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468 � " \ � 52 �l?R�'p"*��O	 Eiso − Epeak − tb "* [15], Eiso k�:�S1�� tb k'Z�Hb!�b\�L−Epeak −T0.45 "* [16], T0.45 k�n*�U�X�� 45% bb\�
L−Epeak − τlag (K τRT) "* [17]. L��? GRB 'p"*�GRB �7ZbXt�Nqtw%�Vh=sbk��<? GRB'p"*V�!W2z��7Z'N%"b~z���d2P℄F !�v� GRBb'p}Æ_�m���7Z3v�Takahashi e [18] 3 Liange [19] 
F�z IaN>DJ<? GRB'p"*b~z�Z[�l;nb��}�l'p}Æ�Nu`℄q";nb GRB b'p}Æ�pu<? GRB 'p"*�Visser[20] �F���7Z'N%"b{i-,�f�>0�/ 3��7Z3v q0 �j0 3 s0. Vitaglianoe [21] �z�/ 307 � Ia N>DJb Union vy [22] 47��;��7EQ, (Ω0 = 1)b�7Z3v	 q0 = −0.50± 0.55, j0 + Ω0 = −0.26± 9.00, s0 = −4.13± 129.79. Kq>DJ�7Z�C (Supernova Cosmology Project, SCP) �F� 557 �KDb Ia N>DJvy Union2[23], $#d�z��qw%b*BKQb IaN>DJg���sIh47�7Z3v(<? GRB 'p"*�

Dai e [24] �z Ghirlanda "*3,�7Z3v3�1�'N� Ghirlanda e [25] H7 14 � GRB 3 Ia N>DJ3, ΛCDM 'N�U~`℄&/ 4 Ωm0
= 0.29 ± 0.04,�1� 4 ΩΛ = 0.71 ± 0.05. Firmani e [26] �z�jy~zl�℄F !#��H7

GRB 3 Ia N>DJg��`℄ Ωm0
= 0.28 ± 0.03, zt = 0.73 ± 0.09, >0 zt k!�;n� Friedman e [27] 	 �r GRB N�$?:'T
b*�(9b�1

� Liange [28] 
Fl3.VhwPg;n GRBg�
<? GRB'p"*b~z�Wang e [29]�z Liang-Zhang "*N�$?:'�H7 20 � GRB 3 157 � Ia N>DJ�U~`℄;��7EQ, Ωm0

= 0.29 ± 0.03, zt = 0.61+0.06
−0.05. Schaefer[13] �z 69 � GRB 3 5 �

GRB 'p"*b�-,�(	 �S��1�'N0�1�bsS�w/ GRB -,��3A�7'Nl)� Wang e [30] �z 69 � GRB � 182 � Ia N>DJ� CMB $6vy� BAO $6vy�J� X X6A�/��v� 2 pn:^�$6vy��3,�7Z3v3�1�'N�U~`℄ ΛCDM 'N Ωm0
= 0.27 ± 0.02, ΩΛ = 0.73 ± 0.08.

Qi e [31−32] �z GRB 3>��!$6	 ��1�>�~Cb#DE�� Basilakose [33] ^e 5 � GRB 'p"*�w/3v�;n
Db>+(..;� Kodama e [34]<?(�z Yonetoku "*N�$?:'�U~`℄ Ωm0
= 0.37+0.14

−0.11, ΩΛ = 0.63+0.11
−0.14.

Capozziello e [35] �z Liang e [19] bk+3,�7Z3v�w/t Ia N>DJvy<??bk+� ΛCDM 'Nl)� Cardone e [36] �z 83 � GRB � 6 � GRB 'p"*b�?-,��Kq Gao e [37] � Vitagliano e [21] 3,b�7Z3vLIV�Zm
Ωm0

= 0.27, �z 42 ��;n GRB (1.4 < z ≤ 6.6) � CMB b 5 yr $6vy (Wilkinson

Microwave Anisotropy Probe, WMAP5) 3 BAO $6vy��3, CPL � JBP �1�'N�Wei[38] �z Amati "*<?� 109 �=��H7 557� Union2 Ia N>DJ� 59��;n GRB (1.4 < z ≤ 8.2) � CMB 7 yr $6vy (WMAP7)[4] � BAO $6vy [6]��3, 7 ��1�'N�
Wange [39] w/ GRB'p"*.�;n
D�vM2zKDvy — 116� GRB�
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CMB 7 yr $6vy3 BAO $6vy�$#�r�b�;n GRB b-,�(3,�1�'N���!0$#!}Zm Ωm0
�;v�(�b�z 4 � GRB 'p"*<? 116� GRB, 8 g(z Amati "*N�'p"*�$#b3,k+�Y_����"$vy4�ez��3,�1�'N0$#!}�/ Union2 0 557 � Ia N>DJvy��l~%�,tbg;nvy�B.�;nKvybG4a:�!�k�Æ7O,	i 2 0�_hI 'p}Æ�;nb{i-,�f�(ez

