Dark Matter:
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Fundamental Forces

A Strong nuclear force:
A Holds nuclei, protons and neutrons, of atoms together.
A Strongest force but works on small distances.

A Electromagnetic force:
A Binds electrons to protons
A Two charges, +/ most things are electrically neutral, has infinite range
A 1000 times weaker than strong force

A Weak force:
A Changes protons to neutrons
A Range 108 meters.
A 1016 weaker than strong force

A Gravity
A Attractive force between objects with mass
A Infinite range
A 104'weaker than strong force



The Standard Model of Particle Physics
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Gravity- General Relativity

3. In Einstein’s picture of gravity
1. A massive object curves other objects sense the curvature
the spacetime around us. and are drawn into the “well.”

2. Far from the object, spacetime is nearly “flat”;
close to the object, the curvature forms a“well.”




350

300 NGC4378

e

NGC 3145
— NGC1620

N
U
o

N
=
o

E—

NGC 7664

Primary Evidence for Dark Matter

100

Orbital speed (km/s) —-
T
o

50

| | | I |
5 10 15 20 25

Distance from center of galaxy (kpc) —-




The Bullet Cluster

Dark matter predicted not to interact with ordinary matter, or itself,
except through gravity. Gas clouds, by contrast, can run into each other.
A collision of two clusters provides dramatic evidence for dark matter:
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Dark Matter

ADark matter is matter that has been observed to only interact via the
gravitational force.

AWe have deflnltlve proof that dark matter exists when we look at
f I NES aolftS 202500a o3FflEASAS

ADark matter exists as bent space time ( seen from gravitational
lensing and rotation curves).

AGlobal scientific effort to find dark matter as a particle.




Lambda Cold Dark Matter

Ar CDM is the Standard Model for the Big Bang. It predicts:
A the existence and structure of theosmic microwave background
A the largescale structurén the distribution of galaxies
A the abundance®f hydrogen and helium
A the acceleratingexpansion of theiniverse

ACold Dark Matter is postulated in order to explain:
A Largescale structure of galaxies
A Flat rotation curves
A Gravitational lensing by galaxy clusters

ACDM is slow and collisidaess:
A Axions
A Weakly Interacting Massive Particles (WIMPs)
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AXIon

ANamedafter Axion a brand of laundry detergenfior the notion that
the new particle could "clean up" a problem in physics

A1-100 billion times lighter than a proton, copiously produced in the
early universe.

AJust like an electron/positron paaxionanti-axionpair could be
produced from photon.
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Alncredibly rare process
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ADMX AxionDark Matter Experiment
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A ADMX is amxionantenna, convertlark

matter axionsto detectable to microwave
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axionsand turn there mass into a radio signal.
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A Measuring the cooling rate of white dwarf
stars also sets a limit on traxion



WIMPsS

AWeakly interacting massive particles (WIMPs) best candidate for dark matter

Alnteract with normal matter through gravity and the weak force.
A For every theorist, there are two theories of WIMPs

Alncredibly massive:
A Clumps around normal matter
A 1-1000 times more massive than the proton

ALow cross section:
A Does not collide with itself or normal matter.

AOnly will collide with anything in extreme scenarios (black hole accretion disk
supernova)

ADetection methods include:
AWIMP annihilation
A Direct detection
A Direct production




WIMP Annihilation

AWhat happens when two dar
matter particles collid@

ADo they produce high energy
particles we know of? If so, we
can look for this.

Alf two dark matter particles
annihilate, they will produce
an emission line at a specific
energy.

AI\/Iechanism§ that could creat
WFIfa8Q RI NJ
signals are not well know.




Direct Detection

Alf WIMPs are weakly interacting, eventually they will collide
with normal matter.

Alf they collide with normal matter, what does that signal look
like?

ABest experiments use scintillating noble liquids (Xenon,
I NH2Y XU

AEvery experiment is deep underground away from cosmic
photons.
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