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Two phase Xenon Detectors

• Interaction in the xenon 
creates:

• Scintillation light (~10 ns) 
- called S1

• Ionization electrons

• Electrons drift through 
electric field to liquid/gas 
surface

• Extracted into gas and 
accelerated creating 
proportional scintillation 
light - called S2
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• Excellent 3D reconstruction 
(~mm)

• Z position from S1-S2 
timing

• XY position from hit 
pattern of S2 light

• Allows for self shielding, 
rejection of edge events

• Ratio of charge (S2) to light 
(S1) gives particle ID

• Better than 99.5% 
rejection of electron 
recoil events

Two phase Xenon DetectorsTwo phase Xenon Detectors
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LXe as Dark Matter Target

Problem Solution Liquid Xenon

Extremely rare Large mass Very dense - 3 tonnes 
in 1 m3

Energy depositions of 
~10 keV or below

Low energy 
thresholds

~60-70 electrons + 
photons / keV

Backgrounds -  
Impurities Purification Noble gases are 

(mostly) easy to purify

Backgrounds -  
Detector Self shielding Low mean free path 

for ionizing radiation
Backgrounds - 

Internal/Detector Discrimination Charge to light ratio 
gives particle ID
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Sanford Underground Research Facility

• Located in Lead, SD (USA) in 
the Black Hills


• LZ located at the 4850 level 
(~1.5 km underground)


• 4300 m.w.e. overburden

• Muon flux reduced by O(107)
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7 ton  
LXe TPC

Xe heat 
exchanger

Water 
tank

Gd-loaded 
liquid scint.

Cathode 
HV  

feedthrough Neutron beam pipe



LZ design notes - TPC
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Top PMT array

Side Skin PMTs

TPC field cage

Cathode grid

Reverse-field region

Bo<om PMT array

• 1.5 m diameter x 1.5 m 
height

• 7T active LXe (5.6T 
fiducial)

• x50 more than LUX, x6 
XENON1T 

• 494x 3” PMTs

• 50 kV cathode HV

NIM A, 163047 (2019)

https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.nima.2019.163047&v=edb7d640
https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.nima.2019.163047&v=edb7d640


LZ design notes - the Veto

9

The OD 

• 17 tonnes Gd-loaded 
liquid scintillator in acrylic 
vessels 

• 120 8” PMTs mounted in 
the water tank 

• Anti-coincidence detector 
for γ-rays and neutrons 

• Observe ~8 MeV γ-rays 
from thermal neutron 
capture 

• Draw on experience from 
Daya Bay

The Skin 

• 2 tonnes of LXe 
surrounding the TPC 

• 1” and 2” PMTs at the 
top and bottom of the 
skin region 

• Lined with PTFE to 
maximize light 
collection efficiency 

• Anti-coincidence 
detector for γ-rays

• Tag individual neutrons and γ-rays 
• >95% efficiency for tagging neutrons 

• Characterize BGs in situ 
→Enables discovery potential

NIM A, 163047 (2019)

https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.nima.2019.163047&v=edb7d640
https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.nima.2019.163047&v=edb7d640


LZ design notes - the Veto
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FIG. 6. Single scatter event distributions for all NR backgrounds in the region of interest relevant to a 40 GeV/c2 WIMP
(approximately 6–30 keV) with no vetoing (left) and after application of both xenon skin and OD vetoes (right). The integrated
counts for the 5.6 tonne fiducial volume (dashed line) are reduced from 12.31 cts/1000 days with no vetoing to 1.03 cts/1000 days
after application of the vetoes.

S1-like signals from Cherenkov light generated in the
PMT quartz windows (e.g. from energetic betas or Comp-
ton electrons from 40K decays internal to the PMTs [71])
were also considered. Such signals can combine with S2-
only events to create fake S1-S2 pairs that populate the
WIMP search region of interest as low-energy NR-like
events. Fortunately, the majority of these Cherenkov sig-
nals can be readily identified based on their timing and
PMT hit patterns, typically possessing a spread in arrival
times of less than 10 ns with the majority of the light de-
tected in the source PMT. These characteristics and the
above S2-only rate lead to a projection of 0.2 events in a
1000 day run.

G. Spatial distribution of NR backgrounds and
e↵ect of the vetoes

The spatial distribution of single scatter NR events
from all significant background sources is shown in Fig. 6
before (left) and after (right) application of the veto de-
tectors. Neither the low-energy 8B and hep events nor the
sharply falling radial wall events are included in Fig. 6.
Without the veto system, the rate of NR events increases
by a factor of around 10, severely impacting the sensitiv-
ity and discovery potential of LZ. A reduction in fiducial
mass to approximately 3.2 tonnes would be necessary to
reduce the NR rate to that achievable with the veto sys-
tem and the full 5.6 tonne fiducial mass.

