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What is Dark Matter?

“Cold Dark Matter: An Exploded View” by Cornelia Parker
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The Most Complete Theory
On the “complete” end of the spectrum
is our favorite theory: the MSSM.

•

Reasonable phenomenological models
have ~20 parameters, leading to rich and
varied visions for dark matter.

•

This plot shows a scan of the `pMSSM’
parameter space in the plane of the
WIMP mass versus the SI cross section.
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•

The colors indicate which (near) future
experiments can detect this model: LHC
only, Xenon 1ton only, CTA only, both
Xenon and CTA, or can’t be discovered.

Cahill-Rowley et al, 1305.6921

It is clear that just based on which
experiments see a signal, and which
don’t, that there could be (potentially
soon) suggestions of favored parameter
space(s) from data.
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Simplified Models

•

Moving away from complete theories, we
come to simplified models.

•

These contain the dark matter, and some
of the particles which allow it to talk to the
SM, but are not meant to be complete
pictures.
This
is a simplified model we already use
to interpret searches at the LHC.
As a simple example, we can look at a
theory
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(colored) scalar mediating particle.
To make this useful to connect to (in)direct
There are
three parameters:
searches
we should
trade these the
for:DM
mχ, mass,
mass, and the coupling g.
mq~the
, andmediator
g.

•
•
•

•
•

Simple-fied Model

be computed
in
These production
are like the can
particles
of the MSSM,
•• Collider
terms of these quantities. There are

but with subtle differences in their
interesting
differences
properties
and morebetween,
freedome.g.
in their
Majorana
and Dirac WIMPs.
interactions.

them
into
theexample
direct/ of a
•• WeJustcanlikealsothemap
MSSM
was
one
indirect parameter spaces (and the other

complete theory, this is only one example
way
well!). complete” one.
of as
a “partially

~
q

q
~
χ

g

Di Franzo, Nagao, TMPT

Simplified Models

•

Moving away from complete theories, we
come to simplified models.

•

These contain the dark matter, and some
of the particles which allow it to talk to the
SM, but are not meant to be complete
pictures.
This
is a simplified model we already use
to interpret searches at the LHC.
As a simple example, we can look at a
theory
where
the has
dark3 matter
is a Dirac
The
current
version
parameters:
mχ,
interacts with
mq~fermion
, and thewhich
LHC production
σ. a quark and a
(colored) scalar mediating particle.
To make this useful to connect to (in)direct
There are
three parameters:
searches
we should
trade these the
for:DM
mχ, mass,
mass, and the coupling g.
mq~the
, andmediator
g.

•
•

be computed
in
These production
are like the can
particles
of the MSSM,
•• Collider
terms of these quantities. There are

but with subtle differences in their
interesting
differences
properties
and morebetween,
freedome.g.
in their
Majorana
and Dirac WIMPs.
interactions.

them
into
theexample
direct/ of a
•• WeJustcanlikealsothemap
MSSM
was
one
indirect parameter spaces (and the other

complete theory, this is only one example
way
well!). complete” one.
of as
a “partially

~
q

q

g

10-39

~
χ

WIMP-Nucleon Cross Section [cm2]

•
•
•
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Expected limit of this run:
± 1 σ expected
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FIG. 3: Result on spin-independent WIMP-nucleon scattering from XENON100: The expected sensitivity of this run is
shown by the green/yellow band (1 /2 ) and the resulting
exclusion limit (90% CL) in blue. For comparison, other experimental limits (90% CL) and detection claims (2 ) are also
shown [19–22], together with the regions (1 /2 ) preferred by
supersymmetric (CMSSM) models [18].
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Contact Interactions
•

•

In the limit where the mediating particles
are heavy compared to all energies of
interest, we are left with a theory
containing the SM, the dark matter, and
nothing else.
The residual effects of the mediators are
left behind as what look like nonrenormalizable interactions between DM
and the SM.

q
q

•

These are the simplest and least complete
description of dark matter we can imagine.

•

For any particular choice of interaction
type, there are two parameters: the DM
mass and the strength of that interaction.
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Lepton/Gluon Interactions
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urrent and future direct detection [51],
er coupling to gluons [57], quarks [57,
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Outlook
•

Putting together a detailed particle description of dark matter will
necessarily involve many experimental measurements.

•

Important details such as the mass and spin will hopefully come along as
part of that program.

•

The three traditional pillars of dark matter searches: direct, indirect, and
collider, naturally probe different parts of the space of DM-SM couplings.

•

They are highly complementary to one another in terms of discovery
potential.

•

Together they can probe a large fraction of the space of interesting
WIMP models in the near future.

•

Input from all of them is likely to be necessary to reconstruct enough of
the couplings to be able to firmly understand the dark matter relic
density.
“ Ωh2 or bust! ”

