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ITocToguHas Xa001a

2

cz = HpD
H() = d/a

Scale Factor a(t)

h=Hy/ (100 km/s/Mpc)
h70 = Hp/ (70 km/s/Mpc)

Gyr from now

Xab0moBckoe BpeMst:  ty = 1/Hp=13.98 h79"! Gyr
Xabomosckuii paguyc: Dy = ¢/Hy = 4283 h79! Mpc



Hcropus onpeneacHUud HOCTOSHHOMN
Xab0mna

1931, ApJ, 74, 43

THE VELOCITY-DISTANCE RELATION AMONG
EXTRA-GALACTIC NEBULAE-

By EDWIN HUBBLE axo MILTON L. HUMASON
ABSTRACT

The new data extend out to about eighteen times the distance available in the first
formulation of the velocity-distance relation, but the form of the relation remains un-
changed except for the revision of the unit of distance. The relation is

va_-.:Dist-I(f:fﬁ) . Hy=560 km/s/Mpc

and the uncertainty is estimated to be of the order of 1o per cent.
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IlocTpoeHue 1mKanbl pacCTOSAHUN

Extragalactic Distance Ladder*h

The Hubble Constant
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[IIxama raJlakTHYeCKUX PacCTOSHUU

TpUroHOMETPUYECKUN TTapaLIaKc
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Iedennpl

IIpeumyiecrna:

e !pkue 3Be310I,

OOCTYITHBI HAOIIOACHUSIM BILIOTH 10 25 Mpc

e X0opoI10 pa3paboTaHHAasE TEOPHUS ITYJIbCALHMI
Henocrarku:

e Penkue 3Be31bl

e HeoOxoauM y4eT METAINIMYHOCTH

e TpeOyroTcst MPOIOKUTEIbHBIC HAOMIOCHUS

e Monojpbie 3B€3/bl PACHOJIOKEHBI B 00JIACTIX

FERCTEREE NN S

—

N Agl

o Cep

.

0.0 0.5 1.0

3BE371000pa30BaHUs — HEOOX0IMMa KOppGKI_II/IH 3a TTOIJIOIICHHE

3aBHCUMOCTb IIEPHUOJI-CBETUMOCTD Kanﬂ6pye;\Tc;1
no BMO u no Hipparcos napaiiakcam.

14

W=<I>-1.55%<V-1
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Iedennbl

Fouque et al. 2007, A&A, 476, 73

Galaxy  Source Band slope a intercept b a N
MW this work B —-2.280+0.091 -0.936+0.027 0.207 58
Vv -2.678+£0.076 -1.275+£0.023 0.173 58

R -2.874+£0.084 —-1.531+£0.025 0.180 54

I -2980+0074 -1726+0.022 0.168 59

J —3.194 £ 0.068 —-2.064 +£0.020 0.155 39

H -3.328 £0.064 -2.215+0.019 0.146 56

K, -3.365+0.063 -2.282+0.019 0.144 58

Wi -3477+£0074 -2414+0.022 0.168 58

Whi -3.600 £0.079 -2.401+0.023 0.178 58

LMC OGLE B -2439+0.046 17.368 £0.009 0.239 662
this work B -2.393+£0.040 17.356 £0.010 0272 714

OGLE Vv =2.7719+£0.031 17.066 £0.006 0.160 650

this work V' -2734+£0029 17.052+0.007 0.199 716

this work R, -2.742+£0.060 16.697 £0.020 0.185 83

OGLE I -2979+£0.021 16594 +£0.004 0.107 662

this work [, -2957+0.020 16,589 +£0.005 0.132 692

Persson J -3.153+£0.051 163360015 0.140 92

this work  J -3.139+£0.026 16273 £0.006 0.128 529

Persson H -3.234+£0.042 16.079 £0.012 0.116 92

this work H -3.237+0.024 16.052+£0.005 0.117 529

Persson K, —3.281 £0.040 16.051 £0.011 0.108 92

this work K, —-3.228 £0.028 15989 £0.006 0.136 529

OGLE W, -3.309+ 0011 15875+£0.002 0.056 671

this work W, -3.320+ 0011 15880 +0.003 0070 686

this work Wy, -3454+0011 15928 £0.003 0076 688

Absolute magnitude
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Relative probability density distribution

Paccrosuamne no bMO

i 4

B Cepheid period luminosity '
(galactic W calibration)
g (metallicity corrected)
18.39 (+0.03) mag

i Non-Cepheid LMC moduli from NED (2009)

Renormalized
sum

| Other methods

18.0 18.2 18.4
LMC modulus

18.44 (£0.16) mag




V - R(V-I)

w

Kamuoposka Lledenn

|
]

Galactic and LMC

— Cepheid W-PL 4
calibration ®
B — Milky Way ©
— — KP(2001) @
/
| ! ! ! ! | ! ! ! ! | ! ! ! ! |
0.5 1.0 15 2.0



THE ASTRONOMICAL JOURMAL, 135:112-119, 2008 January doi: 10 1088/ 0004-6256/135/1/112
@ 200B. The American Astronomical Society. All rights reserved. Printed in the US.A.

