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OUTLINE

Universe is likely flat and accelerating!
Qg +Qcpy + Q=1

Six (eleven)
Parameters !

® |s BARYON, Qg = 0.04, consistent with Big-Bang Cosmology and
Nucleosynthesis (as a CANDLE of dark side of the Universe) ? —I

BBN constrains Brane Cosmology !

e \What is the nature of CDM, Qp,, = 0.26 ?

Disappearing CDM Model in Brane World Cosmology !

Ichiki, Garnavich, Kajino, Mathews & Yahiro, PRD 68 (2003) 083518

e® \What is DARK ENERGY, Q, =0.7 ?

Growing CDM Model in Brane World Cosmology !

Umezu, Ichiki, Kajino, Mathews Nakamura & Yahiro,(2005)

(astro-ph/0507227)

® COSMIC AGE (13.7 +- 0.2 Gy), strongly model-dependent ?

Supernova R-Process & Origin of 232Th, 235238y | --- Model independent !
Sasaqui, Kajino & Balantekin, ApJ (2005), in press. (astro-ph/0506100)




The Universe is homogeneous and isotropic
In a large enough scale.

T=2728K

The 2dF Quasar Redshift Survey

-

AT = 3.303 mK

5T < 18 uK

2dF Quasar (Matter) Distribution: Cobe Sky Maps of CMB;
Homogeneous Isotropic



Newtonian Equation

Birkoff’'s Theorem
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Einstein Equation Newtonian Equation

Space-space | component

G*=87GT> +Ag"” H2 = (v/r)2 -k = E/m
Friedmann Eqg. <Cosmological ConstanD /
8 (M° 8
H?=—=2G - ==
, , Qy Q, Q Qy = PolPc
H"=H, " + 2* 3 pe = 3H2/81G

a = a(t) = scale factor =r

Deceleration parameter

Qoul2 02,
acceleration !

Qo= (02r/dt2)/rH2 = [Q.p,, /2



Relative size of the universe

Cosmic Expansion History

Dark Matter + Dark Energy
effect the expansion of the universe
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Cosmic
Microwave Background
Anisotropies

WMAP Angular scale in degrees
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Angular scale (deqg)
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Pie Chart of Cosmic Mystery

Ordinary matter makes up
a small fraction of mass/energy.

Dark matter and dark energy
dominate.

t=3x10°yr
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The Power of BBN is that the Physics is Accessible
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R-PROCESS
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CMB (WMAP)
Baryon to Photon Ratio 7| x 10

Big-Bang Nucleosynthesis
(BBN) Diagram
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Big-Bang Nucleosynthesis
Constraints

!

Cosmic Baryon Density
Qp

0.22
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Qg’'s from BBN and
CMB are inconsistent !
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NEW MEASUREMENT OF

NEUTRON LIFE

Serevlov et al., Phys. Lett. B605 (2005), 72

ULTRA-COLD NEUTRON
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Effect of Neutro-Life on BBN-4He : 2p + 2n — “He
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Big-Bang Nucleosynthesis vs. CMB

Mathews, Kajino & Shima, PRD71 (2005) 021302 (R)
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‘Li Abundance in Halo Dwarf Stars

Ryan, Kajino, Beers, Suzuki, Romano,
Matteucci & Rosolankova 2001, ApJ 549, 55.
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Affected by SN v-process ? —_—

SN Il Nucleosynthesis contributes !



SN1987A

SNe II Nucleosynthe3|s can produce Li and 1B
as the BBN does in the early Universe'!

Supernova v- process !
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Supernova 1987A. These two photographs show the same star field i')nradus'i bn ore and after he P\(olosu.ﬂ Thp star S‘ar "1u|e:l-' B¢
n the Large Magellanic Cloud, near the Tarantula Nebula (30
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Yoshida, Kajino & Hartman,
Phys. Rev. Lett. 94 (2005), 231101 ==
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Yoshida, Terasawa, Kajino & Sumiyoshi, Astrophys. J. 600 (2004), 204.
Yoshida, Kajino & Hartman, Phys. Rev. Lett. 94 (2005), 231101.
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Primordial 'Li Abundance, observed ?

Ryan, Kajino, Beers, Suzuki, Romano,
Matteucci & Rosolankova 2001, ApJ 549, 55.
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Primordial “Li is NOT affected by the SN v-PROCESS !

Nuclear Physics can solve ’Li PROBLEM ?



BBN Nuclear Uncertainties are Improving
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~Astrophysical S-factor (keV b)

Be (d, p) 20

104

PRPROSAL of Coc et al. (2003)
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M ass fraction

He/M, DIH

"Li/H
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New neutron life !

