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We know it exists, but we don’t 
really know what it is.

Dark Matter
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(a subject that marries grand questions at 
disparate scales)



• It’s dark. (It doesn’t emit, absorb, or reflect light.) 

• It’s matter. (It gravitationally attracts other stuff as if it were matter.) 

• It’s not Standard Model matter (It’s not composed of 
atomic nuclei and/or leptons.) 

• It outnumbers normal matter in our local 
universe by about five to one.

What we do know about dark matter:
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scattering
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Cartoon of Elastic Scattering

Before:

After:
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What’s the probability for the scattering to occur?
In principle it could depend on...

• angular momentum 
• mass

• # protons,# neutrons 
• ...

properties of the target (Xe, in this example)

• angular momentum 
• mass

properties of the 
Dark Matter

• DM velocity 
• nuclear recoil energy 

kinematic quantities
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Note: Current limit (green 
shaded) is slightly out of date.
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Motivation & basics

Effective theory of dark matter direct detection

How well can we reconstruct the theory of dark 
matter with direct detection?
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R = probability of scattering 
per time, per target mass 

Scattering probability, more precisely

astrophysics particle & 
nuclear physics

typical v ~ 200 km/s << c

typical ER << mnucleon, mDM

work in non-
relativistic limit 

dR

dER
=

1

mT

⇢DM

mDM

Z 1

vmin(ER)
d3~v v f(~v)

d�T

dER
(~v,ER)
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DM-Standard Model

or

EXAMPLE (standard spin-
independent case)
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DM-SM

DM-nucleon

DM-nucleus

DM direct detection

~10 relevant non-
relativistic operators

5 independent types 
of nuclear responses

(Fitzpatrick, Haxton, Katz, Lubbers, Xu 1203.3542)
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(for more detail/precise definitions, see 
1203.3542. See  also 1211.2818, 1308.6288)
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WIMP-nucleon
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⇠ (A� Z) for neutron coupling
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Motivation & basics

Effective theory of dark matter direct detection

How well can we reconstruct the theory of dark 
matter with direct detection?
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Simulate data for a variety of plausible underlying 
models with in-principle distinct direct detection 
phenomenology, assuming cross section at current 
upper limit. Then do model selection.
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• include poisson noise 

• assume perfect energy resolution 

• 50 realizations for each model, on each target 

• use Bayesian statistics for model selection. 
(Calculate evidence for model given data. Probability 
of model is its evidence divided by the sum of 
evidences for other models.) 
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How much of the “theory” of dark matter can 
be reconstructed from direct detection?
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• Because direct detection scattering events 
are inherently low energy, there’s 
degeneracy amongst “high energy” theories. 

• Relevant effective interactions at the 
nucleon-DM level in the non-relativistic 
limit are well understood; therefore so are 
the high energy theory degeneracies. 

• Including a diverse set of targets goes a long 
way in helping to distinguish between low 
energy effective theories. 
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