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raditional Direct Detection Limits
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Cosmic Ray Probes of Light Dark Matter
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Cosmic Ray Probes of L|ght Dark Matter
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Cosmic Ray Probes of Light Dark Matter

DM (v>> 10-3¢)
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CR-DM Constraints on Scattering with Nuclei

Previous Result8(ingmann& Pospeloy
A Assumed energindependent cross

section
A Recast XENONAIT limits, but overburden

leads to ceiling
A Search for proton recoils MiniBooNEo

probe higher cross section
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Daya Bay

Antineutrino detectors distributed between three
experimental halls with different overburdens

Shallowest detectors at depth of 2h0we

Shallower than XENONLIT, lower background than
MiniBooNE
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From Cosmic Rays to Dark Matter Detection

From Cosmic Rays to Dark Dark Matter Propagation Compute Recoil Distribution
Matter Spectrum Through Overburden A Compare DM event rate to tota
A NFW DM profile A Ballistic trajectory vs measured rate

A CR halo: h =1 kpc, R =10 kpc numerical simulations
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— GALPROP LIS
» Voyager 2015-2016 6 months
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Numerically Modeling Attenuation

Straightline approximation not valid for light dark
matter (large scattering angles), neglects form
faCtorS . Daya Bay Data

Numerical simulation models propagation through

Earth’s atmosphere, <cr
Straightline approximation overpredicts events at ([ ey L Moot
|OW energy, bUt VaStly Underpred|CtS a.t hlgh Low @ (numerical) ...+ :
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Light Dark Matter at Daya Bay

Antineutrino detectors distributed between threg¢

~

experimental halls with different overburdens 10-26 [Downscattering / SR

Shallowest detectors at depth of 2howe

Shallower than XENONLT, lower background tf =g
MiniBooNE S
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Light Dark Matter at KamLAND

Ktonliquid scintillator detector

10-26 Downscattering Cosmology

1 km rock overburden

Deepest detector we consider, with low
background and large exposure

Covers most of XENONLIT region, but through
direct scattering on protons
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Projected Sensitivity (PROSPECT and JUNO)

PROSPECT

ALocated at Earth’s s [Bhidiscaghting iaasiss i SO sear.,

A Can reach high cross section, but also high S : :
baCkground S E—
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A Projected sensitivity assuming background “E 10—28;
rejection/subtraction ;

JUNO

A Planned 2&ton liquid scintillator : )
detector, 700 m depth R

A Sensitive to lower cross sections than e S T s
XENONIT due to large volume m, [GeV]

11/2/2019 Chris Cappiello 12



Previous Result&Mmaet al.) [ puperk

A Upscattereddark matter causes electron
recolls in SupeKamiokande
A Set constraints for mass down to 1 eV

Solar Reflection
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Events per 4-MeV bin

What About Electrons?
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New Constraints on DM-Electron Scattering

Recoil spectrum increases rapidly at lower b euperK
energy

Lower energy gives higher
signhal/background

Improves limits by a factor otB, HyperK
projection even stronger
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summary

DM-Proton Cross Section
A Increased coverage of Dptoton cross section parameter space by considering

additional detectors (particularlipayaBay)
A Used numerical propagation code to accurately model attenuation in Earth
A Probed DMproton cross section directly through scattering with protons
A Computed projected sensitivity that reaches both higher and lower cross

sections
DM-Electron Cross Section

A Improved limits from SupeK
A Computed sensitivity for Hypd€, pushing to even lower cross sections




From Cosmic Rays to Dark Matter Spectrum
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do,/dT; is local interstellar CR spectrum
(LIS)

Integrate over dark matter density
distribution times CR spectrum
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Integrate over all directions to get S TR 00 i
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Propagation Through Overburden
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Near detector IFar detector (SuperKamiokande)
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Detected Recoil Distribution

Ocm?, N, = fd'-.fne =7.5% 1033
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do. A/ dT is dark matter spectrum at
depth z
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Integrate over energy to get differential
recoll rate
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