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LZ
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Signal Region 

Who ordered that? 
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High energy sideband validates MSSI BG  

MSSI  main BG here
MSSI events  
expected 21.5 
observed 18

Expected in signal region
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The positions of the events 

LZ230616

RFR / cathode
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The positions of the events 

+ One isolated NR-like event 
at very high recoil: ER 

=248±23stat ±23sys keV 
+ Ordinary elastic SI 

scattering struggles 
spectrally 

+ The event is geometrically 
clean 

+ Multiple scintillation single 
ionisation (MSSI) is 
possible in principle, but 
requires an unusual 
topology 

+ One event local significance 
3.4 σ, global 2.6σ 
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Interpretation classes from over 50 papers 

SD interaction: Elahi & Pedro Schwaller, 2609.08993 E6 UV:Kotlarski, Kamila Kowalska & Enrico Sessolo, 2609.06750

EW interaction: Juri Smirnov & Griffith, Beacom, 2609.04144
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Predictive Electroweak Benchmarks  

https://arxiv.org/pdf/2609.04144

Electroweak interaction, only representation as free parameter  
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Solar Constraints 

High v and high mass benchmarks  are compatible with 
solar bounds 

https://arxiv.org/pdf/2609.04144

Pospelov’s objection  
https://arxiv.org/pdf/2609.02775
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MW + LMC DM velocity Distribution 

https://arxiv.org/pdf/2302.04281
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LMC effects and Modulation 

https://arxiv.org/pdf/1909.04140
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MY FAVORITE LZ EXPLANATION

Pedro Schwaller  

based on 2609.08993 with Fatemeh Elahi 



LZ fits to DM effective interactions
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Translation e.g. in Anand, Fitzpatrick, Haxton, 2013  

  for        

Elastic, easy to generate in models 

E.g. any Majorana fermion coupled via the Z-boson 

2.7σ ℒ15 = χ̄γμγ5χ N̄γμγ5N → Sχ ⋅ SN

… 30 more lines :) 

LZ paper



Model: Vector-like leptons/Singlet Doublet DM

Idea: DM is dominantly singlet .  
Small mixing into doublet :  
good relic abundance through co-annihilation 

DM couplings to SM:  

Model vs EFT: Get correlations among operators 

ν
ℓ
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✓
❌



Recoil spectra

Need to kill the SI contribution, otherwise in tension with 
zero/few events observed at low recoil -> blind spot! 
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Elahi, PS, 2026



Parameter space and constraints 

Orange: Neutrinos from DM capture in sun (IceCube) 

Purple: SD limit from LZ 2025 

Green: Good relic abundance :) 
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Interpretation 

+ One event is interesting; a handful would be physics. 

+ Elastic companions: simple models often predict them. 

+ High-energy sideband: broad spectra predict additional events above 270 keV. 

+ Nuclear structure: Helm suppression/diffraction becomes important. 

+ Timing: endpoint scattering can have large annual modulation (event in June). 

+ Halo structure: the LMC can dominate the relevant high-velocity tail.
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