y w l o % l } P � hessence� g q o L � 5 �

1 ; � �

phe =
1
2

( _� 2 � � 2 _� 2) � V (� ) ; (50)

� he =
1
2

( _� 2 � � 2 _� 2) + V (� ) : (51)

m 6 (49) m ~ � ~ �

Q = a3� 2 _� = const: : (52)

� f ! hessencei � w b 0 K 3 � : 9 � O � G . Q ] � 	 � B b G x m � � j  3 m ~ 


Q y q v

_� �v � 6 (48) m ~ 1 ( � - Z @ K � �

•� + 3 H _� +
Q2

a6� 3 +
dV
d�

= 0 ; (53)
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> - Z � % � hessence� L � G x - Z _� he + 3 H (� he + phe) = 0 � z . � hessence� g q o L

� 5 � - Z m ~ @ K � �

phe =
1
2

_� 2 �
Q2

2a6� 2 � V (� ) ; (54)

� he =
1
2

_� 2 �
Q2

2a6� 2 + V(� ) : (55)

= 	 � hessence� s e - Z � �

whe =
_� 2 � Q2=(a6� 2) � 2V(� )
_� 2 � Q2=(a6� 2) + 2 V(� )

: (56)

: 6 m ~ i b z

_� 2 � Q2=(a6� 2) . � whe � � 1 � #

_� 2 � Q2=(a6� 2) . � whe � � 1 �

_� 2 = Q2=(a6� 2) g � g � � � y g � O � n � 0 7 � s e - Z h # � 1 � n � �m s e - Z

m ~ i b � z Q = 0 . � hessenceq � X a y � quintessence= U � � j m E I 4 � � m ~ !

quintessencei � hessence� w b j J w s � # s hessence� � � ) � x @ ; quintessence�

E ] 4 6 � r U � � m �

z � 2
1 < � 2

2 . � m ~ 1 quintom � x ? � K X � � w b X 6 �

L Q = L ha =
1
2

[� (@� � )2 + � 2(@� � )2] � V (� ) : (57)

E � 7 � (�; � ) � � � � � � 2 = � � 2
1 + � 2

2,coth � = � 2=� 1 � E ~ = U / W � \hantom" [48]
�


 � hessence= U ~ X � 1 ( - 6 y 1 ( hantom = U � m ~ � b hantom � s e - Z � �

wha =
� _� 2 + Q2=(a6� 2) � 2V (� )

� _� 2 + Q2=(a6� 2) + 2 V (� )
: (58)

� � i b �z

_� 2 � Q2=(a6� 2) . � wha � � 1 �z

_� 2 � Q2=(a6� 2) . � wha � � 1 � K k �

hessence= U = ) � y u z r ; y g � O � n � 0 7 � s e - Z h # � 1 � n � � m s e - Z

: 6 i b � - Q = 0 . hantom = U � ~ � a y � phantom = U � Hantom � � � ) � x @

� phantom �n - r U � � m �

• P � quintom � hessenceo hantom E 3 b = U � k b k s ; � � @ f � L � s e -

Z h # � 1 � � m

[48]
�

2.6 Chaplygin ; C 2 O

Chaplygin j o = U

[49;50]
u ; v Q , � � L � { ` D � Chaplygin j o e 0 ; p j � 


a � ~ 1 � � 5 $ 0 � chaplygin j o ; w b f � � � o � � s e - Z �

p = �
A

� ch
(59)

8 M � e ^ A ; w I K Q P �v � � _ Z - Z _� + 3 H (p + � ) = 0 | � b �

� ch =

r

A +
B
a6 ; (60)
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e ^ B � � 1 Q P �

m 6 (60) m ~ & 7 chaplygin j o b � � 2 � / K Y � � z a � (B=A)
1
6

. � � ch '

p
B

a3 �

z a � (B=A)
1
6

. � � ch ' � pch '
p

A �m � 7 � / K Y � m ~ i b � - � h � 0 c �]

