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Predict, Observe, Explain Demonstration: Uniform Circular Motion
This demonstration utilizes a typical uniform circular motion
apparatus to introduce students to the concept of dark
matter.

Hands-on Demonstrations: Gravitational Lensing
These demonstrations use simple objects to model
gravitational lensing.

Activity 1: Video Summary
A set of discussion questions that review the content of the
video.

Activity 2: Key Concepts
A guestion sheet that allows students to dig deeper into the
material both numerically and conceptually.

Activity 3: Gravity and Orbital Motion
An activity where students use stretchy spacetime fabric
and a variety of balls to model orbital motion.

Activity 4: Dark Matter within a Galaxy
Students use real data to explore the conflict between what
Is expected and what is observed.

Activity 5: Advanced Mathematical Analysis
An enrichment/extension activity for stronger students.

Activity 6: Dark Matter Lab

Students use a typical uniform circular motion apparatus to
explore the connection between orbital speed and central
force.
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ApAoTNEIOTNTA OPAANC KUKAIKNG KIVNONG
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ApAoTNEIOTNTA OPAANC KUKAIKNG KIVNONG

LKOTTOG:
NpoodiopioTe TN pala evog AyVOTOL OTOIXEIOVL.

1. YOAAEETE Sebopeva via pia pala ava ouada.

2. Ixe8IA0TE £va YoAPpNUA TNG TAXOLTNTAC? EVAVTI TNG
ualac o€ Eva OLAAOYIKO LTTOAOYIOTIKO (PLAAO.
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ApAoTNEIOTNTA OPAANC KUKAIKNG KIVNONG

TUVEPYATIKN EKSooN:
1.
2.

3.

AKTIVO 0€ uNKog 60 ek

XONOIUOTTOINOTE TIC
EKXWPNMUEVES HACEG
KataypawTte TNV TTEQIOSO YIA
10 TOOXIEC

YOYKQIVETE TA ATTOTEAEOUATA
AVOPEDETE TA ATTOTEAEOUATA
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NG Oa prmopovLoATE VA PETPNOETE TNV

TAXLTNTA TOL TTOUA;
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ATTOTEAEOUATA TNC §0A0TNEIOTNTAC

POSEAWYV (s)
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¢ oxeTideTal N TOOXIOKN TAOXLTNTA UE TN
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ATToTEAEOUATA OuaAng KukAikNe Kivnonc

ApLlOpac podEAwv Evavtl tayvtTnToch2
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ATToTEAEOUATA OuaAng KukAikNe Kivnonc

ApLlOpac podEAwv Evavtl tayvtTnToch2
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2.UvOEON TNG TUTTIKNC PUOIKNG TNG TAENG ME TNV QIXMI TNG OKOTEIVAS UANG
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H avakaAoyn NG
Bepa Pooputv
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H TOOXIOKN TAXLTNTO
e€apTaTal Ao TN
UAda TOL KEVTPIKOL
AVTIKEIUEVOL
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ETTekTEIVETE QLTO OTOLC YAOAQEIEC
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To Triangulum eival 1Mo padiko arro 00O PAIVETAL...
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MaAia amown...




NEa armoyn




YKOTEIVI DAN

KavovVIKr VAN 26.87% YKOTEIVI EVEQYEID
4.9% 68.3%




AVTAYWVIOTIKEC OEWPIES YIA TN OKOTEIVR LAN

¢ YWOUATIOIO TTOL SEV E£XEl AVAKAALPOEI AKOUA

Woxpon 2koTeivn 'YAN
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Mg va avalnTnoeTe cOPAaridia oKoTEIviG BANG

e AUEON AVIXVELON: TTEQIPEVETE VA XTOTTNOEI EVAV
AVIXVELTN

« ‘Eupeon avixvevon: avalntnoTe AAAEC LTTOYPAPEC

« EmTaXLVTEC CUATIOIV: PTIALTE TO
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LUX- Large Underground Xenon De’rgg: or
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https://arxiv.org/abs/2207.03764

XENONT1T most sensitive measurement yet (2018)

L "\1
| 114

@it

?#-

ll'
\/6 — . - WIMP mass [GeV/c2]

Image credit: Robe .o Corrieri and Patrick De Perio
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XENONI1T - electronic recoil excess (2020)
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FERMI
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LHC

Missing transverse momentum,
inferred from momentum
conservation
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TpormotoInpEVES BewpPIEC PapLTNTAG




Iteipa Nerpiva
all known physics
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5 Boyle, Finn, NT
dark matter? 2018
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JKOTEIV] BAN
e ALITOLPEYEI KOANO € KOOUOAOYIKN KAIMOKO

e A&V AEITOLPYEI KOAQ AETTTOUEQWC VIO
KAUTTOAEC TTEQIOTOOPNGS YOAAEIWV
(TTOORANUATA PIKPNC KAIMOKAC)

« AkOpa &¢v 10 BpNKAUE
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Tpommomoinuévn Bapvrnra

* T1OOPRAETTEI TTOAD KOAQ TIG KAUTTOAEG
TTEQIOTOOPNG TWV YAAALIV

« Agv TTPOPRAETTEI KOAG N Ayvoei Ta
Sedbopeva armo CMB n 1a dedopevo
BAPLTIKGWYV KLUATWV
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TpExovoa KATaoTaon TN OKOTEIVAS LANG
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Thank You! - Euyaplotw!!

WWwWw.perimeterinstitute.co

Damian Pope
dpope@perimeterinstitute.co

Olga Michalopoulos
omichalopoulos@gmail.com
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