Union2 557 � Ia N>DJvy47�7Z3v�i 3 0��zDb�7Z3v
�D 5� GRB 'p"*�(�b GRB b-,��i 4 0�mW�zS3KD$6vy3,�1�'Nb~z�i 5 0��F����1�'Nb3,k+��1�'Nb g�k+�'��i 6 0��i 7 0��
2 wk

L~F�hP℄Cy\s1

Cattoen e [40] �"$'p}Æ0v��;nKwS�wPD3v y = z/(1 + z) UÆ;n z, Mb'p}Æ�f�
dL(y) = cH−1

0 {y − 1
2 (q0 − 3)y2 + 1

6 [12 − 5q0 + 3q2
0 − (j0 + Ω0)]y

3 + 1
24 [60 − 7j0−

10Ω0 − 32q0 + 10q0j0 + 6q0Ω0 + 21q2
0 − 15q3

0 + s0]y
4 + o(y5)}

.

(1)>0 H0 �-,;v�s�;��7� Ω0 = 1. Vf	B�
ln[dL(y)

Mpc ] = ln[cH−1
0 ] + ln y − 1

2 (q0 − 3)y + 1
24 [21 − 4(j0 + Ω0) + q0(9q0 − 2)]y2+

1
24 [15 + 4Ω0(q0 − 1) + j0(8q0 − 1) − 5q0 + 2q2

0 − 10q3
0 + s0]y

3 + o(y4)
.

(2)}Æ'v
µ(y) = 25 + 5 lg[

dL(y)

Mpc
] . (3)$#�z Union2 0 557 � Ia N>DJvy3,�f0b 3 ��7Z3v	 q0,

j0 + Ω0, s0 (>0 Ω0 = 1). >|J0v| χ2 �U~z�m
χ2 =

∑

i

(µdata − µth)2

σ2
i

. (4)3,,C0Zm;��7�R Ω0 = 1, H0 = 70 km · s−1 · Mpc−1. 3,k+`% 1.Z 1 ÆH Union2 Ia >d;<#	4UN[A^#
Table 1 Constraints on the cosmographic parameters with Union2 SNe Ia dataset

q0 j0 s0

Best fit −0.45 ± 0.38 −1.81+7.95
−7.31 −22.06+85.02

−40.45

Mean −0.45 ± 0.38 −1.50 ± 7.63 0.23 ± 62.29

χ2
min

/d.o.f 541.82/554
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3 GRB wks1h9^L GRB y\*hq�$#2zWang e [39]116� GRB N�<? GRB 'p"*bg��p-�$#|'p}Æ�fU~F;n z ≤ 1.4 b 50 � GRB b}Æ'v�J?<? 5 � GRB 'p"*��	

lg
L

1 erg · s−1
= a1 + b1 lg[

τlag(1 + z)−1

0.1 s
] , (5)

lg
L

1 erg · s−1
= a2 + b2 lg[

V (1 + z)

0.02
] , (6)

lg
L

1 erg · s−1
= a3 + b3 lg[

Epeak(1 + z)

300 keV
] , (7)

lg
L

1 erg · s−1
= a4 + b4 lg[

τRT(1 + z)−1

0.1 s
] , (8)

lg
Eγ

1 erg
= a5 + b5 lg[

Epeak(1 + z)

300 keV
] , (9)>0 τlag kQ<'#F6�y<'#F6bb\9�V k'#F6b'Bp#��Epeakk1<�&� τRT k'#F6V`℄KQ&l�bKrb\� L = 4πd2

LPbolo k�:�S'p� Eγ = 4πd2
LSboloFbeam(1 + z)−1 kT ?b?$1�� Pbolo 3 Sbolo �'��XL�&������ Fbeam kOuvD�<?k+`% 2.Z 2 5 n GRB vjr0g`��}SJ 1σ /
S