A PROBLEM WITH THE CLUSTERING OF RECENT MEASURES OF THE DISTANCE
TO THE LARGE MAGELLANIC CLOUD

BRADLEY E. SCHAEFER
Department of Physics & Astronomy, Louisiana State University, Baton Rouge, LA 70803, USA; schaefer@lsu.edu
Received 2005 January 4; accepted 2007 September 27; published 2007 December 7

ABSTRACT

The distance to the Large Magellanic Cloud (LMC) has long been of key importance for the distance ladder and the
distances to all galaxies, and as such many groups have provided measurements of its distance modulus (g) with
many methods and various means of calibrating each method. Before the year 2001, the many measures spanned a
wide range (roughly 18.1 < u < 18.8) with the quoted error bars being substantially smaller than the spread, and
hence the consensus conclusion being that many of the measures had their uncertainties being dominated by unrec-
ognized systematic problems. In 2001, the Hubble Space Telescope Key Project (HSTKP) on the distance scale made
an extensive analysis of earlier results and adopted the reasonable conclusion that the distance modulus 1s 18.50 &
0.10 mag, and the community has generally accepted this widely popularized value. After 2002, 31 indepen-
dent papers reported new distance measures to the LMC, and these cluster tightly around g = 18.50 mag.
Indeed, these measures cluster foo tightly around the HSTKP value, with 68% of the measures being within
0.5-sigma of 18.50 mag. A Kolmogorov—Smirnov test proves that this concentration deviates from the expected
Gaussian distribution at a >3-sigma probability level. This concentration is a symptom of a worrisome problem.
Interpretations considered include correlations between papers, widespread over-estimation of error bars, and band-

wagon effects. The purpose of this paper 1s to alert workers in the field that this is a serious problem that should be
addressed.

Key words: distance scale — galaxies: distances and redshifts — Magellanic Clouds



KiroueBou nmpoekt HS'T mo
OIIPEIACIICHHUIO BHETAJIAKTUYECKOU
IIKAJIbI PACCTOSHUN

http://www.1pac.caltech.edu/HOkp/

e Hauvamo nmpoexkra — 1984

 [IepBbic HaOmOnEeHUS — 1991

 3aBeplicHue HaOmoaeHu — 1998

e ®uHanbHbie pe3ynbsraTthl — 2001 (Freedman et al. 2001, ApJ, 553, 47)

e HaOmromanock 18 ramakTuk
e OtkpoiTo 800 Hedenn
e« Hy=72+3 + 7 km/s/Mpc


http://www.ipac.caltech.edu/H0kp/

Cepheld Variable in M100
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OOnapyxkenue nepena B M 100

No. 2, 1996 EXTRAGALACTIC DISTANCE SCALE KEY PROJECT. 1V. 579
C7 P =510 C8 P = 560.3
7' T T T T I T T T T | T T T T I T T T T B [ I T T T T I T T T T I T T T T I T T T T ‘ {
» ] 24 » j
24 - ] - ]
i . | _msf :
52450y ' 18 ‘= a® .
T - T » 15 25F s - @ 5
2 25 - wag ¥ wey ¥ - S - ?Eij iEi! .
= ! ® ® 1 ¥ 255 -
25.5 - . - .
- 1 26 |- E
26 Ol b o b by 17 CLo v v b v v b oo by L
0 0.5 1 1.5 2 0 0.5 1 1.5 2
Phase Phase
C9 P = 50.3 Cio0 P = 50.0
[ I T T T T [ T T T T l T T T T T T T T ] [ I T T T T l T T T T | T T T T T T T T !_
=5 7 u :
c ] 24 - E
255 ] - ]
g i§ ¢ ii ¢ | § a5 [Ow *Ss *
B 26| ¢ & Ja b . . E
g | 18 ¢ st thw
= 285 4 5 . ]
C 1 R0.5 [~ ]
27 | E ; ]
C l Il 1 I} 1 I 1 1 1 1 ‘ 1 1 1 1 ! 1 1 1 1 l‘ 26 _l 1 1 L 1 I 1 1 L 1 1 1 L 1 L I L 1 1 1 I_
0 0.5 1 1.5 2 0 0.5 1 1.5 2
Phase Phase
Ci11 P = 48.0 Ci13 P = 47.0
L r T T T T ] T T T T I T T T T T T Ll T ] 7]’ T T T T I T T T T I T T T T T T T T I#
24.5 1 24.5 C ]
N ] 25 - -
~ = - 1~ o s .
& - %% % 16 ek ® s = R
T 255 [ (Y] ®e R S ® ]
[5) r 1 o L ]
a F » f ® ii 12 =26F =
> 26 3 ’ e : ]
265 |- 4 ®oF E
Lo b e b e b e 1T Cl oo oo b v v by v Lo a0 17
0 0.5 1 1.5 2 0 05 1 1.5 2
Phase Phase

