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A Fundamental Understanding of DM

Three Generations
of Matter (Fermions)

Being able to write a

mass—

Lagrangian which fits DM hare-
iInto an extension of the
Standard Model ;
Writing down interactions g

aid in the search and tell
us what DM is not!
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Complete Theories

Created with a symmetry or
a physics problem in
mind...but must contain a
DM candidate

There are many complete
theories, each very
detailed, and often with high
degrees of freedom

Bounds are bounds on the
specific configuration of that
theory
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Effective Theories

Ilgnore underlying theory, focus
on what DM interacts with

DM interacting with quarks
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Enumerate operators involving
DM and SM particles, place
bounds on each
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Relation between different
operators and experiments is
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Simplified Models
X

\ | /q
X/ | \ q

Usually to simplify the
parameter space of a
Complete Theory

Instead let's build a model
which shares commonalities
between many theories

Valid at Collider and Direct
Detection energies

Operators are all clearly
related

Gain a clearer picture of
which experiments are most
beneficial to a class of
theories
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Our Simplified Models

Fermionic DM and scalar mediator

Scalar in terms of ( SU(3), SU(2) ),

~
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Dirac DM, u, model
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(CMS study)
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Direct Detection!
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CMS bounds
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Direct Detection Bounds

WIMP-Nucleon Cross Section [cm?]
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Annihilation Bounds

Upper limits, Joint Likelihood of 10 dSphs
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Limitong_ - ug Model

Majorana:
dominated by
LHC bounds!
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Predicted Neutron Spin Dependent Cross Section - Uy Model
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Predicted Annihilation Cross Section - u; Model
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Too small to get right
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Predicted Annihilation Cross Section - ug Model for Majorana DM
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What can we learn from this?

« About this Simplified Model:

With current limits, Dirac DM bound is dominated by Sl

Direct Detection, though would need modification due to
relic density constraint

LHC dominates Majorana DM bound
* About Simplified Models in general:

Good compromise between model independence and
having a detailed, valid theory

Useful for guiding where to search and what to search
with
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