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Kosmologische Betrachtungen zur allgemeinen
Relativititstheorie.

Von A. KINSTEIN.
Das Gleichungssystem (14) erlaubt jedoch eine naheliegende, mit

dem Relativititspostulat vereinbarc Erweiterung, welche der dureh

Gleichung (2) gegebenen Erweiterung der Poissonschen Gleichung voll-

kommen analog ist. Wir konnen nimlich auf der linken Seite der

|
[ts ist wohlbekannt, dal die Poissonxsche Differentialgleichung

) Feldgleichung (13) den mit einer vorliufiec unbekannten universellen
= Am KD

Konstante —2 multiplizierten Fundamentaltensor ¢g,, hinzuftigen, ohne
dal3 dadurch ddie allgemeine Kovarianz zerstort wird: wir setzen an
die Stelle der Feldeleichung (13)

\uch diese Feldgleichung ist bei geniigend kleinem 2 mit den am

Sonnensystem erlangten Erfahrungstatsachen jedenfalls vereinbar. Sie
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A Homogeneous Universe of Constant Mass and Increasing Radius

accounting for the Radial Velocity of Eatra-galactic Nebule. By
Abbé G. Lemaitre.

(Translated by permission from *‘ Annales de la Société scientifique de Bruxelles,”
Tome XLVII, série A, premiére partie.)

1. Introduction.

~According to the theory of relativity, a homogeneous universe ma
exist such that all positions in space are completely equivalent ; there
18 no centre of gravity. The radius of space R is constant : '

Space 18

A RELATION BETWEEN DISTANCE AND RADIAL VELOCITY
AMONG EXTRA-GALACTIC NEBULAE

By EpwiN HUBBLE
MOoUNT WILSON OBSERVATORY, CARNEGIE INSTITUTION OF WASHINGTON

Communicated January 17, 1929

Determinations of the motion of the sun with respect to the extra-
galactic nebulae have involved a K term of several hundred kilometers
which appears to be variable. Explanations of this paradox have been
sought in a correlation between apparent radial velocities and distances,
but so far the results have not been convincing. The present paper is a
re-examination of the question, based on only those nebular distances
which are believed to be fairly reliable.




A RELATION BETWEEN DISTANCE AND RADIAL VELOCITY
AMONG EXTRA-GALACTIC NEBULAE

By EpwiN HUBBLE

MOUNT WILSON OBSERVATORY, CARNEGIE INSTITUTION OF WASHINGTON

Communicated January 17, 1929 pPNAS 15(1929)168

Determinations of the motion of the sun with respect to the extra-
galactic nebulae have involved a K term of several hundred kilometers
which appears to be variable. Explanations of this paradox have been
sought in a correlation between apparent radial velocities and distances,
but so far the results have not been convincing. The present paper is a
re-examination of the question, based on only those nebular distances
which are believed to be fairly reliable.

The outstanding feature, however, is the possibility that the velocity-
distance relation may represent the de Sitter effect, and hence that numer-
ical data may be introduced into discussions of the general curvature of
space. In the de Sitter cosmology, displacements of the spectra arise
from two sources, an_apparent slowing down of atomic vibrations and a

veneral tendency of material particles to scatter.
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Velocity-Distance Relation among Extra-Galactic Nebulae.
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One of the most perplexing problems of cosmogony is the great speed of 95 7(:_ ?—- ? *[l h bn.l;:k. J C l: 2

the spiral nebulae. Theiwr radial velocities average about 600 kin. per sec. and 7:-5: < N ﬂ:ﬁﬂﬂfgﬁé /‘.I‘\'?’ t Ly 9, E
there 1s a great preponderance of velocities of recession from the solar system. E'l‘ﬂa% ﬂﬁ L W 7:'; L

It 1s usually supposed that these are the most remote objects known (thouch
b . o

this \"1(*\\' 1s opposed by some authorities), so that here if anywhere we might The outstanding feature, however, is the possibility that the velocity-
look for effects due to a general curvature of the world. De Sitter’s theory J distance relation may represent the de Sitter effect, and hence that numer-
gives a double explanation of this motion of recession; first, there i1s the [ ical data may be introduced into discussions of the general curvature of
space. In the de Sitter cosmology, displacements of the spectra arise
from two sources, an apparent slowing down of atomic vibrations and a
general tendency of material particles to scatter.