� � x a v G s + � a � (B=A)
1
6

�j . chaplygin j o � 5 � � ch ' a� 3
� e Y � C 0 =

� % $ ] � - � h � c � ] � � x a v r s + � a � (B=A)
1
6

� j . chaplygin j o � 5 �

� ch ' � pch '
p

A � e Y � C � h a Q P � s b � ; g p ' �
p

A � % n v � L � � 4 � �

� � h � " Z Y @ k R � 
 � a ~ � chaplygin j o 6 R / A � � L � o � $ ] � { w =

U

[51]
� � 9 [52] h i � k b E I = U � � I m L � � � �

Chaplygin j o � � w b � d-branes � - � � H � o $ ] b 7 � u L X � Born-Infeld �


 � � � � � ; � y � chaplygin j o = U � ~ • ` � � generalized chaplyginj o

[53]
� e s

e - Z � �

p = �
A

� �
ch

; (61)

E � � � Q P � s � 0 < � < 1 � Bento � �

[54]

 0 � � � � } S * � � 0 � � � 0:5 � �

] I P a P s � k � S � 0.2� 0.5 �v � � _ Z - Z � � ~ �

� =
h
A +

r
B

a3(1+ � )

i 1
1+ �

; (62)

E ; C n i [ � 5 ! � chaplygin j o = U �m � 7 � - Z m ~ i ~ �z A = 1 . � = U �

� ~ � y � chaplygin j o = U � r � a  | R B ~ E I = U � Ia U S N R

[55]
� CMB 3

� Z

[56]
= � � H P � Z � y ; � E I = U � � w r � : � E I � : V - G � ] � � b 7 �

Sandvik � �

[57]
& 7 • ` � Chaplygin j o = U ^ 
 � � Q # b G | � & � � E � ] I :

6 = -  � 0 � � � - E I i [ ^ � � • ` � Chaplygin j o � ~ � � 3 � � � 99.999%'

^ � H P p ' � / V d � � j m ~ q D 1 Chaplygin j o J � � � L � � = U � Chaplygin

j o V ; w ~ j ; � 	 # � Y = U � � j - E r � = U ^ u A L 0 7 � H s e - Z H P h

# � 1 � # � H s e - Z H P h # � 1 � 7 E ; ] I � � M [ � � e ^ = � � 
 � Chaplygin

j o = U ; 0 7 E I h # � w b - 6 �

Chimento [58;59]
� k b � w I N � chaplygin j o = U � � a � � modi�ed chaplygin j

o = U � c � s e - Z � �

p =
1

1 + �

�
�� +

A
� �

�
: (63)

- ~ � J b chaplygin j o = U ^ � A g � Q P � Guo o Zhang [60]
k b � variable

chaplygin j o = U � e e - Z � �

p = �
A(� )

�
; (64)

e ^ A(� ) = A0a� n
A , ; Q P � j | � Meng o Hu [61]

1 c • ` � a � extended chaplygin

j o � � �

p = �
A(� )
� � : (65)
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E I • ` � = U � w I � ~ � Z ] �y e $ � � � [ A ; v v e �

2.7 < I 
 5 - 2 O


 � u � � � x $ � � p  � � � + � � � > � � / � � ; � x � 
 � 
 0 � � P w �

| R � ~ ` , � � z � [ � � + � � � m ~ H j � 9 [62] �� L � � m m 0 ] � S 	 > ; w

I � x � 
 � � m � � � � + � � ; � J � � x � 
 � % � w I 
 0 � � � G . � L � � 0

Z ] 	 > o � + � � + + = [ � Fischler o Susskind [63]
E 3 P B 1 � + � � 	 
 � � h a �

Cohen � �

[64]
k b � + � L � � Cohen(CKN) = U � T b ^ E � x O % � X � s y � 
 H

	 m ~ • $ � j ; ; u � � X X 	 > / 4 6 � E ] s y O % ^ � L � � w I � ; � � � O % ^

� � � L ] � �

L 3� � � LM 2
p ; (66)

