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Background NR events need to be vetoed!

Most background events are ER-like…

Look for anomalous nuclear recoils in a low-background detector.





Credit Nicolas Angelides - UCL



Credit Nicolas Angelides - UCL

I am in charge now.
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Outer Detector Inefficiency vs Veto Window Length for 
Different OD Threshold Levels

At 200 keV threshold, 500 μs window, the OD is only 3.5% inefficient!

∴ 96.5 % of neutrons that single scatter within the region of 
interest in the TPC (mimicking a WIMP) are vetoed by the OD.

S.Shaw

Relies heavily on having a fully calibrated OD.



Single scatter TPC event distributions for all significant Neutron Recoil 
(NR) backgrounds in the region of interest relevant to a 40 GeV/c2 WIMP.
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No Veto. With Skin and OD Veto. 
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NIM-A Submission Pending - finishing final corrections.



ALPACA                               PREM
Analysis Framework                                                                                    Offline DQM
- The official LZ data analysis framework. 
- Modular so analysis modules are ‘plug and play’.  
- Many ‘Services’ to make the life of an analyser 

easier Shared Cuts, Plotting, Skimming, Visualising. 
- Contains job submission engines for UKDC. 

- The official Offline Data Quality Monitor  
- Uses ALPACA for data analysis and plot making. 
- Creates JSON object containing all plots and analysis 

results. 
- Website to view and compare these data monitoring 

modules over different runs. 

- Web-based 3D geometry viewer, easy for anyone to view. 
- Each PMT is labeled and can mouse-over for position info. 
- Can load sim geometry and CAD geometry. 
- Can load sim/data hit positions to view ontop of geometry. 
- Can load csv formatted simulated hit points and generate a 

3D mesh to compare against CAD. 

Geometry Viewer                           

Checking the background birth 
positions are sensible. 



Use OD pulse shapes to do particle identification

Compare Light Blue and Pink

Used correct scintillator pulse 
shapes for different particles.

Simulated BiPo and neutron events 
in the Liquid Scintillator.

e-

alpha

Use a BDT on these datasets 

- Alice in charge of Neutron selection and made huge progress on neutron/gamma separation.


- Main background to this selection are Bi214->Po214 decays. 


- Can remove this with pulse shape discrimination between e- and alpha in the Gd-Scintillator.


- Export this trained BDT in ONNX format to use in ALPACA analysis. 


- Sam is leading this work.

Allows removal of BiPo events from 
neutron selection!



Outer Detector Commissioning
- Liverpool playing a large role in OD construction and commissioning. 
 

- OD PMT Single Photoelectron calibration and After-pulsing calibration carried out on simulated OCS data.   
 

- Ready for the real data.



LUX Effective Field Theory
-  Billy Boxer lead the EFT analysis.  
-  Have published a very nice result from LUX data. 
-  World-leading exclusion limits on inelastic EFT WIMP-nucleon recoils. 



Other LXe Opportunities 

Doping LXe with a light target, like H2. 


Pros..   lowers the mass reach, spin-dependent reach.


Cons.. Have to develop/build circulation/cryogenics/purification 
robust against presence of H2. 

HydroX

Credit Alissa Monte 



Other LXe Opportunities 
Crystallise Xenon, this freezes the position of the main 
background for LXe TPCs, Rn222, so its easier to tag. 


LZ, XENONnT likely to be limited by Rn222 . Radon gas gets everywhere and 
eventually decays to Bi214 which promptly decays to Po214. 


Pros.. Convective flow of the LXe makes this difficult to tag, freezing it helps.


Cons.. R&D required for High voltage, electron drift (purity) and crystal 
growth (time, purity)

CrystaLiZe

Credit Scott Kravitz



The Future
- Xenon TPCs are most likely getting bigger, 50 T LXe..  
 

- Different technologies are being investigated for light detection.  
 

- Typically for SiPMs the number of wires is 150k-450k, this makes the interconnects crucial. 
 

- This is something we are actively researching. 

Credit Alfredo D. Ferella

Avoid this..



Thanks  
From LZ at Liverpool


