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宇宙分野での基本問題

宇宙モデル
宇宙の一様等方性，平坦性，宇宙年齢問題
☞ 統一理論に基づく具体的なインフレーションモデル
☞ ダークエネルギーの実体と起源
Cf. No-Go定理，Landscape問題, 超対称性の破れ

宇宙物質
CMBの温度・スペクトル，軽元素の起源と組成
☞ メタルの起源（PopIII星の形成機構）
バリオン数・レプトン数非対称性の起源
☞ 初期宇宙進化とGUTの確定
ダークマターの実体・存在量 (LHC, ILC)
☞ 超対称モデルの確定と超対称性の破れの機構

宇宙構造
（ΛCDM►) CMBの非等方性・スペクトル，銀河分布の（超）大域的構造，相関関
数，銀河形成機構，銀河タイプの起源・存在比，光度関数，回転曲線，銀河団の
存在量，相関，X線銀河団の形成機構．．．
☞ 球状星団の起源
☞ 小スケールでの相関関数のずれ



天体物理学
星の構造と進化，銀河の構造と進化

☆ 星の形成機構（質量の決まるメカニズム）
☆ 超新星爆発の機構
☆ ガンマ線バースターの構造・成因・機構
☆ 活動的コンパクト天体・AGNの機構・形成過程

☞ （相対論的）宇宙ジェットの形成機構

☞ （超巨大）ブラックホールの形成機構
☞ 中性子星・ブラックホール合体、崩壊による

重力波放出の定量的推定

☞ 超高エネルギー宇宙線の量と起源 (E¸ 1010 GeV)

惑星形成・生命の起源

☆ 惑星形成

☞ 系外惑星探査
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Acceleration of the Universe



Why is Our Universe Expanding?
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Why is the cosmic expansion accelerated?

重力が引力 ⇔ 宇宙膨張が減速

宇宙膨張が加速 ⇒ 重力が斥力

重力が斥力 ⇔ 圧力 P < － ρ/3

            

A� K� Raychaudhuri

The Cosmic Converger

Raychaudhuri equation



Inflation Problem
It is easy to construct phenomenological models 
consistent with cosmological observations;

They strongly suggest a unification of gravity and inflaton.
the inflation started around the Planck time.
the inflaton couples other fields only through gravity.

However, no satisfactory model based on a unified 
theory has been  constructed due to the No-Go 
theorem [Gibbons GW 1984] :

We cannot construct an accelerateting universe model by any 
compactification of a 10D or 11D supergravity theory with 
stationary, compact and smooth internal space.



Reacceleration of the Universe
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Cosmometry (測宇宙学）

Measurement of distances to cosmic objects
Observed value + intrinsic value ⇒ distance
For example, the luminosity distance dL is

Cosmological parameters
Distance-redshift relation depends on the 
geometry and expansion history of the universe
For example, dL is related to z= δλ/λ as
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Dark Energy Problem

Provided that GR is valid on cosmic scales, the total 
dark energy density including quantum contributions
is 

positive (Acceleration Problem),
much smaller than  typical characteristic scales of particle 
physics (Hierarchy/Λ Problem),  
of the order of the present critical density (Coincidence 
Problem). 



Scalar Field Models
Quintessence, K-essence, phantom field, dilatonic ghost 
condensate, tachyon field(¾ Chaplygin gas), 

Quantum Gravity
Spacetime foams, EPI, baby universe

Modification of Gravity
UV: string/M theory (→ brane(world), landscape)
IR: Lorentz SSB,  f(R,φ,rφ)-models, TeVeS theory, DGP 
model

Anthropic Principle

Various Theoretical Approaches

Ref: Copeland, Sami, Tsujikawa: IJMPD15, 1753(2006)



Observatories of Fundamental Microphysics
Large Scale Structures

CMB anisotropy
(COBE, Boomerang, WMAP ⇒ Planck)
Polarization measurements 

（e.g. 羽澄さん@KEK)
⇒ Tensor/Scalar ratio (inflation scaleの決

定）

Galaxy/DM distribution statistics
(CfA, 2dF, SDSS ⇒ DES)
Cosmometry by SNe
(SCP, HzST, SSTC, SNLS ⇒ SNAP )
Weak lensing survey
(CFHTLS⇒ Subaru HSC/DENET, DUNE, 
SNAP)

