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1. From WIMPs to Light DM
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1. From WIMPs to Light DM
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Relic Abundance Solution to Big problems

T. Lin, 1904.07915
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1. From WIMPs to Light DM

WIMPs

Light DM

Below Neutrino fog

PandaX collaboration, 2402.03596
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1. From WIMPs to Light DM

0604261

Light DM

+
Light non-SM mediator
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1. From WIMPs to Light DM

2-3𝜎

2002.06937 

Data
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1. From WIMPs to Light DM

⚫ BBN, CMB

⚫ Large Scale Structure

⚫ Stellar Evolution and Cooling

⚫ Meson decays

⚫ Colliders
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2. Electronic Collective Excitations : Plasmons
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2. Electronic Collective Excitations : Plasmons
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2. Electronic Collective Excitations : Plasmons
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2. Electronic Collective Excitations : Plasmons

Conduction bands

DM

DM

detector

Bandgap: ~ eV

Valence bands
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DM

DM

e

Ionized electron
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Plasma wave

2. Electronic Collective Excitations: Plasmons

electron gas 

+

ionic lattice

Plasmon

quanta of electron density fluctuation 
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2. Electronic Collective Excitations: Plasmons

How to identify plasmons: Electron Energy Loss Spectroscopy (EELS)
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3. Detecting LDM with Plasmons

DM-induced Plasmon Signals in Solid Detector

Dielectric Function
Dissipation Processes

(absorption and scattering)

Electronic Structure
(polarization)
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Simplified Model : 

3. Detecting LDM with Plasmons
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Feynman Rules (Solid Physics):
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3. Detecting LDM with Plasmons
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Energy Loss Function (ELF)

DM scattering rate Scattering potential
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Dielectric Function

Lindhard function

Density-Density correlation function (RPA)

3. Detecting LDM with Plasmons
Liang, Su, LW, Zhu, PRL 134 (2025) 7, 071001
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Fast-moving DM

◆ Energy Loss Function: 

Density Functional Theory 

◆ Resonance (plasmon) :

|Q| < 5 keV, ω ∼ 15 eV

◆ To excite plasmon:

Vmin > q/ω  

DM velocity

Si

Low deposited energy

3. Detecting LDM with Plasmons
Liang, Su, LW, Zhu, PRL 134 (2025) 7, 071001
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2. Electronic Collective Excitations : Plasmons

Electron recoil ionizing 1−6 e− in the
detector, which corresponds to
(∼1.2–20 eV) energy depositions
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SENSEI, DAMIC, CONNIE
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1810.07705
1810.10543Cosmic Ray

3. Detecting LDM with Plasmons

Supernova Neutrino
0908.1790
1506.03825
2501.07591
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CRs

CRs

DM

DM

Cosmic Ray Boosted DM

3. Detecting LDM with Plasmons
Liang, Su, LW, Zhu, PRL 134 (2025) 7, 071001
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3. Detecting LDM with Plasmons
Liang, Su, LW, Zhu, PRL 134 (2025) 7, 071001
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Light Dark Matter
Noble Liquid Detector

(large volume, high threshold)
Solid detector

(small volume, low threshold)

Non-Relativistic

Relativistic Collective Excitations

SENSEI @ SNOLAB (100.72 g.days)2312.13342

3. Detecting LDM with Plasmons
Liang, Su, LW, Zhu, PRL 134 (2025) 7, 071001
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Conclusions

Thank you very much !

Dark Matter Particle

Direct Detection

(~ 40 years, 9 orders)
1983-Now2012-Now2020-Now

DM-NDM-eCollective Excitations
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DD experiments of DM
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Rouven Essig, et.al, arxiv: 2203.08297
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Lower Mass of DM at detectors
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Plasma Wave in Electron Gas

Electron- Particle hole Picture of
Plasma Wave
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Electron Density Fluctuation
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➢ The Lindhard method: 

Assuming homogenous material and 

neglecting all dissipation effects.

Simon Knapen, Jonathan Kozaczuk, and Tongyan 

Lin, Phys. Rev. D 105, 015014(2021).

➢ The Mermin method: 

A generalization of  the 

Lindhard which includes 

dissipation.

➢ The GPAW method: 
It relies on a first principles calculation with 

package GPAW.
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e.g. Cosmic Ray DM

differential electronic excitation rate:
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• Comparison with EELS data:

DM-Electron scattering in semiconductor

Rouven Essig, et.al, 

arxiv: 2403.00123

The data of EELS

The results an incident electron beam kinetic energy of

Overestimating the response

The position and height of  peak is 

consistent, but GPAW predicts a 

slightly broader peak.
Underestimates

The elastic scattering between 

incident electrons and lattice, 

not electron-hole pair 

excitations.

Ionization charge:

Silicon: Egap = 1.2eV and ε = 3.8eV. 

1509.01598
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Lindhard function
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Cosmological and Astrophysical Constraints
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Neutrino Fog
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