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FEE  FUH Union2 557 4 T UK ERURREFHEEE 0 . jo M so, B4
2z < 14 EREINEHE 5 N v & (gamma-ray burst, GRB) JERXZR. Bi% v &6
FERAAHAKFEL, 152 66 MEAB v BREEEE. REGSMAFHEEETR
(Cosmic Microwave Background, CMB) 4G5I EHE. EF i EY (Baryon Acoustic
Oscillations, BAO) YLl%4E 5 116 NRALHH v BEIEFR B A 1 RE AL
ARYE D1 -3 4138  (Bayesian Information Criterion, BIC), &3l ACDM A& & i A
H, RPE Akaike F|#E (Akaike Information Criterion, AIC), &3 JBP A& i AR
H.
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R 5 Ak, Ta BB R LI B BUAE A T A IR e D Ak A U2 X — 5
B T FR M A& 5 B RS B0 BiEE.

BJ2, LB 1.7 1Y Ta BURDEH EAMELUWM, 1 CMB &5 B ML B AE 1 090
fitr, B ZEAFTEE RBIARMZEN], F R 2 iR KA B R R aeoR R S L B i
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—H R, B Fio — Epeak — tb K2R 19, B BAMFIMERER, ¢, &%
RHER A L — Epeax — To.45 25 1) Ty 45 RIL5h R BiHEEHR B 45% HyHTE);
L — Epeak — Tlag (8 7rr) K5 17, BT X8 GRB YGE X R, GRB FEHEWIFLIED
ZRE.

FEERHE, 7EAHE GRBIEEXR L, WK S F W AR IO ik, 4006
BATEFMSIE, 2h GRB G REEFE B M K T8 # 2%, Takahashi %5 18] I Liang
4 U9 SR A Ta BUET EACHE GRB YEEESR R ITIE, BRIRFR —A B RIEE R —I6E
PEES, M3 EMLLBE GRB BGEEIE R, MR GRB JEEXR. Visser2) 4
T H5FEHFRA T WG AR, HPaES 3 M FEH¥SE g . jo M so. Vitagliano
& PU R AL 307 A4 Ta BUHHTERY Union $dE P2 A T FHFEHREET Qo =1)
HFEHESH: g = —0.50+0.55, jo + Qo = —0.26 + 9.00, sp = —4.13 + 129.79. FIT B
B % L (Supernova Cosmology Project, SCP) & H T 557 N 1a R B B AL
& Union23), JATHA XA B &R B RTHR KR la BEH EREA, FREFHMBIETH
2 SHOFAME GRB Y EXR.

Dai % Y || Ghirlanda 3¢ KRR H F# ZS ARG AL AL Ghirlanda % 29 47
4 14 > GRB il Ia ZUEFT EFR ] ACDM #£iAL, HHEAAFWIRHLE Qn, = 0.29 £0.04,
BGREHE L EE Q4 = 0.71 £ 0.05. Firmani 2§ 260 i) F U187 7 e UL SR 0E M B, 454
GRB 1 Ia BB EFEAS, 5] O, = 0.28 +0.03, z = 0.73 + 0.09, Hrf 2, BT
. TFriedman & 27 312 T LA GRB /ENFRHEROGH KM RGUEZER FTRERTE.  Liang
4 8 — PR TR B S AMIRLLH GRB FEASSEROHE GRB YR R TTI%E. Wang & (29
FIA Liang-Zhang 3¢ RIEAFRUERDE, £54 20 A GRB fl 157 4 Ta BB H 2, 555
FHFEHEE T Qmy, = 0.29 +0.03, 2, = 0.617095. Schaefer®l | 69 4~ GRB FI 5 4>
GRB JG B RE B HTHE TIL P iR A A P g RE i B, &L GRB K&
ST HBA —3. Wang 4 PO fA] 69 & GRB, 182 4 Ia B HE,. CMB W
M%HE. BAO MLMI%HE, B X SRR EE 2 B8 R LI %5 5% 2L 7] B
FHESHMBERAA, HHEE ACDM B Q,,, = 0.27+0.02, Q) = 0.73 £ 0.08.
Qi % B1-32] F A GRB A HA R SO E T R e RS Ry 2B 0. Basilakos
% BIHE 5 4~ GRB YEXRR, KASHMABFMMNMRIFAEE. Kodama % B
KHEFEFIH Yonetoku 3¢ RAIERAREYE, HHBE Qu, = 0377011, Qa = 063707,
Capozziello 5 P |l Liang % 19 f4E MR HI FE R ESH, KNE la BB BRHIRA
WIEHE RS ACDM il —3. Cardone % 36 F|H 83 4~ GRB 5 6 4 GRB Yt %
RESLEGFIE. I Gao % BT ¥E Vitagliano % 21 [REIM T # S5O L, EE
Qmo = 0.27, I 42 MELLH GRB (1.4 < 2 < 6.6) . CMB ¥ 5 yr YLl %#E (Wilkinson
Microwave Anisotropy Probe, WMAP5) fl BAO Wi Zi#EILFFR#] CPL &5 JBP Hiag=
il Weils! FiH Amati JLRKHET 109 ML, 254 557 4 Union2 Ta BIEHE. 59
ABLH GRB (1.4 < 2 < 82) . CMB 7 yr WIEE (WMAPT)H &5 BAO W% ©
SLRIBR ] 7 4~ e A,