FiG. 5b



Pe3yiabpTarsl KIIFOYEBOTO IIPOEKTA

Freedman et al. 2001, ApJ, 553, 457
Toabko no Ledenmam: Hy= 75+10 km/s/Mpc
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Pe3yiabpTarsl KIIFOYEBOTO IIPOEKTA

I — I . I |
Freedman et al. 2001, ApJ, 553,457 3| | 79" 737
— @ I-band Tully-Fisher 65
— A Fundamental plane W -
C MCTIOJIB30BAHUEM PA3HBIX |+ Surface brightness “ .
HHIUKATOPOB. =~ — ® Supernovae Ia .‘ _
2 2o Supernovae II ]
X el |
Hy = 72+3+7 km/s/Mpc W = |
£ ol
> | » i
3 T A ‘ ]
S 1 ! 2 ]
u | A mir _
i A ] |
—_—
= 100 i v > 5,000 km s-1 H =72 —:
a ]
= s0f 1 : i % [] ]
@ M ST #_ ) E_i"i_i_ ___________ [ -
E &0 —E G, i —
2 60f | ]
T : : _
40— | ]
oo e by ey oy
0 100 200 300 400

Distance (Mpc)



RR JInpsr

IIpeumymiecrBa:
e Crapsble 3B€3/1bl, MAJIO BIUSIHUE TTBLIA
e Koporkue nepuoas! nynbscanui 0.4-0.6 qHs
e Xopo11o pa3paboTaHHAasE TEOPHUS IMYJIbCALAMI
Hemocrarku:
e Huskas ceetumocts My~0.75

» HeomnpeneneHHOCTh HYIb-MTyHKTA (KaIuOPOBKA IO IIaPOBBIM
ckormieHusiMm u bMO)
e [IpumMeHUM TOJIBKO AJ1s rajJakTuK MecTtHou [ pyrinel

Bono et al. 2007, A&A, 476, 779

M =1.19(20.10) + 0.50([ Fe / H]) +0.09([Fe / H])

-2.5<[Fe/H]<0



TRGB
BepiirHa BETBH KPpaCHBIX THTAHTOB

18

IIpeumyiecrna: DDO 70
 JloBOJILHO sipKHUE 3BE311bI M~-4 il
e HaOmroneHus ype3Bbl4aiiHO 3(P(HEKTUBHBI:
JOCTATOYHO 2X KaapoB V u |
e Crapsbie 3BE3/IHI.
MeToa NpUMEHNUM K raJlaKTUKaM BCEX THUIIOB
* Majo BIUAHUE TIbLIN
e [IoHsATHAsA (hU3HKA SBICHUS
Henocrarku:
* bonoMeTpuueckas 3Be31HasI BEJIMUYNHA
CHJIBHO 3aBHUCHUT OT METAJIMYHOCTH U BO3pACTa
e [I[pyuMeHUM TOJIBKO IJIs1 TAJTAKTUK
MectHoro Oobema <10 Mpc

20

21

26 | | |
-1

Fo06W-F814W



Hcropusa merona TRGB

M.G. Lee, W.L. Freedman & B.F. Madore 1993, ApJ, 417, 553
IIEPBbIM KOJIMYECTBEHHBIKM METO/I: ONPEACICHUE CKaYKa

(PYHKIIUM CBETHMOCTH C MOMOIIbLI0 (punsTpa Coodels.
Ommuoka ~ 0.1-0.2m

S. Sakai, B.F. Madore & W.L. Freedman 1996, ApJ, 461, 713
IPUMEHEHHE I'ayCCOBO-CINIAXKEHHON (PYHKIIUM CBETUMOCTH U
a7anTAPOBAHHOTO (DUIIBTpa

Ommoka ~ 0.05m

B. Méndez et al. 2002, AJ, 124, 213
METOJI MAKCUMAaJILHOTO HPaBA0IOa00Ms

D. Makarov et al. 2006, AJ, 132, 2729
L. Rizzi et al. 2007, Apl, 661, 815
yIY4YIICHHBINM METO MaKCUMAaJIbHOTO IMPaBIOIOA00HS

Ommoxka ~0.02m
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Kaauoposka TRGB merTona

