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Stars orbital velocities are higher than they are

expected from Newton’s law, given the mass from the
stars, planets and gas in the galaxy.
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The centripetal force exerted on the “Sun”
cannot be explained by stars and gas.

Introduce massive “dark matter” in a halo around the
galaxy, that we can’t see but can feel gravitationally.




Cluster dynamics

Bullet cluster

The distribution of visible
matter from X-ray
spectroscopy does not
agree with the
distribution of all matter
from gravitational
lensing.

Also evidence from the
distribution of galaxies Iin
the universe and the
cosmic microwave
background.




Composition of the
Universe

> g ¥
- Jf“ ‘fg *

of
l.'{ F 1 - ?
r’{, 7‘2*’ ”

- e

. -~ -

Pt o
Y R
.

A ' o 4

NORMAL
0
4% MATTER



Dark “matter”

Dark matter is matter in the sense that it is a source of
gravity, i.e., it distorts space-time.

However there is a second definition of matter: that which is
made of “building blocks,” i.e., particles, for which we can
write down a quantum field theory.

We are trying to discover this secondary nature of dark
matter: searching for interactions between the building
blocks of dark matter with those of ordinary matter.

It is a profound problem that confronts the very definition of
“matter.”

My approach is well within the boundaries of “normal”
science. The correct answer might be revolutionary.



What is particle DM?

e Everything we know is made of particles, therefore it is likely that
DM is also made of particles.

e |t has to not interact directly with photons, i.e. it cannot have any
electromagnetic charge.

e |t has to be stable.

e |t has to be slow enough to clump and form the dark matter halo
around galaxies.

® No known particle has these properties: New particle.

Dark matter is a problem from cosmology with
huge implications for particle physics!



WIMPs
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Any DM candidate has a history
In the Early Universe!

Weakly interacting massive
particles (WIMPs).

Produced in the Big Bang
together with other particles.

In thermal equilibrium with SM
particles in the Early Universe.

The Universe expands and
cools, eventually the WIMPs
are too far apart to find each
other and annihilate: their
number is “frozen out.”

The expected density today is
the same as dark matter: “the
WIMP miracle.”



WIMP signal

Dark matter is cold, i.e.,
it is bound to the galaxy.

Hence, the dark matter
particle speed is ~the
same as stars: 100s km/s.
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WIMP Lab Speed Distribution
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We do not know the
particle mass (Mx).

M,
E, ~ ( - )keV A 1 GeV (proton-mass) particle has

1 keV of kinetic energy (very little).



WIMP-nucleus ES
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WIiMP-electron S

Electrons are much lighter e e e s
target than the nuclei. . |
Electrons are bound in nuclei, o
with non-zero momentum. .
In semiconductors, e.g., silicon, .;:f Om? |
the binding energy is only 1 eV. vc—é o 1 Gev LL
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Number of charges

DM-electron scattering can extract sufficient kinetic energy
to ionize a semiconductor (albeit with large phase-space
suppression in sensitivity).



DAMIC

Count charges in the most
massive charge-coupled
devices (CCDs) ever built!
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Sample CCD image segment Zoom
in the surface lab L

~1 cm

Low-energy Electron

candidates
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DAMIC-M

First development CCDs to
arrive at UW in 2018.

50-CCD array (1 kg target) to be
deployed underground in France.




Low radioactivity

Extensive selection of copper, special
machining and chemical cleaning.

Lead shielding to stop external ys:
Inner 2" of lead is ancient to stop
bremsstrahlung from 219Bi decay.
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Nitrogen purge around lead to
suppress radon «1 Bg/ms.
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CCD package + test

UW’s CCD DAMIC lab in PAB B059
B. Siegel

Wire bonding Wire bonder Test chamber




Wire bonder in action
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Graduate school

| started graduate school in Princeton in 2007.

Graduate school is still school: where you learn how to do
research.

Doesn’t define the research you will do for the rest of your
career (in academia or industry).

Get good grades (practice the GRE!), show interest and
passion in your statements.

Don’t be set on one research group, go where the overall
research of the Department interests you.

The environment of the Department matters. Is the program
a good fit for you. E.g., do you like structure or do you like
freedom®?