Wang %5 9 %3 GRB Y65 RABELLBHAL, IR ASHEDE — 116 © GRB |
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CMB 7 yr SUMZLHEA BAO SMELHE, FATHTLIGERLLE GRB e 2h & PR i 15 fE
R, EARCHRIEEBRE Qm, NHEL FREBFA 4 4 GRB JEEXAKME 116
A~ GRB, M Amati RARERICERR, ARG H. H T #RE
FEEAMM, TERRG 6 RE AR PR AT A A Union2 1 557 4~ Ta ZURLET Z2E, 7
— i, 12 B RLLAS R E A R 2088 A B A B 2R A

XEGMZHNT: 5 2 Mo WEEPUCEER SLBHNn R A, FFEH
Union2 557 4~ Ta ZUBUHT R BRI G FHESEG F 3 W0 F A 38 E S HORE# 5
A~ GRBJGEERR, HHHE GRB WMGEhEl; 55 4 #53r G A TRl LI 2500 BR ] i
RERMAIRY TR 5 5 WA T A IERE LRI A PR 45 R Y RE BTy HUAE 5 4%
RITHIBAES 6 W55 7 T

2 KEBRESABENTHEFEIRR

Cattoen % 10 ikt 't BEPE B BIE AL BRI, FIAFSE vy = 2/(1+2) R
BOAK -, WEDEEE AR

du(y) = cHy'"{y—3(q —3)y?* + £[12 — 5q0 + 32 — (jo + Q)]y> + 560 — Tjo—
1090 — 32q0 + 10qojo + 6qo0 + 21¢2 — 15¢3 + soly* + o(y°)}

(1)
He Hy AR M PHER, Q=1 LXHEH
n[HY] = InfcHy "]+ Iy — 390 — 3)y + 3[21 — 4(jo + Qo) + 0(9a0 — 2)]y*+
2154+ 4Q0(g0 — 1) + jo(8qo — 1) — 5qo + 2% — 10g3 + soly® + o(y*) '
(2)
PE BRI ;
() =25+ 51¢[ T2 ). )

FATHA Union2 # 557 4~ Ta BT ERAERH 2 X FH) 3 MFHESE:  q,
jo+Qo, so (A Qo = 1). HEUREEEH X it IrikseE

X2 _ Z (Mdata _2 Nth)2 ' (4)

i i

PRt A B2 T4E =8, B Qo =1, Ho =70 km-s' - Mpe™". FRHFISGHERILE 1.
® 1 A Union2 Ia BEFERRRHITEF SN

Table 1 Constraints on the cosmographic parameters with Union2 SNe Ia dataset

q0 Jo 50
Best fit —0.45 £ 0.38 -1.81%7%2 —22.06755-92
Mean —-045+0.38  —1.50£7.63  0.23462.29

X2, /d.o.f 541.82/554
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3 GRB EEXRZIRES GRB IE3ERIHE

FATRA Wang 55 B1116 4~ GRB fERBME GRB LR RMFEAR. B8, BAldE
B AR ML 2 < 1.4 B 50 4~ GRB RyHEREE, WREEME 5 4 GRB JpE%
&,

Ig $L'S,1 =a1+bh 1g[%jj)_l] ) (5)

lgWL-s*l =az+by lg[%], (6)
Ig 1ergLﬁ =as+bs lg[%] ; (7)
Ig $L.S,1 =as+bs 1g[%:—2)_1] ) (8)

HoAt nag GRS MR 2, V IR MARDCIE EE R, Fhea
ERETGIEME, TR VAL AR RRME LM BAERE, L = 47d] Poolo &5 7] [H]
PN, E, = And} SpoloFheam (1 + 2) 7! BBIEFHIMEEREE, Pooo M Shoo 7 HI A5
MRIEEFR R SEE, Foeam £ RETF.

