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Introduction

• Place californium (Cf -252) source at various locations 
around the detector

• Observe which location sees the highest rate

Method: Identifying Neutron entry points

• Simulation results indicate that neutron shielding on top of 
the water tank is very effective at reducing the number of 
neutrons entering the TPC and OD.

Results

Conclusions
• Simulations indicate that Borated Polyethylene and Water 

Brick shielding on top of the LZ water tank will 
substantially reduce neutron flux in the outer detector.

• Lower flux mitigates neutron backgrounds in the TPC and 
increases sensitivity to WIMP interactions.

• Borated poly and water brick shielding may also be 
effective at other entry points

• Simulations show the effectiveness of shielding, which 
will be confirmed by data runs

• Potential entry points remain for future shielding
• Bottom conduits
• Insufficient bottom shielding
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• Dark Matter makes up about 24% of the energy universe, 
but scientists have no idea what it is!

• It is not a known fundamental particle!
• One candidate is a class of particles called Weakly 

Interacting Massive Particle, or WIMPs.
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Supplemental Neutron Shielding for the LUX ZEPLIN (LZ) Experiment

• WIMP search experiments require very sensitive 
detectors.

• One such Detector is Lux Zeplin, or LZ
• LZ Is a multi-detector system (fig. 1)

• The TPC (Time Projection Chamber) observes 
WIMP events

• The OD (Outer Detector) identifies and reduces 
false signals.

• Of these possible backgrounds, neutrons are the worst.
• They can produce nuclear recoils that look like 

WIMP interactions.
• Unfortunately, SR1 data shows neutron backgrounds are 

70 times higher than expected in the outer detector!
• The goal of this project is to add additional neutron 

shielding to the LZ detector and assess its effectiveness.

Method: Shielding design

• We choose materials good at capturing neutrons
• Boron and Water

• Special emphasis on areas where neutrons can “sneak 
by” water (figure 3)

Method: Assessing effectiveness
• Two ways to assess effectiveness
• Data-driven

• Most accurate
• Must install shielding

• Simulation (Geant4)
• Quick and high-statistics
• Easily changeable geometry

• We simulated a californium source with different shielding 
configurations while keeping all other variables constant 
to assess the effectiveness of the shielding.

• Cf at point 1 
results in an 
order of 
magnitude 
more 
neutrons than 
point 2 

• Most effective 
shielding will 
be atop the 
water tank

• In addition to the shielding in 
figure 4, we will also deploy 
shielding in the calibration tubes

• “Neutron putty”
• Shaped into a 

sausage and 
suspended by a string 
down the tube

Borated polyethylene Water bricks
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• This is a decrease of roughly 90%

• Data also 
show that 
neutrons 
that make it 
through the 
shielding 
are lower 
energy.

• Less 
Scattering 
inside TPC

• Captures 
closer to the 
edge of the 
TPC

• Means 
more space 
in the TPC 
is neutron 
free!

Limitations
• Simulation geometry has simplifications that make it not 

as accurate as real data
• Outer detector background is higher than expected during 

the design phase.
• Lack of space atop water tank

• Detectors also see non-WIMP radiation
• This is called background
• How do we lower background? (figure 2)

• Location/Shielding 
• Vetoing
• Particle Discrimination
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Figure 1: LZ TPC (left) and LZ outer detector (right)

Figure 2: LZ location (left) and LZ Photomultiplier tube array (right), 
shielding (next column) Figure 3: Visualization of LZ detector in Geant simulation

Figure 4: Visualization of top of water tank shielding
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