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http://shop.nationalgeographic.com/ngs/product/maps/wall-maps/space-maps/the-milky-way-map%2C-laminated

Zooming in on the centre of the Milky Way
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Core of Galaxy NGC 426l
Hubble Space Telescope

Wide Field / Planetary Camera

Ground-Based Optical/Radio Image HST Image of a Gas and Dust Disk
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The Astrophysical Journal Volume 755 Number 2
M. Schartmann et al. 2012 ApJ 755 155

http://iopscience.iop.org/0004-637X/755/2/155

EXE, SchartmannS DEtEFER.
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Figure 4. Density evolution of the compact cloud model CCO1. Overlayed as dotted white lines are the positions of test particles initially

located at the cloud boundary. The axis labels are given in mpe (milli-parsec). Mind the different scalings of the panels.
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G2 gas cloud simulation
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Brane-World model

Brane (4-dim, t,x,y,z) Another Brane?

sl _—

(with cosmological constant?)

5th dimension 5th dimension

all matter and forces are trapped
in 4-dimensional space-time

/

but only gravitational force propagates
higher dimensional space-time
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Taken from the 22 November 1919 edition
of the lllustrated London News.

Coverage|in the (more excitable)
New Yorkilimes.
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Men of Science More or Less
Agog Over Results of Eclipse
Observations.

EINSTEIN THEORY TRIUMPHS

Stars Not Where They Seemed
or Were Calculated to be,
but Nobody Need Worry.

A BOOK FOR 12 WISE MEN
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Comprehend It, Said Einsteln When
His Daring Publishers Accepted It.
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The fifst black hole candidate discovered
in 1972, is part of an x-ray binary system,
orbiting its visible companion HDE 226868.
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black-hole no-hair theorem

Gravitational and

Leptons electromagnetic waves

Angular Momentum

Figurative representation of a black hole in action. All details of the infalling matter
are washed out. The final configuration is believed to be uniquely determined by
mass, electric charge, and angular momentum. Figure 1

PHYSICS TODAY / JANUARY 1971
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Russell A. Hulse Joseph H. Taylor Jr.

directions of gravity waves

0 ~ - 36: HENSNVTF—ZBoTWEEEDT—7.
IRILADRERIS, EETHB ’ Z

Ehoh ok,



— AT HIBRD TS [E2/) VLY —]

zero orbilal decay

General Relativity prediction
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What can we learn from gravitational waveform?
(Suppose NS+NS ->BH)

WAVEFORM

lllllllllll'

 INSPIRAL —b> ALESEﬂ—b BLACKHOLE

HN H W@ \/\/» FORMATION
:’: UNV\N 1 W' m |
T 10.m Feq |

DEPENDENCE ON e, FOR 1t=90°:
hka\MZ\Z! A ~_N h,
Ve time " 50 0 50

h ’M ANVANA //\I\VAI\ h,
U U o~ mlins (T 1000I r'ot.l )
.. Post Newtonian Numerical BH. Perturbation

llllll

il e o

e Approx. Relativity
DEPENDENCE ON &, FOR @=0: ISCO freq => EoS of NS,

B waveform => Formation of BH or NS,

* BH mass

"chirps" df/dt => chirp mass, Mc = (M1 M2)*5/ (Mi+M2)V/5 T G e e
amplitude up => Mc, distance T
amplitude h+/hx => inclination
waveform => eccentricity

moduration => spin, ... statistics => cosmological parameters
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KAGRA (KEEREFEEIER)
Kamioka Gravitational wave detector, (Large-scale Cryogenic Gravitational wave Telescope)
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Abstract

We numerically investigated the sequences of initial data of a thin spindle
and a thin ring in five-dimensional space-time in the context of the cosmic
censorship conjecture. We modeled the matter in non-rotating homogeneous
spheroidal or toroidal configurations under the momentarily static assumption,
solved the Hamiltonian constraint equation and searched the apparent horizons.
We discussed when S* (black-hole) or S' x §? (black-ring) horizons (‘black
objects’) are formed. By monitoring the location of the maximum Kretchmann
invariant, an appearance of ‘naked singularity’ or ‘naked ring" under special
situations is suggested. We also discuss the validity of the hyper-hoop
conjecture using a minimum area around the object, and show that the
appearance of the ring horizon does not match with this hoop.
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Figure 2. Matter distributions (shadows) and apparent horizons (lines) for spheroidal matter
distributions, The sections of the axis-equator plane are shown, The sequence (a)-(c) is of
a = 0.5, and (d)-(f)is of @ = 0.1 (see equation (14)), of which we fix the total mass Mapy = 1.
We cannot find an apparent horizon when b is larger than b = 3a for a = 0.5 (figure (¢)) and
b = 20a for a = 0.1 (figure (f)). The asterisks indicate the location of the maximum Kretchmann
invariant, equation (16). We sce that the maximum point is outside of the horizon for cases (b)

and (e).
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Formation of naked singularities in five-dimensional space-time
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We numerically investigate the gravitational collapse of collisionless particles in spheroidal configu-
rations both in four- and five-dimensional (5D) space-time. We repeat the simulation performed by
Shapiro and Teukolsky (1991) that announced an appearance of a naked singulanty, and also find similar
results in the 5D version. That is, in a collapse of a highly prolate spindle, the Kretschmann invariant
blows up outside the matter and no apparent horizon forms. We also find that the collapses in 5D proceed
more rapidly than in 4D, and the critical prolateness for the appearance of an apparent horizon in 5D is
loosened, compared to 4D cases. We also show how collapses differ with spatial symmetries comparing
5D evolutions in single-axisymmetry, SO(3), and those in double-axisymmetry, U(1) X U(1).

with a and b (Fig. 1), or eccentricity e = Jl —a*/b-.

By imposing axisymmetry or double-axisymmetry, our
model becomes practically a (2 + 1)-dimensional prob-
lem. We construct our numerical gnds with the Cartesian
coordinate (x, z), and apply the so-called Cartoon method
[2.18] to recover the symmetry of space-time.

The space-time is evolved using the Arnowitt-Deser-
Misner (ADM) evolution equations. It is known that the

(a) Z(x W) (b)
(i1
L)
b b
. f
- > - >
a R(x,yw) a Xi(x.y)

FIG. 1. We evolve five-dimensional (a) axisymmetric [SO(3)]
or (b) double-axisymmetric [U(1) X U(1)], asymptotically flat
space-time using the Cartesian grid. The initial matter configu-
ration is expressed with parameters a and b,
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FIG. 2 (color online). Snapshots of 5D axisymmetric evolution
with the initial matter distnibution of b/M = 4 [(al) and (a2);
model SDSB in Table 1] and 10 [(bl) and (b2); model 5DSé).
We see the apparent horizon (AH) is formed at the coordinate
time /M = 3.3 for the former model and the area of AH
increases, while AH is not observed for the latter model up to
the time /M = 15.4, when our code stops due to the large
curvature, The big circle indicates the location of the maximum
Kretschmann invanant J,,. at the final time at cach evolution.
Number of particles are reduced to 1/10 for figures.
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ons for the ring matter of which initial radius are (a)
espectively. Both have no AHs on the initial hyper-
h spheroidal and toroidal horizons simultaneously at
. formation of spheroidal AH (common horizon) in (a),
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Fig. 6. Snapshots of evolutions of ring-shaped matter: for the initial data of (a) R./M = 1.00
and (b) 1.50, both with no AHs on the initial hypersurface. The matter distribution at ¢ = 0.00
and ¢ = 4.00, and the location of AHs are plotted on X-Z coordinates. We see that AH topology
switches from toroidal to spherical in (b).