Table 2 Calibration results of five GRB luminosity relations at 68% level

Relation a b σint Number of data

L − τlag 52.01 ± 0.19 −0.83 ± 0.02 0.62 27

L − V 51.29 ± 0.32 0.85 ± 0.32 0.94 47

L − Epeak 51.79 ± 0.16 1.41 ± 0.06 0.72 50

L − τRT 52.72 ± 0.23 −1.48 ± 0.26 0.58 39

Eγ − Epeak 50.63 ± 0.10 1.62 ± 0.04 0.18 11|� Wang e [39] w/ GRB 'p"*.�;n
D�vM$#�rd<?k+�)℄�;n GRB. lg L K lg Eγ b(9�
σ2

lg u = σ2
a + (σb lg x)2 + (0.4343bσx/x)2 + σ2

int , (10)>0 σa � σb � σx �'kj} a ��� b � GRB �6�#�b 1σ (9&� σint k*�(9�%g6SCpbl���Z'p"*� (5) ∼ (8) f�}Æ'v(9�
σµ = [(2.5σlg L)2 + (1.086σPbolo

/Pbolo)
2]1/2 . (11)Z'p"*� (9) f�

σµ = [(2.5σlg Eγ
)2 + (1.086σSbolo

/Sbolo)
2 + (1.086σFbeam

/Fbeam)2]1/2 . (12)
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µ = (

∑

i

µi/σ2
µi)/(

∑

i

σ−2
µi

) , (13)(9& σµi
= (

∑

i σ−2
µi

)−1/2. � 1 J,� 557 � Ia N>DJ (z ≤ 1.4) 3 66 � GRB (z >

1.4) b-,��
μ

50

45

40

35

2

z

4 6 80� 1 557 � Ia P�FL (z ≤ 1.4) 5 66 �Æ=p GRB (z > 1.4) d.-��L%l7&h z = 1.4

Fig. 1 Hubble diagram of 557 SNe Ia (z ≤ 1.4) and 66 high-redshift GRBs (z > 1.4). Vertical dotted line

represents z = 1.4

4 6WR����h'.ub
4.1 γ �7S

Wange [39] H7 116� GRB(�bez 4�'p"*��	 L−τlag �L−Epeak �
L − τRT 3 Eγ − Epeak. $#i<?�Vt 4 �'p"*���$#ez 116 � GRB 
3,�1�'N�|J0v�

χ2
GRB =

N
∑

i=1

[µi − µobs,i]
2

σ2
µobs,i

, (14)

σµobs,i
k"� GRB }Æ'vb(9&�

4.2 MZ+[V�m�$#ez WMAP 7 yr $6k+�`℄;n3v [4]. CMB b;n3v R |,f�m	
R =

√

Ωm0

√

|Ωk|
sinn

(

√

|Ωk|

∫ zls

0

dz

E(z)

)

= 1.725 ± 0.018 , (15)



472 � " \ � 52 �>0E(z) = [(1+z)3Ωm0
+f(z)(1−Ωm0

−Ωk)+(1+z)2Ωk]1/2 , f(z) = exp{3
∫ zls

0
[1+w(z′)]dz′

1+z′
},

Ωk k;n z = 0 KbF� 4� Ωm0
k/�b&/ 4� w(z) k�1�b>�~C�

zls = 1090 kK?SXj%Kb;n�|J0v�
χ2

CMB =
(R − 1.725)2

0.0182
. (16)

4.3 Y_![Rf4D℄)�[k`w�1�N}�b���>0b�&3v A mt�
A =

√

Ωm0

z1

[

z1

E(z1)

1

|Ωk|
sinn2

(

√

|Ωk|

∫ z1

0

dz

E(z)

)]1/3

, (17)>0 z1 = 0.35, A = 0.469(ns/0.98)−0.35 ± 0.017, <'v ns = 0.963. |J0v�
χ2

BAO =
[A − 0.469(ns/0.98)−0.35]2

0.0172
. (18)

5 6WP℄C`%LR����$#dH7i 4 0�b�}$6vysl?)}	 b�1�'NpR3,�Jb|J0v�
χ2

total = χ2
GRB + χ2

CMB + χ2
BAO . (19)

5.1 ΛCDM �=�/l��7Z;v3
�&/B�b�7Z'NA� ΛCDM 'N [41], v�'N_X��p�7$6k+u�)}hr�>>�~C w ≡ −1, �
E(z) = [(1 + z)3Ωm0

+ (1 − Ωm0
)]1/2 , (20)��$#2z Ωk = 0 bEQ�'p}Æ

dL = cH−1
0 (1 + z)

