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A brief history of
the universe
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CfA galaxy survey

(de Lapparent et al. 1986)
L as Campanas survey
(Schectman et al. 1996)
2dF QSO survey

(Shanks et al. 2000)
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Galaxy distribution in the SDSS Sample 10 2002
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WMAP (Wilkinson Microwave Anisotropy Probe)
http://lambda.gsfc.nasa.gov
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David Wilkinson (1935—2002)

(W)MAP Science Team M eeting
Princeton, 2002 7
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CMB: Cosmic Microwave
Background

1940
1960

1964

A MEASUREMENT OF EXCESS ANTENNA TEMPERATURE
AT 4080 Mc/s

free from seasonal variations (July, 1964-April, 1965). A rhﬁ-.lhl
ohserved excess nolse temperature is the one given by Dicke,

QO3 ) 1 a companion letter i this 1ssue,
A. A. PENzZIas

K. W. WiLson

May 13, 1065
BeELL TeELErrONE LABORATORIES, INC The Astrophys cal Journal 142(1965)419

Crawrorp Hinw, Howungrn, New JErsey
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Dicke, Peebles, Roll & Wilkinson
The Astrophysical Journal 142(1965)414

COSMIC BLACK-BODY RADIATION*

One of the basic problems of cosmology is the singularity characteristic of the familiar
cosmological solutions of Einstein’s field equations. Also puzzling is the presence of mat-
ter in excess over antimatter in the universe, for baryons and leptons are thought to be
conserved. Thus, in the framework of conventional theory we cannot understand the

origin of matter or of the universe, We can distinguish three main attempts to deal with
these problems.

We deeply appreciate the helpfulness of Drs, Penzias and Wilson of the Bell Telephone

Laboratories, Crawford Hill, Holmdel, New Jersey, in discussing with us the result of
their measurements and in showing us their receiving svstem. We are also grateful for
several helpful suggestions of Professor J. A. Wheeler.

E. H. Dicke
P. J. E. PEEBLES
P. G. Rorn

DT, WiLkinson
May 7, 1265

Paruer PavsicAL LARORATORY

PRINCETON, NEW JERSEY The Astrophysical Journal 142(1965)414

EEFERENCES

Alpher, K. A, Bethe, H, A | and Gamow, (G 1948, Phys, Rev., 73, 803
Alpher, B A, Follin, | W., and Herman, K. C. 1953, Plivs. Ren , 92, 1347,

WMAP 21




afy

PHYSICAL REVIEW

Letters to the Editor

UBLICATION af brigf reporis of important dizscoveries

an plhysics may be secured by addressing tem fo this
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The Origin of Chemical Elements

E. A, Arenpe®

A pplied Physics Laboratory, The Fokus Hopkine E risersiy,
Silver Spring, Maryland
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We may remark at first that the building-up process was
apparently completed when the temperature of the neutron
gag was still rather high, since otherwise the ohserved
abundances would hawve been strongly affected by the
resonances in the region of the stow neutrons. According to
Hughes® the neutron capture cross sections of various
elements {for neutron energies of about 1 Mev) increase
exponentially with atomic number hallway up the periodic
system, remaiming approximately constant for heavier
elements.

Using these cross sections, one finds by integrating
Eqgs. (1) as shown in Fig. 1 that the relative abundances of
various nuclear species decrease rapidly for the lighter
elements and remain approximately constant for the ele-
ments heavier than silver. In order to fit the caleulated
curve with the observed abundances® it is necessary 1o
assume the integral of pdf during the building-up period i=
equal to 33 10F g sec, femd,

Chn the other hand, according to the relativistic theory of
the expanding universe* the density dependenceé on time is
given by p=104/f. 5Since the integral of this expression
diverges acd =40, 1t 15 pecessary (o assume that the building-
up process bepan al a certain time fa, satislving the
relation :
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WMAP (2003 2 12 )
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Polarization; How It Works
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WMAP 1st year
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The cosmological standard model: What’s next ?

Cosmology isnow in asimilar stage in its intellectual development
to particle physics three decades ago when particle physicists

converged on the current standard model. The standard model of
particle physics fits awide range of data, but does not answer many
fundamental questions. “what is the origin of mass ? why isthere
more than one family ?, etc.”. Similarly, the standard cosmological
model has many deep open guestions: “what Is the dark energy?
what is the dark matter ? what is the physical model behind inflation
(or something like inflation)?’ Over the past three decades, precision
tests have confirmed the standard model of particle physicsand
searched for distinctive signatures of the natural extension of the
standard model: supersymmetry. Over the coming years, improving
CMB, large scale structure, lensing, and supernova datawill provide
even more rigorous tests of the cosmological standard model and
search for new physics beyond the standard model.

D.N.Spergel et al. astro-ph/0302209
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P.J.E.Peebles (1993)
“Principles of Physical Cosmology’’ p.683

The historical record here and in other
physical sciences suggests that as the
puzzles and conundrums we know about
are laid to rest, they will be replaced by
still more interesting ones.
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Are we alone ?

( Where are they 7’ Fermi 1950)
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(Charbonneau et al., Henry et al.)
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Doppler Shift due to ity 125 m/s
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HD209458

(Charbonneau

et al. 2000, Henry et al. 2000)

(Charbonneau et al. 2001)
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(Logically natural) steps toward direct
detection of extrasolar planets

Radial velocity modulation of the star
Shadowing of the stellar light due to transit

Additional absorption features due to the
planetary atmosphere during the transit

Total flux variation of the star+planet
system due to the orbital phase-dependent
scattered light component (current
attempt)

Direct imaging of planet, I.e., separation of
the planetary component from the stellar
light (final goal)
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Subaru
observation

“Spectro-photometric search

for scattered light from HD209458b” eyl
S02B-16 on October 24 and 26, 2002 | R ’

Yasushi Suto (Univ. of Tokyo) ’
Toru Yamada (National Astronomical Obs. Japan)ﬂF'
Edwin L. Turner (Princeton Univ.)

Norio Narita (Univ. of Tokyo)
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Radial velocity curve

HD209458 (parent star)
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Strategy for scattered light search
with HDS

) | Statistical search
HST spectrum of HDZ209458
STIS (t,,,=1620sec) for the scattered
Dataset 063304010
May 12 2000 9:02:14PM components
T.Brown et al. (ApJ 2001, 552, 699) DOp oler Shlfted at
V() from the
stellar absorption

lines.

The spectral
' steler resolution of HDS
ﬂE red x10t (A /aAx=50000) Is
(Ve =50k 10 times better
vavelonatn [ t than that of STIS,
HST (& /AA=5540).
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Subaru observing run at Mouna Kea
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habitable planets ?
= search for life
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Expanding the expanading universe (Suto 1997)

Oth order

1st order .@W
96

2nd order

3rd order

4th order

L-th order

M-th order
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