Gravitational Waves
Laser-Interferometers in space
(⇒>2020 BBO: LISA, DECIGO)
Lpl at inflation  ⇒ L >10 RE

WMAP 3yr data: astro-ph/0603449

LISA (of Great Observatories), The Structure and 
Evolution of the Universe 2003 roadmap, "Beyond 
Einstein: From the Big Bang to Black Holes.“ (NASA)



Acceleration of Particles



High Energy Cosmic Rays

From http://pdg.lbl.gov/

• Emax > 1011 GeV

• Knee: E» 106 GeV

• Ankle E » 1010 GeV

• GZK limit = 5£1010 GeV

p + γCMB ! N + π

• Galaxy limit = 109 GeV

RL= pc/eB = 1 kpc

GZK=Greisen-Zatsepin-
Kuzmin(1966)



UHE Cosmic Rays

From http://pdg.lbl.gov/

Lorentz不変性の破れ？



Energetics

Total energy
ρCR ¼ 1 eV/cm3   ⇒ LCR¼ 1041 erg/s per galaxy

Cf.  3£ EK,SN / 100 yr ¼ 1042 erg/s

Acceleration
1st-Fermi acceleration by shocks gives
Emax » Z£ 5¢106 GeV at SNRs

This explains the galactic component and the 
appearance of Knee in the spectrum. 

However, the UHE extragalactic components require 
other more powerful mechanisms:

GRBs, very massive DM, topological defects …



Cosmic Jets



Jets are ubiquitous cosmic phenomena 
Jets from young stars



Crab Nebula (HST + Chandra) 
[HubbleSite]

Neutron stars and stellar black holes

CrabPulsar.mpg



1kpc scale jet from M87 
[HubbleSite]

Supermassive black holes at 
the center of galaxies



Relativistic Jets in Quasars, Microquasars
and GRBs

The Lorentz factor Γ of jets from black 
holes can exceed 30 for quasars and Γ
～100－300 for GRBs. 
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49 jet sources from 2cm multiepoch VLBA observations 
[Kellermann et al, ApJ609:539(2004) ]

Jets seem to be universally 
responsible for activities of 
AGNs/quasars, 
macroquasars and GRBs as 
well as SN explosions.

Mirabel IF, PTP Sup. 
155, 71 (2004)



No Successful Theoretical Model

MHD models are regarded as most promising, but 
there exists no numerical simulation producing a 
high Γ and stationary jet.

Extremely strong magnetic fields (> 1015 G) are 
required even at the SN level theoretically.

Numerical simulations indicate that GR effects 
such as the magnetic Penrose process in the 
ergo region (Punsky B, Coroniti F 1990) are 
crucial. [Nagataki S et al: ApJ, to be pub (2007)]

Cosmic jets are strong candidates of acceleration 
sites for UHE cosmic rays. 

Kato et al: ApJ 605, 307 (2004)

Studies of cosmic jets will give valuable information on physics
at extreme conditions as well as UHE particle physics and black 
hole structures.



Gravitational Waves
Ground-base Laser Interferometers: Stellar systems

TAMA, LIGO, GEO, Virgo ⇒ LGCT, Adv-LIGO, LIGOII
Space Laser Interferometers:  ⇒ BBO: LISA, DECIGO

Radio
Ground-base VLBI/VLBA:  CJF, RRFID, 2cm Survey/MOJAVE
Space VLBI : HALCA(VSOP) ⇒ VSOP-2/ASTRO-G(磁場の測定可）, RADIO Astron

Optical/IR
Ground-base telescope: Subaru(8m) ⇒ JELT(30m), TLT, Euro50, …

X-rays
Hakucho, Tenma, Ginga, Aska, Suzaku, Chandra ⇒ ?

Gamma-rays
Ground-base: CANGAROO, HESS, MAGIC
Space: EGRET⇒ GLAST

Cosmic Rays
Neutrinos

(Super-)KAMIOKANDE, Cascade Grande, AMANDA ⇒ CAROT,  ICECube
UHE CRs

AGASA, HiRes ⇒ Telescope Array Proj.

Observatories of Extreme Physics

HALCA observations of 
NGC1052 and NGC4261



Summary



新しい窓は新しい物理を生む

Cosmophysics Group Key Projects

重力を含む統一理論を宇宙初期進化で検証する

宇宙ジェットとブラックホールの高エネルギー物理

BBO, Space VLBI, ICECube

より高感度，より高解像度の観測

COBE, HST, SNLS, WMAP, SDSS



What’s Cosmophysics ?

