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Beyond WIMPs!
Of the many possibilities…
• Solar axion electric coupling
• Electron couplings to galactic axion-

like particles
• Solar neutrino magnetic moment 
• Solar neutrino millicharge 
• Hidden photons
• Mirror dark matter
• …
• …

e.g. PHYSICAL REVIEW D 108, 072006 (2023)



The (very) basics…
Events generate two signals
• S1

- A flash of photons from the initial 
scatter

• S2
- Electrons liberated from the scatter 
drift to surface in applied E field
- Cross from liquid to gaseous Xe
- Generate second flash of light in the 
gas 
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• Blue data:  tritium source 
(generating electrons)

• Orange data are from a DD 
neutrons
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World-leading results in both cases.
Understanding and getting rid of 

backgrounds is most critical for improving 
electron recoil searches 



The (very) basics…
Things to do…

• What event rates (spectra) do we 
expect for the various physics 
models? 

    (given the design of XLZD)

• Consider more of the many 
possibilities yet to be  explored…



The (very) basics…
Things to do…

• What backgrounds do we expect from 
known sources? 

     (given the design and location of XLZD)

• What can we do to reduce or mitigate 
these? 



Boulby Mine

• Boulby Mine is located in 
the north-east of England

• About 25 minutes north-
west of Whitby

• Commercial Polyhalite and 
Salt mine

18Credit: Google Maps

Credit: Qualter Hall



Boulby Mine

• Boulby Mine is located in 
the north-east of England

• About 25 minutes north-
west of Whitby

• Commercial Polyhalite and 
Salt mine

19Credit: Google Maps

Credit: Qualter Hall



Current Boulby Facility
• Boulby currently hosts 

NEWS-G/Dark-Sphere R&D, XLZD pre-
construction cleanliness/radiopurity

20NEWS-G: Spherical TPC R&D

BUGS material screening suite

BUGS Lab

Main Hall

LEC Area

§The BUGS lab provides 
ultra-low background 
material screening 
for experiments 
worldwide, like LZ, XLZD, 
Darkside, LEGEND



Boulby Focus: Why is Radiopurity Important?

21

ICP-MS
HPGe
RnEM
Surface
Alpha

Many radioisotopes 
in decay chain
• Alphas -> 

neutrons (⍺,n)
• Neutrons -> 

"WIMPs"
• Radon -> 

no fiducial
• Gammas -> $$$

• Radiopurity is a key 
factor in design of 
state-of-the-art dark 
matter detectors

• The result is only as 
good as the 
radiopurity of the 
system







Conclusion

• This PhD blends cutting edge data analysis with cutting edge 
material characterisation

• Working with existing data (LZ)
• Helping to develop the cutting edge (XLZD)

• There is still compelling parameter space that could yield a 
positive result from LZ – you could be responsible!