OF

general t(*ndency to scatter according to equation (70'22); second, there is

the general displacement of spectral lines to the red m distant objects due to

the slowmg down of atomic vibrations (67:4) which would be erroneously in-

terpreted as a motion of recesston. E.Hubble, PNAS 15(1929)168
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The most extensive measurements of radial velocities of spiral nebulae WiaEWA, 2o 0HFEE

have been made by Prof. V. M. Slipher at the Lowell Observatory. He has SIS oL BhND
| VAN Y

kindly prepared for me the following table, containing many unpublished

results. It is believed to be eomplete up to date (Feb. 1922). H u bble (19 29)

YADIAL VELOCITIES OF SPIRAL NEBULAE

&
|

+ indicates receding, — approaching

o on
|

Dec. Rad. Vel. N.G.C. R.A. Dec. Rad. Vel.

o L o

[y
R )
RN

k. per sec. h
221 ) 38 +40 26 — 300 4151%
29 4% 3 +40 50 — 1300 4214
278t 7 4+ 650 4258
404 17 - 25 4382+
H84+t 16 41800 4449
598% 15 — 260 4472
936 3 + 1300 4486t

1023 43 + 300 4526

1068% 21 +1120 4565t

2683 33 43 100 4594%

2841+t ! ) ¢ 19 600 4649

3031 9 4¢ 39 27 30 4736

3034 ! ) & 290 4826

31156 20 600 5005

3368 9 14 940 5055

3379% 3) 780 5194

3489t 20 600 5195+

3521 24 730 5236t

S0 S 800 5866

SO 3 26 650 733

4111t 800
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km. per sec
980
300
500
500
200
850
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T
Lo

+39 51
+ 36 46
+47 45
+18 38
+44 32
+ 8 27
+12 50 300
+ 8 9 580
+26 26 41100
—-11 11 + 1100
+12 0 +1090
+41 33 290
+22 7 150
+37 29 900
+42 37 450
+47 36 270
+47 41 240
—929 2 500
+56 4 650
+33 500
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UN UNIYERS HOMOGENE DE MASSE CONSTANTE ET DE RAYON CROISSANT,
RENDANT COMPTE
DE LA VITESSE RADIALE DES NEBULEUSES EXTRA-GALACTIQUES

Note de M. ’Abbé G. LEMAITRE

1. GENERALITES.

La théorie de la relativité fait prévoir V'existence d’un univers homogéne
ol non seulement la répartition de la matiére est uniforme, mais ou
toutes les positions de Pespace sont équivalentes, il n’y a pas de centre de
gravité. Le rayon R de Vespace est constant, P'espace est elliptique de

G. Lemaitre: 7 7 > XEBEE®X Annales de la

Societe Scientifique de Bruxelles A47(1927)49

A Homogeneous Universe of Comstant Mass and Increasing Radius

accounting for the Radial Velocity of Ewtra-galactic Nebule. By
Abbé G. Lemaitre.

(T'ranslated by permission from ‘‘ Annales de la Société scientifique de Bruzelles,”
Tome XLVII, série A, premiére partie.)

ZazRAR : Mon. Not. Roy. Astron. Soc., 91(1931)483

1. Introduction.

~According to the theory of relativity, a homogeneous universe ma
exist such that all positions in space are completely equivalent ; there
18 no centre of gravity. The radius of space R is constant : space is

s JILA—PFILIE. 19274
DTS5 Y RAEHLTC.
R KA D EE IE B B
B%E T TICRREH
m X4 ML [EBAERRID

BEREEZSAT IEE
ETH¥EIPBEKRT I —K
FH ]

s BAIF [—RBENEHRIC &
L. HOWRBHHE
ffis—HEHOFELT
Exh3d] &¢wWwS5—fTT
o 3

n %éc:jrﬁﬁéﬁﬁ’\]ﬂﬁié'ﬁ?
HETINDOBRANCERR
(KEEDES)IMIEIR)




