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V. Cold dark matter (CDM)
. Cosmic-web
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! Modified gravity
2 Friedman, Lemaitre, Robertson, Walker
3 Conformal time
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! Tulley-Fisher

2 Supernovae, HO, for the Equation of State of Dark energy

3 Carnegie-Chicago Hubble Program
4 Tip of the red giant branch
5 Baryon acoustic oscillations

Archive of SID.ir



Archive of SID.ir

Yoq Og jdgu C,.JU ‘_gLAU,iAJJXCDM} UACDM L;LAJJ\A BE) n.>}3 Ql—l)" \ EJL«& Y -\J.?
E(z2124)=), Ui s a5 cpl e 53 Kilpn L 5ol Jie s 41|

5(222@):0 . 9
LS e eslatal [t Ol S Salys s i

XCDM 56 65,30 s3lasl Jbe Y ¥

slaesls 5leslanull Ol 5 oo ool LU (65 51 Cl Aslas
S3A Y s (s (S Ol 568 Jo Sl Jirs (s
S5 S XCDM (5Ll ddke 53 55 oy 1) SU6
).345 CM\GM@%A&L@)‘%J{Q)%M}}A&)L
Q\f‘ﬁuJLJU}oJLaM.}oyJAQ\)L&fMQLAJﬂJ;@QJJW
PV] el o Juls \)ina
H Q Q
==L+ QX (a). (\0)
H a a
Cose 4 X(a)  wuw ol s S
e z . _eff ff
Llge S JK'? el X(a):ng (a)/p;E (\)
)a.mpeaup‘;.;s@ﬂgwgmuu\,fg\,uyu
o Sl el aB § b s Cs OleS (hash ol

Sl 0 Wand dJ\A U'L‘ BE) 'CM‘QDE +Qm+Qr=\

L L il o eals 0L X(@) b oS S (6550 U
ddbe = 5 058 Lol sdoy sla el 5l eslad
L) Solys (bl o w8 a8 53 wliOlesS
DT st DAL SES s G slaesls 51 slicud
[Y\] SDSS DR7 Main Ye] sl SKawsST Sblays
BOSS DR12 tomographic Galaxy Sample (MGS)
[Y]eBOSS DR14 quasar sample [YY] (TomoBAO)
s Lyman-a forest of BOSS DR11 [Y¥]quasars (DR14Q)
ol ol [Y0] R16 e <l ) 0loy (slags ,Soslil
Cod Sl 0l plndl Z=Y/0 5w I G 3Lk
U oslblbal Jae 4 cond Jae ol 5s la el
35 S )l 5 S e Ol axly J "Z SV
Dl Lag e & QUi oo 3 ol e ZZNY/YT
o el 03,5 (ks SIS XCDM s o L

S 63,50 o 55 53 S o J |y bl OleS sl sl
G s el 038 i s |y LT ikl Ju
2,05 55m s Sicans Hy 505 i o O Ol 5 o AEL
seora b S Ho 8 12 0leS glassls dle 5k
S (sl azsls JSlgen CMB e osls b STous s
Qnh? wm&@:@t),&:&@q—f\)é}é(}m
[P 353 008 Jldie bl ol s ol 5 (55 Lo
LS ) S g Ll S Jue B IS b
@oodd B ome Jda 53 Lo caslsl 53 agls ool sl S
.vfﬁhfw)ﬁbajl,\;bldméuwﬁbo\j;;
GACDM Ju .V ¥

S S ol Bl ans L8 Jde K WACDM Jo
ol b [6]4S o s fm o Ol OS s 1y Sl
Wl zo= ol N fae g JEl b 0SS Jao
i S g JW) 5l e Jy 2 e 8, ACDM
DleS Sl pl s oS 3550 GACDM 6 305 5 das e
5 S Jde ol 6l IF] sls R= Rl oy sl
s Ols el
Sz%]d‘xﬁ[f(R—Rw)—/l]+£m ()
R=R LiosScul 513N o 0 E88 asle S
LS s S el Wil E=V S s 3 S e his |
ks A=YA-R L osjlubal Jue ol i)
el 35kl Jue s ilisolesS c,;le S 555

5 Sl o Sy &l WACDM OS5 A, @U Jds
b pe3ls 3 Aol

d'_D_{dE(Z)/dZ \ }dD \+2

dz’ E(z) 74

v
T o s w0 il Olise Dsles 3, 31 55 & s S

- 0,
d_§+ L_dlnE(z) __Qm(‘+z)2+ R°_T
dz |v+z dz a E'(z) (\+2)E'(z)

