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Direct Detection Today
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Dark Matter Scattering Kinematics
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Phonons

Quanta of lattice vibrations
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Direct Detection with Phonons

Athermal Phonon Collection Fins (Al)
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Magnons

Collective spin excitations
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Light Dark Matter-Magnon Scattering
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Phonon vs. Magnon Scattering
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SD Dominance of Magnon Scattering
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The Dark Matter Scattering Rate

First-Principles Data-Driven
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The Dark Matter Scattering Rate

First-Principles

Fermi’s Golden Rule
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vk

Hin ~ Z O%Cj : Sfj Derived from high-energy theory

Quantized in terms of magnon operators, i.e., |[vk) = alk|0)

[1905.13744] Detecting Ligsht Dark Matter with Magnons
T. Trickle, Zhang, Zurek
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The Dark Matter Scattering Rate
First-Principles

Magnon modes derived from diagonalizing Heisenberg Hamiltonian

H = E ngjf : Jeffjjf : SEj Fit to neutron scattering data
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Sensitivity To Dark Matter Scattering

First-Principles
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Sensitivity To
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Sensitivity To Dark Matter Scattering
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The Dark Matter Scattering Rate

First-Principles Data-Driven
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Similarities With Neutron Scattering
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Relationship With The Dynamic Structure
Factor

Neutron scattering differential cross section
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A Neutron Scattering Dataset
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Comparison of First-Principles and
Data-Driven Sensitivity
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Comparison of First-Principles and
Data-Driven Sensitivity

* Data-driven enhanced by
phonon contribution

] * First-principles enhanced by
neglecting magnetic form factors

[2501.18120] Spin-dependent dark matter scattering
in quasi-two-dimensional magnets
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[2504.02927] Determining Spin-Dependent Light Dark Matter Rates from Neutron Scattering
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Recasting Other Dark Matter Models

Alternative reparameterization of general scattering rate
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Generally, not all components of susceptibility available to neutron scattering.
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Components can be related with target specific information about susceptibility tensor structure
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Axion Absorption Into Magnons

LD gaeOpa ey’ e

ttrickle@fnal.gov Direct Detection With Magnons

25



Existing Limits on Axion-Electron Coupling
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Currently no experiments sensitive enough to search for light axions below stellar cooling limits.
[2312.11601] Physical Signatures of Fermion-Coupled Axion Dark Matter
. Berlin, Millar, T. Trickle, Zhou
New Ways To Search For Axion Dark Matter 26

ttrickle@fnal.gov


https://arxiv.org/abs/2312.11601

Axion-Electron Phenomenology
The Non-Relativistic Limit
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[2106.12586] Dark Matter Absorption via Electronic Excitations

* A. Mitridate, T. Trickle, Z. Zhang, K. Zurek

[2312.11601] Physical Signatures of Fermion-Coupled Axion Dark Matter

5H D gCLB 6@ . §€ * A. Berlin, A. Millar, T. Trickle, K. Zhou

[2407.14598] The Non-Relativistic Effective Field Theory Of Dark Matter-

Electron Interactions
* G. Krnjaic, D. Rocha, T. Trickle
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Axion Absorption Into Magnons
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Axion Absorption Into Magnons

First-Principles
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[2005.10256] Detectability of Axion Dark Matter with Phonon Polaritons and Magnons
* Mitridate, T. Trickle, Zhang, Zurek
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[2312.11601] Physical Signatures of Fermion-Coupled Axion Dark Matter
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Fermi’s Golden Rule: Selection Rules
=0 2

H=FH,+6H T oc|(FISH|I)

If [ﬁo,m} — 0 — (Ep — Ep)(F|6H|I) =0

Simple example
Ho o< Sy -8z [f,60) o [s7,51] 84+ 57 [ 54, 53]
x elk 5k ST 4 eik gl Gk

2
5]‘]0(282 —0
1=1

ttrickle@fnal.gov New Ways To Search For Axion Dark Matter 30



Three Ways Around Selection Rules

1) External magnetic field
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Suppression of magnetic ordering in XXZ-type
antiferromagnetic monolayer NiPS3 | Nature Communications

3) Non-degenerate Lande g factors
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Axion Absorption Into Magnons

The saga of YIG: Spectra, thermodynamics,
interaction and relaxation of magnons in a
complex magnet

Viadimir Ck
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[2005.10256] Detectability of Axion Dark Matter with Phonon

Polaritons and Magnons
* Mitridate, T. Trickle, Zhang, Zurek
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[2411.11971] Hunting axion dark matter with anti-ferromagnets:

a case study with nickel oxide
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How To Detect Single Magnons!?

Single Magnon Counting With Qubits

Qubit Qubit Qubit
Wi1) — Wjo) ~ 6 GHz
2T

If wm ~ (wj1) —wo)) then resonant conversion between magnon-qubit states.

S. il id ith oh . [2410.17308] Listening For New Physics With Quantum Acoustics
Imilar idea wit phonons. * Linehan, T. Trickle, Conner, Ghosh, Lin, Sholapurkar, Cleland
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Single Magnon Detection With Quantum Magnonics
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[2504.16160] MOSAIC: Magnonic Observations of Spin-dependent Axion-like InteraCtions
* Chang, Hobbs, Jin, Lisovenko, Novosad, Saleem, T. Trickle, Wang
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Projected MOSAIC Sensitivity
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Summary

 Magnons are exceptionally sensitive to spin-dependent
dark matter.

O Neutron scattering provides a data-driven calibration
method for understanding single magnon response.

L Quantum magnonics is a promising approach for single
magnon readout, enabling sensitivity to under-
explored axion-electron coupling

Thank you
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Down-Conversion Detection

Option 1

DM DM
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Sensitivity and Extrapolation Schemes
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Sensitivity To Other Dark Matter Models

First-Principles — Effective Field Theory

Fermi’s Golden Rule
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c Coefficients determined by matching to non-relativistic effective field theory
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Searches For The Axion-Electron Coupling
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[1608.02123] Searching for Dark Absorption with Direct Detection Experiments
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