Plasmon-enhanced Direct Detection of
sub-MeV Dark Matter




Main Structure in one slide

Objective:

Enhances sensitivity for detecting sub-MeV dark matter, leveraging plasmon resonance
techniques (2401.11971) with Zheng-Liang Liang, Liang-Liang Su and Lei Wu.
Overview:

» Show why and what is sub-MeV dark matter and plasmon
» Explain why we need relativistic dark matter to excite plasmon
» Present the computational framework

» Demonstrate improved sensitivity in SENSEI experiment
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Dark Matter Landscape

Discover the world at Yantai University 3/17



Why and What is Light Dark Matter?

Kinematics
m, < Miarget

Structure limits
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A Broad Perspective
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Material properties (e.g. dielectric function) for something must respond at the
appropriate (q,w):
» Electrons

> Migdal effect
» Phonons or Magnons — Threaten by identification of one phonon in detector

» More collective effects — Plasmons from many electrons!
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What is Plasmon?

A collective oscillation of electrons, like phonons being collective mode of nucleus
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EELS and Plasmons
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plasmon wavevector

« ion core valence
electron density

Semi-relativistic electron scattering

not described by single-particle 1
electron-electron scattering, but by 0.8 Ge
a collective long-range charge wave 0.6
(plasmon). Electron preferentially 0.4
deposits ~15 eV of energy, 0.2
regardless of initial kinetic energy
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Why Particular Conditions for Plasmon Excitation?

» Dielectric function ¢ describes the response of Coulomb interaction, V = ﬁ%

» The plasmon appears as a zero of dielectric function
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» w, is the plasmon frequency

5 4man,
w, =

Me

wp ~ O(10—100) eV across essentially all materials. In paritculuar, w, ~ 16eV for
Si

The plasmon is only well-defined for k < w,/vF ~ keV
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Why Plasmon?

Shows up as a resonance in the loss function
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Computational Framework
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» Scattering potential, flexible for different dark models

» Dielectric function, directly measurable and predicable

Different from conventional electron ionization factor

€ contains all collective modes
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Zeroth-order Consideration

Why halo dark matter fails exciting plasmon?

0 > Im [—e(Q,w)] for silicon

» Resonance structure (plasmon
excitation) exists
(|1Q| < bkeV,w ~ 15eV)

> To excite plasmon, need small ¢ for
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Natural Relativistic Source:

Since we assume dark matter scatters with electron

electro too!
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Benchmark Model
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Interactions in CM systems
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Our Computational Framework
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» Similar Fermi's Golden Rule, but different kinematics

Q=1Q|= }px_va W:EX_E;( = \/pi'i‘mi_ \/‘px_Q|2+m§
» Scattering potential
TOye [(2E —w)? — Qﬂ
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» Dielectric function remains the same

» Event rate 10 4o,
- far [ R () v
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Numerical R
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Plasmon + DM with high velocity + light mediator
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Summary and Outlook

» Plasmon provides resonance enhancement to the event rate for relativistic dark
matter

» SENSEI is now observing similar behavior like plasmon, which can be the signal of
dark mattter

» For now, only focus on the electron density operator, how to generalize the
current-current operator?
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