\Y)

g J s sl A LS

Archive of SID.ir



Archive of SID.ir

Y iled YFA-

eLEL Sili 5 slailad Sl e

distance [Mpc/h]
30 59 87 114 141 167 193
L L s L L L L

—— #ACDM

450 - _ ACDM

400 A

350 1

[km/s]
s
=}
=)

S/

. 250 4 e \S\Qdu

2412

v/
[*]
=]
=]

/

w
=]
f

100 - < - e

50 4 -

0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
redshift(z)

e 55 55 (W7 =05 Co e o Sle Hdo Sls 503N Js=
S JULS sla il ) glaosls U ol an ACDM 5 iiACDM
05 Gloass O, La sl o slaesls {7]  Union2

Aasge 0L Z = o/oF e JEI G 1, YR s s

TG .
600 4~ #ACDM
ACDM
550
Ml4
0 —TT—TT—T—T—T T T T T T T T T T T
0 50 100 150 200 250 300 350 400 450

distance[Mpc/h]
Jde 33 55 odd e 835 Ol b gl Y K
Otk >15 503 5 T glule ~ls « ACDM 5 #ACDM
Gl;.a Sess 0L laesls ras e 0L 1, 68%
Co o o by 0 LG asls cea [YV] 5 [T YATLYALY#TA]

IFel cnl SleS ae b sl 5o e oy S

- J5 LS B GICFA ho ),y slres 55 s o sl 0
ol imio LS JUIS 5I[YV] S16 5 [AIM14 [Y5] 2
SITAIWO (glassls 5[YA] La ol 6 ol slaS JUIS 51521 5
Llodel s 4y Cilises S JBIS s slaesls 5I[VV] B20
2 52 e Qb g 3pd e sdalis 5k Oles

o 351kl Jke 3l 2 UACDM
2 ekd Gty 835 Ol bt S BT IS
L s kol Jie 3 0l o i 835 0L > 4 UACDM

Jlazl b UACDM 3 6355 0L 2 Sldde .das oo OLLS

AL E@) ZSY0 4 il G of ;3 &8 Wi e
E(z)z=>v/0 Glag e 4 Jasl 53 54 ekd (g3l ble

AT e s w3kl Je |
Sl 4l b3l il ol jlde cedls 3 me Jde 55 & 3
oMl S el Ho=vekms™Mpc™ ssu- s
eop A i s gl SO (g S el b6 reS

S V‘A\P 0355 Coo (Sl e 95 pl S S
b ¥

Cilises slaalol 53 sl Sl el Ao Aol s e lis
o A Jeolsh O 55 03 5 s 5l (63500 Lo s Ll e
L oy sl osls 5l sdel Cows 4 dols o slia b
sk b Gl 53 g sl s 4 b g S e
OleS dbe Dlaslll s (oo cpasete ol OleS sla iy
035 Ol Lo i ol dmin |5 0leS s (Sl il
S 4 l)\”uiéqﬁo.uugéﬁ.ad.,u):):fGA Sl

oS o el sy (slaosls U 1 T 5 sl e
6}}3 ob‘ﬁ N Y

Jle 93 55 S mipe oSle L lsges ) e
ois &S Hsb Oles das o 0L |, UACDM 5 5 lukl
Jbe 4 o L Gt 835 0L UACDM. 52 o
sleesls I IV] w53 S e sty 2k
5 Ses op e losdin SHUE Gl g
s ot g5 ol ol glaesls .ol ol oslizul OleS (65 Solinan
Skl Jue glaesls b oS conl ol osls LIS K5 )5 5
5 0L ol els 3l OMetl GACDM  (pimas

sl 0l 303 jasidS Job Aa g ol LS B p
Lol Co s dnlis ﬁsfbélﬁljyddﬁs@&a
955 Seslinal bas ol (g B3 83 5 0L o Lo ya b (s
53638 O L gie 13 gas 35 o drlons (V2) () 5eSLe
LS Col odel ¥ IS5 ;3 ACDM 5 UACDM Jde 55

aslie 5Go 5 ool o s sla s s 0L~ 5l (g3l

1 Union2

Archive of SID.ir



Archive of SID.ir

™ Og 5 bls ool sla 25 5 XCDM 5 GACDM (sladds 55 0355 O > Y iled Y Al

600 XCDM
N ACDM
550 4 25
500 —
450 4 -

W09 GACDM 2.0 1
4001 WTCF4 pid btk
350 4 = ACDM

= Vbulk 154

300 4 -
250{ 821 s16

2004 & N +B20
150 4 =
100 4

50 4 e
0

0 4 ;‘) ' l(’)ﬂ 4 I;“ : 2(’") : 2;() 3 ‘V(’W) ' \;() ; 4(’)(] ; 4;() i

XCDM )ACDM Jd 95 )2 aJ}: UL&)" lﬂ..w}:..d J‘J}«.} 0 JS.:‘
Sl deos3 PA Olabl bl 5w 5o 3 5 ol ol 5
CVL\A )\ aéj; Qli_}.> LSUM)\J Mb@ olis \) ACDM 9 XCDM