Mathews, Kajino and Shima,
PRD71 (2005) 021302 (R)
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R-PROCESS
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INHOMOGENEOUS BIG-BANG NUCLEOSYNTHESIS

Kajino and Boyd, ApJ 359 (1990) 267; Orito, Kajino, Boyd & Mathews, ApJ 488 (1997) 515.
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OUTLINE

Universe is likely flat and accelerating! Six (eleven)
Qp + Qepy + Q=1 Parameters |

® |s BARYON, Qg = 0.04, consistent with Big-Bang Cosmology and
Nucleosynthesis (as a CANDLE of dark side of the Universe) ? —I

BBN constrains Brane Cosmology !

hat is the nature of CDM, Q. = 0.26 ?

Disappearing CDM Model in Brane World Cosmology !
Ichiki, Garnavich, Kajino, Mathews & Yahiro, PRD 68 (2003) 083518

e® \What is DARK ENERGY, Q, =0.7 ?
Growing CDM Model in Brane World Cosmology !

Umezu, Ichiki, Kajino, Mathews Nakamura & Yahiro,(200
7227)

® COSMIC AGE (13.7 +- 0.2 Gy), strongly model-dependent ?
Supernova R-Process & Origin of 232Th, 235238y | --- Model independent !
Sasaqui, Kajino & Balantekin, ApJ (2005), in press. (astro-ph/0506100)



_Brane World Cosmology

Quantized matter fields in AdS,

Motivated by the D-brane solution leads to quasilocalized eigenstates

in 10 dim STRING THEORY on the 4 dim brane.

Randall-Sundrum II: PRL 83 (1999) CDM Particl SUSsyY 1?
articie .

5—-th dimension, compactified.

Massive particle can tunnel into z !

The Universe is embedded

in a 5 dim spacetime AdS.,. Dubovsky, Rubakov, & Tinyakov (2000)

Brane

|
4D-Einstein Universe




Disappearing LSP (Lightest SUSY Particle) CDM Model

Is a likely possibility !

LSP = Lightest Supersymmetric Particle
m,~ 1 TeV vs. mg~1GeV

Fermion:

I’ =m,(m,/2k)*"" /T (gv/k+1/2)’

Vv = vacuum expectation value

g = coupling const.

Scalar Particles (Bosons):

y

® LSPs (CDM) disappear

I' = (/16)(m,’/k’ at cosmological time !
k=(-A./6)""? ® BARYONS do not!

Largest I for largest m,




Modified Friedmann Equation

E = Dark Radiation or dE
Electric part of the bulk +4HE =1p,,,
Weyle tensor _gr

Ichiki, Garnavich, Kajino, Mathews & Yahiro
PRD 68 (2003), 083518



Thermal History of the Universe

INFLATION: (GW)
Observables
at different cosmic
QCD phasetr :
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Constraints on SUSY-Brane Cosmology
(Disappearing CDM) Model

1 o ] Ichiki, Garnavich, Kajino,
SNia e, a mEE S TSSO 0.01 Mathews & Yahiro,
0.9F d WMAP - PRD 68 (2003) 083518
0.1
0.8
0.2
@)}
§
Dark Energy 5
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CDM particles can exist
in the bulk.

Then, they can FLOW IN
from the bulk !

Brane World Cosmology

The Universe is embed ledsp

in a S dim spacetime

Brane Dark Enerfy term:

py +4Hp, = —afa? X p.rH.

= adjustable parameter

We propose Growing-CDM Model for DARK ENERGY !
Q, = 0 model !



A(m(z)-M) [Mag]

Supernova z vs. m-M Relation

—— best fit for SACDM
- === best fit for GCDM A=0

t =1-10 Gy

------- SCDM  A=0
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o Riess et al. (2004)
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CMB Anisotropies

--—- best fit for SACDM t = 3x105y
best fit for GCDM to CMB
60004 ° Wdﬂtﬂ —
5000 - Our best flt model Standard ﬂCDM
p— model Q =0.71
=
-l 4000
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Cosmic Microwave Background

WMAP shows evidence for suppression of quadrupole and
octopole moments.

- Aligned in the direction of Virgo:  Tegmark et al (2003)

- This could suggest a compact cosmology

- Use axis to guide search (I,b) ~ (-80<=,60<)



Stapdard ACDM model -— best fit SACDM| 7

C Q, =071 — best fit GCDM |

o SDSS i

2 2dF _

10000 —
g Our best-fit model

|
— 0.01 1



Conclusion

Big-Bang Nucleosynthsis is one of the Pillars of very
precise Particle-Nuclear Theory and Modern Cosmology.

Standard Quark Model --- KMC Matrix !
Dark Matter --- SUSY Particles in Brane Cosmology
Dark Energy --- Flowing in of CDM in Brane Cosmology

Acceleration, due to CDM inflow without Q, |
Quenching of low multipoles in CMB, due to late ISW effect !

Li problem still remains ??

Core-Collapse Supernovae are Viable Astrophysical Sites
for R-Process.

New Role of R-Process Elements 23°Th & 2352381
--- Cosmochronology for Metal-Deficient Stars, hopeful but
needs more precision?
--- Sensitivity of Neutrino Cutoff to BH vs. NS Formation !
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