LA LERKR(A931)TlE,. B 75 XEE
[/ny 7L DiER]] EHERS D

— BE —

période de la lumiére regue et d¢, peut encore étre considéré comme la
période d’une lumiére émise dans les mémes conditions daus le voisinage
de Pobservateur. En effet, la période de la lumiére émise dans des condi-
tions physiques semblables doit étre partout la méme lorsqu’elle est
exprimée en temps propre.
v bt — R‘ 99
YA —1 R, 22
mesure donc Peffet Doppler apparent du 4 la variation du rayon de Puni-
vers. Il est égal @ Uexcés sur Punité du rapport des rayons de Vunivers a
Vinstant o la lumiére est recue et a Uinstant o elle est émise. v est la
vitesse de I'observateur qui produirait le méme effet. Lorsque la source est
suffisamment proche nous pouvons écrire approximativement
v_R,—R _dR _ R_’dlmg,
¢ R, R R R
ot » est la distance de la source. Nous avons donc
R’ r
R~ o @)

Les vitesses radiales de 43 nébuleuses extra-galactiques sont données
par Stromberg (*).

— - {; .

k=g o

Utilisant les 42 nébuleuses figurant dans les listes de Hubble et de
Stromberg (*), et tenant compte de la vitesse propre du soleil (300 Km.
dans la direction a = 315°, d = 62°), on trouve une distance moyenne de
0,95 millions de parsecs et une vitesse radiale de 600 Km./sec, soit
625 Km./sec a 10° parsecs (*).

Nous adopterons donc

La grandeur apparente m de ces nébuleuses se trouve dans le travail de
Hubble. Il est possible d’en déduire leur distance, car Hubble a montré
que les nébuleuses extra-galactiques sont de grandeurs absolues sensible-
ment égales (grandeur — 15,2 4 10 parsecs, les écarts individuels pouvant
atteindre deux grandeurs en plus ou en moins), la distance » exprimée
en parsecs est alors donnée par la formule log r = 0,2m -} 4,04.

On trouve une distance de 'ordre de 10° parsecs, variant de quelques
dixiémes & 3,3 millions de parsecs. L’erreur probable résultant de la
dispersion en grandeur absolue est d’ailleurs considérable. Pour une
différence de grandeur absolue de deux grandeurs en plus ou en moins,
la distance passe de 0,4 a 2,5 fois la distance calculée. De plus, Perreur a
craindre est proportionnelle 4 la distance. On peut admettre que pour une
distance d’un million de parsecs, ’erreur résultant de la dispersion en
grandeur est du méme ordre que celle résultant de la dispersion en
vitesse. En effet, une différence d’éclat d’une grandeur correspond i une
vitesse propre de 300 Km. égale 4 la vitesse propre du soleil par rapport

aux nébuleuses. On peut espérer éviter une erreur systématique en
donnant aux observations un poids proportionnel & \T—i—_? ou r est la
G

distance en millions de parsecs.

(') Analysis of radial velocities of globular clusters and non galactic nebulae. Ap. J.
Vol. 61, p. 333, 1925. M* Wilson Contr. Ne 292.

R v 635x10° _
R T 7 10°x3,08x10% x3x 10"

Cette relation nous permet de calculer Ro. Nous avons en effet par (16)

=0,68 x10-%em~'  (24)

1 ' %
R Rg\/3\/1 -3+ % (25)

y=r" (26)

ol nous avons posé

D’autre part, d’aprés (18) et (26),
Ro=R, o’ @0

et donc

(Wt

Introduisant les valeurs numériques de ('24) et de Rg (19), il vient :

y = 0,0465.
On a alors :
R =ReVy=0,215Re=1,83 x 10** cm. =6 x 10° parsecs

3
Ro=Ry =R 32 =2_8,5 x 10® cm. = 2,7 X 10° parsecs
=9 x 10° années de lumiére.

B3 (19272 H B
HIgR (EHRIZTEE)

