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Direct Detection of Dark Matter
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How many counts does an experiment expect?
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Spin Independent and Spin Dependent
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This limiting case simplifies the Lagrangian and gives two
generic cross-sections
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Spin Independent and Spin Dependent is
Not Completely General

Anapole DM — —x
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The Effective Field Theory Formalism

* The EFT formalism is similar to current work at the high scale
frontier. Just in non-relativistic limit.

“ In an attempt to remain model independent, Fitzpatrick et al.
introduced basic building blocks that are Galilean invariant
and Hermitian.

The Effective Field Theory of Dark Matter Direct
Detection

A. Liam Fitzpatrick!, Wick Haxton?, Emanuel Katz'®**, Nicholas Lubbers?,
p
Yiming Xu®
! Stanford Institute for Theoretical Physics, Stanford University, Stanford, CA 94305
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The list of NR Operators

* Since we're only interested in elastic scattering, this
formalism only considers four-field operators.
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* Remembering the NR limit is being taken, we combine
operators up to quadratic in momentum.
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EFT: The “New™ Difterential Rate

» The differential rate now takes a different form.
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* The operator behaviour is embedded into the new EFT
form factors.

* The Form Factors are are defined by
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The Spectrum for Different Operators.

hll

100




If we detect DM now, NREFT signals will

be degenerate.

Having complementarity of different targets means we can distinguish
between the real DM model and one that purely mimics it.
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How Does The Degeneracy look in an reconstruction?

Need to simulate the new generation of experiment.

Target | Exposure kg day | Energy Range (keV) | Background

G2-Ge | 91250 0.35 - 50 0
G2-Xe | 9125000 3 - 950 0

Come up with some interesting candidate signals for this setup.

Point | m,, (GeV) | cim?2,cim2 | egm?, cgm?2 | ciym2, ¢ ym?
BP1 | 10 0,3.0 x 10% | 0,0 0,1.50 x 101
BP2 | 13 0,0 0.975,0.975 | 0.0, 0.0




How does this L.ook 1n an Reconstruction?

Just XENON G2
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SuperBayeS v 1.36
SuperBayeS v 1.36

Combining Xenon and Germanium
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Complementaﬂty May Not b€ Enough
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Annual modulation: a Potential Degeneracy Breaker
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Annual modulation: a Potential Degeneracy Breaker
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Annual modulation: a Potential Degeneracy Breaker
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Annual modulation: a Potential Degeneracy Breaker
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Annual modulation: a Potential Degeneracy Breaker
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Annual modulation: a Potential Degeneracy Breaker
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Then we were Scooped!

Miguel Peird 26 December 2016 at 08:17

To: CHEEK, ANDREW Cc: David G Cerdeno

Hey Guys!

First of all merry christmas!

Far from being a christmas present, today | have found this paper on arXiv:https://arxiv.org/abs/1612.07808
| have not read it carefully enough but it seems it goes in the same direction we wanted to follow...

Prospects for Distinguishing Dark Matter
Models Using Annual Modulation

Samuel J. Witte,”? Vera Gluscevic,® and Samuel D. McDermott?

“University of California, Los Angeles, Department of Physics and Astronomy, Los Angeles, CA
90095

Abstract. It has recently been demonstrated that, in the event of a putative signal in dark mat-
ter direct detection experiments, properly identifying the underlying dark matter-nuclei interaction
promises to be a challenging task. Given the most optimistic expectations for the number counts

given experimental setup. We find that including information on the annual modulation of the
rate may significantly enhance the ability of a single target to distinguish dark matter models with
nearly degenerate recoil spectra, but only with exposures beyond the expectations of Generation 2
experiments.

True model: Anapole (mass: 20 GeV)
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Thank You!



The Exclusion Plots for each Coefticient
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Simplified Models for EFT's

« Simplified models approach is where only operators at leading
order and one single type of mediator is considered.

A General Analysis of Direct Dark Matter Detection: From

Microphysics to Observational Signatures

James B. Dent®, Lawrence M. Krauss®<, Jayden L. Newstead®, and Subir Sabharwal®

& Department of Physics, University of Louisiana at Lafayette, Lafayette, LA 70504, USA,

D2 |O3 |00 PO |05 | O |O7 |Os |00 IOm O 012I013 O14 |O15 017 (h1, A1) [V
a (R, g1} [/ (ha, A1) l
=2 | (haugn) (h1, A2) 7
-
E (h4,g4) (h2, A2) .
2 ) |V v % (h3, A3) [/
) |V P = |(ha, As) 4 v
2[(ha, Aq) v
(y1,42) | .
o (h.h/\/]) /
(L) |« v v
O =xr“r x s NN O = 8 - o+ (=) | / /
anapole _'w " oy - -
Ogl=xyiy° X N 2L N Op = iSy - (S x %) () |8 d d
(d2) |« v v




Recently it was shown that the standard Sl
interaction is contributed by 8 independent

coeflicients.

Analysis strategies for general spin-independent WIMP—nucleus scattering

Martin Hoferichter,!* Philipp Klos,>%: T Javier Menéndez,*' ¥ and Achim Schwenk? 358

! Institute for Nuclear Theory, University of Washington, Seattle, WA 98195-1550, USA
2Institut fiir Kernphysik, Technische Universitit Darmstadt, 64289 Darmstadt, Germany
YExtreMe Matter Institute EMMI, GSI Helmholtzzentrum fiir Schwerionenforschung GmbH, 64291 Darmstadt, Germany
4 Department of Physics, The University of Tokyo, 118-0033 Tokyo, Japan
’ Maz-Planck-Institut fir Kernphysik, Saupfercheckweg 1, 69117 Heidelberg, Germany

We propose a formalism for the analysis of direct-detection dark-matter searches that covers all
coherent responses for scalar and vector interactions and incorporates QCD constraints imposed
by chiral symmetry, including all one- and two-body WIMP-nucleon interactions up to third or-
der in chiral effective field theory. One of the free parameters in the WIMP-nucleus cross section
corresponds to standard spin-independent searches, but in general different combinations of new-
physics couplings are probed. We identify the interference with the isovector counterpart of the
standard spin-independent response and two-body currents as the dominant corrections to the lead-
ing spin-independent structure factor, and discuss the general consequences for the interpretation of
direct-detection experiments, including minimal extensions of the standard spin-independent anal-
ysis. Fits for all structure factors required for the scattering off xenon targets are provided based
on state-of-the-art nuclear shell-model calculations.
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two (isoscalar and isovector) leading coefficients of
the M response

K =thtfat e, (69)
two coefficients of the two-body responses
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two (isoscalar and isovector) radius corrections to
the M response
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