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Results

Cosmic-ray boosted dark matter (CRDM)

e Direct detection experiments are blind to sub-GeV halo dark matter in-
teracting with nucleons (v < 540 km/s = elastic scattering with heavy
nuclei in the detector dominant and light dark matter doesn’'t have
enough kinetic energy to produce observable recoil)

e Light dark matter can be still detected if boosted by interactions with
galactic cosmic rays! [1]
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Scattering of dark matter on nucler

e Relativistic dark matter (similarly to neutrinos) would undergo also
inelastic scattering with nuclei. For increasing dark matter kinetic
energy and momentum transfer, different processes appear [3, 4, 5]

— Quasi-elastic scattering:
on individual nucleons

scattering

— Excitation of hadronic resonances like
A that further decays to nucleons and
pions

— Deep inelastic scattering: scattering
on quarks and gluons

Image credit: GiBUU

e Need for numerical codes like GiBUU [4] (for neutrino-nucleus scatter-
ing) or GENIE [5] (also for dark matter)

¢ Benchmark model for interactions of dark matter y with quarks imple-
mented using GENIE [5]: mediator = heavy vector boson 2’
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= "Spin independent’ elastic scattering of non-relativistic dark matter with
nuclei. Dark matter-proton cross section in highly non-relativistic limit:
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cross sections for inelastic scattering calculated numerically
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e Scattering of halo dark matter with cosmic-ray nuclei (the most abun-
dant elements H, He, C and O included) results into flux of boosted
dark matter coming to Earth.

e Inclusion of inelastic scattering increases the flux at large kinetic energies
T, that comes dominantly from scattering with cosmic-ray protons.
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e Exclusion limits by XenonlT experiment [2] are not substantially affected
by the increase of CRDM flux due to inelastic scattering since direct
detection experiments are more sensitive to dark matter with lower T’

-24
10 = AR - T TT= & Large DM-nucleon
_ 1 1 interaction strength:
107 = = dark matter
- — | efficiently stoped by
10-26 - B soil/air above Earth-
= = based detectors.
. _ _ Constraints placed
10777 mw satellites by structure
e - = formation.
g 10728 = =
— - Lyman-'a =
%_ 1 0—29 ;_ _;
% = =
b : _
107301 _;
107> — _
1032 ;_ — El.+inel.scatt. with CR _;
S El. only scatt. with CR CRESST surface run E
10—33 B | | RN | RN | e
1072 107" 10° 10
+ m, [GeV]

Low DM mass: direct detection experiments blind to
halo DM, however, boosted DM could be detected!

¢ Number of events that might be seen DUNE is increased when inelastic
scattering is included. It turns out that mainly the boosting by cosmic-
ray protons is important for detectability in DUNE.
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e Outlook: exclusion limits that might be placed by DUNE. Estimate of
the atmospheric neutrino background needed!
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