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Constraining boosted dark 
matter-electron interactions with 
LUX-ZEPLIN



• 7-tonne dual-phase xenon TPC with a broad 
rare-event physics program at SD, USA


• Primarily searches for prompt scintillation 
(S1) and ionization (S2) signals from WIMP-
nucleon interactions


• The most sensitive experiment for WIMPs 
with masses above 5 GeV/ 


• See also the other LZ talks by Daniel 
Kodrof, Aiham Al Musalhi, and Sam Eriksen
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The LZ Dark Matter Experiment
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Heavy WIMPs [LZ collaboration, Phys. 
Rev. Lett. 135 (2025) 011802]

Light WIMP and B neutrino CE NS [LZ 
collaboration arXiv:2512.08065, 

accepted by PRL]


8 ν
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1.Introduction

Experimental Search for DM-electron Interactions

• Typically, because of kinematic 
limitations, dark matter-electron 
interactions in liquid xenon are 
only detectable in the ionization-
only channel


• Boosted DM overcomes this 
limitation! 

• Boosting turns otherwise S2-
only DM–electron scattering into 
detectable S1+S2 ER signatures 
in LZ
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[Catena et al., Phys. Rev. Res. 2 (2020) 033195]
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Differential recoil energy spectra 
of halo DM-electron interactions

LZ ER threshold 
(50% efficiency)

https://journals.aps.org/prresearch/abstract/10.1103/PhysRevResearch.2.033195


1.Introduction

Boosting Dark Matter (DM) With Electrons 
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• Three boosting mechanisms explored


• Cosmic-ray electrons (CRe)


• Active galactic nuclei jets (AGN)


• Solar thermal electron reflection
Flow chart 
created by 
ChatGPT

• Accounting for


• Lorentz structure of the -  interaction


• Mediator mass limits


• Earth propagation

χ e−
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• Galactic cosmic-ray electrons (CRe) are ubiquitous 
throughout the Milky Way


• Convolve the CRe distribution with the dark matter 
profile then integrate along the line of sight for the 
flux of boosted DM near Earth


• Differential cross section from tree-level DM-electron 
elastic scattering


• CRe produces a broad boosted flux over keV–MeV DM 
in kinetic energies
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Cosmic ray electron upscattering
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*Heavy: mediator mass   momentum transfer 

Light: 

mmed ≫ q
mmed ≪ qIllustration credit: NASA



• Active galactic nuclei (AGN) can launch powerful jets of 
SM particles, including electrons, from the vicinity of 
central supermassive black holes


• As the jet traverses the DM cusp,  scatterings 
produce a flux of boosted DM


• Boosted DM flux spectrum generally harder than CRe-
induced

e− − χ
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AGN jets
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Illustration credit: ChatGPT



• Electrons in the solar core are abundant and thermally 
energetic, with kinetic energies of (keV).


• With electron coupling, DM entering the Sun can 
scatter off thermal electrons and be reflected, 
producing an energetic outgoing flux.


• Flux at Earth calculated with Damascus-
SUN[Github release] 

• The DM flux kinetic-energy spectra are softer than 
in the CRe- or AGN-boosted scenarios

𝒪
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Solar reflected dark matter
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Illustration credit: Timon Emken

https://zenodo.org/records/6046225


• DM–electron scattering in the Earth’s crust 
attenuates the incoming flux


• Earth propagation modeled with DarkProp 
MC [Xia et al., JCAP 02 (2022) 028] 


• Attenuation increases with


• Cross sections  ↑


• For  very small the attenuation 
vanishes, see SRDM case


• Kinetic energies  ↑


• DM masses  ↓

σ̄e

σ̄e

Tχ

mχ
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Earth attenuation
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https://iopscience.iop.org/article/10.1088/1475-7516/2022/02/028
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DM-atomic electron interaction
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• Electrons in the detector are bound 
in atomic shells


• Atomic binding effects are 
incorporated through an ionization 
form factor calculated with 
DarkART [Catena et al., 
Phys.Rev.Res. 2 (2020) 033195].


• Lorentz structures and mediator 
mass limits enter through the 
kinematic kernel, as formulated in 
[Cao et al., Chin. Phys. C 45 (2021) 
045002]
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Dataset and Analysis
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• A total of 4.2 tonne  year exposure 
used


• 0.9 tonne  year were collected at 
192 V/cm, 3.3 at 97 V/cm


• Background modeling follows the 
WIMP analysis


• The main background from Pb 
suppressed by flow-based Rn tagging


• Profiled likelihood ratio test performed 
in 1D  only

×

×

214

Erec
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CReDM Results
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• We set the most stringent experimental constraints for both heavy- and 
light-mediator scenarios.


• Most sensitive region disfavored by astrophysical bounds
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AGN jet boosted DM
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• New constraints set on DM boosted by AGN jets using a benchmark AGN 
model


• Stronger than CRe constraints due to larger flux
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*Regions the arrows pointing into are disfavored

Other representative constraints
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Solar reflection
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• Most stringent experimental constraints set on SRDM from 200 keV to ~3 
MeV
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Conclusion
• We searched for signatures of sub-MeV electron coupling DM boosted by several astrophysical 

processes in LZ’s WS2022+2024 dataset


• With no excess over the background model observed, limits are set on boosting channels 
studied


• CRe-DM: Most stringent terrestrial experimental constraints 

• AGN-jet DM: New constraints set from Centaurus A, slightly stronger than CReDM


• Solar reflected DM: Most stringent constraints for masses in the range 0.2 MeV <  < 3 
MeV


• These constraints rely only on the current universe and are highly complementary to existing  
astrophysical bounds

mχ
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Backup



Tagging Pb  using xenon flow model214 β

• Tag Pb naked decays using flow maps and 
parent/daughter decays


• Controlling the xenon flow state enables 
mapping of fluid flow using alpha events


• The Rn tagged dataset contains about 60% of 
the full FV activity of Pb


• Tagged data also included in statistical inference


• See [LZ collaboration, arXiv: 2508.19117] for 
more details

214

214
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WS2024 data: tagged vs untagged
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[LZ collaboration, Phys. Rev. Lett. 135 (2025), 011802]
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Free electron-DM scattering cross section
• Used in upscattering in CRe and AGN scenarios


• Tree-level t-channel scattering


• Mediator mass limits
Vector Scalar Axial-vector

Heavy

Light

• *For axial-vectors, the longitudinal mode in the numerator of the propagator complicates the taking of the light mediator limit
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CRe boosted DM flux at earth

• Convolving CRe flux with energy-dependent differential cross section


• Milky Way information encoded in  (8.02 kpc as suggested in Cao et al, 
2021 Chin.Phys.C 45 045002)

Deff
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AGN-boosted DM flux at each
• Electron spectrum in the blob (jet) frame


• Convolving the differential cross section and the electron spectrum evaluated at 
the contributing angle to find the boosted DM flux at earth
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AGNs in the universe

• Many AGNs exist throughout the universe


• Some level of model-dependence


• We use Centaurus A as our benchmark 
because it yields the largest boosted-DM 
flux among the AGNs considered
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Atomic electron DM-interaction
• Convolving the flux with the cross 

section


• The cross section given by the 
kinematic kernel multiplied by 
ionization form factor
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• Kinematic kernels

Vector

Scalar

Axial vector

Extra factor for 
light mediator 


