Jlekninga 4

3oonapk KocMmoJiorndeckux mojeseii. CtangapTHbIe cBeYln U
yckopernHoe pacompenne Becenennoii. Mogear ACDM.
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YabTpapejisTUBUCTCKOE BEIECTBO, IIJIOCKAd BCe-

JICHHAA

1

p = —n{vP) — ma sroboro rasza

3

Vnbrpapenstusuctckuit (YP) ras:

FP=m?+P’~P’=P2E, v>1=

1 1
:—E:—
p 371 3P
1
p—3,0

Kak p zaBucut ot a?

b+ 3%(/) +p) =0 (coxp. TON)

dp _ _,da
e a
B const
p — a4
(me 1/a®!)
N 2
a ST const
—_ p— —G p—
(a) 3 P T g

(4.5)

(4.6)

(4.7)

(4.8)
(4.9)

(4.10)

2

(11 MBI OBLIO %)

3 /a\’ 3 1
P~ %G (5) T 3G (4.11)

['opuzoHT:

ly(t) = a(t)/O a0 =2t = i (4.12)
(st em 2/ H (1))

Bakyym m me-CurrepoBcKoe MJIOCKOe perieHune

Huxkaxoit MmaTepuu Kpome A-djeHa.

-\ 2
(9) = %ﬂG/\, A = const > 0 (4.13)
a

B miockom cityuae juist A < 0 pemennsi Her!

g = (£)4/ 8%TG/\ = (£)Has = (4.14)

a(t) = const x el F)1as! (4.15)

CoxmmMalonecs perennst He Gusnaub (7).
Cunrymspraoctn  Her.  Kocmosormaeckuit  ropusoHT
= 400 (TOXKe HeT).

A Bener cebst KaK IIOTHOCTH BaKyyMa:

. a .
pri(ptp)=0=\p=—p\=p=0 (416)

[ToTHOCTD MOCTOSTHHA (UTO U OXKUITAETCS OT BAKyyMa).



HeCunrTepoBckuii TOPI30HT

KakoB B MOMeHT BpeMmeHU tj pa3mep 001acTu, U3 KOTO-
poit JOWAyT CUrHaJbL B TOUKY & = (0 K MOMeHTY t > 17

A t—oo

»
-

x=0 NPOCTPaHCTBO

Lis(t) = alto) / L

to a’(t/)
t dt/

— const x eflasto =
t, const X etds

1 [ — Hyg(t—tg)
= — |1 — e Hast=t0)| (417
i (4.17)
1

CurnaJjbl 13 06J1aCTel, KOTOphIe ceffiac pabiie [gg(0o)
He foitayT g0 Toukn x = () HuKormal

Caygan » = +1,—1
[TbuteBugnas marepus, A = 0. Uz (3.77):

const
pP=— (4.19)
2
a 87G const 3 Qe H
) = _Z ~ 2 (420
( ) 3 a’ a> ad a? (4.20)
da\’ 5
dt = a(t)dn = o) = Gmas — 3@ (4.21)
N
w=+1
_ .97
a(n) = Gmaz Sin 5 (4.22)
Beenennas poxkiaercs B TOUKe U KOJLIAICUPYET B TOY-
KY.
" a‘maI .
ﬁj/amﬂn: 5 (1 = sin) (4.23)
0



,ZLHH » = +1 MOXKHO 4IBHO BBIPA3UTD gy YEPE3 MACCY
BCEJIEHHOI;

87 A

—3 P= 3 (o ompeesteHio) (4.24)
a
2 3 _ __m
pX2ma’ =m = p= 523 (4.25)
StG m A 4
3wl @M 3a (4.26)

a(n) = apmaz sh” g (4.27)
1 amam
t :/ a(n)dn = —=(shn —n) (4.28)
0

Kosnarca Het, BcejleHHad OTKPBITa 1 OECKOHEUHA.

% Haiture acumnroTuky pemienus mpu t — oo.



