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Cosmology as of 1980’s

    Hubble constant

                                         Sandage vs deVaucouleurs

    Age of the Universe

    Cosmological mass density                     (by belief)

  

Friedman(n) Universe is the prime basis of our thinking

                      (not verified)  

H0 = 50 or 90

Ωm = 1

t0 = 13.0 Gyr
(

50
H0

)
(with Ω = 1)

noise Ωm ∼ 0.2

t0 ! 14− 18 Gyr
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 CMB

        theory

        observation  

   Our line of thought may be fundamentally wrong!

       (Friedmann Universe, gravitational instability)

∆T/T < 10−4

∆T/T > 10−4
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Distance indicators

 Only reliable method:

      Cepheids       limited to <3Mpc

      Tully-Fisher (1977) method = 21cm line width

              generally gives 

       Criticisms by Sandage & Tammann

              How to get                   ? 

H0 ≈ 80

∝ Lα

H0 ∼ 50
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Distance to Coma cluster  (1988-1990)

   surface photometry to study Sandage’s criticism

   Ended up with                          

                  (local distance 10% longer than today) 

                      ______________________

               is compelling if we stick to the Friedmann Universe   

   C. Hayashi  “There’s no reason to exclude       from the

                         beginning” 

H0 ≈ 90 > 70

Λ != 0

Λ

MF,Okamura,Rood,...
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Around the same time

    PNLF (Jacoby et al. 1989)

    Surface Brightness Fluctuation (Tonry et al. 1988)

          errors are empirically mutually documented

          Virgo “centre”   15 Mpc

              (Sandage-Tammann  22Mpc)
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Hayashi: There’s no reason to exclude the cosmological constant !
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Fukugita, Okamura, Rood, ... 
Coma distance 1991
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Tests for      (1991)

   SNIa Hubble diagram  (already advocated  1984?)

   Number count of galaxies --- comoving volume

   Gravitational lensing

        Alcock-Paczynski test (1979):  transversal vs depth

        lensing statistics (1991: MF,Futamase,Kasai; Turner)

   CMB viewing angle:  ISW

Λ
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Tyson’s CCD count (1988): 
cosmological depth

non− zero Λ?

Importance of photometric-spectrophotometric accuracy

1990

→ Λ

EdS
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 J

J. Mitchell et al. 2005 (CLASS)

M. Oguri et al.  2012  (SDSS)    
Λ = 0.72− 0.78

Λ = 0.79± 0.09

also EL Turner

Λ =0 .9

open
EdS

Meaningful results, finally

Test immediately taken up by HST snapshot (Bahcall+ 1992)
Λ < 0.9
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Another indication for 

     large scale power in            + speed of the growth

               within the CDM model

                   Efstathiou et al. 1990 

Reaction to     is very negative 

Λ

w(θ)

Λ
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SNIa Hubble
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The night before towards the convergence of        (1993) H0
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Are SNeIa a standard candle?

1984 Pskovskii     max brightness - decline time correlated

1993 Phillips

1996 implementation of  the                      relation  

          Hamuy et al.

          Riess, Press, Kirshner

                                        

Bmax −∆t

(AZh)

H0 = 64 for the Sandage-Tammann sample

(∆m15)

giving H0 ≈ 50

18Thursday, 25 January 2001



  

H0 = 57

Hamuy et al. 1996

From Virgo SNe
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Virgo cluster is complicated

     It elongates along the line of sight Fukugita,Okamura,Yasuda 1993
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Change of the atmosphere on CMB

COBE   launched in Nov 1989   (plan 1982+)

1992 Announce of   

                             We are on the right track!

         Structure formation: OK, but 

         Dominance of Dark matter: it is now beyond doubt!

                            

         CDM  model is a promising candidate theory

         Triggered many experiments to measure ∆T/T

Λ is not yet!

∆T/T = 5× 10−6
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Efstathiou compilation 
1999 WMAP

22 experiments 
to 1998TOCO

We took Ω + λ ≈ 1 before SNe or Boomerang!

The status before Boomerang
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 WMAP
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1996/6  250-year anniversary of Princeton U symposium

    “ 

‘All observations are consistent with              except for

           ‘SN Hubble diagram’

Saul claimed ‘           is already excluded by SN Hubble’

 MF: ‘Saul’s band matching/K correction may be incorrect by   

Λ != 0

Λ != 0

0.5 mag’
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Perlmutter et al. 1997 (1996/Aug)

Schmidt et al. 1998 (1997/Dec)

Riess et al. 1998 (1998/March)             :    7-9 sigma

Perlmutter et al. 1999 (1998/Sept)

    

Λ = 0.06± 0.03

Λ = 0.6± 0.5

Λ = 0.72± 0.09

Λ
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We have been  led to take     CDM = the paradigm

   Problem
zero cosmological constant was already a tough problem

progress in 1997+ has made this problem by an order of
magnitude more difficult

Do you want to make it more difficult by another orders 
of magnitude??

Λ

Λ
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∆V =
φ0

Mc
m2

W M2
c (exp [−2π/αW ])2

≈ [10meV]4

MF +Yanagida 1995

Accessory:

Mc = Mpl
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