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Dark matter

Dark energy

Shape of the universe

Stereographic projection



e 85% of the matter in the
universe.

* it does not appear to interact
with the electromagnetic field

Dark Matter

* How it was discovered: Galaxy
Rotation Curves



. . .
Wi S
R W G . $
¢ ‘
=

Observatlons from
‘-21 cm:hydrogen ey

&N . . (e «
Qs Vgt . .
PO & uy” . i L ,
3 .
* 4 ) & > .
A . i .
.y . 2 .
4 et & , s 3 .
. v ’
a C e e eiie . .
’ .9 \ e g 8 '
' . s iage e .
. . : " . # '
pe t . > 0
. . ° . .
. ; .
. . .
> . ¢ . b . LA™ 5

EXpected from
the wsible dlsk

'
. . ’
. PRt . . )
i L3P y
MY g " 4 .
: ‘
. e 1
.

. Pl e . o . .
’ . . » . .







Dark Energy
(Cosmological
Constant A)

* Dark energy is the name
given to the force that is
believed to accelerate the
expansion of the universe.
Distant galaxies appear to be
moving away from us at high
speed: the idea is that the
universe is getting bigger and
has been since the Big Bang.




Expansion of a Flat Universe with A
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a, a = a(0) exp(\/§0t> = a(0)e'?

Empty universe with
dark energy expands
exponentially.

We hypothesize dark
energy comes from the
shape of the universe.



Stereographic Projection

e Space points on the two-dimensional surface
of a three-dimensional sphere, which is a
surface with constant curvature, can be
projected on a plane tangent to the sphere.
This plane is referred to as a stereographic
plane.




* To explain the nature of dark matter and dark
P U rpose energy using higher dimensional analysis.




I Methods

Constructing 5D
formalism

Constructing
stereographic
projection

Applying it to the
5D geometry

Resolving dark
energy

Incorporating
matter

Derive a correction
term to the Kottler
metric and 5D
spacetime.

Phenomenology:
dark matter into
galaxy rotation
curves.

To see if the
phenomenology
and the correction
term would relate.
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* A point with coordinates xi, xN (i=1, 2, N = 3)
lies on a sphere with radius R.

Stereographic |
Coordinates




The coordinates on

peate o e
i = 2 2> N T 2 2

coordinates on the 1 +&2/4R 1+&2/4R

plane are related by: 9
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Empty universe looks like surface of 5D sphere with

radius R in 5D pseudo-Euclidean, flat space:

n; +mn5 +n5 — 0y +ni = R



Stereographic and 5-Dimensional




De Sitter Metric
of Space time

De Sitter universe: empty
expanding universe

c: speed of light

t: time

a: scale factor

r: radius of the universe

0, O : spherical coordinates

ds® = 2dt* — a®(0)e**(dr? + r*df* + r? sin® 0 d¢?)




Dark Energy

* Applying a coordinate transformation of de Sitter metric:
ds® = c*dt* — a*(0)e***(dr® + r*df? + r? sin* 0 d¢?)
2 19\ 2.0 A 2 102 2 2 2
ds* = (l—gAr )c dt” — (1—§A’r ) dr — r“df“ — r“ sin” 0 do¢
2 2

~1
di? +-dn +dn2 —dn?+dn? = —(1—%)&&% (1— %) dr? +12d0%+12 sin? 0 dg? = —ds?
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Dark energy is eliminated from the geometry.



Kottler Metric
of Space time

* Now we add matter!

» Kottler universe: expanding

universe with one blackhole.

* c:speed of light

* t:time

* r: radius of the universe

* 0, O :spherical coordinates
* A: cosmological constant

* rg: Schwarzschild radius

ds® = (1 —
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Prove: Kottler universe
is a 4D surface of a 5D
deformed sphere in not
flat 5D space.
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Effect of one blackhole on the 5D plane
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Phenomenology

e Galaxy rotation curves:
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Continue to find out what would happen if we replace the
empty universe with universe with one galaxy. (in progress)
Derive a correction term to the Kottler metric and 5D
spacetime.

Phenomenology: dark matter into galaxy rotation curves. (in
progress)

N EXt St e p S To see if the phenomenology and the correction term would
relate.
Refine LaTeX document for SURF article
To write a paper to submit to a physics or astrophysics
journal.




https://en.wikipedia.org/wiki/Dark matter

https://en.wikipedia.org/wiki/Galaxy rotation curveticite note-
Rubin1980-15

Images and
Animations

https://simple.wikipedia.org/wiki/Dark energy

https://c3d.libretexts.org/CalcPlot3D/index.html



https://en.wikipedia.org/wiki/Dark_matter
https://en.wikipedia.org/wiki/Galaxy_rotation_curve
https://simple.wikipedia.org/wiki/Dark_energy
https://c3d.libretexts.org/CalcPlot3D/index.html
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