∫ z

0

dz

E(z)
, (21)3,k+

Ωm0
= 0.29 ± 0.01 (1σ) , χ2

min = 71.05 . (22)s� Ωk 6= 0 bEQ�$#`℄
E(z) = [(1 + z)3Ωm0

+ (1 − Ωm0
− Ωk) + (1 + z)2Ωk]1/2 . (23)�

Ωk = 1 − Ωm0
− ΩΛ , (24)
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E(z) = [(1 + z)3Ωm0

+ ΩΛ + (1 − Ωm0
− ΩΛ)(1 + z)2]1/2 . (25)$#AM� ΛCDM2 'N�3,k+

Ωm0
= 0.29 ± 0.01 (1σ) , ΩΛ = 0.71 ± 0.01 (1σ) , χ2

min = 69.99 . (26)� 2 �F��'N ΩΛ � Ωm0
b*H��

5.2 XCDM �=
XCDM 'Nb>�~C w(z) = w1

[42], w1 �;v��
E(z) = [(1 + z)3Ωm0

+ (1 − Ωm0
)(1 + z)3(1+w1)]1/2 . (27)3,k+

Ωm0
= 0.29 ± 0.02 (1σ) , w1 = −1.01+0.05

−0.06 (1σ) , χ2
min = 71.00 . (28)� 3 �F� w1 � Ωm0

b*H��
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-1.20

-0.95

-0.90

-1.10

-1.15

-1.05

-1.00�

� 2 ΛCDM2 )P Ωm0
− ΩΛ d 68% 5 95.4%+I��%7&h Ωm0

+ ΩΛ = 1

Fig. 2 The 68% and 95.4% confidence level con-

tours in the Ωm0
− ΩΛ plane for ΛCDM2 model.

The straight line represents Ωm0
+ ΩΛ = 1

� 3 XCDM )Pd Ωm0
− w1 d 68% 5 95.4%+I�

Fig. 3 The 68% and 95.4% confidence level con-

tours in the Ωm0
− w1 plane for XCDM model

5.3 CPL �=
Chevallier-Polarski-Linder (CPL) 'N [43−44] b>�~C

w(z) = w1 +
w2z

1 + z
, (29)
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w1 3 w2 k 2 �;v��

E(z) = [(1 + z)3Ωm0
+ (1 − Ωm0

)(1 + z)3(1+w1+w2) exp(−
3w2z

1 + z
)]1/2 . (30)3,k+

Ωm0
= 0.30+0.03

−0.02 (1σ), w1 = −1.24+0.12
−0.15 (1σ), w2 = 1.13+0.35

−0.30 (1σ), χ2
min = 62.92 . (31)� 4 �F� w1 � Ωm0

3 w2 #\b*H��

�

�

�

�

Ωm0

w
1
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�
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w
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w
2

w1

-1.40 -1.30 -1.20 -1.10 -1.00

1.40

0.60

0.20

1.00

1.20

0.00

0.40

0.80

� 4 CPL )Pd Ωm0
− w1 � Ωm0

− w2 � w1 − w2 d 68% 5 95.4% +I�
Fig. 4 The 68% and 95.4% confidence level contours in the Ωm0

− w1, Ωm0
− w2 and w1 − w2 planes for

CPL model

5.4 JBP �=
Jassal-Bagla-Padmanabhan (JBP) 'N [45] b>�~C

w(z) = w1 +
w2z

(1 + z)2
, (32)
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w1 3 w2 k 2 �;v��
E(z) = [(1 + z)3Ωm0

+ (1 − Ωm0
)(1 + z)3(1+w1) exp(

3w2z
2

2(1 + z)2
)]1/2 . (33)3,k+

Ωm0
= 0.28±0.02 (1σ), w1 = −1.44+0.10

−0.09 (1σ), w2 = 3.30+0.24
−0.35 (1σ), χ2

min = 62.59 . (34)� 5 �F� w1 � Ωm0
� w2 #\b*H��

�
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w
1
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� 5 JBP )Pd Ωm0
− w1 � Ωm0

− w2 � w1 − w2 d 68% 5 95.4% +I�
Fig. 5 The 68% and 95.4% confidence level contours in the Ωm0

− w1, Ωm0
− w2 and w1 − w2 planes for

JBP model
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5.5 RDE �=

Ricci dark energy (RDE) 'Nk| Gao eM
Fb�1�'N [46],

E(z) = [(1 + z)3
2Ωm0

2 − α
+ (1 −

2Ωm0

2 − α
)(1 + z)4−2/α]1/2 , (35)

