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1. From WIMPs to Light DM
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“Dark Matter Paradigm Remains the

Only Viable and Simple Framework

for the Full Range of Observations”



1. From WIMPs to Light DM
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SUperSYmmetry
PandaX collaboration, 2402.03596

Weakly Interacting Massive Particles

（WIMPs）

Below Neutrino fog

Light DM
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1. From WIMPs to Light DM

QCD/QED-like theory,  

Remnant from SUSY breaking,

Sector arising from an RS …

Theory (Hidden sector DM) Data ( excess-1 )

2-3𝜎
2401.03025

2002.06937 
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1. From WIMPs to Light DM

Data ( excess-2 ) Technology (Skipper-CCD)

charges in pixel, 

accessing to 1e- signal,

very low noise

Stephen Holland @ LBNL
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2. sub-GeV DM and Collective Excitations

Relic Density and Models1

Light non-SM mediator

Secluded DM or WIMPless DM
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2. sub-GeV DM and Collective Excitations

How to test Light DM models2

l BBN, CMB

l Large Scale Structure

l Stellar Evolution and Cooling

l BeamDump
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2. sub-GeV DM and Collective Excitations

threshold of nucleus 
recoil for Xenon 
experiment :  ~ keV

Nucleus recoiling 1. Boosted Dark Matter

2. Ionization Effects

3. New Materials

V ~ 10-3 c V ~ c
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2. sub-GeV DM and Collective Excitations

Light Dark Matter Noble Liquid Detector
(large volume, high threshold)

Solid detector
(small volume, low threshold)

Non-Relativistic ✔ ✔

Relativistic ✔ ？

Ionization signals
(DM-e, Migdal effect, Loop induced)

Collective Excitations



DM

DM

e
Ionized electron

Conduction bands

DM

DM
detector

Bandgap: ~ eV

Valence bands
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2. sub-GeV DM and Collective Excitations

Xenon

Semi-conductor

Collective behavior is 

crucial in Solid Detector

lower threshold, 

lighter dark matter
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2. sub-GeV DM and Collective Excitations

Valence electrons are free in
metals and semiconductors, and
form an electron gas holding the
ionic lattice together.

Plasmon is the quantized form of
the electron density fluctuation in
the medium, oscillating with a
frequency:

How to identify plasmons: Electron Energy Loss Spectroscopy (EELS)
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2. sub-GeV DM and Collective Excitations

u DM-induced Plasmon Signals in Solid Detector

Dielectric Function
Dissipation Processes

(absorption and scattering)

Electronic Structure
(polarization)

Liang, Su, LW, Zhu, 2401.11971



NOPP-2024@ IHEP, Beijing

2. sub-GeV DM and Collective Excitations

Benchmark Model : 

In-medium effect

Liang, Su, LW, Zhu, 2401.11971

Non-relativistic QFT
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2. sub-GeV DM and Collective Excitations
Liang, Su, LW, Zhu, 2401.11971

Lindhard function

Density-Density correlation function (RPA)

Dielectric Function

Energy Loss Function (ELF)

DM scattering rate Scattering potential
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2. sub-GeV DM and Collective Excitations
Liang, Su, LW, Zhu, 2401.11971

Relativistic Dark Matter

u Energy Loss Function:

Density Functional Theory 

u Resonance (plasmon) :

|Q| < 5 keV, ω ∼ 15 eV

u To excite plasmon:

Vmin > q/ω ∼ 102

DM velocity

Si

Low deposited energy
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2. Light DM and Collective Excitations

Sensei @ SNOLab

Electron recoil ionizing 1−6 e− in
the detector, which corresponds to
(∼1.2–20 eV) energy depositions

1905.05776, 
2006.11837,
…

1810.07705, 
1810.10543, 
…

Cosmic ray Boosted DM

Atmospheric DM
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CRs

CRs

DM

DM

Cosmic Ray Boosted DM

2. Light DM and Collective Excitations
Liang, Su, LW, Zhu, 2401.11971
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Liang, Su, LW, Zhu, 2401.11971

2. Light DM and Collective Excitations



2. Sub-GeV DM and Collective Excitations
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Liang, Su, WU, Zhu, 2401.11971

Light Dark Matter Noble Liquid Detector
(large volume, high threshold)

Solid detector
(small volume, low threshold)

Non-Relativistic ✔ ✔

Relativistic ✔ Collective Excitations

SENSEI @ SNOLAB2312.13342



Conclusions
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Thank you very much !

Dark Matter Particle

Direct Detection

(~ 40 years, 109 orders)
1983-Now2012-Now2020-Now

DM-NDM-eCollective Excitations
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Rouven Essig, et.al, arxiv: 2203.08297
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excess may corresponds to
a WIMP with mass ∼2.5
G e V/c 2 an d a WIMP-
nucleon scattering cross
section ∼3 × 10−40 cm2.

Back Up
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• The calculation of dielectric function:

Ø The Lindhard method: 
Assuming homogenous material and 
neglecting all dissipation effects.

Simon Knapen, Jonathan Kozaczuk, and Tongyan
Lin, Phys. Rev. D 105, 015014(2021).

DarkELF: Including the real and imaginary parts of the dielectric function 
calculated using the DFT software GPAW.

Ø The Mermin method: 
A generalization of  the 
Lindhard which includes 
dissipation.

Ø The GPAW method: 
It relies on a first principles calculation with 
package GPAW.



e.g. Cosmic Ray DM
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differential electronic excitation rate:

Back Up
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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



在论文中，作者们使用了几种不同的方法来计算或近似介电函数，包括：

1. **Lindhard模型**：这是一个半经典的模型，用于描述低动量转移下的电子气响应。
它提供了一个合理的描述，特别是在低动量转移和小能量损失的区域。

2. **密度泛函理论（DFT）和随机相近似（RPA）**：这些方法可以更精确地计算介电
函数，包括电子波函数的量子力学计算。DFT结合RPA可以提供对介电函数实部和虚部
的全面描述。

3. **QCDark计算**：这是一个基于第一性原理的计算工具，用于计算暗物质与电子散
射的介电函数虚部。

4. **DarkELF工具**：这是一个开源软件包，它提供了使用DFT软件GPAW计算介电函
数的实部和虚部的功能，并且可以选择使用Lindhard模型来拟合介电函数。

论文中还提到了如何将这些不同的计算方法结合起来，以获得更准确的介电函数表达
式，特别是通过使用Lindhard模型来校正QCDark计算的介电函数虚部，从而得到一个
在低能量区域表现良好的介电函数模型。这种组合模型在描述等离子体激元峰值方面
特别有效，这是因为Lindhard模型在这一区域内提供了可靠的描述，并且与QCDark计
算的介电函数虚部的更复杂的计算相匹配。

NOPP-2024@ IHEP, Beijing
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where

Lindhard function
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