3001apK KOCMOJIOTUYECKNX MojeJieii [Tapamerp 3amenjieHus
(unm Kak ObLIa OTKPHITA TEMHAsl SHEPTUs )

UzmeHeHne BO Bpe- / - _ - _ 499
MeH! OTHOCHTEJIbHO- / / / 40 2 5 ( )

a a’
TO PacCTOAHHA MEX- A >0 |~ / / 0 %1t
Ay TenaMu (rajlaKTH-
KaMm, UX CKoIlJje- Hur ; [e1:
HUAMH) BO Bceneg- 53, :
HO# (T. H. MacmrTad- 7
HOrO (aKTOopa R) B : / a(t) — const t2/3
3aBHCHMOCTH OT pas- , g .
%ux sHaveHmt A u k. // ) 13

esne CUMTACTOR,-. 11 v b 6iren 66 TN 1 bl 0ot vovites vl oo : S -

Beangs TP b 2 a(t) 3constt (4.30)
dp/dR <0. HlTpuxo- ,
BOM mmgeﬁ [moKasa-
HBl rpadukm  JAIA - - _-
T. H. CIYCTBIX» MOJIe- , _o Cl(t) 9COHSt t

aeit (p=0). Pt

. : 1=+ (4.31)

—4/3

HU.JI. Hosukos. Kocmonozuueckue modeau. Pusuueckasn | IKAKOB mapameTp samesenns B 6osiee odmem ciydae?
onyuraonedun, T.2, cmp. 475 (U B wem 3akmrodaeTcsa 9ToT Gosiee o0l Crydaii)?

Kpurnyeckas mjaoTHOCTH

Ypapaenne Opuaimana;

N2
Qa 8T 4
Ht)=(-) ==G(p+A) -= 4.32
0=(2) -Feprn-2  um
= JlocTogHHAag XabbJjia celivac:
8
HE = —Glpo+ M) — > (4.33)
3 ag
Ecin npoctpancTso miockoe, 2 = 0, To
8 3
— G A =H= AN=-—"_H? 4.34
3 (po+A) 0= PoTt 3o ( )



3
p. = ——H? — xpurnueckasd niaotaocts | (4.35)
8t
h = 0.68 = R
9
;= 491070 — 4.36
P cMd (4.36)
po + A nzmepsroTcs.
Pesynbrar: B mpemeax ommbok
po+A\=p.= (4.37)

Hawe npocmpancmeo 04eHd OAU3KO K naAoCkomy.

N3 (4.32):

ST

3

8
= —G (,OM + Prad + pPA + pcurv)

3
H? = ——@G + Drg _ _
(PM Prad T PA 37 a )—

(4.38)

YpaBHeHWe CIIpaBeIMBO BCET/a, KOTIa MOXKHO TIpeHe-
Opeub MJIaBHBIM TTPEBPAIIEHIEM YIbTPapPeIaTUBUCTCKOM
MaTepUU B HEPEJIATUBUCTCTKYIO =>

Bcerna, KpoMme 09eHb PAHHUX 310X I10CJIE€ CUHTYJISIPHO-
CTH.

N3 (4.38):

3

PM T+ Prad T PA T Peurv = —H2

4.
G (4.39)

B copemennyto smoxy (1o onpesenenuto (4.35))

Prr + Praa + OA + Plurs = Pe
BBeﬂ;eM OTHOCHUTEJIbHBIE IIJIOTHOCTMH.
Q= P/ pe (4.41)
Uad = Paal Pe (4.42)
0 = A (4.43)
chrv - pgurv/pc ( )
Qs + Qg + O + Qeyrp = 1 (4.45)

3
P = Py (%) (4.46)
ap 4
Prad = prad ( a ) (447)
pr=py = A (4.48)
2
Peurv = pgum (ﬂ) (449)
a
3 H2
.= ——H? —G = 4.50
Pe = 8tG 0= O¢ (4.50)
Q_Hg o (@)% o (a0\* 0 ap\?| _
H* = De [pM (;) + Prad (E) T Px T Peury <E> ] -

3 4 2
= 1 (90 (%) Onaa (2) 4 20+ 0 (2] a5



ypaBHeHI/Ie CDpI/Iﬂ;MaHa B OTHOCUTEJIbHBIX ITIJIOTHOCTAX:

a\’ ap\ 3 ap\ 4 an\ 2
(2) = 1 [ ()" + 0 (22) "+ 004 2 (2]

a

(4.52)
Cunras ().q.q < {1j HallIeM ¢y B COBPEMEHHYIO SII0XY
a

(g)g — 1 [QM (C;O)B + 0+ Qe (%)2] (4.53)

a = Ho\/QM aj/a+ Qna® + Qeyroal

(4.54)

. H, —yrad/a® + 2aQy
a =

2 /urat/a+ Qpa? + Quyrad
1

1
= §H§(2aQA — 0 way) (4.55)

a =

1 a 1
———| = =(Qu — 20 4.56
0= | =320 45
(Qeyry yrmmo!)
1
@0 =5 —20) Q=1 A=0=g=1/2
(4.57)

B kakoMm cooTHoteHnn HaxogaTcsa 2y 1 207

CrangapTHBIE CBEYH U ITapaMeTp 3aMeaJIeHns

Habsomaemast spkoctsb J(z) CTaHIAPTHOIO MCTOTHUKA
CO CBETUMOCTbIO L:

L1 1L
CS(2) 14z 14z S(z) (14 2)?