E � L ; J I $ � - { � r G � - � h a � ] ; B I A B �

� f � � L � w � : � � f � � ] � a � � w � � z � [ - �

� 4 � M 2
p L � 2 : (67)

z � + � � / + � . �� L � 5 � � �

� � = 3 c2M 2
p L � 2 ; (68)

E I � L � S 6 L X Y \ b � 0 o S = O � S �

8 2 y � w I � m ] ; A B L � ` } � Hinton [65]
T b z } h @ A B � L = H � 1

. �

� m = 3(1 � c2)M 2
p H 2 ; (69)

E I s e - Z S : � L � � Y � o 0 = � % Z � $ ] w r �A 	 4 � � h " Z Y @ � � # �

� h a ^ d � Hubble A B P � � � n - 	 x A B o 9 . A B

[66]
� e ^ 	 x A B � � � � �

RH = a
Z t

0

dt
a

= a
Z a

0

da
Ha2 : (70)

- � ) x � / � $ ] n - � w s 2 � Friedmann - Z m ~ / ) � � �

HR H = c : (71)

y g 	 x A B (particle horizon) � � � m ~ � ~ �

1
Ha2 = c

d
da

� 1
Ha

�
; (72)

� � = 3 a2M 2
p a� 2(1+ 1

c ) : (73)

m # � ~ �

w = �
1
3

+
2
3c

> �
1
3

: (74)
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� h " Z Y @ � x . ; w < � 1=3 � � j m , 	 x 9 . � � @ f A � � m �

, i i 9 . A B (even horizon) � c � � � � �

Rh = a
Z 1

t

dt
a

= a
Z 1

a

da
Ha2 : (75)

1 e v � � L � 5 � S 6 m ~ � ~ �

� � = 3 c2M 2
p R2

h = 3 a2M 2
p a� 2(1 � 1

c ) : (76)

K w C m � b s e - Z �

w = �
1
3

�
2
3c

< �
p


 A : (77)

m ~ } Y � h � " Z Y @ �m # X Q � k b � � + � L � = U � E I s e - Z ^ V � w I H

P c �  3 m ~ 
 c y P s 7 - 
 � � w � ] I S � m � 6 m ~ i b � � c = 1 � 3 � L � �

Y � C w I � h a Q P � � c > 1 �� L � � s e - Z 5 a r � � 1 � ~ X � quintessence�

� c < 1 �� L � 1 : 7 b m w > � 1 h # X w < � 1 � quintom Y � � m , H P c � � f �

� L � Z ] ; X [ c s � � y g ] I P a � P s ; [ � m ~ � � c S � m # � � s e - Z � n

� Y � ~ � � h � � a < ( �

• ` � + � L � = U � � R 8 � w b - 6 ] ; j ! � L � o $ ] P ' � = � � 


[67]
�

w # y S � j ! = � � 
 � L � � � � P w ] ; , � @ f 	 r s Z � m 
 � � # � C n J b ]

I P a � P s = f 6 7 � � 4 n - � L � o $ ] � = � � 
 � c u ; 0 Q � � �z � � � =

� � 
 � � + � L � u A � � � j � � Gong [68]
1 � + � L � • ` ~ Brans-Dicke 9 � > � �

% � > � % 6 w � ; � � T g � 
 � % � � 
 Z I D � O Q y � � � J b 9 � > � � % m ~ y

� � � � 5 % � � L � H � % b 7 �m # , l � g � � 3 � T ~ � = f 6 7 � - Brans-Dicke

� % r & K � ` } 9 . A B � z z : � � m ~ � ~ y m � � + � L � = U �

- � + L � = U ^ m ~ @ f r s Z � m � y ; c u n - w I � m � E 3 � c A L 4 6 r U

�

[69;70]
� � � � - � % � � c � 9 . A B ; J I . p � J o A S � 9 . A B � n - � 5 y {

� � h � n � w s || 9 . A B V - " Z Y @ � � h ^ n - � # � y � � h ; 5 w R ( [ "