Ire] ol SlesS s G0 ol 5o e o5 5

254
Xcom 2.0 A
bulk
"ACDM
Y buik 154
1.0 4
0.5
0.0 -+ T T T T T T T
0.000 0.025 0.050 0.075 0.100 0.125 0.150 0.175
redshift(z)
ACDM J.X.a 93 > ol L;':)U:"':J LSLAa:}; QQJ’- C_,.o.m.) i JS.:-

XCDM

Jhe (plhs 638 oo Lo ge 3 5 SN S, 50 45 5b0kes
050555 O e gte Cod Ll skl Jus I S 5
sl o3ls OLA £ S 53 53 ACDM Jae 4 XCDM Je
33 53 035 Ol polie w4 JWl Rl 51 L s o

Aol x5 R Jde
sl gbdas s fo, iyl Y F

Solre Olge 4 Kl ladde s %ﬂb% fslone
cladds s ) fO-Afﬂ‘)lg Lo ida ool 3 a5l el
Ladie I LT &S 1S o gy 5 sl st ed 0 0 S0

QM"JW\)GAJLJ KAMA* Ju;\}:dﬂ

0.51

0.0

0.000 0.025 0.050 0.075 0.100 0.125 0.150 0.175
redshifi(z)

Jde p3 el o Fu s Obr b owge o S S
ACDM 5 035 Ob o w56 4 IACDM

distance [Mpc/h]
114

30 59 87 141 167 193
L L . L ) L 1
— XCDM
450 - _ —— ACDM
400 T T
350
= 3004
2 0
Qe » -, SN data
T2 200 S
150
100 4 L 4 L T
50 —
04— . T T T .
0.01 0.02 0.03 0.04 0.05 0.06 0.07

redshift
E) }J\JJL:.\A‘ d.\.ﬁ ELESE C/&fﬂ el w{al.:.d )..\?.- )‘J}A.; .f‘}g
Az Union 2 S JBIS « by o b 2l 5 ol sla o315 . XCDM
P k . -
JUEI B 15 26073 50 3 (slos 55 Ol o a5 4l (sla o315 [V]
A e Olisz = o/of Cfﬂ @

sl s lilkal e 555 0L > b (gl Dl 2w
el L anily 2als Hldy s g Ob o (e 55, js o
Dade oS dde 33 53035 0L palie SN 7 ke
skl Jae 93 53 S a0 Sl Sd s gl
RGPS WA RS W L}Qﬁ: 23 52 XCDM

S |y (65508 8355 Ol or XCDM Jus &5 355 o0 sdalie
Ll a5 ACDM  dile 5 &S o st 351l ke
PO ISE LS iy b bl L Al e
O3 3L (JseSle w555 Slodd ailomn 53 55 gy Lo 52
by sla oals ¥ IS 1 god ile oS cdas o GLES e 55

.ﬁ\u;‘w”u‘ Jbe g3 gl s ta bl 30y Jolsd o

Archive of SID.ir



Archive of SID.ir

235 0L oy slaesh L ladie 5ls 055 o5 gl 5
A S 530S i) 77 o 0,
Jle &S el gl y(x|0) & ol Dp e, a3l
S Gope 3 AS o Geie 0 sl bl b Wbh20leS
S g Al sy (Stenes g (s gbresls

g o daloe 3 ddal

Dy,

S Je Syl am gyl a s lest g &S
Glresls U g miy ols Je O &5 ol pme ol 40 3L
L) ML slaosls o355 Coo o ¢ " dcales 53 35l G

e K5 5 53 LG (laols sl b Soen s
S s fo, bl sbels @l 70 Sl ) dsix
Gle S ¥ lais UACDM Jus s o OLis o355
Cf v oo 55 33 e S o S 0355 Lo o Slaosls
SoLU 55 Jde s s lulead e 3l 2 ol sdalive 53 55
' olais XCDM Jue Llis 53 .S oo Jes ol g3l
@ e 33l fo, bl gdes Gleesls Gl 1) %S

