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« Activity 6: Dark Matter Lab
 Curriculum Links:
— Circular Motion

— Netwonian Gravity
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Centripetal-motion apparatus

—

PERIMETER
INSTITUTE



Uniform Circular Motion

Predict P
Observe < >
Explain
How are mass and speed
connected in circular Qmass
motione
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Uniform Circular Motion

Objective:
Determine the mass of an unknown item.

1. Collect data.

2. Plot a graph of speed? vs mass on your white
ooqards.

3. Using your plot, determine the mass of the
unknown object.
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Circular Motion Lab

Collaborative version:
1. Setradius =60 cm
2. Use assigned masses

3. Record period for 10
orpifs

4, Compare results
5. Report results
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Circular Motion Lab Results
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Circular Motion Lab Results

# of washers vs speed”2
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Uniform Circular Motion

Theory vs. Observation = Connection to Dark Matter
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Vera Rubin’s
Discovery
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Uniform Circular Motion

Orbital Speed
Depends on the
Mass of the Central

Object
y V4r
G
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Extend this to galaxies
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Orbital Speed: 123 km/s
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Stars in spiral galaxies move in uniform
circular mofion

mass « speed
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Brightness
\WENS

Orbital
WERS
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Triangulum is More Massive Than it Looks
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BRIGHTNESS METHOD '] ORBITAL METHOD
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Old View
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New View







Hot Spot

Average Spot

Cold Spot
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Low
density

High
density

0.0001 K difference between hot and cold!

Small gravitational
redshift

Tiny energy loss

Average gravitational
redshift

Average energy loss

Large gravitational
redshift

- Big energy loss
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Dark Matter

Normal Matter 26.8% Dark Energy
4.9% 68.3%




Gravitational Lensing
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Bullet Cluster

Mass map
from lensing
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Competing Theories For Dark Matter

« Particle that hasn't been discovered yet

Cold Dark Matter BOSONS

NEHIE
neutrinos
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How to Look for Dark Matter Particles

« Direct detection: wait for it to hit a detector
» Indirect detection: look for other signatures

 Parficle colliders: make it
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Lux- Large Underground Xenon Deift\ |
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LUX update (2017)
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XENONT1T most sensitive measurement yet
(2018)
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XENONIT - electronic recoil excess
(2020) (oo
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PANDAX-4T
(2021)
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FERMI

 Deftects y-rays

P Dark
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LHC

Missing transverse momentum,
inferred from momentum
conservation

Invisible
Dark Matter particle

»

\

Invisible
Dark Matter particle
n 4
LHC collision
interaction
point e
LHC detector
transverse

cross-section

Visible particles:
photons, jets
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Looking for CDM

Dark Matter Dominated
Dwarf Galaxies
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Moving beyond the
Dark Matiter vs Modified Gravity debate

DM

Nlost of the matter in the universe is luminous matter, namely the
particles (excluding neutrinos) described by the standard model of

particle physics (SM);

X‘heir gravitational interaction is correctly described (before
eaching the regime of quantum gravity) by General Relativity (GR)—

and Newtonian Gravity as its non-relativistic limit.

MG
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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
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Modified Gravity

* Predicts galaxy rotation curves very
well

« Does not predict well or ignores the
data from CMB or gravitational wave
data
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Stalemate
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Superfluid Dark Matter

Galaxy Clusters Galaxies

Large clusters of galaxies behave Individual galaxies also need an additional

as though they're held together by an force to hold together. But ordinary dark

extra gravitational force. Dark matter matter models have trouble describing
particles can account for this force. this force.
Dense, coherent
Galaxy Incoherent particles Dark matter halo particles
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