α kl� b;v�3,k+
Ωm0

= 0.33 ± 0.02 (1σ) , α = 0.35 ± 0.02 (1σ) , χ2
min = 76.58 . (36)� 6 �F� α � Ωm0

b*H��
5.6 DGP �=

Dvali-Gabadadze-Porrati (DGP) 'NkK_Xbw�T 'N#l [47],

E(z) =
√

(1 + z)3Ωm0
+ Ωrc +

√

Ωrc , (37)

Ωrc kl�;v�|� E(z = 0) = 1, �
Ωm0

= 1 − 2
√

Ωrc . (38)$#`℄
E(z) = [(1 + z)3(1 − 2

√

Ωrc) + Ωrc]
1/2 +

√

Ωrc , (39)vM�'No}l�F|3v Ωrc. 3,k+
Ωrc = 0.16 ± 0.01 (1σ) , χ2

min = 157.29 . (40)| (38) f�`℄
Ωm0

= 0.20 ± 0.01 (1σ) . (41)O+��F�>x��
E(z) = {[

√

(1 + z)3Ωm0
+ Ωrc +

√

Ωrc]
2 + (1 + z)2Ωk}

1/2 , (42)| E(0) = 1, `℄
Ωrc =

−1 + 2Ωk − Ω2
k + 2Ωm0

− 2ΩkΩm0
− Ω2

m0

4Ωk − 4
. (43)$#A#� DGP2 'N�3,k+

Ωm0
= 0.18 ± 0.01 (1σ) , Ωk = 0.04 ± 0.01 (1σ) , χ2

min = 116.27 . (44)vM Ωrc = 0.16. � 7 �F� Ωk � Ωm0
b*H��
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Fig. 6 The 68% and 95.4% confidence level con-

tours in the Ωm0
− α plane for RDE model

� 7 DGP2 )Pd Ωm0
− Ωk d 68% 5 95.4%+I�

Fig. 7 The 68% and 95.4% confidence level con-

tours in the Ωm0
− Ωk plane for DGP2 model

6 ��X�i 5 0�$#k7� 116 � GRB � WMAP 7 yr b CMB $6vy3 BAO $6vys�7Z3v3S��1�'NpR�3,��l0�$#d�DH,�'NK1�o2z χ2 �U%zs�?'NpR g��kv��3~zL��?'Nok Ib�lZ[�j
V�'N0ZP℄b3v�t� χ2 �;���$#d2z�jyH)8y [48] 3 Akaike H)8y [49] YFKW'N� BIC mt�
BIC = −2 lnLmax + k lnN , (45)

LmaxkKQ|J&�kk'N3vv��N kvy��Z|J0v��yNb�−2 ln Lmax =

χ2
min, � BIC = χ2

min + k lnN . AIC mt� [49]

AIC = −2 lnLmax + 2k . (46)�'N g,C0�$#VhU~.�'N\ AIC K BIC b9&�
∆BIC = ∆χ2

min + ∆k lnN , (47)

∆AIC = ∆χ2
min + 2∆k . (48)

JBP 'Nb AIC &K;� ΛCDM 'Nb BIC &K;�vM$#d�#�'N�U~ ∆AIC 3 ∆BIC bL?'N�
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Table 3 Comparison results of various models according to AIC and BIC criteria

Model χ2
min

k ∆AIC ∆BIC

ΛCDM 71.05 1 4.46 0

ΛCDM2 69.99 2 5.40 3.71

XCDM 71.00 2 6.41 4.72

CPL 62.92 3 0.33 1.14

JBP 62.59 3 0 1.08

RDE 76.58 2 11.99 10.30

DGP 157.29 1 90.70 86.24

DGP2 116.27 2 51.68 49.99
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ABSTRACT We use the newly released Union2 SNe Ia dataset to constrain cosmographic

parameters, namely deceleration, jerk and snap parameters (q0, j0 and s0), then calibrate

five luminosity relations of gamma-ray bursts (GRBs) at redshift z ≤ 1.4. Supposing that

the GRB luminosity relations do not evolve with redshift, we obtain the distance moduli

of 66 high-redshift GRBs. At last, we combine the observation datasets including Cos-

mic Microwave Background, Baryon Acoustic Oscillations and 116 GRBs to constrain some

widely-discussed dark energy models. We find the ΛCDM model is the best according to

the Bayesian Information Criterion, and the JBP model is the best according to the Akaike

Information Criterion.

Key words gamma-ray burst: general, cosmology: cosmographic parameters, cosmology:

dark energy


