Why the new “Bullet Cluster” / Dark Matter
results are important

Most of the universe can't even be bothered to interact with you.

Rob Knop
Astronomy Journal Club, 2006/08/31

Rotation curve for Keplerian Orbits (all mass @ center)
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|. Evidence for dark matter
Il. Evidence for non-baryonic dark matter
[ll. Alternatives to dark matter (MOND)
IV. Briefly about galaxy clusters...
V. The new results: 3 Dark Matter
Paper
Clowe, et al., 2006, “A direct empirical proof of the

existence of dark matter,” accepted to ApJL,
astro-ph/0608407

Spiral Galaxy Rotation Curves
(Can be measured from Doppler shifts)

Galactic Bulge
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(Artist's Conception of the Milky Way,
from, | think, Hester et al., “21**
Century Astronomy”)
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Even before that...

Zwicky, F., 1933, Helvetica Physica Acta, 6, 110

Clusters of galaxies should be flying apart given their
velocity dispersions; 10-100 times the mass is
missing (i.e. not in the Galaxies)

e, bW

4, G:—CC/
T
T

(Of course, Zwicky
was a strong
personality and
everybody hated him,
so nobody listened.)

OK, so dark matter seems to exist. From
looking at the dynamics of galaxies and
clusters, we need Qy =~ 0.2 (the mass of the
Universe is about 20% of the critical density).

...but what is it?

DENSITY of the mass we need
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Cluster Formation; Are
Acceleration Begins Here

Image stolen from Martin White's

for galaxy and cluster

website at UC Berkeley dynamics....!!!!
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Supernova Cosmology Project

Knop et al. (2003)
Spergel et al. (2003)
Allen et al. (2002)

Supernovae
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Spergel et al, 2006, astro-ph/0603449,
0 submitted to Ap. J.
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MOND
Sanders & McGaugh, 2002, ARA&A, 40, 263

It may be argued that [MOND] is a speculative topic for
review in this series. In our opinion, the subject of dark
matter (Trimble 1987) is, in the absence of its direct
detection, no less speculative, particularly considering
that the standard model of particle physics does not
predict the existence of candidate dark matter particles
with the necessary properties.
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Will no one rid me
of this meddlesome
MOND?!?

Don't look at me...
I'm done mucking
about with Sir
Isaac's gravity!

King Henry I

MOND predicts many things as well as does dark matter

Merrifield, 2004, “Dark Matter on Galactic Scales (or the Lack

Thereof)”, astro-ph/0412059

Issue : MOND is ad-hoc empirical

Bekenstein, 2004, PhRvD, 70, 8, 083509

...claims to have a relativistic field
theory that reduces to MOND in
the appropriate limit....

(I haven't taken the time to try to understand this.)

Galaxy Clusters

102 - 103 galaxies in 1-10 Mpc diameter

10-15% of the baryonic mass is stellar (i.e. in
galaxies)

most of the baryonic mass is in X-ray emitting
intracluster plasma

Using standard
Newtonian gravity,
the gas accounts
for 5-15% of the
total mass of the
cluster (Vikhlinin et
al., 2006, ApJ, 445,
578)




Merging Galaxy Clusters

o Galaxies are (mostly) collisionless-- they pass
through each other, dissipation is only via.
dynamical friction

o The intra-cluster gas does interact via. fluid stuff
when clusters collide

o if there is non-baryonic, weakly interacting dark
matter, it will also be collisionless

The mass (blue, from weak lensing) is not where
the baryons (pink, X-ray gas) are! The mass
must be mostly made up of a weakly interacting
component that is non-baryonic!

— Dark Matter Exists! <«—
By the Sanders & McGaugh (MOND advocates) criterion,
MOND is now more speculative than dark matter. Har!!!

Refregier, 2003, ARA&A, 41, 645

How can we measure where the mass really is?

Weak gravitational lensing - it measures the
total mass, regardless of what it is.

Background
Galaxies

Intervening

Dotted : photon path

Result : systematic shearing of galaxy images at few % level

If only you knew the power
of the Dark Matter!

What, gravity? Any
old mass can do
that! Pshaw!
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Luke! | am your Large
Scale Structure!

NOOOOOOOOO0O0!

Obi-Wan told me, you
killed my MOND!

Oops, dropped my hand.