WA —bFiE, XEOEEDOHR
57— % & L TStromberg, Ap)J
61(1925)353% 2\ I-5|FH

Strombergls Z DX P T, =E
EF—2n|F & A EIESlipherd®
BRAL-bOTHBEHAT

The determination of radial velocities of globular clusters and
of non-galactic nebulae is very difficult on account of the faintness of
the objects and the absence, in general, of bright lines in their spec-
tra; but through the perseverance of Professor V. M. Slipher, a fairl
large number of such velocities has been derived. Two reasons

(') 11 n'est pas tenu compte de N. G. G. 5194 qui est associé a N. 6. G. 5195. Vintroduc-
tion des nuées de Magellan serait sans influence sur le résuitat.

(® En ne donnant pas de poids aux observations, on trouverait 670 Km./sec a
1,16 x 106 parsecs, 575 Km.[sec & 106 parsecs. Certains auteurs ont cherché & mettre en
évidence la relation entre v et r et n’ont obtenu qu’une trés faible corrélation entre ces
deux grandeurs. L'erreur dans la détermination des distances individuelles est du méme
ordre de grandeur que I'intervalle que couvrent les observations et la vitesse propre des
nébuleuses (en toute direction) est grande (300 Km./sec. d'aprés Stromberg), il semble
donc que ces résultats négatifs ne sont ni pour ni contre l'interprétation relativistique de
I'effet Doppler. Tout ce que 'imprécision des observations permet de faire est de supposer
v proportionnel 2 »* et d’essayer d'éviter une erreur systématique dans la détermination
du rapport v/r. Cf. LuNpMARK. The determination of the curvature of space time in de
Sitter's world M. N., vol. 84, p. 747, 1924, et STROMBERG, L. ¢.

prompted the writer to study these velocities. One was the large
solar velocity found from these objects, which, in connection with the
asymmetry of stellar motions, indicated that a fundamental refer-
ence system could be defined by them. The second reason was the
desirability of ascertaining whether the velocities give any evidence
of a curvature of space-time.? Through the courtesy of Professor
Slipher it has been possible to make use of his radial-velocity de-
terminations up to a recent date.
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Expanding Universe and the Origin of Elements

G. Gamow
The George Washington Unisversity, Washington, D. .,
September 13, 1946

T is generally agreed at present that the relative abun-
dances of various chemical elements were determined
by physical conditions existing in the universe during the
early stages of its expansion, when the temperature and
density were sufficiently high to secure appreciable reac-

tion-rates for the light as well as for the heavy nuclei.

FHF o EELL <o T
K oW CGREAIT)

Gamow anrnol /7 @o-ﬁﬁ/z” 155X DIELEIRFE | <o — 1=BPERHE 0 FH Y
1Ay U< IxF R F ok NEKRIBAE Uiz bo LIRE L, BBk pET L <
FIAESBEABT IR L Tt —IXBFICHE L oF T ii% L <ERT
LI L, R TBREGLFRFTEE L pAPEIT X > <RBITECR ARSI NT
FrBRELETS = L1ck > CHLEn TR A RS AR B SB S L £
Lz, Gamow?? 13BIABIRGIIRTH 1 N CLTEMUKE 167 /K11
AW E SN ORGS0 I TEREE AR L ¥ 544352 LARL, Wk
FERCEIETOWEBL IRt L., Lol SoEx AR LT 3L XINNFE
R - F o 26 FAE U L W IIIBEIDXTIIR T2 & 5 17FRK W o a)
LV F AR



HEZ7DODEY TNV ETIL

Expanding Universe and the Origin of Elements

Phys.Rev 70(1946)572 G. Gamow

The George Washington Unisversity, Washington, D. C.
September 13, 1946

T is generally agreed at present that the relative abun-
dances of various chemical elements were determined

by physical conditions existing in the universe during the
early stages of its expansion, when the temperature and
density were sufficiently high to secure appreciable reac-

tion-rates for the light as well as for the heavy nuclei,
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The Origin of Chemical Elements