Z Y @ � ; I � O P

[71]
�

2.8 L � ` W 
 5 - 2 O

n 7 � � b = U 8 M � ; � L � � � 
 = � � 
 � = U � G . � 3 A N s � � f �

L � ; � 
 a O � c 	 A 	 � � h ^ � e b $ ] u & ) = � � 
 J � � � 	 # b 
 o �

H � � P ' b � h H � ] I " O � w # A j ! � L � o c x � = � � 
 � # V j ! � �

$ ] � = � � 
 � E ~j ! � L � � � $ ] = � � 
 � = U / W � = � � 
 � L � = U

(Interacting Dark Energy Model) � D � s � L � = U (Coupled Dark Energy Model) � z . �

� � � � $ ] � � @ u � A X % � � � j � L � � � $ ] P ' � = � � 
 u � g � 3 � `

, [ o �

- = � � 
 � � L � O - { ^ �� L � � 9 � O � y g L � 3 � A � y � � $ ] O M

& ) = � � 
 �

_� M + 3 H� M (1 + wM ) = � ; (78)
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_� � + 3 H� � (1 + w� ) = � � : (79)

e ^ _� M o _� � 1 ; : 7 � $ ] o � L � X 1 � L � 5 � � _� M o _� � : 7 � � h . y } �

9 � O � t } = U � H � � @ � r s Z � m � � f � � 9 � O o $ ] � = � � 
 3 	 & 7

- B b w s 2 c 	 L b � w b @ f r s Z� m � � H } X � - 9 � O � t } = U ^ � O - { �

( � - Z ~ X � ) � x � @ � y E b ) � x @ (attractor solution) ; A � � � � V L [ _ w �

. ' � - 6  � k � . c c 3 t } 6  X 1 � n � � - $ ] � k � . c c 3 t } $ ] � n � �

� j / W � t } x (tracker) [34;72;73]
� � # E I t } @ u n - 
 I � m

[74]
� (1) � f z n c

3 � L � 5 � � 0 ; < k } � � � G . ] s y - r + 7 n s X . c (Big Bang Nucleosynthesis,

BBN) c 3 � L � 5 � u 3 ] < k } � � � (2) t } @ = U � � � b p ' � s e - Z � � � t

} O � Y � C a y $ ] � � # c � g q � � � < 0 b � ; � g q � m # A L | � � h � " Z Y

@ � # - � s � 9 � O = U ^ � - B b w s 2 � O - { b � � � � ) � x @ � E b � s 4 � �

� $ ] 	 x � ] � ^ v 9 � O � n � # @ 7 � - � h n � ~ w � 9 � | K � ) � x z � m # 4

� $ ] 5 � � � L � 5 � P 1 7 X w I Q P

[75;76]
� E b ) � x � a 5 x . v A 9 C � V s �

s X 6 / � � � - { � n � � a 	 K � = z � � � � ) � x z � E b @ / W � 9 � @ (scaling

solution) [77;78]
� C n 9 � @ � n - - v ! = U ^ / ` , � i [ � t } @ (tracking solution) o

9 � @ (scaling solution) � ; ) � x @ (attractor solution) � n � ~ � | � s K � ~ � � � z

� � G . 4 . W � � ~ � ; 5 � � � � ) � x @ J � E ] \ s 1 ( - � h a i [ ^ g � c s

� � � y m - { || � 
 a - {

[79]
�

� � k ~ quintessence= U � 9 � O � s e - Z � } S * � � 1 < w < 1 � # 7 - � �

h a ] I : : � L � � s e - Z � z n S ; m L G � � 1 � � � � 0 7 E b Z ] 3 ] s [ @

quintessence� e ^ w I ) x � ? ( ] ; � � = � � 
 � � L � = U � Amendola � � k b �

quintessence� � $ ] � s � = � � 
 = U

[75]
� Szydlowski [80]

