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Fundamentals on cosmology















3 pillars of big bang cosmology
• Hubble law

• Microwave background radiation

almost perfect Planck, with small dipole and 
very small multipoles

• Nucleosynthesis
consistent with
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ＣＭＢ、密度揺らぎと基本パラメータ

• 大規模構造（銀河、銀河団など）形成の種は、
３Kのマイクロ波の揺らぎに反映される

• 晴れ上がり時の因果領域（ホライズン）のス
ケールが重要

• 特に、初期揺らぎの大きさのサイズ依存性か
ら、宇宙進化を支配するパラメータ（重力源の
量、バリオン物質の量、宇宙定数など）が決
定可能



観測の進歩

First Results of 

Wilkinson Microwave Anisotropy Probe: 
WMAP

Wilkinsonは昨年亡くなったチームの精神的リーダー
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４年の観測計画



• 人工衛星、ラグランジュポイントＬ２、地球から１５０
万キロ太陽とは逆側に。

• ＣＯＢＥ以後、最初のスペース、全天観測
• ＣＯＢＥの１０倍細かく分解し、１０倍感度のよい観
測(l=900まで）

• 多波長で観測：5-bands, 23,33,41,61,94 GHz
• 宇宙マイクロ波背景放射の温度の分布を１００万分
の１の精度で観測

• 偏光成分も詳細に測定
• 誕生からおよそ４０万年（３８万年）後の宇宙の様子



COBEと
の比較



WMAP results



宇宙項 の測定
・ 遠方の距離 ー ｚ（赤方変位）関係を変化さ
せる

• 遠方の（標準光源としての）超新星光度を距
離測定に使う

• 物質（主として暗黒物質）項の約２倍の大きさ

Λ







Cosmological Parameters
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宇宙の幾何学

• 一般に、非ユークリッド幾何学

• ユークリッドの平坦な宇宙は、物質、宇宙項エネル
ギーの総和が臨海値（ ）に等しいかどうかで
決まる

• 宇宙の膨張則とも関連
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•宇宙はやはり平坦だった
•宇宙の全エネルギーのうち、４％がbaryon、２３％
がnon-baryoninc dark matter、残り73%がdark 
energy

•現在の宇宙年齢は
134 ±3億歳（WMAPのみ）
137 ±2億歳（all）

•Recombination epochは
z=1089±1
∆z = 195 ±2
t=379+8-7kyr.
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宇宙の熱的歴史

クオークから
陽子・中性子の
形成
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Important concept: decoupling

• Fast (rate      Hubble) processes 
in equilibrium

a b x y+ + ↔ + +L L

When rate = Hubble with cosmic expansion,
processes decouple and freeze-out

Stable remnant remains at later epoch



Physics involved at decoupling
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Thermalization and decoupling





















Decoupling の応用
Stable remnants

• SUSY ダークマター

の残存量

• ビックバン名残の
ニュートリノ
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宇宙の熱的歴史
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Generation of baryon asymmetry



How  to produce the asymmetry：
3 conditions

in the early universe
Necessary ingredients
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Sources of B nonconservation

• GUT

• Electroweak at high T

• SUSY （Affleck-Dine mechanism)

• Black hole evaporation





Electroweak baryon nonconservation

137e−
Electroweak baryon noncnoservation

suppressed at T=0 by

enhanced at finite T by barrier crossing

Can destroy preexisting B and L while keeping B-L

Gauge and Higgs

Mechanism due to level crossing of fermions caused by  nontrivial gauge 
and higgs configuration of sphaleron and alike



Electroweak redistribution of B and L
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L-genesis and B-conversion

• L-genesis of amount                     first and 
electroweak conversion into B, via

28
79

B L= − ∆

L∆

For standard model of 3 generations

Interesting in view of possible connection to observed 
neutrino masses by oscillation experiments



Neutrino physics

• Neutrino oscillation

→ Evidence of

neutrino mass!

