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NR Detectors Approaching Neutrino Floor

LZ Results TeVPA 2024
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[2408.02877] First Measurement of Solar SA8SB Neutrinos via Coherent Elastic Neutrino-Nucleus Scattering with XENONNT

[2409.17868] First Search for Light Dark Matter in the Neutrino Fog with XENONNT
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https://arxiv.org/abs/2408.02877
https://indico.uchicago.edu/event/427/contributions/1325/attachments/359/548/lz_results_tevpa.pdf
https://arxiv.org/abs/2409.17868

Direct Detection Of Light Dark Matter
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How do we search for sub-GeV mass dark matter?
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Scattering Kinematics: Nuclear Recoil
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A solution: Lighter nuclei, still limited to my ~ GeV
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Scattering Kinematics
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Scattering Kinematics
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Scattering Kinematics
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[2101.08263] Determining Dark Matter-Electron Scattering Rates from the

Dielectric Function

Matter: Theoretical Framework

* T.Trickle, Z. Zhang, K. Zurek, K. Inzani, S. Griffin
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[2108.03239] Searches for light dark matter using condensed matter systems
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Absorption Kinematics
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https://arxiv.org/abs/1910.10716
https://arxiv.org/abs/1910.10716

Current Electron Based Experlments
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All use Silicon or Germanium as the [2202.10518] The Oscura Experiment

target material (SENSEI + DAMIC)

Di D . .
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https://arxiv.org/abs/2202.10518

Many ldeas For Future Detectors
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[2101.08275] Dark matter-electron scattering in dielectrics CEH ~—xi ,J'w
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Function &

[2008.08560] SiC Detectors for Sub-GeV Dark Matter

Scinti"ato rs Conduction Bands
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[2402.01395] Dark Matter-Electron Scattering Search Using Cryogenic Light Detectors 1 T GromiSate

Doped Semiconductors

[2212.04504] Doped Semiconductor Devices for sub-MeV Dark Matter Detection

Low Band Gap (*meV) Targets

[1909.09170] Directional Dark Matter Detection in Anisotropic Dirac Materials

[2202.11716] Dark Matter Direct Detection in Materials with Spin-Orbit Coupling

Organic Aromatics L0

[1912.02822] Dark Matter-Electron Scattering from Aromatic Organic Targets
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https://arxiv.org/abs/1607.01009
https://arxiv.org/abs/2402.01395
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https://arxiv.org/abs/2101.08275
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[2108.03239] Searches for light dark matter using condensed

matter systems
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Phonon Scattering Rate
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3 -
P = 3 [ s SV (—a.0) [ 2m 5 (B - B =)
f

Fermi’s golden rule for phonon excitations

1 d’
[(v) = V/ (27TC)13 Z

2
S o ke B a0
k'l

27 5(0),,,;3 — wq)

v, k) = al,|0)

N ik-xY. ~ T * —ik-x);
wy = T — ) = Z Z 2N (a,,,k €vkjC YUt A, L€ ;¢ 13)
v=1 kec1BZ \/ i@y k

The general goal is to find the interaction potential in terms of excitation operators.

[2009.13534] Effective Field Theory of Dark Matter Direct Detection With Collective Excitations
* T. Trickle, Z. Zhang, K. Zurek
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https://arxiv.org/abs/2009.13534

Projected Sensitivity Of Single Phonon Detectors
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[1910.10716] Multi-Channel Direct Detection of Light Dark Matter: Target Comparison
S. Griffin, K. Inzani, T. Trickle, Z. Zhang, K. Zurek
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https://arxiv.org/abs/1910.10716

Projected Sensitivity Of Single Phonon Detectors
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[2308.06314] Effective Field Theory for Dark Matter Absorption on Single Phonons
. A. Mitridate, K. Pardo, T. Trickle, K. Zurek 10-9
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[2305.05681] Absorption of Axion Dark Matter in a Magnetized Medium Mg [OV]

¢ A.Berlin, T. Trickle
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https://arxiv.org/abs/2308.06314
https://arxiv.org/abs/2305.05681

Phonon-Based Experiments
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Helium Roton Apparatus for Light Dark Matter

S P/C E Applying Superfluid Helium to Light Dark Matter Searches:

Demonstration of the HeRALD Detector Concept [2307.11877]
Sub-eV Polar Interactions Cryogenic Experiment

Proposed

Single Phonon Detection for Dark Matter via Quantum Evaporation
and Sensing of Helium-3 [2201.00738]