R. A. ALPHER¥*

Applied Physics Laboratory, The Johns Hopkins University,
Stlver Spring, Maryland

AND

H. BETHE
Cornell University, Ithaca, New York

AND

G. Gamow
The George Washington University, Washington, D. C.
February 18, 1948 _
Phys.Rev. 73(1948)803 451017

S pointed out by one of us,! various nuclear species
must have originated not as the result of an equilib-

rium corresponding to a certain temperature and density,
but rather as a consequence of a continuous building-up
process arrested by a rapid expansion and cooling of the
primordial matter. According to this picture, we must
imagine the early stage of matter as a highly compressed
neutron gas (overheated neutral nuclear fluid) which
started decaying into protons and electrons when the gas
pressure fell down as the result of universal expansion. The
radiative capture of the still remaining neutrons by the
newly formed protons must have led first to the formation
of deuterium nuclei, and the subsequent neutron captures
resulted in the building up of heavier and heavier nuclei. It
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Proton-Neutron Concentration Ratio in the Expanding Universe at the
Stages preceding the Formation of the Elements.

Garmow amnl S @oﬁﬁ/z létraﬂuzz/%F DIELEAE | T — 1-RYBERHE o F S Chushiro Flaxassr.
R F ) L rzﬂ?&%a)&wj@]ﬁfé LTz b LRE L, BERDEFT L
FOIAE S BEABT IR L Tt —IXBFICHPE L OFEFTli% L <ERT (Received January 12, 1950)
3 2295 »xvsﬁkém-wiv&%m% L BHPERILX > TREITECR AR S T
EmLBrs =k lii/)‘(ﬁﬁ@if{/}fﬁ/ﬁ'{%éia<.§VZEE:<JI'IZ;: £ER In the theory of the origin of the elements by Gamow, Alpher, and colabo-
Lz, Gamow™ > 13BIABIREGIIRFH I N IRTRUNDE 167 /R 1< rators?, primordial matter (ylem) of the universe, which afterwards has been

SR DR S oy S T REE L& LEELA S LERL, cooled down owing to- the expansion of. t}}e universe and has formed thfa elements
through nuclear reactions such as radiative capture and beta-decays, is assumed

?ﬁf?ﬁ!:ﬁiiﬁbkﬁfﬁ%i)}%}é Lz, LinL SnKEX é§275 LXIIZFE2 to consist solely of neutrons. At early stages, however, of high temperatures

o e e ~ N R R4 - <3 > e’ i i i iver
T M F 0 26 FAE U L WOIIREIDXTIGR S 3 & 5 1IVERK Y oh s (kT~1.m:‘, m being the elecztron mass) in the expanding universe before the
formation of the elements, induced beta-processes caused by energetic electrons,

A < . . . . - oy
UL LS. ' positrons, neutrinos and antineutrinos, in addition to the natural decay of neutrons,

MEPOER ER FRFE 1(1949)86  C.Hayashi Prog.Theor.Phys. 8(1950)224

Department of Plysics, Naniwa University.

§ 1. Introduction.
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With this large horn antenna, Arno Penzias and Robert Wilson
discovered the cosmic background radiation in 1964. This unexpected
discovery, the first evidence that the universe began with the Big

Bang, ushered in experimental cosmology,
HISTORIC PHYSICS SITE, REGISTER OF HISTORIC SITES
AMERICAN PHYSICAL SOCIETY
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A MEASUREMENT OF EXCESS ANTENNA TEMPERATURE

_ _ AT 4080 Mc/s
A.Penzias and R.Wilson: The Astrophysical Journal 142(1965)419

Measurements of the effective zenith noise temperature of the 20-foot horn-reflector
antenna (Crawford, Hogg, and Hunt 1961) at the Crawford Hill Laboratory, Holmdel,

