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Main Structure in one slide

Objective:
Introduces a improved sensitivity approach to detect sub-MeV dark matter as detailed
in the paper 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
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Why and What is Light Dark Matter?
probe keV needs significant detection analysis
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A Broad Perspective
More than just nuclear recoil!

R ∼
∫
d3vf(v)

∫
d3qF 2(q)S (q, ωq)

Material properties (e.g. dielectric function) for something must respond at the
appropriate (q, ω):
▶ electronic bands
▶ Migdal electron
▶ free nucleus
▶ phonons
▶ many more collective effects → Plasmons!
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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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Why Plasmon?
Shows up as a resonance in the loss function
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Computational Framework
DM scattering in dielectrics

Γ =

∫ d3q
(2π)3

|V (q)|2
[
2
q2

e2
Im

(
− 1

ϵ (q, ωq)

)]
▶ Scattering potential, flexible for different dark models
▶ Dielectric function, directly measurable and predicable

Different from conventional electron ionization factor
ϵ contains all collective modes
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Zeroth-order Consideration
Why halo dark matter fails exciting plasmon?
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▶ Im
[
−ϵ−1(Q, ω)

]
for silicon

▶ Resonance structure (plasmon
excitation) exists
(|Q| < 5keV, ω ∼ 15eV)

▶ To excite plasmon, need small q for
fixed ω from ω = q · v− q2

2mχ

vmin > q/ω ∼ 102
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Natural Relativistic Source: CRDM
Since we assume dark matter scatters with electron, it must scatter with cosmic
electro too!

dΦχ

dTχ
= Deff

ρlocal
χ

mχ

∑
i

∫ ∞

Tmin
i
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Benchmark Model
Dark Photon Mediator Model

Leff
e ⊃ geA′

0ψ
∗
eψe +

ige
2me

A′ ·
(
ψ∗
e∇⃗ψe − ψ∗

e

←−
∇ψe

)
+ · · · ,
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Our Computational Framework

Γ (pχ) =

∫ d3Q
(2π)3

|V (Q, ω)|2
[
2
Q2

e2
Im

(
− 1

ϵ(Q, ω)

)]
▶ Similar Fermi’s Golden Rule, but different kinematics

Q = |Q| =
∣∣pχ − p′

χ

∣∣ , ω = Eχ − E′
χ =

√
p2χ +m2

χ −
√
|pχ −Q|2 +m2

χ

▶ Scattering potential

|V (Q, ω)|2 =
πσ̄χe

[
(2Eχ − ω)2 −Q2

]
4µ2χeEχ (Eχ − ω)

|FDM(q)|2 ,

▶ Dielectric function remains the same
▶ Event rate

R =
1

ρT

∫
dTχ

∫ dΩ
4π

dΦχ

dTχ

(
Eχ

pχ

)
Γ (pχ)
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Numerical Results

|FDM(q)|2 =
(
α2m2

e +m2
A′
)2(

q2 +m2
A′
)2 =

{
1 heavy mediator
(αme)

4

q4
light mediator
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Plasmon + DM with high velocity + massless 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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Rate predictions from QEDark and QCDark
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Rate predictions from dielectric
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