KnuOpoBKka npousBeicHa HE3aBUCHUMO MO CBETUMOCTH 3BE3/1
TOPU30HTAIBHON BETBU, HE3aBUCHUMO OT LiEPEHI

TRGB ommubka ~ 0.02

Hyab-yHKT B OTJIMYHOM COTJIaCHU C IIe(hEHTHOM IIKAI0MH
pacctostHu# (Uoeph — UTRGB = —0.01£0.03)

M P =—405(+0.02)+0.217(+0.01)[(V—1)—1.6]
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TRGB B OJIM3KUX raJlaKkTUKaX
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TRGB B OiIM3KUX raJlakTUKAX
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IIporpecc onpeneneHud paCCTOIHUHN B
MectanoMm OOBeME
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Ma3sep B rajlakTHKE NGC 42358

[1o IBMKEHUIO BOASHBIX Ma3€pOB BOKPYT
saapa NGC 4258 0bun onpeiesieHbl Macca
IIEHTPAIILHOM YepHOM ABIPEI M=39+1x10
COJIHEYHBIX MACC U €€ PACCTOSIHUE
D=7.2+0.5 Mpc.

(m-M); mc=18.41£0.1

LSR Radio Velocity (km s7")
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DyKTyarmu MOBEPXHOCTHOU SPKOCTH
(SBF)

IIpeumymiecra:
e Crapoe 3Be3HO€ HaceIeHUE (TaJITAaKTUKW PAHHUX THUIIOB
E,S0), ocHoBaH Ha (IyKTyalluyd TMraHTOB
e MoxkeT ObITh MCIOJIL30BaH Ha mikaie ~100 Mpc
Henocrarku:
* HeoOxoauM akKypaTHBIM y4eT HaOMI0IaTeNIbHBIX (DAKTOPOB U
BJIMSIHUS BKJIAJA 3BE€3]1 HAIIIEW TAJTAKTUKH, JAJICKUX TaJaKTHUK
Y IIapOBBIX CKOIJICHUM
e KanuOpoBka o 6ammky M31

Tonry et al. 2002, AplJ, 530, 625

M,=—1.74+45(V—-1),—1.15



OJryKTyalyy IMOBEPXHOCTHOU SIPKOCTH

Nearby Galaxy

Galaxy star field

‘What the CCD sees

Blurred by atmosphere
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log [power]

OJryKTyalyy IMOBEPXHOCTHOU SIPKOCTH
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OJryKTyalyy IMOBEPXHOCTHOU SIPKOCTH

80

Tonry et al. 2000, ApJ, 530, 625

SFB paccrosaus 10 300 60
rajakTUK paHHUX TUIIOB.
Hy=77+4+7 km/s/Mpc R
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Meton Tamnu-duinepa

IlpeumyimecrBa:
e JIerkoCTh U3MEPEHUS PACCTOSHHHN 1711 OOJIBIINX BEIOOPOK ralaKTHK
e [IprMeHHUM K TajlaKTUKaM MO3HUX TUIIOB, OOTaThIX ra3oM
 [Ipumenum BmOTH 110 ~300 Mpc
Henocrarku:
e Huskas nnauBuayaibHas TodHOCTh 0.3-0.4 mag (~20%)
e HeoOX0IMMOCTh KOPPEKIIH 3a HAKJIOHA JUCKA, BHYTPEHHETO ITONIOIICHMS
e HempuMeHUM K SIIUNTHYSCKUM U KapIUKOBBIM TaJIaKTHKaAM

«Ha nmanprax» 3aBucuMoctb Tamu-duiiiepa BO3MOKHO 00bSICHUTH C TIOMOIIbIO
TEOPEMbI BUPHAJIA:

L~M~RW?*~W*
OpnHako, 10 CUX TIOP HET JACTAJIbHON CaMOCOMIaCOBAaHHOW (PU3UYECKOM MOJICIIH,
KOTOpasi Obl BOCIIPOU3BOAMIA 3aBUCUMOCTh Tamnu-duiiepa.



Meton Tamnu-duinepa

Tully et al. 2008, ApJ, 676, 184

M ,=—19.99—7.27(log(W')—2.5)
M ,=—21.00—7.65(log(W')—2.5)
M ,=—21.43-8.11(log(W')—2.5)
M ,=—22.17—-9.55(log(W"')—2.5)



Meton Tamnu-duinepa

Tully et al. 2008, ApJ, 676, 184
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CBepxHOBBIC SN Ia —
KaK CTAaHIAPTHBIC «CBECYM

B Band
-20 —

as measured

Apkocth B MakcuMyme Onecka My~-19.3
e MakcumasbHast SpKOCTb KOPPEIUPYET C
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