Cosmic rays

Cosmic rays

Neutrinos

Neutrinos

Upward Downward





Likely mechanism of small neutrino 
mass generation

• Seesaw mechanism
Heavy Majorana type of masses of neutrino partner           , 
indicating physics beyond standard theory of particle physics, 
generates a tiny left-handed neutrino masses and mixing a la

• Necessarily violates lepton number conservation 
• Agent of L-asymmetry generation provided by 
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Delicacy of CP： Quantum interference
Baryon excess from a pair of particle and 

antiparticle process, e.g. 
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Thermal L genesis
Fukugita-Yanagida

• Minimal extention of standard model with 
seesaw 

Right-handed Majorana decay
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Great impacts on neutrino masses and 
thermal history of universe

1 1, ,Mε

With hierarchy of masses, dependence on 3 parameters    Giudice
et al

• Connection to neutrino masses
heaviest neutrino (WMAP 0.23eV
lightest R-neutrino

• Reheat temperature
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Gravitino problem: a possible nightmare both for 
GUT B- and L-genesis

• Superpartner of graviton
mass
lifetime

• Usual estimate of gravitino abundance and 
constraint from nucleosynthesis, including 
hadronic decay
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Ways out

• EW baryogenesis
• Affleck-Dine mechanisim
• Gauge mediation
• LSP = gravitino
• Preheating



Inflation









New theory of entropy production

• Inflaton field oscillation given 

spatially homogeneous
Interaction by 

Producing a pair of            particles
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For each momentum mode of massless particle 
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Chaotic inflation under flat 
potential

Damped inflaton oscillation with

Produced particle
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• 周期振動する振動数を持つ力学系の問題

• パラメータ共鳴が起こりえる

• 周期振動するインフラトンを外場、これと結合
する量子場の解析から、

爆発的粒子生成の可能性









New features : preheating

Initially highly non-thermal
Possibility of producing GUT scale particles
Estimate based on a single reheat 

temperature doubtful

[ ]
Violent process of particle production
    after  O 10  oscillations





Simple facts and great conundrums 
about our universe

• Matter content: 
baryon fraction with precision 
better than nucleosynthesis

• Spacetime structure: 

Euclidean 3-space 
accelerating universe



Towards resolution of hierarchy 
problems in cosmological context



New problem either in cosmology or  
both in particle physics and cosmology

• Nonvanishing cosmological 
constant, or dark energy observed 
by WMAP, distant SN, large scale 
structure

dominating the energy budget of our 
universe



Personal view

Inflation is a nice idea, solving the homogeneity 
and the flatness problem of old cosmology, but 
it relies on a temporary presence and 
subsequent disappearance of the cosmological 
constant

Ultimate theory should perhaps simultaneously 
solve the present accelerating universe



Our key ideas

Resurrection of Dirac’s old idea in disguise



Framework



Choice of 2 functions
• Dilaton coupling

• Dilaton potential:   bounded 
and infinitely many local 
minima

• Negative  values

• No fine tuning



Time evolution



Important features of dilaton
dynamics



Failure of 1 dilaton model
and need for more freedom



2 dilaton model with angular 
momentum

• 利点
ポテンシャルの極小値に安易に捕捉されない。

（保存しない）角運動量が導入され、回転エネル
ギーと負の宇宙項との相殺の可能性がある。





Dilaton oscillation around late orbit



Nucleosynthesis constraint



Lambda Very small ?



Persistent angular momentum





Summary

• Fruitful merger of particle physics and 
cosmology

• Still inviting new ideas for B-asymmetry 
generation, and 

• Radical change of view needed for small 
dark energy density



Keys for successful cosmology

• Inflation; 
what is inflaton, e-folding, 
density perturbation

• Reheating; how hot
• Baryo- or lepto-genesis
• Dark matter
• Dark energy

Dilatonic inflaton

Violent inflaton decay

L or B violation
SUSY LSP

Dilatonic inflaton


