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Image: Artist’s composition of Hubble image and Via Lactea simulation
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SURE. SCIENTISTS COME
UP WITH GREAT, WILD
EORIES, RUT
THEN THEY GIVE
| THEM DULL,
UNIMAGINATIVE

NAMfs/J

-

FOR EXAMPLE, SCENTISTS
THINK SPACE IS FULL OF

MISTERIOUS, INVISIBLE MASS,

SO WHAT DO THEY CALL IT?
"PARK MATTER"/ DUHH!
I TELL YOU, THERES A
FORTUNE TO BE MADE

HERE !

WHATISIT?
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Image: Bill Watterson

HOW DO WE KNOW DM EXISTS?
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1. VIRIAL VELOCITY IN CLUSTERS
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Image: Caltech

Die Rotverschiebung von extragalaktischen Nebeln
von F. Zwicky.
(16.11. 33.) .

Inhaltsangabe. Diese Arbeit gibt eine Darstellung der wesentlichsten Merk-
male extragalaktischer Nebel, sowie der Methoden, welche zur Erforschung der-
selben gedient haben. Insbesondere wird die sog. Rotverschiebung extragalak-
tischer Nebel eingehend diskutiert. Verschiedene Theorien, welche zur Erklirung
"dieses wichtigen Phianomens aufgestellt worden sind, werden kurz besprochen.
Schliesslich wird angedeutet, inwiefern die Rotverschiebung fiir das Studium
der durchdringenden Strahlung ven Wichtigkeit zu werden verspricht.

Fritz Zwicky, 1930s

Um, wie beobachtet, einen mittleren Dopplereffekt von 1000
km/sek oder mehr zu erhalter e—elso die mittlere Dichte
im Comasystem mindester :
von Beobachtungen an leuc : Tie abgeleitete!). Falls
sich dies bewahrheitg,seﬂ‘fe,\wﬁ-pdﬁich also das iiberraschende
Resultat ergeben, da€s dunkle Materie)in sehr viel griosserer Dichte
vorhanden 1st als leuchtende Materie.

2. Man kann auch annehmen, dass das Comasystem sich

nicht im stationdren Gleichgewicht befindet, sondern dass die
ganze verfiighare potentielle Energie als kinetische Energie er-
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2. ROTATION CURVES -
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Not to scale. Obviously!
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Orbital Velocity, v (km/s)
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Image: Vassar College
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FLAT ROTATION C{URVES
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. Image: Chandra/Hubble composite
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4. LOOKING AT THE BIG BANG

We can only see
the surface of the
PRESENT cloud where light

13.7 Billion Years was last scattered
after the Big Bang

The cosmic microwave background Radiation’s

“surface of last scatter” is analogous to the

light coming through the clouds to our .

eye on a cloudy day. Image' NASA
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COSMIC MICROWAVE BACKGROUND
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RIPPLES IN THE COSMIC POND
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PERTURBATIONS
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0. THE GCOSMIC NET
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Image: SDSS
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GROWTH OF STRUCTURES
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(AT LEAST 5 ) REASONS FOR DM
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OUR COSMIC RECIPE

Heavy Elements

Neutrinos
0.3%

Stars
0.5%

Free Hydrogen
and Helium
4%

Dark Matter
27%

Dark Energy

NASA Figure 68%

BASUDEB DASGUPTA, ICTS 2020, BENGALURU



SURE. SCIENTISTS COME
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THEORIES, RUT
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FOR EXAMPLE, SCIENTISTS
THINK SPACE IS FULL OF
M{STERIOUS, INVISIBLE MASS,
SO WHAT DO THEY CALL IT?
"PARK MATTER"/ DUHH!
I TELL YOU, THERES A
FORTUNE TO BE MADE

HERE !

vHOW DO WE KNOW DM EXISTS?

WHATISIT?
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WHAT IS THE UNI\IERSE MADE OF?
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MODIFIED NEWTONIAN DYNAMICS

Mordehai Milgrom

MIOND explains rotation curves
“Not a “Theory” but “Parameinzatmn
Does not elin

minate need for D

BASUDEB DASGUPTA, ICTS 2020, BENGALURU



MOND AND GALAXIES
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SPECTACULAR SUCCESS

r (kpe)

2 1

ag = 107 % cm?s™

McGaugh and Sanders
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MORE ABOUT MOND
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. Image: Chandra/Hubble composite
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Old White Dwarf Stars Black Holes
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WHAT DO WE KNOW?

No electric charge (else forms anomalous
atoms)

No baryonic interactions (else screws up

Slow speeds at the time it was created (else
smears out cosmic structures)

Long-lived (else we won't see DM in
galaxies today)
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WHICH PARTICLE IS DARK MATTER ?




WHICH PARTICLE IS DARK MATTER ?

st nd rd electro-weak
generation symmetry breaking outside of

everyday matter exotic matter force particles (mass giving) standard model
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