MHELE R ISR 2.

&2 54 GRB EEXRNRENEES 1o REE
Table 2 Calibration results of five GRB luminosity relations at 68% level

Relation a b Tint Number of data
L — Tiag 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 — Epeax 51.79 + 0.16 1.41 £ 0.06 0.72 50
L — Trr 52.72 +0.23 —1.48 +0.26 0.58 39
Ey — Epcak 50.63 £+ 0.10 1.62 £ 0.04 0.18 11

o1 Wang % B9 %30 GRB JeE 3 RAMLLR AL, BB ATAT LR RS SR
FELLH GRB. 1g L & g B, HiR%EH
afgu =02+ (oplgx)? + (0.4343b0, /x)* + 02, , (10)

Hi oo op 5oy AREIE o . #E b5 GRB AR 1o REH, o 2R
JiRZE, FRAEMERER— M. MEEXRRN 6) ~ (8) X, HEBREIRZEN

0, = (25015 1) + (1.0860p,,,, / Poolo)2]*/? . (11)
MICERFRA (9) K,

ou = [(2.5015 5,)? + (108603, / Sbolo)® + (1.0860F, ... / Fheam)?]"/?. (12)
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#4 GRB #F 5 MHEREEEAGHE, B L-V RRAWRFREMELR, HLEHL
AAXE, ETHEITFEFBRIAARA. SaHA 4 MEFE, GRB MRAERRECY

p= (/o /(o) (13)

WEM oy, = (3,027 V2 B 1% T 557 4~ Ta BIRIH R (2 < 1.4) M1 66 & GRB (2 >
1.4) fyrg Al

50? i ]
o gt

Bl 1 557 4 la BUBHE (= < 1.4) F1 66 2% GRB (2 > 1.4) MK, BEALER 2 = 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 PR REEEEIEY RS

4.1 ~ 5t%&F

Wang % P9 £24 116 4~ GRB HRIEHMEH 4 MEEXR, A L—7ag « L— Epeak «
L—1rr Ml Ey — Epeax. BATWAET LB 4 MEEXRR. XERAIMBH 116 4 GRB 3k
PR IS RE T ALZR, (LISRBREH

2 Y [1i = Hobs,il?
XGRB = Z — (14)

i=1 Uﬂobs,i

Opione. JEFEN GRB B BIE AR 2.

1.2 FEEEERESH
KA WMAP 7y AR, BETBEE Y. OMB WFBEH R Tk
T

Qm < Zls dZ
R=Y "0y \/|Qk|/ —> =1.725+0.018, (15)
\/ |Qk 0 E(Z)
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Hoeft B(2) = [(142)3 Qg+ (2) (1~ Qg =) +(142)°0 ]2 | f(2) = exp{3 [ Brwlz)ldey
O BT = = 0 MR E, Qn, EREGYRLE, w(z) ERERERE IR,
210 = 1090 S BUSR I ZL R, RUSREBCH

(R —1.725)2
XemB = oo (16)

4.3 EFFERRS
BT ARG R R R MR, AR ESE A 2308

VO [ 2 1. < dy )}1/3
A= o | — sinn® Q / — , 17
a By VI B 17
He 2, = 0.35, A = 0.469(715/0.98)*0'35 + 0.017, TR ne = 0.963. {IIREBEECH
s [A—0.469(n./0.98) 70352
XBAO = 0.0172 : (18)

5 IREIFEFSHSERESRE

WAPRELREEE 4 T 09 B A WL R X — B2 e i IS RE AL R e T AR . By
AR R H

Xootal = XarB + XemB + XBao - (19)

5.1 ACDM #&#)
A8 — A T R RO W RO B 2 B 2 AL RR O ACDM AR AU PR AR
AT N S EA A W R 2%, HRSFR w= -1, %

E(2) = [(142)* Qg + (1 = Qo )"/, (20)

