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‘ Problems To Be Resolved

" Direct experimental tests
Q IﬁStS) in the microscopic (< 1mm) and intermediate ranges ( ~ 1km, =<
pcC
= Astrophysics
0 Active galactic/extragalactic objects (BH physics): Jet formation
9 Gravitational collapse (Numerical relativity)
0 Gravitational waves: To be detected soon.
0 Gravitational lenses

= Cosmology

2 Evolutionary model of universe: Specification of the inflationary maodel
0 Observational cosmology: Dark matter and dark energy
2 The initial condition of the universe and the early evolution
@ Cosmology of exotic relics
= Mathematical physics
0 Exact solutions
2 Classification of solutions (including black holes)
0 Large scale structure of spacetimes
@ Cosmic censorship and spacetime singularity

* Fundamental problems « L

0 Modification/ extension of neral relativit
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Dark Energy Problem

Why is the expansion of the present

universe accelerated at the timescale
of order 1/H ?

If we assume that general relativity holds;

> Why is the effective cosmological constant at low

energy, including the quantum contribution, close to
zero with the accuracy G(102eV)4?

> Why Is the effective cosmological constant at present
positive and of order G(10-2eV)4?




\ How to Solve the DE Problem

" Modify general relativity in the IR region
preserving the four-dimensionality of
spactime
@ Modified Gravity (MOND,...)

Cf. Asymptotic safety (S. Weinberg)

" Modify general relativity in the UV region
to make quantum corrections fully under
control.

0 Higher-Dimensional Unified Theory (HUNT)

— Realisation of Einstein’s Dream —



Toward HUNT: GUT

Standard model = (SO(10)) GUT: gauge-sector unification
¢ hypercharge structure

gauge-coupling unification

neutrino mass

baryon asymmetry

strong CP(Peccei-Quinn symmetry)




'Hypercharge Structure
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Ref: Wilczek, F: in Physics in the 21st Century, eds. K.Kikkawa et al.(1997,
World Scientific)



Coupling Constant Unification

Standard MSSM
Motet :
60 - 1,."[1,1 60—
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log,, (0/GeV) log,, (0/GeV)

De Boer, W & Sander, C: PLB585, 276(2004)[hep-
ph/0307049]



Toward HUNT: SGUT

GUT = SGUT: boson-fermion correspondence
® Dark matter
¢ A problem
¢ hierarchy problem
® gauge-coupling unification




‘Toward HUNT: HD Sugra GUT

SGUT = Sugra GUT: inclusion of gravity
¢ Flat inflaton potential

Sugra GUT = HD Sugra GUT: matter sector unification
® Repetition of families
> Cabibbo/neutrino mixing
> CP violation
¢ |[ncomplete (split) multiplets




‘ Family Repetition
Standard Model
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The number of zero modes for y = # of family
This number is often determined by topology.




Triplet-Doublet Splitting

Baryon number violation by Higgs

5*x 10 =5+445=  Pgi511g

P5 = (Po, P3)
Orbifold GUT (Kawamura model [2000])
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Do = ¢o(z) + ¢5(x) cos(my/L) + - - -
P3 =0+ Q%(CIZ) Sin(ﬂ'y/L) 4 .-

Ref: Nilles, H.P.: hep-th/0410160




\Toward HUT: Superstring/M-theory

HD Sugra GUT = Superstring/M theory

¢ Consistency as a quantum theory, finite control
parameters

¢ No A freedom (M-theory)

® Quantum corrections produce potentials for moduli
fields and do not contribute to cosmological constant
in four dimepsions.

SNAC A= dPz(—)Y2 | R =20y — S e %o F:|2
F6P exammpte | 17D ( o= LT >)

energy problem is tightlyonect. —



Difficulties of HUNT

Choice of theory
¢ M-theory or 10D superstring theories
¢ Ambiguity due to duality and branes

Compactification

What determines the type of compactification?
Moduli stabilisation

No-Go theorem against accelerating expansion
|Identification of our four-dimensional universe

SUSY breaking

® Mechanism
¢ Control



No-Go Theorem

For any (warped) compactification with a compact closed
internal space, if the strong energy condition holds in the full
theory and all moduli are stabilized, no stationarv acceleratina

expansion of the four-dimensional spacetinr

Proof
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Summary




Summary

Predictions preceded observations in the last century:

General relativity has played a leading role in cosmology
and astrophysics in these 90 years and produced new
predictions, often by interplays with developments in
microscopic physics. Many of them, although regarded as
exotic at first, have been successfully confirmed by
observations.

Now, general relativity is facing a new situation:

We are experiencing a new situation in which
observations precede theoretical predictions. In
particular, the Dark Energy/Cosmological Constant
problem is clearly beyond the scope of general relativity.

Resolution of this problem will certainly lead to a drastic
change in our understanding of Nature.

| believe that HUNT will play a crucial role in the
resolution, but only young people here will be able to
know the real answer.