$ # � $ ] � � L � P ' �

L � 3 � �< k b � w I ( o � - (

[81]
�

L � 5 � � � � � ? � o + � G x - Z _� + 3(1 + w)H� = 0, � $ ] o � L � m 1 ;

: 7 �

_� m + 3 H� m = 0 ; (80)

_� x + 3(1 + wx )H� x = 0 : (81)

� 7 
 I - Z ; E 
 b � o / � = � � 
 � w s � � f 
 D P ' � L � 3 � � 3 m : 7 �

_� m + 3 H� m = � ; (82)

_� x + 3(1 + wx )H� x = � � : (83)

e ^ � = � � 
 A � m } � ! b X 6 � - E b w s 2 � ^ v � h n � ~ w � 9 � | � � $ ] o

� L � ] 	 b � Z � � 1 � � u � � v E I - { � ) � x @ � K ; � � � � � 3 � L � � F 4

� � L � � s e - Z m ~ h # � 1 �

� quintessence� � $ ] � = � � 
 i [ � � 0 u � % �

[82;83]
� e ^ � � f j ! w ~ j

J � quintessence� $ ] ( & u c x ) � = � � 
 � quintessence� ] � 	 ^ v g � $ ] 5 �
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# 7 � � a ~ E b -  / W � 	 7 � � 
 (chameleon) [84]
� - phantom � L � = U ^ � � f

/ � � $ ] � = � � 
 phantom L � 5 � ^ . ' 5 " �z � = � � 
 . � phantom � L �

m ~ Q 7 X � $ ] � � j � $ ] o � L � m ~ � � B b ^ w � Phantom � $ ] ~ = z � - 6

Q * m # � ~ scaling @ � � o � r s Z � m � u 4 6 � � h r U � � < (

[85]
� = � y S �

k-essence� $ ] = � � 
 � P � s � � ! �

Chaplygin j o y Q ; � � � L � � � $ ] � { w 8 M � u ] ; S / � y Q $ � � e b �

$ ] n - � - E b w s 2 j ! chaplygin j o o � $ ] � = � � 
 ; / � 
 f � �y 2005 Q

~ y � v ! ] I P a P s < A M [ chaplygin j o � � � L � o � $ ] � { w 8 M � � j � 7

- � 3 h 5 u D � J J ! chaplygin j o � � � L � � { ` D

[86]
� z . j ! e b � $ ] � n

- � E . j ! chaplygin j o � � $ ] � = � � 
 F ; � � � �

[87]
�

• � y S � = � � 
 � � L � = U - @ f r s Z � m o s e - Z h # � 1 � � m � g v

w � � � 
 �

2.9 9 B � 
 5 - 2 O

d � n 7 i % � 9 � O = U � � 3 � O = U u ; w ~ S � j ! � � L � � 
 a = U � e

^ Yang-Mills(YM) O = U ; v b � v : Z � 3 � O = U � E I = U � 0 � > p � � � h a i

[

[88]
� > = U � � � h ^ � � L � m ~ 
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Z 1
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H
p


 q
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The Theoretical Models of Dark Energy

CHEN Yun

(Department of Astronomy, Beijing Normal University, Beiji ng 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 �eld equation. The nature of the dark energy is unknown but it behaves like a 
uid

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

speci�c examples of dark energy scenarios, we discuss several di�erent candidates for this dark

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

�eld models. Among them �CDM �ts the data best. But it is embar rassed by the cosmological

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

model, and some scalar �eld models, however, these models still do not solve the cosmological
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constant problem thoroughly. (2) The modi�ed gravity theor y 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 modi�ed 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 canhappen in two ways: (1) locally

via backreaction and observational e�ects, and via large scale inhomogeneity. (2) Small scale

inhomogeneity has two e�ects: The backreaction from small scale inhomogeneity to the large scale

geometry can generate a dynamic e�ect in the e�ective Friedmann equation for the cosmology;

Small scale inhomogeneity has signi�cant e�ects on the propagation of photons, with potentially

important e�ects 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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