New Jersey, at 4080 Mc/s have yielded a value about 3.5° K higher than expected. This
excess temperature 1s, within the limits of our observations, isotropic, unpolarized, and

free from seasonal variations (July, 1964-April, 1965). A possible explanation for the
observed excess noise temperature is the one given by Dicke, Peebles, Roll, and Wilkinson

1965) in a companion letter in this issue.

s 1978 / —RNILVYIBFE
s A.Penzias and R.Wilson

= For the discovery of cosmic microwave
background radiation (CMB)
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Totsuji & Kihara Publ.Astron.Soc.Japan 21 (1969) 221
The Correlation Function for the Distribution of Galaxies

Hiroo ToTsuJi and Taro KIHARA
Department of Physics, Faculty of Science, University of Tokyo
(Received May 15, 1969; revised June 26, 1969)

O

Distribution of Galaxies Groth & Peebles ApJ 217(1977)385

S
7‘\ —4.7%10° . R STATISTICAL ANALYSIS OF CATALOGS OF EXTRAGALACTIC OBJECTS. VIL
4 0 pPC 1n g(’r) (7'0-' 7') . TWO- AND THREE-POINT CORRELATION FUNCTIONS FOR THE HIGH-
RESOLUTION SHANE-WIRTANEN CATALOG OF GALAXIES*

EDWARD J. GROTH AND P. J. E. PEEBLES
Joseph Henry Laboratories, Physics Department, Princeton University
Received 1977 March 4; accepted 1977 April 7

&(r) = (rofr)™"7,
hro = 4.7 Mpc,
0.05 Mpc < Ar £ 9 Mpc.

s=1.8
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Development of the Correlation of Galaxies " Z%;f%%ézfﬁé%ﬁﬁ *‘:&ﬁi
in an Expanding Universe 10 (ks 7% = 400) < T =

Miyoshi & Kihara Publ.Astron.Soc.Japan 27 (1975) 333 ek B = _ aE s —
Kazunori MivyosHI* and Taro KIHARA - 1&‘9‘;}_ H&L?r\‘—ﬁ}ﬁﬂ EARFE L 7=
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Department of Physics, Faculty of Science, University of Tokyo, Tokyo ﬁ‘f‘%ﬂ'\]ﬁﬁﬁ“‘/ SalL—<3 y@ﬂ%
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N-BODY SIMULATIONS OF GALAXY CLUSTERING. I. INITIAL
CONDITIONS AND GALAXY COLLAPSE TIMES

SVERRE J. AARSETH
Institute of Astronomy, Cambridge University

0 J. RicHARD GorT III*
Department of Astrophysical Sciences, Princeton University

EpwiIN L TURNER Ap‘J 228(1 979)664

= Harvard-Smithsonian Center for Astrophysics
Received 1978 June 29; accepted 1978 September 8

- ABSTRACT

' N-body simulations are used to model galaxy clustering in an expanding universe. The starting
point of an N-body simulation corresponds to the epoch of protogalaxy formation when the

" protogalaxies become density enhancements of order unity and begin to behave like point masses.

- This typically occurs at a redshift of 10-30. As the models expand, the galaxies cluster; the result

is remarkably similar to the observed clustering. In addition to having reasonable covariance

t/t(FREESN=FHEFZ)
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As regards the correlation function of the galaxy distribution, main points of
interest are the following.

(1) Is the correlation function an inverse power function of the distance?
If so, what value do the power index and the characteristic length take?

(ii) How does the correlation function depend on time?

The first problem was analyzed by Torsuii and KiHARA (1969). Their results

obtained by processing the data of galaxy counts (SHANE and WIRTANEN 1967)
are g(r)=(r,/r)" with s=1.754+0.05 and 7,=(4.4+0.6) Mpe. PEEBLES (1974) also
obtained the index §--1.77, mainly working with the same data. The second
problem cannot be solved with the observational data, and the purpose of the
present paper is to obtain some information by computer simulations.
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ABSTRACT