MOKpac- pacTsKeHnne
HEeHUe BpeMeHu

J(2)

(4.58)
S(z) — maomaab 2-cepbl, OKPYKAIOIIEH NCTOUHUK.

PacTs:Kenune BpeMeHU:
o dt; diy

a; a a 14z

dn);




IImomanap 2-cdepnl B 3-IJIOCKOM IIPOCTPAHCTBE,
3-cepe u 3-ticeBaocdepe

1. JInuHA OKPY2KHOCTH pajinyca p Ha 2-IJIOCKOCTH

>
N

C, =2mp =2mr(p)

” " (4.60)
0
r(p) =a (5) = ax(p)
(4.61)
2. JlnmHa oKpy»KHOCTH pajuyca p Ha 2-cdepe
A
0 d?
r~ { -
C, =2nr(p) (4.62)
r(p) = asin <£> = asin x(p) (4.63)
a

3. [Inomanp 2-cdepnl B 3-IJIOCKOCTH

S, = dmp* = 4mr*(p) (4.64)
o) =a (£) =axp) = ax(p(z))  (4.65)
4. Tlnomams 2-cdeph B 3-cdepe
S, = 41r*(p) (4.66)
r(p) = asin (£) = asinx(p) = asinx(p(z)) ~ (4.67)
5. [Liomasp 2-cepbl B 3-1icesaocdepe
S, = 4wr*(p) (4.68)

r(p) =ash (2) = ashx(p) = ashx(p(2)) (4,69

a



S(z) = 4mr?(2) (4.70)
ax(z) — 3-TIJIOCKOCTh
r(z) = { asin x(z) — 3-cdepa (4.71)
ashx(z) — 3-mcepnocdepa
() = 22 (7)

X(z) — KOOpAMHATHOE PACCTOAHUE OT UCTOTHUKA, M3y~

YUBITETO TIPU KPACHOM CMEINeHn# 2 (MOMEHT BpeMeHH
t;) 70 TIpUEeMHNKa Ha 3eMJIe.

Boiwucaenue r(z)

KoopaumHaTHOE paccTogHne JI0 UCTOYHUKA, U3JTyIUBIIIE-
I'0 B MOMEHT t;, IPUHATOIO Ha 3eMJie B MOMEHT t:

o _/toﬂ' (2) =7 (4.73)
=X = ’ a(t)’ X = .
2
()= Imde=—Ladt = dt = ———dz =
a(t) a’ aoa
(4.74)

X = /ZO (‘a%) d"% B /0 aoéf/a) =

a
(TIpeHeOperyIn M3/Ty IeHIEM ); 2=zt 1\ =
a

© dz
/O aoHo\/QM(l + 2)3 + Q) + chv(l + 2)2

(4.75)

Pesymnbrar:

»x=0:

1 * dz
) =1 - :
0Jo /Qu(l+42)3+Qn

T’(Z QO+ Oy =1 (4.76)

x=+1":
dz

r(z) = agsin /
0 CL()HO\/QM(l + 2’)3 + QA + chm(l + Z)2
(4.77)

w=—1:
dz

r(z) = agsh /
0 aoHo\/QM(l + 2)3 + QA + chm}(l + 2)2
(4.78)




Moxkno n3 I1.Y. uckimrouurs Hy:

0 P _ L[ )\ 3 _
CuTvY D0 De CL(2) e
1

8t > 3
Sl A N B AR
3H3< ag> G- ma Y

Hyr(z) — Boipaxkenue r(z) B €CTECTBEHHBIX KOCMOJIOTH-
qeCKUX eUHUIAX:

x=0:
Hor(2) / dz O+ Qa =1 (4.80)
= ; M A= :
" 0 VOu(l+2)+Qn
w=-+1:
Hor(z) =
1 . : \% _chmdz
sin (4.81)
vV —=urv 0 /(14 2)3 + QO + Qo (1 + 2)?
w=—1:
Hyr(z) =
LT / v beury 2 (4.82)
\/chrv 0 \/QM(1+2)3+QA+chrv(1+2)2

Habmromaemast apKocThb

L

I(2) = (z + 1)%4mr3(2) ~ (4.83)
@) =3 i1 47?5(2) - (4.84)
Hor(z; Qa, Q0 Q) = zil—ol 4W§(z) (4.85)

Ecmn ects «cranmaptHas ceedas L, To Hyr(z) MoxHO
M3MEPUTh.

