
1

LUX-Zeplin (LZ) Projected 
Sensitivity to Neutrino 

Electromagnetic Properties
Winnie Wang, for the LZ collaboration

APS April Meeting, April 19th 2020



Big Picture Motivation
• Neutrino physics: Discovery of neutrino oscillations implies that 

neutrinos have non-zero mass, which implies non-zero E&M properties
• The E&M properties probe:

– Whether neutrinos are Dirac vs Majorana in nature [4,5]
– If there are unknown particles via loop diagrams
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Big Picture Motivation: low threshold helps

3[2] arXiv:1303.6073

• EM properties lead to an 
enhancement in solar neutrino 
electron scattering

• Borexino (order ~100keV regime): 
current leader

• LXe (order ~1keV regime) competitive 
given background reduction

• This study: How well will LZ
specifically do?



LZ Overall Physical Design  
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• LZ is primarily a WIMP 
dark matter experiment

• Located in Lead, South 
Dakota~200 person
collaboration

• See LZ overview 
talk from C. 
Carmona (Saturday 
session C13)



LZ Backgrounds, after vetoing
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• LXe self-shielding reduces 
backgrounds

• Fiducial mass: 5.6 tonnes
(within black-dashed line)

• Plotting background rate for
a window of the lowest 100 
keV 



LZ Background major components
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• Within FV, we expect 
to be dominated by 
222 Rn daughters

• Xe136 double beta
decay also relevant



Complication I: Electrons are bound
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• At low energies, 
electron binding 
energies become 
relevant

• Using results Hsieh et
al., using relativistic 
calculations from 
arXiv:1903.06085v1 [1] 



Complication II: NEST reconstruction; threshold
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Scintillation signal
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Profile Likelihood Ratio (PLR) Method
• We project only single-sided 90% CL upper limits (we do not consider 

discovery sensitivities)
• We assume a 5.6 ton x 1000 day exposure 

– ~4 years of operation

• Background rate uncertainties are included as nuisance parameters
– Nuclear recoil backgrounds were found to have negligible effect, thus not included
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PLR Method (cont.)
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PLR Results
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LZ PreliminaryLZ Preliminary

Neutrino magnetic moment: 
97 signal counts

Effective milli-charge:
22 signal counts



PLR results (cont.)
• How does this translate to projected LZ sensitivities?

– Neutrino magnetic moment:           signal counts
• This translates to                                
• (~ 5x improvement over Borexino [3])

– Effective milli-charge:           signal counts 
• This translates to                                 
• (~10x improvement over GEMMA [6])
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PLR results (cont.)
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Background Sensitivity studies
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- Some uncertainty in what 222Rn concentration we will see
- We vary 222Rn activity to quantify the (small) effect on sensitivity

LZ Preliminary
LZ Preliminary



Conclusion
• LZ expects to have sensitivities (compared to current limits):

– Magnetic moment:                              (~ 5x lower limit than Borexino [3])
– Milli-charge:                                  (~10x lower limit than GEMMA [6])

• LZ looking forward to starting operations soon!
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Extra: Equations
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