At the turn of the millennium a new dictionary term, 
"cosmophysics", might have been coined to 
describe the quest to understand the universe at 
large as well as its individual components.
[CERN Courier 40, No.5] 

Cosmophysics is a new term that Maurice Jacob 
initiates to us, showing how the New Physics and its 
most hot topics are closely related to astrophysical 
problems and its space laboratories. [European 
Astronomical Society, News Letter 23, June 2002]



Reviews and References



Inflation

AIP Conference Proceedings
Linde AD: Inflationary Cosmology, arXiv:0705.0164v2 [hep-th]
Lyth DH: Particle physics models of inflation, arXiv:hep-th/0702128.
Kallosh R: On inflation in string theory, arXiv:hep-th/0702059.

Brandenberger AH: Conceptual Problems of Inflationary Cosmology 
and a New Approach to Cosmological Structure Formation, arXiv:hep-
th/0701111.
Guth AH: Eternal inflation and its implications, arXiv:hep-th/0702178. 
Cline JM: Inflation from string theory, arXiv:hep-th/0501179.
Burgess CP: Inflatable string theory?, Pramana 63, 1269 (2004) 
[arXiv:hepth/0408037].
Liddle AR and Lyth DH:Cosmological Inflation and Large-Scale 
Structure (Cambridge University Press, Cambridge 2000)



Dark Energy

Copeland EJ, Sami M, Tsujikawa S: Dynamics of dark energy, Int. J. 
Mod. Phys. D15: 1753-936 (2006) [hep-th/0603057].
Padmanabhan T: Cosmological Constant -- The Weight of the Vacuum, 
Phys. Report 380: 235-320 (2003) [hep-th/0212290].
Peebles PJE, Ratra B: The Cosmological constant and dark energy, 
Rev. Mod. Phys. 75: 559 (2003) [astro-ph/0207347].
Weinberg S: The Cosmological Constant Problems (Talk given at Dark 
Matter 2000, February, 2000), astro-ph/0005265. 
Sahni V: The Case for a Positive Cosmological Λ-term, Int. J. Mod. 
Phys. D9: 373-444 (2000) [astro-ph/9904398]



UHE Cosmic Rays

Review in PDG: Cosmic Rays by Gaisser TK and Stanev T., 
http://pdg.lbl.gov/.
Horandel JR: Cosmic-ray composition and its relation to shock 
acceleration by supernova remnants, astro-ph/0702370.
Montaruli T: Review on Neutrino Telescopes, Nucl. Phys. B (Proc. 
Suppl.) 165: 161-71 (2007).
Halzen F: Astroparticle Physics with High Energy Neutrinos: from 
AMANDA to IceCube, astro-ph/0602132.
Cronin JW: The highest-energy cosmic rays, Nucl. Phys. B (Proc. 
Suppl.) 138:465-91 (2005).
Ostrowski M: Cosmic Ray Acceleration at Relativistic Shocks, J. Phys. 
Stud. 6:393-400 (2002) [astro-ph/0310833]
Ostrowski M: Acceleration of UHE Cosmic Ray Particles at 
Relatativisitic Jets in Extragalactic Radio Sources, astro-ph/9803299.



Cosmic Jets

Meier DL et al: Magnetohydrodynamic Production of Relativistic Jets, 
Science 291, 84-92 (2001)
Mineshige S, Makishima K, eds: Stellar-Mass, Intermediate-Mass and 
Supermassive Black Holes, Prog. Theor. Phys. Suppl. 155 (2004).
McKinney JC: Jet Formation in Black Hole Accretion Systems I: 
Theoretical Unified Model, astro-ph/0506368. 
McKinney JC: General Relativistic Magnetohydrodynamic Simulation of 
Jet Formation and Large-Scale Propagation from Black Hole Accretion 
Systems, Mon. Not. R. Astron. Soc. 368:1561 (2006).
Nagataki S et al: Numerical Study on GRB-Jet Formation in Collapsars, 
astro-ph/0608233.
Piner BG et al: Relativistic Jets in the Radio Reference Frame Image 
Database I: Apparent Speeds from the First Five Years of Data, astro-
ph/0702317.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