XELNRA Q. =0 MHE. JCEERE

=t (1+2) [ 2 (21)

PR ) 2 5
Quy = 0.2940.01 (16) , X2, = 71.05. (22)

T Qi # 0 W, HAHE

E(2) = [(1+ 2)*Qumy 4+ (1 — Qmy — Q) + (14 2)2Q] V2. (23)

Qe =1—Qmy — 0, (24)
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GGE

E(z) = [(14 2)*Qum, + Qa + (1 — Qm, — Q4)(1 4 2)2]V/2. (25)

BATFRILSY ACDM2 #LAL. BRAI45R

Oy =0.2940.01 (16) ,  Qx=0.71£0.01 (16) , X2, = 69.99. (26)

Bl 2 i TIZEEL Qa5 Qn, BEFEL
5.2 XCDM #&%!

XCDM BEIHPRES TR w(z) = wi*?, w, HHE,

E(2) = [(142)*Qug + (1 = Qg ) (1 + 2)> 0]/, (27)

PR 27 R

Oy =0.2940.02 (lo) ,  w; =—1.01708 (10) , X2 = 71.00. (28)

B 34HHT wi 5 Qu, KEFAE.
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Fig.2 The 68% and 95.4% confidence level con-
tours in the Qm, — QA plane for ACDM2 model.
The straight line represents Qmy + Qa =1

5.3 CPL #&H!
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Fig.3 The 68% and 95.4% confidence level con-
tours in the Qm, — w1 plane for XCDM model

Chevallier-Polarski-Linder (CPL) i8] 43— KRR 7772

w(z) = wy +

wo 2z
142

: (29)
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wy Ml wa & 2 M W

B() = [(1+ 20y + (1= Qg (14 22070002 exp( 2225172 (30)

PR ] 25 2R
Qmy = 0307055 (10), wy = —1.247512 (10), wy = 1137035 (1), X2, = 62.92. (31)

Bl 42HT wi . Qu, Al we ZEHYEFE.
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Bl 4 CPL Ay Qmo — w1 . Qmo — w2 5 w1 — w2 #Y 68% Ml 95.4% BEFHE

Fig.4 The 68% and 95.4% confidence level contours in the Qm, — w1, Qm, — w2 and w1 — w2 planes for

CPL model
5.4 JBP &%)
Jassal-Bagla-Padmanabhan (JBP) #i% (45 gpiR 255 &
w(z) = wy + 27 (32)
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wy Ml wa & 2 M W

3wy2? )]1/2

B(2) = (14 2y + (1= Qg ) (1 + 20 exp(g=—3

PR ] 25 2R
Oy = 0.2840.02 (10), wy = —1.447580 (10), we = 3.30%523 (1), X2, = 62.59. (34)

BI5HHT wiy Qm, 5 w2 ZIEKEFAE.
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Fig.5 The 68% and 95.4% confidence level contours in the Qmy — w1, Qm, — w2 and w1 — w2 planes for

JBP model
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5.5 RDE f&8!
Ricci dark energy (RDE) AL H Gao % A$2 H iy BEAE REATAL 19,
B(2) = [(1 4+ 2P 20m g (1 oy g yiezseps2, (35)
o e PMIERH R BR#SER
Oy =0.334£0.02 (10) , a=035+0.02 (o) , X2 = 76.58. (36)
B64MHT oty Qun, FEFE.
5.6 DGP #&%!
Dvali-Gabadadze-Porrati (DGP) Bi% & 5 & B | S8 IEALAL > — 147
E(2) = /(1 + 23y + Qe + v/ Ore (37)
Qe Z—DHE, BT E(z=0)=1, #
Oy =1 — 2/ Qe . (38)
AR
E(z) = [(1+2)*(1 = 2/Qrc) + L] /% + /e, (39)
HIIZE A — D H B 25 Q. RFIZR
Qe =0.16 £ 0.01 (1o) , 2, = 157.29. (40)
o (38) R, 153
Qm, = 0.20 £ 0.01 (10). (41)
R AR, W
E(z) = {[V A + 2)3Qume + Qe + vV Qel® + (14 2)2Q }1/2, (42)
o E(0) = 1, 135
P it U +4 ;s:nl— 200y = 92, )
AR DGP2 #AY, PR 45 R
Qm, =0.18 £ 0.01 (16) , Q% =0.04+0.01 (1o) , 2, =116.27. (44)

