|[dentitying the Theory
of Dark Matter with
Direct Detection
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Votivation

e Dark matter exists

* arge ongoing experimental effort to discover its
- Interactions with th 2ol NCARCLMOCIS st i




Parameter Space

Direct detection
experiments are
probing several
orders of
magnitude in Mpm

Improving in Opwm
about x2/yr
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Observables

astrophysics

-

dR do
Rl / BT R
‘ dEr:

n - '. — ¥
B s’ '-,?-s'- -




Observables

astrophysics
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Requirements

* A set of models (hypotheses) & corresponding
phenomenology of scattering off nuclel
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Requirements

UV-inspired; cf. Gresham
and Zurek 1401.3739

* A set of models (hypotheses) & corresponding
phenomenology of scattering off nuclel

. . . .
e A statistical represel tation of experiments
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Requirements

UV-inspired; cf. Gresham
and Zurek 1401.3739
* A set of models (hypotheses) & corresponding

phenomenology of scattering oft nuclel

~ * A statistical representation of experiments
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Requirements

UV-inspired; cf. Gresham
and Zurek 1401.3739
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EFT of DD
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Particle Physics: Rx

lowest-dimension, least-suppressed Lorentz-invt.
poroducts of DM fermion bilinears with SM fields

e “standard” — Sl (xxff), SD (xy*ysX fyuysf)

[l ] [ Lt

L  photon-mediated — millicharged (YH A iaages el
b 338 s SOTIL D 4 N L L rrfa oy bk s A g e o AL DN SNt pe A\ t'.,,. i Segiiz= 1y tutal i gl BV E A
pei i e S e s e e S S S A/ R R A e b i e

\Y
'\

o 14




"Nuclear Physics™: Wx

» form factor = how rate falls off at higher energy

e depends on target, response, and energy




Statistical Methodology

Ilkellhood pr|or

E{Er}IM) = / 10 L({Er} |0, M)YOIM)

/ given model

observed (noisy)
energy spectrum

5({ER}\./\/1 ) free parameters
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Statistical Methodology

hkehhood

pr|or

E{Er}IM) = / 10 L({Er} |0, M)YOIM)

/ given model

observed (noisy)
energy spectrum
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Mock data

need to make mock data sets {Er}

simulate G2-like experiments

Energy window |keVnr]| Exposure |kg-yr|

5-40
0.3-100
22.2-600
3-100
6.7-200

CNOO0SEe Mpwm, Setl Opp
just below current [imits




Number of events
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A Single Simulation

electric dipole
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Criterion for Success

Pr(Mj) e 8({ER}‘M])

" > 90%
> E({ER}IMi)

true underlying model is
‘confidently selected” if
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Results (example

True model: SI (mass: 50 GeV)

Simulations preferring true model (with >0.9 probability):
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single elements not so good
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Complementarity!



Conclusions

e A conclusive direct observation of DM will just
be the beginning of the work
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