The first year of data from the Differential Microwave Radiometers (DMR) on the Cosmic Backgoround
Explorer (COBE) show statistically significant (> 7 o) structure that is well described as scale-invariant fluctua-
tions with a Gaussian distribution. The major portion of the observed structure cannot be attributed to
known systematic errors in the instrument, artifacts generated in the data processing, or known Galactic emis-
sion. The structure is consistent with a thermal spectrum at 31, 53, and 90 GHz as expected for cosmic micro-
wave background anisotropy.
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1999-2008 Mean Temperatures
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Supernova Cosmology Project —
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MEASUREMENTS! OF THE COSMOLOGICAL PARAMETERS Q AND A FROM THE P i
FIRST SEVEN SUPERNOVAE AT z > 0.35 3 A=

| No Big Bang

-
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width-luminosity correction. The results for Q,-versus-Q,, are inconsistent with A-dominated, low-
density, flat cosmologies that have been proposed to reconcile the ages of globular cluster stars with
higher Hubble constant values.

Discovery of a supernova
explosion at half the age _om _om o1 oz

Supernova

Cosmology
Project

 C ORFEUETRER

S. Perimutter'?, G. Aldering', M. Della Valle®, S. Deustua™?, H*180EE L - f‘://

R. S. Ellis®, S. Fabbro"®7’, A. Fruchter®, G. Goldhaber'?,
A. Goobar®, D. E. Groom', I. M. Hook"", A. G. Kim"",

Effective mg

0,,=0.6+ 0.2 2 gl

This fit corresponds to a value of 2, = 0.6 = 0.2 if we constrain the " 0. =0.4F0.2 - (H=50km s Mpc-) |
result to a flat universe (Q, +Q, = 1), or Q,, = 0.2 £ 0.4 if we , AT T T e ‘
constrain the result to a A = 0 universe. These results are pre- ' ' i *° v

liminary evidence for a relatively low-mass-density universe. The RE -

2.0 2.5 3.0
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OBSERVATIONAL EVIDENCE FROM SUPERNOVAE FOR AN ACCELERATING UNIVERSE
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6. CONCLUSIONS

1. We find the luminosity distances to well-observed SNe
o=024,2=076] || with 0.16 < z < 0.97 measured by two methods to be in
o=020,2=0001 || excess of the prediction of a low mass density (Q2,, ~ 0.2)
@=100,2=0004 || yniverse by 0.25 to 0.28 mag. A cosmological explanation is
maa i | provided by a positive cosmological constant with 99.7%

-t 711 (30 o) to more than 99.9% (4.0 ) confidence using the
"+ 1 | complete spectroscopic SN Ia sample and the prior belief o3 ]
a1 | thatQ, >0. /g " pandstominty |

2. The distances to the spectroscopic sample of SNe Ia 7 A® . Recollapses o %o ]
measured by two methods are consistent with a currently ’ §
accelerating expansion (q, < 0) at confidence levels from

99.5% (2.8 6) to more than 99.9% (3.9 o) for q, = (Q,,/2)
— Q, using the prior that Q,, > 0.

-
1
;
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The Cosmical Constant and the Age of the Universe

Kenji TOMITA and Chushiro HAYASHI
Department of Nuclear Science, Kyoto University, Kyoto Tomita & HayaShi
(Received July 26, 1963) Prog Theor Phys

The present investigation deals with a question how much the age of an expanding

universe can be lengthened by the introduction of thela cosmical constant in the relativistic 30 (1963)69 1

cosmology. The age and the redshift-magnitude relation of galaxies are calculated for va-
rious values of the deceleration parameter and the cosmical constant, which characterize
the universe models. The comparison with the observational data on the redshift-magnitude
relation indicates that, if the effect of the evolution of galaxies is neglected, the age is not
beyond 13X 10° years and the cosmical constant can not be greater than 6X 1075 cm™2.
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Galaxy Clustering in Cold Dark Matter Scenario with
Nonvanishing Cosmological Constant

Tatsushi SUGINOHARA

Department of Physics, Faculty of Science, The University of Tokyo,
Bunkyo-ku, Tokyo 118

and

Yasushi SUTO

Uji Research Center, Yukawa Institute for Theoretical Physics, Kyoto University,
Uji, Kyoto 611