[2301.04778] Broad-Range Directional Detection of Light Dark Matter in Cryogenic Ice

Phys. Rev. Research 5, 043262 (2023) - Chiral phonons as dark matter detectors
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https://arxiv.org/abs/2307.11877
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https://arxiv.org/abs/2201.00738
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https://journals.aps.org/prresearch/abstract/10.1103/PhysRevResearch.5.043262
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Projected Sensitivity of Single Magnon Detectors
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[2005.10256] Detectability of Axion Dark Matter with Phonon

Polaritons and Magnons

* A. Mitridate, T. Trickle, Z. Zhang, K. Zurek
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https://arxiv.org/abs/1905.13744
https://arxiv.org/abs/2005.10256
https://arxiv.org/abs/2005.10256
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[1203.3542] The Effective Field Theory
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Phys. Rev. D 109, 112017 (2024) - Effective field theory and
inelastic dark matter results from XENON1T
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112017
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112017
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[2009.13534] Effective Field Theory of Dark Matter Direct
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* T. Trickle, Z. Zhang, K. Zurek
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NR EFT Of Dark Matter-Electron Interactions

UV/High-Energy (E > m.) Theory NR/Low-Energy (E < m.) Theory

OLuv - OLNR + Observables

[2407.14598] The Non-Relativistic Effective Field Theory Of Dark Matter-Electron Interactions
G. Krnjaic, D. Rocha, T. Trickle
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https://arxiv.org/abs/2407.14598

NR EFT Of Dark Matter-Electron Interactions

UV/High-Energy (E > m.) Theory NR/Low-Energy (F < m.) Theory
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[2407.14598] The Non-Relativistic Effective Field Theory Of Dark Matter-Electron Interactions
G. Krnjaic, D. Rocha, T. Trickle
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https://arxiv.org/abs/2407.14598

NR EFT Of Dark Matter-Electron Interactions

NR/Low-Energy (E < m.) Theory
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Feynman rule factorizes to DM-model dependent and target dependent pieces.

[2407.14598] The Non-Relativistic Effective Field Theory Of Dark Matter-Electron Interactions
G. Krnjaic, D. Rocha, T. Trickle
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https://arxiv.org/abs/2407.14598

Screening Effects in the EFT

Tree Loop - “Screening diagrams”
F X F X
I X I X

What models are screened?
Those with non-zero mixing with the photon.

_- ——> Screened

SI SI
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SD Sl .
in simple targets*
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Other Interesting Directions

Calibrating results to data

Dark photon scattering rate

[2101.08275] Dark matter-electron scattering in dielectrics d3 1
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Rates from the Dielectric Function
measurable
Other physical effects
Migdal Effect Boosted Dark Matter Dark Thomson
[1908.10881] On the relation between Migdal [2404.10066] Solar reflection of dark [2109.08168] Impact of Dark Compton Scattering
effect and dark matter-electron scatteringin matter with dark-photon mediators on Direct Dark Matter Absorption Searches
isolated atoms and semiconductors o e '—ge-1g;: o [2407.14598] The Non-Relativistic Effective Field
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Theory Of Dark Matter-Electron Interactions

Semiconductors for Dark Matter with Masses
below S\sim \, $100 MeV

10-28

— XENONIT (CRDM)
— XENONIT (Migdal

DM flux d@/dv, [(km/s)™'cm™2s™"
3

| — XENONIT (52 only)

N\ — XENONIT (5152)
CRESST-I1 2019

— CDMSlite 2015

!
ol
aul
!
I
107
g
t’5:10 r

10—405 “’g

! 8

10742; s

<

[ =}

10- 41_ g

I 0,8 @

10 45; ‘,,‘_ ¢

1072 107! 10° 10! 10° 10°
m, [GeV]
10739
. . aal " ol 2 aiival . ain . i |
Daily Modulation A

DM mass m,[MeV]
[2102.09567] Directional Detectability of Dark Matter With Single Phonon Excitations: Target Comparison
* A. Coskuner, T. Trickle, Z. Zhang, K. Zurek

[2212.04505] Directional detection of dark matter with anisotropic response functions

. [2311.17147] Searching for High Frequency Gravitational Waves with Phonons
ngh Frequency GWs * Y. Kahn, J. Schutte-Engel, T. Trickle
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Summary

* The next generation of direct detection experiments will rely on low-energy excitations.
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* Electrons, phonons, and magnons are kinematically well-matched to light dark matter,
and can probe complementary parts of parameter space.
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» Effective field theory is a useful tool for parameterizing all potential signatures.
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