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Predict

Observe

Explain

How are mass and 
speed connected in 

circular motion?
mass

speed

Uniform Circular Motion Activity



Objective: 

Determine the mass of an unknown item.

1. Collect data for one mass per group.

2. Plot a graph of speed2 vs mass on a collaborative 

spreadsheet.

Uniform Circular Motion Activity



Collaborative version:

1. Set radius = 60 cm

2. Use assigned masses

3. Record period for 10 orbits

4. Compare results

5. Report results

Uniform Circular Motion Activity



# of washers 10 Orbits (s)
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How is the orbital speed related to the 

mass of the washers?

Uniform Circular Motion Results
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Uniform Circular Motion Results



Connecting standard classroom physics to Cutting-Edge Dark Matter



Vera Rubin’s 

Discovery





Orbital Speed 

Depends on the 

Mass of the Central 

Object

𝑀 =
𝑣2𝑟

𝐺



Extend this to galaxies



Triangulum is More Massive Than it Looks



The same discrepancy 

happens in all* galaxies



Old View



New View



Normal Matter

4.9%

Dark Matter

26.8% Dark Energy

68.3%





Gravitational Lensing



Competing Theories For Dark Matter 

• Particle that hasn’t been discovered yet

Cold Dark Matter
Fermions Bosons

Sterile 
neutrinos

WIMPS

Electrons

Quarks

Axions

Axion-
like

Particle

Photons



How to Look for Dark Matter Particles

• Direct detection: wait for it to hit a detector

• Indirect detection: look for other signatures

• Particle colliders: make it



LUX- Large Underground Xenon Detector

Homestake Mine, South Dakota



LUX update (2017)



LUX-ZEPLIN (LZ) update (2022)

https://arxiv.org/abs/2207.03764


XENON1T most sensitive measurement yet (2018)

Image credit: Roberto Corrieri and Patrick De Perio



XENON1T – electronic recoil excess (2020)



XENONnT – (2023)



PANDAX- 4T (2021) 



FERMI

• Detects ɣ-rays

• DM particle annihilation



LHC



Empty-Handed?



Modified Gravity Theories



Sterile Neutrinos



Dark Matter

• Works well on cosmological scales

• Does not work well in detail for galaxy 

rotation curves (small scale problems)

• We haven’t found it



Modified Gravity

• Predicts galaxy rotation curves very 

well

• Does not predict well or ignores the 

data from CMB or gravitational wave 

data



Stalemate



Current Status of Dark Matter
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