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LUX-ZEPLIN detector
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Source of backgrounds



Detector system requirements System Tests:

1. Electron emission from wires
2. PTFE reflectivity
3. HV design verification
4. Slow Control
5. Cryogenics
6. Full scale electrode grids
7. Xenon circulation



S1 and S2 signal

● Single photon and electron sensitivity 
● Z position from S1-S2 timing
● X-Y position from S2 signal pattern 
● ER/NR discrimination by charge to 

light ratio (S2/S1)



Outer Detector

Outer detector assembled 
Individual 10 pieces of the 
Outer Detector + water displacers (red)

Total NR background plus ER leakage from 
material radioactivity for sources external to 
the LXe in the TPC
From 6 keV to 30 keV acceptance region; 
99.5% discrimination efficiency applied

Left: Single scatters only, no vetoing by the 
anti-coincidence systems. 
Right: Adding the combination of both the 
skin veto and the outer detector.

5600 kg



Principle of the veto system operation



Titanium  cryostat 
CRYOSTAT :

Outer Cryostat Vessel - 3 PIECES
Inner Cryostat Vessel  - 2 PIECES

CALIBRATION TUBES



Time Projection Chamber 



Photomultipliers

Top: 253 pmts

Bottom: 241 pmts

Skin: 93 pmts

Dome skin: 20 (side) + 18 (dome)

TOP

Bottom



S2 signal region

Simulated S2 electroluminescence: 
a) Examples of electron drifts from the liquid surface 
b) Electrostatic field strength through the anode plane; 
c) Photon yield (number of excitations), 
d) S2 simulated pulse shape of the electron signal, without longitudinal electron 
diffusion in the liquid (black), and the same distribution convolved with the amount 
diffusion expected for drift from center (magenta) bottom (blue) of the detector 



S2 signal



Sensors



Skin region

Acts as veto system 
together with the 
Outer Detector



Detector Calibration



Detector Calibration

Deployment of the YBe source

Comparison of S2/S1 spectra for 8B solar neutrino coherent scatters 
versus BiBe (top) and YBe (bottom sources) The black dots are the 
neutron events and the red curves are the nuclear recoil band. 

Recoil spectra obtained from each of the primary neutron sources, 
DD (black), DD back-scatter off deuterium (orange), Cf (cyan), YBe 
(red), BiBe (blue), and AmLi (magenta). 



Detector Calibration using DD generator

The y-shaped conjoined tube allows for a choice between 
finer collimation with lower flux by using the smaller, 5.25 cm 
inner diameter tube and broader collimation but greater flux 
by using the larger 15.4 cm inner diameter tube.

Direct neutrons                      Back scattered neutrons

Direct light yield measurement 
with angled neutron tube

Scattering of 272 keV neutrons - energy endpoint in Xe 
: 8.2 keVnr



Material screening campaign 

WIMP-nucleon cross section at  3x10-48 cm2 within 1000 days of data taking and 5600 kg require:

- electron recoil (ER) background from non-astrophysical sources : 37x10−6 events/keV/kg/day (37 μdru) 
- nuclear recoil (NR) background must also be low, with ~ 1 count in the exposure.

Monitoring and control of the background:

1. Material screening in components selection with more stringent requirements 0.4 NR and < 1 μdru in ER

2. Direct measurements of radon emanation from construction material for maximum activity of 10 mBq 

(throughout of LXe)

3. Removal of radioactive elements in LXe to below 1 μdru  



Material screening campaign 
(Techniques and Screening facilities) 

Screening Techniques Rn emanation facilities

Gamma screening  facilities



Estimated background 



LUX-ZEPLIN Sensitivity



Conclusions

1. Fiducial mass of 5600 kg with 1000 days of exposure gives LZ sensitivity to 3*10−48 cm2 at 40 GeV.

2. LUX-ZEPLIN - G2 Dark Matter experiment successfully reviewed at CD3.

3. Construction phase: baseline completion 2020. 

1. LZ TDR : https://arxiv.org/pdf/1703.09144.pdf

References