F Qe =0.16. B 7HHT U 5 Qm, WEFAE.
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QmO QmO

E 6 RDE BAEK Qm, —a § 68% F 95.4% & & 7 DGP2 #HAEF Qm, — Qe # 68% 1 95.4%

fE’ EEE
Fig.6 The 68% and 95.4% confidence level con- Fig.7 The 68% and 95.4% confidence level con-
tours in the m, — a plane for RDE model tours in the Qm, — Q) plane for DGP2 model

6 ALK

%5 WAKMEET 116 A~ GRB, WMAP 7 yr fy CMB S EHEA BAO MLI%L
PEXTFH ES ML R BRI T T BRI X — 85 AR 1 R IR A B 4

R X2 Gott Fosh it X SRR AT HL A, 33 (R O 3 ol ke 35 T i SR AR 2 1
B — R, F b, HARS RIS E, /. XERITRERA IR E
EHE U8 f1 Akaike {5 BRI U9 2B REAL  BIC & Xk

BIC = —2In Lyax + kIn NV, (45)

Linax 7B RRRME, b ZRERASERR, N 2BIER. LOURREC SR, —21n Lyax =
X2iins # BIC = X2 + kIn N. AIC 52 3Ky 149)

AIC = —21In Lyay + 2k . (46)

R BGOSR T, BNFBEIF AR AIC 5 BIC fJ2£1H.
ABIC = Ax2,, + AkIn N, (47)
AAIC = A2, + 20k . (48)

JBP BiZlH AIC {E&/)N, ACDM EiAEIH) BIC fHi/DN, EERITEEEANISBIE R
B AAIC fl ABIC fi J A
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M3 FH, R AIC HE, IJBP NEARHA, R BIC H#E, ACDM HhEfEH
A, CPL Ml JBP AL 2 B —. RDE., DGP fl DGP2 BAIToe &M AIC HHE
W5k BIC HIPEAR R A 22 AR,

#& 3 1R4E AIC #0 BIC ¥iBHISHEILLRER

Table 3 Comparison results of various models according to AIC and BIC criteria

Model Xin k. AAIC  ABIC
ACDM 71.05 1 4.46 0
ACDM2  69.99 2 5.40 3.71
XCDM 71.00 2 6.41 4.72
CPL 6292 3 0.33 1.14
JBP 6259 3 0 1.08
RDE 76.58 2 11.99 10.30
DGP 15729 1 90.70 86.24
DGP2 11627 2 51.68 49.99

7 whRAER

BATR A EH Union2 iy 557 4~ Ta BB G FHESE o .« jo M so, HTH
PEEAHE DN, HAVFRIRNLE R Vitagliano % P BOREHS, REWEWE/DN. figFEwE
SRR, BITEAR » <14 EENKEHET 54 GRBHEEXRR, BT GRB BEXRAR
BEZLR AL, AT MBS BAL (2 > 1.4). B 124 T 66 1~ GRB Byra#hE.

224 116 &~ GRB, WMAP 7 yr {§ CMB WEIISHERT BAO WEIIEHE, AT LA
TR R RERE AL HEAT T IR M. AV H T B MBS R EAEEHF2H T8 ERF
Bl TERA AR T M- rE SRR Akaike 5 5 HIHE, #id AR ACDM
1 JBP BiRLE R EMAL, i RDE . DGP fl DGP2 MR B 2 AL H#K Gao & BT
B LAE, ®ATRA T 116 & GRB %, 7EARIRR G B8R R, RfldgREE
FURG. H# Weil3®! fil Capozziello %5 PO T4E, |ATIEHEELE GRB (2 > 1.4) iR
AT 4 MEEXRR, MARMA Amati 65K, Amati ZXRREGIEHN GRB MIARAEMDE
FRBHERME B35, R B ANTH Ik B E .
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Gamma-ray Bursts and Other Observations:
Constraints on Cosmological Parameters and Dark
Energy Models
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ABsTRACT We use the newly released Union2 SNe Ia dataset to constrain cosmographic
parameters, namely deceleration, jerk and snap parameters (qo,jo and sg), 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 ACDM 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



