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Inelastic WIMP scattering to 40 and 80 keV excited states

Baudis, Kessler, Klos, Lang, Menéndez, Reichard, AS, PRD (2013)
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Signatures for inelastic WIMP scattering

elastic recoil + promt vy from de-excitation

combined information from elastic and inelastic channel will allow to
determine dominant interaction channel 1n one experiment

inelastic excitation sensitive to WIMP mass
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Chiral EFT for general WIMP-nucleon interactions

chiral symmetry implies a hierarchy for general responses with QY
Hoferichter, Klos, AS, PLB (2015)
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Chiral EFT for general WIMP-nucleon interactions

chiral symmetry implies a hierarchy for general responses with QY
Hoferichter, Klos, AS, PLB (2015)
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General coherent (SI+) WIMP-nucleus scattering

Hoferichter, Klos, Menéndez, AS, PRD (2016), PRD (2019) Shaderd ST , L=+
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Structure factor QCD operators
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General coherent (SI+) WIMP-nucleus scattering

Hoferichter, Klos, Menéndez, AS, PRD (2016), PRD (2019)
include all QCD effects + new operators that are coherent (~A)
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General coherent (SI+) WIMP-nucleus scattering

Hoferichter, Klos, Menéndez, AS, PRD (2016), PRD (2019)
include all QCD effects + new operators that are coherent (~A)
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Disriminating different WIMP-nucleus response functions

Fieguth et al., PRD (2018) White region accessible to XENON-type experiment
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Disriminating different WIMP-nucleus response functions

Fieguth et al., PRD (2018) White region accessible to XENON-type experiment
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Disriminating different WIMP-nucleus response functions

Fieguth et al., PRD (2018) White region accessible to XENON-type experiment
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compared to standard SI response

(Helm form factor)

DARWIN could discriminate
most responses, unless WIMP-
nucleon cross section very small

TABLE III: Discrimination power (in %) of a DARWIN-like

experiment after 200 ton years of exposure.
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First limits for WIMP-p1on interactions aprile et al., PRL (2019)

based on chiral EFT for WIMP-pion interactions x
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ChiralEFT4DM
S lgnature S O f WIMP in elastic S catt‘ H.ere we.provid? a Python package in form of a'Jpryter notebook th?t calculates b.oth strlfcture fa(ftors and

differential recoil spectra for the generalized spin-independent coupling of weakly interacting massive
. particles (WIMPs) to nuclei, as discussed in [1-4]. We give results for all possible coherently enhanced
B al,ldIS et al oy PRD 8 8 ’ 1 1 5 O 1 4 (20 1 3) couplings of WIMPs to one and two nucleons up to third order in chiral effective field theory. The most
relevant nuclear targets including fluorine, silicon, argon, germanium, and xenon are available. In addition,

our package calculates the responses based on the fundamental couplings at the quark/gluon level, i.e., the
Wilson coefficients.

General COherent (Sp in_indep ender‘ The notebook aims to be self-explanatory and easy-to-use even for users new to Python. When downloaded

. from the website the files are stored in an archive. When unpacked to a common directory the notebook can
HOferIChter et al . PRD 94’ 063 5 05 (20 1 6) R be loaded. In the first part of the notebook users can specify a response and create data sets for both
structure factors and differential recoil spectra. In the second part of the notebook, users can set specific
values for the Wilson coefficient that describe the WIMP-quark/gluon couplings. The notebook generates the
corresponding nucleon and pion matrix elements. Finally, the package yields the nuclear response including
all channels that contribute to the choice of Wilson coefficients.

FirSt limits for WIMP-pion interac The notebook is based on:
XENON 1 T + Hoferlchter KlOS Menendez [1] M. Hoferichter, P. Klos, J. Menéndez, and A. Schwenk, Phys. Rev. D 99, 055031 (2019)

[2] XENON Collaboration and M. Hoferichter, P. Klos, J. Menéndez, and A. Schwenk,

Phys. Rev. Lett. 122, 071301 (2019)
[3] M. Hoferichter, P. Klos, J. Menéndez, and A. Schwenk, Phys. Rev. D 94, 063505 (2016)
[4] M. Hoferichter, P. Klos, and A. Schwenk, Phys. Lett. B 746, 410 (2015)
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Summary
Thanks to: M. Hoferichter, P. Klos, J. Menéndez

chiral effective field theory
nuclear forces and electroweak/WIMP/... interactions,
systematic for energies below ~300 MeV, so for direct detection

exciting era in nuclear physics, frontier of neutron-rich nuclei
with chiral EFT and powerful many-body calculations

structure factors for elastic/inelastic WIMP scattering (SD, SI+)
based on large-scale nuclear structure calculations and
systematic expansion of WIMP-nucleon currents in chiral EFT

incorporate what we know about QCD/nuclear physics
to go from future DM signal to nature of WIMP-q/g interactions

first limits for WIMP-pion interactions, next coherent after SI