Hyr(2)
1.75 | e D =024, 94 =076
O =024 , Vsipgr=10.76
1.5 e =10, 2 =0
125
11
075
0.5 ¢
g.25

B miockoit Becenennoit npu 6Osbmux A mpu ojgHOM H
TOM K€ 2 paccTosiuue 1 (z) 6OJbIIe — CBEPXHOBBIE TYCK-
JIee.



CrangapTHBIE CBEUN — CBEPXHOBBIE THIIA la.

44 F

MLCS

12+ ]
2 40} ]
g |

38| .
= _ — 0,=0.28, ©,=0.72]
E | i

361 - ©,,=0.20, ©,=0.007]

3l -~ =100, ©,=0.00]

A(m-M) (mag)

0.01 0.10 1.00
z
A.G. Riess et. al. The Astronomical Journal, 116 : 1009-
1038, 1998.

M — m — cBeTuMOCTh (1UeM 6OJIbITie, TeM TYCKJiee)
DKCIIEDUMEHT He COIVIacyeTCd C IPEJIIOI0XKEH!-
eM, 4TO BcesleHHada 3a1101HeHa TOJILKO MaTepuei.

Hazan Kk napamerpy 3aMeajeHus

Bo BTopom mopsnke mo z %

r(z) & HLO [z - ’%2 (1 LY _2 2QA>] (4.86)

Us (4.56): N
qQo = 5 (4.87)
r(z) = Hio [z - %2 1+ qo)] (4.88)

qo oIpe/iesideTcd IPAMO 110 KPUBOI T(Z), g < 0=
He 3aMejjIeHne, a yecKopeHue!

NMmeerca npubimsuresibHOe BhIpOXKIeHMe 110 (237 1 )y
IIPU MaJIbIX 2 =>
Yewm OoJibime z, TeM TOYHEE OLpEeIeIeHHe (.



Hesnb3st jin HAWTH cTaHJAPTHBIE CBEYH MOSpUe’

i e . MoxHO Jin UCHOJIb30BaTh TaMMa-0apcTepbl KakK
Y . CTaHJapTHBIE cBeY:W Npu Ooabmmx z7
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c: ~ ABSTRACT
.\ “g 5 - . Ganmarr?.y bursts (GR.BS) are v./idel_y propos?d as an effective probe to t.rarie the
‘31 D m ] Hubble_ diagram of the Universe in high redshift range. However, the c:_allbratmn of
Qa B = GRBs is not as easy as that of type-Ia supernovae (SNe Ia). Most calibrating methods
o 7 1 at present make use one or some of the empirical luminosity correlations, e.g., Amati
- m = relation. One of the underlying assumptions of these calibrating methods is that the
- jaF empirical correlation is universal over all redshifts. In this paper, we check to what
- 7 é extent this assumption holds. Assuming that SNe Ia exactly trace the Hubble diagram
- B B of the Universe, we re-investigate the Amati relation for low redshift (2 < 1.4) and
i £ high redshift (z > 1.4) GRBs, respectively. It is found that the Amati relation of low-2z
5]

GRB:s differs from that of high-2 GRBs at more than 3¢ confidence level. This result is
insensitive to cosmological models. We should be cautious when using Amati relation
to reconstruct the Hubble diagram of the Universe.