LS o g 1 (gheay slaesls .\J‘)J@JZ.@_.’JK{J Jde 9

o0k LS 5 65 e 0

Sl Saslhl A e ol wliOleS Gl sbadle )
Solie s bt sles sylbld e 5 Cledls 335

ol Jde s i 5 5,8 o310
Olge a4 gladie (hla ol i asle) da 25 1> sl
Seslial b i ol 53 LAS b ,ae ACDM 5Kl

Y oiled YA el il 5 solailad U Y
. . o8 T T T T T T T T
Sl 50355 O sy slaesls sl 4" Slislows N gu ACDM-Plank TT+lowP+lensing
_ . 06 = uACDM; §=1.0 ====+ -
ol gladide 5okl Jus s fO'A UACDM; E=E(z) wmmm
055 |- Data -]
2
X
E 05 = R T =
fUS 03 45 UL!J" Je o 2 \\\
Q, ousle”  SOEMgs Boss Loz T—— -
f/q Y 9 V/VA ACDM BOSS CMASS
*I ore ' 7
V/YA 1/ UACDM sk 2l
A VY/e# XCDM TR T TEE 7 TS T A T
4

L ACDM Jus gl 7 cmm » fO, il Sl v IS
Planck2015 TT + low P + lensing (laesls 55l 5 o g
Planck 2015 + R16 + sla osls 3, o e b IACDM

o5 b3 E=8(2) 5 &=1 b= 55 iIACDM sl BAO

IV el o
0.8
XCDM
ACDM
0.7 1
0.6 4 -
F051  _ sossMes -:“”‘T‘,‘ — [souma
= T - - .
g + = DRI4
- |edrgs Jquasars
04 L
0317
02 T T T T T T T T T
0.0 0.2 0.4 0.6 08 1.0 1.2 1.4 1.6

redshift (z)

. XCDM 5 ACDM Jus 55 3 fo, bl sl A JK3
ST OYYTAYI DTN b gt sla &S eIl

Lo [Y0]

ek ol s WUACDM Jue > To, zelil jlssaiy S5

[Pl dms o OLLS ) shmy 8505
ot el a3l il fo el lads GACDM Jue s
G |y (8 e el 1S5 Kl Jue ol i€ 015 o
Jae 3 FO, el a0 A8 o o i 3kl Jke o
03 e edalia ol slal A IS 55 55 XCDM
Je 5l S dae pl s Foy el g & JUil
sk 4 Js ol sl e 5l iy S 5 g s,k
skl Jue 31 2eS Jie ol 3 O, &8 i Ol5 o NS

el

Archive of SID.ir



Archive of SID.ir

Ty g 5 ks <ol slais s XCDM 5 GACDM (slads s o35 0L >

Viled Y Al

Al s e S sl Seslll s sl glaesls

21 s e g Stnan @AfGA
bl A5 S 35l o e (pl s s D) g 4 addllae
S 5o fo, L 0l 5 Slas 5 oKon i 5 Lo
aﬂéwdﬂ\ﬂe)w.wlzwoywlk
s ool 5o 5 kaly cpl 53 S o lais 1 0 S sladie
2y edalie Ol e a1 o35 0L (6 Se3ll s ge ooy

»hfo, bl g8 O Copuw ot Pl &4 b
L1 Wl 5 w35l cws 4 XCDM 5 GACDM (sladake
Sedel s w0 slis Cpiamen 5 3 Ikl Jie i
Shes glaesls Gyt Slalme a3 S aslis Ao
Jde a5 das o 0L Jde 4w 3o, el 5 6355 OL >
o5 555 e 535l g1y 635 0L slades, WACDM
Mas 3.8 > fo, i e Wl e bl oS s
o35 Ob = pslie op eS & opl 345 L XCDM Jke

el sl Je s i 3 i el (5,8 ol G g
J.\.ﬁ ‘a}LA QY%\ L)‘)J &\_}3\ ‘)‘ a}L:l.L.u‘ Lv 4.l.f.w.d U’L\ J> 6\Iv
fo, slaeshsl [ s | sl Jae 51 5105 (gsleiy

LVYPT 355 oes 5 Geoe Y 3 Liloo s O

bl oy slaesls Ly sl o g (S 0 s i
wr g Ll culasl palSdu s o s fo,
u.ajﬁu.i‘bca&}u )Ja.,\.}&rbu\ ZYC)LMNBLAASQJJ‘J

O sl Se3lhl s gdo ) sla esls O S Sl 0 (ﬁl?u.‘

aals

. N Aghanim, Y Akrami, M Ashdown, et al., A&A 641 (2020) A6.