(Received 1990 December 25; accepted 1991 January 9)

Abstract

Using N-body simulations, the formation and evolution of large-scale
structures are studied in a universe dominated by cold dark matter (CDM)
with a nonvanishing cosmological constant Ag. In particular, we focused
attention on spatially flat models with a density parameter 2o = (0.1-0.2)
and with the Hubble constant A ~ 1, which are favored by a number of
observational indications. When the correlation length is matched to that
of the observed galaxy-galaxy correlation function in real space, we find
that CDM models with 25 = 0.2 (Ao = 0.8) and h = 1.0 reproduce quite
well the observed correlation functions in both real and redshift space.

Suginohara & YS
Publ.Astron.Soc.Japan
43 (1991) L17

Matsubara & YS: ApJL 470 (1996) L1

COSMOLOGICAL REDSHIFT DISTORTION OF CORRELATION FUNCTIONS AS A PROBE OF THE DENSITY
PARAMETER AND THE COSMOLOGICAL CONSTANT

TAKAHIKO MATSUBARA AND YASUSHI SUTO

Department of Physics and Research Center for the Early Universe, School of Science, University of Tokyo, Tokyo 113, Japan;
matsu@phys.s.u-tokyo.ac.jp, suto@phys.s.u-tokyo.ac.jp
Received 1996 April 11; accepted 1996 July 26

ABSTRACT

We propose cosmological redshift-space distortion of correlation functions of galaxies and quasars as a probe
of both the density parameter (), and the cosmological constant A,. In particular, we show that redshift-space
distortion of quasar correlation functions at z ~ 2 can in principle set a constraint on the value of A,. This is in
contrast to the popular analysis of galaxy correlation functions in redshift space which basically determines
Q0° /b, where b is the bias parameter, but is insensitive to A,. For specific applications, we present redshift-space
distortion of correlation functions both in cold dark matter models and in power-law correlation function models,
and discuss the extent to which one can discriminate between the different A, models.
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Parameter Plik best fit Plik [1] CamSpec [2] ([2] = [1])/oy Combined

0.022383  0.02237 + 0.00015 0.02229 + 0.00015 0.5 0.02233 + 0.00015
0.12011  0.1200 + 0.0012 0.1197 +0.0012 0.3 0.1198 +0.0012

1.040909  1.04092 + 0.00031 1.04087 + 0.00031 0.2 1.04089 + 0.00031
0.0543  0.0544 x0.0073 0.0536+0:9969 ~0.1 0.0540 + 0.0074
3.0448 3.044 + 0.014 3.041 +0.015 0.3 3.043 +0.014

0.96605 0.9649 + 0.0042 0.9656 + 0.0042 +0.2 0.9652 + 0.0042

0.14314 0.1430 £ 0.0011 0.1426 + 0.0011 -0.3 0.1428 £ 0.0011
67.32 67.36 £ 0.54 67.39 £ 0.54 +0.1 67.37 £ 0.54
0.3158 0.3153 + 0.0073 0.3142 £ 0.0074 -0.2 0.3147 £ 0.0074
13.7971 13.797 £ 0.023 13.805 + 0.023 +0.4 13.801 + 0.024
0.8120 0.8111 + 0.0060 0.8091 + 0.0060 -0.3 0.8101 + 0.0061
Sg = 0g(Qm/0.3)% . .. 0.8331 0.832 £ 0.013 0.828 £ 0.013 -0.3 0.830 £ 0.013
7.68 7.67 £0.73 7.61 £0.75 —-0.1 7.64 +0.74
1006. 1.041085 1.04110 + 0.00031 1.04106 + 0.00031 -0.1 1.04108 + 0.00031
Fdrag [MpC] 147.049 147.09 + 0.26 147.26 £ 0.28 +0.6 147.18 + 0.29

Table 1 of “Planck 2018 results VI. Cosmological parameter”, A&A, 641, A6 (2020)
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LSST (Legacy Survey of Space and Time)
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