Expands to Infinity
g

“Recollapses ¢ 1o ]

2

Key words: cosmological parameters — gamma-ray burst: general — supernovae:
general

1 INTRODUCTION

Gamma-ray bursts (GRBs) are the most luminous explosions in the Universe since the big bang. The 1mtmlc I.llV—
alent energy they relemed in a few Becouds can be as large as 10*® ~ 10°° ergs. For recent reviews, see, e.g.,
l | . Thanks to their extreme brightness, GRBs are detectable up to redshlft z > El
II For example, the most dlstant GRB known today is GRB 090429B, whose redshift is as high as z =~ 94
. Due to their high redshift properties, GRBs are often proposed as potential candles to trace the Hubble
diagram of the Universe in the high redshift range. In fact, GRBs have already been widely used, together with ot].\er candles.
such as type—Ia supernovae (SNe Ia) to constrain the cosmological parameters {Schaefer] [2003;
_ Xu ; : [Liang ¢ 2008} [Firmani et all[20064) [Schacfer I
12008; |L || I|||M|| WEJ Vi & Me].l

12013; 12013 |I|I l2014;

arXiv:1504.07026v

c

'1 R R N R R R
: * * : : luminosities of SNe Ia make them the ideal distance indicators in tracing the Hubble dmgra.m of the local (low-redshift)

! ! universe. However, since we have little knowledge about the explosion mechanism of GRBs, the GRB candle is much less
M standard than the SN Ia candle.
Nevertheless, one can still calibrate GRBs using Lhe em| mca.l luminosit; conelatmns found in long GRBs. These cor-

relatlons mcludes Amatl relation (Fpeak — Fiso) (Amati et all [2006), Ghirlanda relation (Epei‘( E,)

A.G. Riess et. al. The Astronomical Journal, 116 : 1009- P sz::i“i“m:ii“?;,ﬁfpf‘;p..,‘i'?’L,_I‘f“ ety s
1 03 8 3 1 99 8 . * e-mail: linhn@ihep.ac.cn.

t e-mail: lixin1981Gcqu.edu.cn.
{ e-mail: wangsai@itp.ac.cn.
§ e-mail: changz@ihep.ac.cn.

Orpanunuenns Ha 2y u Q) 110 OJHUM TOJIBKO CBEPXHO- .
BbIM la. [Toka ectb 1pobIEMEL.

» lag-luminosity relation




ACDM-Mmopaenp — ctaHgapTHAS MO/I€JIb KOCMOJIO-
TN

ACDM — A Cold Dark Matter

(HekoTopbie) mapamMeTpbl CTAHAAPTHOI MO/ 1e/11

Oy = 0.309 +0.006 (Qp~ 0.05, Qepu ~ 0.26]4.89)
Q) = 0.691 + 0.006 (4.90)
Qpag < 1071 (4.91)
Quurs| < 0.005 (4.92)
h = 0.6780 +0.0077 (4.93)
w = —1.006 + 0.045 (4.94)
1. YpaBHeHNE COCTOAHUS TEMHOIN SHEPTUM:
p=wp (4.95)
w = —1 = TeMHasd 3HepPIrusd €CTb B TOYHOCTU BaKyyM-

HBII KocMoJiorundeckuil wien. VHaye «KBUHT3CCEHIMA»
(w > —1, ckassiproe T10J1e) WK «HaHTOMHAS SHEPIHU»
(w < —1, HETOHATHO UTO).

2. Ouenka 2,44
0, =2 (4.96)
Pe

«3akon Credana-bBoabimmanas

2
Py = Q%Tgﬂ Ty = 2.725K° (4.97)
3 2
po = g His h =068 (4.98)
Q, =0.53-107" = Qg =~ 107" (4.99)

(ITpoBepbre)

OcuoBabIe ¢dra3bl 3BogOIuN BeesenHoit

Ypapaenne Opuamana;

2\ 2 3 4 2
(9> = 1} {QM (%) + 2 () + 2+ s (2) ]
a a a a

(4.100)

1. Ilpn a — 0 momMuHUpPYyeT paanaluoHHbIN WieH (),..q
=\
paJIMaIlnOHHO-TOMUHUPOBAHHAs CTAANd, Spa JTOMU-
HUPOBAHUS YILTPApPeIATUBUCTCKON MaTepun, «lo-
pAUNil BOBITON B3PLIBY

2. Tlorom momuuHpyer wieH 1y =
spa  JOMUHUPOBAHUS (XOJIOAHON HEPEeTSITUBUCT-
CKoﬁ) MaTepuu, dpa MNbIJIEBUJIHON MaTepuu

3. Ilorom jgomunupyer wien {2y =
spa JleCurrepa

B mepBoMm mpubamkeHMM ecTb BCErO TPU OCHOB-
Hble (a3bl SBOJIIOIUHU, CBI3aHHBIE COOTBETCTBEHHO C

Qrada QM? QA-



