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InelasticWIMP scattering to 40 and 80 keV excited states

inelastic channel 
comparable/dominates elastic 
channel for
p ~ 150 MeV

Baudis, Kessler, Klos, Lang, Menéndez, Reichard, AS, PRD (2013)
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Signatures for inelasticWIMP scattering
elastic recoil + promt γ from de-excitation

combined information from elastic and inelastic channel will allow to 
determine dominant interaction channel in 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 Qν

Hoferichter, Klos, AS, PLB (2015)

SD interactions are axial-vextor (A) – A interactions, SI is scalar (S) – S

2-body currents as large as 1-body currents in V-A channel
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Chiral EFT for general WIMP-nucleon interactions
chiral symmetry implies a hierarchy for general responses with Qν

Hoferichter, Klos, AS, PLB (2015)

matching to non-relativistic EFT
Fitzpatrick et al., JCAP (2013)

without chiral physics

shows that NREFT operators are not linearly indep. (e.g., 4+6 are SD)

and not all are present up to ν=3 (only 8 of 11 operators)
Q



General coherent (SI+) WIMP-nucleus scattering
Hoferichter, Klos, Menéndez, AS, PRD (2016), PRD (2019)

include all QCD effects + new operators that are coherent (~A)
Standard SI

,
I = +

chiral EFT nucleon radius Corr.

is oscalwlisovector
in/ coherent in
nuclear shell

↳ 0518,11 9A
, 3=0.29=-19-1

mom . transfer
✓ relative velocity of wimp

* F- V2 - 49¥
,

velocity of WIMP w.int .
nucleus

g. = - Fmxµw=mm%?m×
couplings C ~ Wilson coefficients in BSM Lagrangian ✗ hadronic matrix

elements

CI → Nucleon cg
→ pin

nuclear responses F
,

F+M → SI response → Helm ff .

~ A



a-←0from
2-bodycurrent

SD



General coherent (SI+) WIMP-nucleus scattering
Hoferichter, Klos, Menéndez, AS, PRD (2016), PRD (2019)

include all QCD effects + new operators that are coherent (~A)

dominant corrections are QCD effects: coupling to pion,
isovector correction, radius correction to formfactor

first new operator O3,11 contributions are 4 orders smaller  
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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)

dominant corrections are QCD effects: coupling to pion,
isovector correction, radius correction to formfactor

first new operator O3,11 contributions are 4 orders smaller  



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

Can one discriminate responses in XENON1T, nT or DARWIN?



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

Can one discriminate responses in XENON1T, nT or DARWIN?
compared to standard SI response
(Helm form factor)

q-dependent responses more easily
distinguishable

100 GeV WIMP



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

Can one discriminate responses in XENON1T, nT or DARWIN?
compared to standard SI response
(Helm form factor)

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



First limits for WIMP-pion interactions Aprile et al., PRL (2019)

based on chiral EFT for WIMP-pion interactions
are partially coherent (between SI and SD)
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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