. M Tegmark et al., Phys. Rev. D 69 (2004) 103501.

. L Perivolaropoulos and S Foteini, New Astronomy Reviews 95 (2022) 101659.

.V Poulin, T L Smith, T Karwal, and M Kamionkowski, Phys. Rev. Lett. 122 (2019) 221301.

. M Chevallier and D Polarski, Int. J. Mod. Phys. D 10 (2001) 213.

. N Khosravi, S Baghram, N Afshordi, and N Altamirano, Physical Review D. 99 (2019) 103526.

. J Colin, R Mohayaee, S Sarkar, and A Shafieloo, Mon. Not. Roy. Astron. Soc. 414 (2010) 264.

. C Magoulas et al., Proceedings of the International Astronomical U., 11(S308) (2014) 336.

. L Amendola and S Tsujikawa. Dark energy: Theory and observations, Cambridge University Press (2010).
10. J M Bardeen, J R Bond, N Bond, et al., Astrophysical J. 304 (1986) 15.

11. S S Boruah, M J Hudson and G Lavaux, Mon. Not. Roy. Astron. Soc. 498, 2 (2020) 2703.

12. R Mohayaee, M Rameez, and S Sarkar, arXiv:2003.10420v2 (2020).

13. E Di Valentino, O Mena, P Supriya, et al., Class. Quantum Grav. 38 (2021) 153001.

14. A G Riess, S Casertano. et al., The Astrophysical Journal Letters, 908 (2020) L6.

15. W L Freedman, et al., The Astrophysical Journal 882, 1 (2019) 34.

16. E Di Valentino, L Anchordoqui, et al., Astroparticle Physics 131 (2021) 102606.

17. Y Wang, L Pogosian, G B Zhao and A Zucca, Astrophys. J. Lett. 869 (2018) L8.

18. P A Ade, N Aghanim, et al., Astronomy and Astrophysics, 594 (2016) A13.

19. M Betoule et al., Astron.Astrophys. 568 (2014) A22.

20. F Beutler, et al., Mon. Not. Roy. Astron. Soc. 416 (2011) 3017.

21. A J Ross, et al., Mon. Not. Roy. Astron. Soc. 449, 1 (2015) 835.

22.Y Wang, et al., Mon. Not. Roy. Astron. Soc. 469, 3 (2017) 3762.

23. M Ata, et al., Mon. Not. Roy. Astron. Soc. 473, 4 (2018) 4773.

24. Font-Ribera A et al., JCAP 05 (2014) 027.

25. A G Riess, et al, ApJ, 826 (2016) 56.

26. F Qin, D Parkinson, C Howlett, K Said., Astrophys. J. 922, 1 (2021) 59.

27. M Scrimgeour, T Davis, et al., Mon. Not. Roy. Astron. Soc. 455 (2016) 386.

28. B E Stahl, T de Jaeger, S S Boruah, et al., arXiv:2105.05185 (2021).

29. R Watkins, H Feldman, M J Hudson, Mon. Not. Roy. Astron. Soc. 392 (2009) 743.

30. A Kogut, C Lineweaver, G F Smoot, C L Bennett, A Banday, et al., Astrophys. J. 419 (1993) 1.
31. S Alam, et.al., Mon. Not. Roy. Astron. Soc. 470 (2017) 2617

32. F Beutler, C Blake, et al., Mon. Not. Roy. Astron. Soc., 423 (2012) 3430.

33. C Howlett, A Ross, L Samushia, W Percival, M Manera, Mon. Not. Roy. Astron. Soc 449 (2015) 848.
34. P Zarrouk, E Burtin, H Gil-Marin, et al., Mon. Not. Roy. Astron. Soc. 477 (2018) 1639.

35. T Okumura, C Hikage, T Totani et al. Publications of the Astronomical Society of Japan 68 (2015)38.

OCoOoO~NoOuUuTh,WN P

Archive of SID.ir



Archive of SID.ir

Vbl YU ﬁlj';b' cols L;)L,m'l'c,.': b V¥

36. F Habibi, S Baghram, and S Tavasoli, Int.J.Mod.Phys. D 27, 03 (2017) 1850019.
37. S Baghram, S Tavasol, F Habibi, R. Mohayaee, and J. Silk, Int. J. Mod. Phys. D 23 12 (2014) 1442025.

Archive of SID.ir