V. WIMP SENSITIVITY

The LZ projected sensitivity to SI and SD WIMP-
nucleon scattering is calculated for an exposure of

1000 live days and a fiducial mass of 5.6 tonnes. The
sensitivity is defined as the median 90% confidence level
(CL) upper limit on the relevant WIMP-nucleon cross
section that would be obtained in repeated experiments
given the background-only hypothesis. It is evaluated
using the Profile Likelihood Ratio (PLR) method [72]
that provides near-optimal exploitation of the di↵erences
between signal and background, based on the position-
corrected signals S1c and S2c. For these projections no
position information is included in the list of PLR ob-
servables and instead the simple cylindrical fiducial vol-
ume cut described in Sec. III is applied, containing 5.6
tonnes of LXe. A scan over cross section is performed
for each WIMP mass, and the 90% confidence interval
is obtained by performing a frequentist hypothesis test
inversion using the RooStats package [73]. For the limit
projections shown here, a one-sided PLR test statistic for
upper limits is used, cf. equation (14) in [72]; for evalu-
ating discovery potential a test statistic for rejecting the
null hypothesis is used, following equation (12) in [72].

An 11-component background model is built for the
PLR based on the estimates described in Sec. IV and
shown in Table IV. Contributions from detector compo-
nents and environmental backgrounds are summed to-
gether into a single Det. + Env. component. Also shown
in Table IV are systematic uncertainties on the normal-
ization of each background. The uncertainties on the
Det. + Env. component are estimated from the counting
and simulation results, those on the neutrino components
are primarily flux uncertainties, those on the radon con-
tribution come from uncertainty in the branching ratio
of 214Pb and 212Pb to their respective ground states, and
those on 85Kr and 136Xe from uncertainty on the spectral
shapes at low energies. These systematics are treated as
nuisance terms in the PLR calculation, but they do not
have a significant e↵ect on the sensitivity because of the

No veto 11
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FIG. 6. Single scatter event distributions for all NR backgrounds in the region of interest relevant to a 40 GeV/c2 WIMP
(approximately 6–30 keV) with no vetoing (left) and after application of both xenon skin and OD vetoes (right). The integrated
counts for the 5.6 tonne fiducial volume (dashed line) are reduced from 12.31 cts/1000 days with no vetoing to 1.03 cts/1000 days
after application of the vetoes.

S1-like signals from Cherenkov light generated in the
PMT quartz windows (e.g. from energetic betas or Comp-
ton electrons from 40K decays internal to the PMTs [71])
were also considered. Such signals can combine with S2-
only events to create fake S1-S2 pairs that populate the
WIMP search region of interest as low-energy NR-like
events. Fortunately, the majority of these Cherenkov sig-
nals can be readily identified based on their timing and
PMT hit patterns, typically possessing a spread in arrival
times of less than 10 ns with the majority of the light de-
tected in the source PMT. These characteristics and the
above S2-only rate lead to a projection of 0.2 events in a
1000 day run.

G. Spatial distribution of NR backgrounds and
e↵ect of the vetoes

The spatial distribution of single scatter NR events
from all significant background sources is shown in Fig. 6
before (left) and after (right) application of the veto de-
tectors. Neither the low-energy 8B and hep events nor the
sharply falling radial wall events are included in Fig. 6.
Without the veto system, the rate of NR events increases
by a factor of around 10, severely impacting the sensitiv-
ity and discovery potential of LZ. A reduction in fiducial
mass to approximately 3.2 tonnes would be necessary to
reduce the NR rate to that achievable with the veto sys-
tem and the full 5.6 tonne fiducial mass.

V. WIMP SENSITIVITY

The LZ projected sensitivity to SI and SD WIMP-
nucleon scattering is calculated for an exposure of

1000 live days and a fiducial mass of 5.6 tonnes. The
sensitivity is defined as the median 90% confidence level
(CL) upper limit on the relevant WIMP-nucleon cross
section that would be obtained in repeated experiments
given the background-only hypothesis. It is evaluated
using the Profile Likelihood Ratio (PLR) method [72]
that provides near-optimal exploitation of the di↵erences
between signal and background, based on the position-
corrected signals S1c and S2c. For these projections no
position information is included in the list of PLR ob-
servables and instead the simple cylindrical fiducial vol-
ume cut described in Sec. III is applied, containing 5.6
tonnes of LXe. A scan over cross section is performed
for each WIMP mass, and the 90% confidence interval
is obtained by performing a frequentist hypothesis test
inversion using the RooStats package [73]. For the limit
projections shown here, a one-sided PLR test statistic for
upper limits is used, cf. equation (14) in [72]; for evalu-
ating discovery potential a test statistic for rejecting the
null hypothesis is used, following equation (12) in [72].

An 11-component background model is built for the
PLR based on the estimates described in Sec. IV and
shown in Table IV. Contributions from detector compo-
nents and environmental backgrounds are summed to-
gether into a single Det. + Env. component. Also shown
in Table IV are systematic uncertainties on the normal-
ization of each background. The uncertainties on the
Det. + Env. component are estimated from the counting
and simulation results, those on the neutrino components
are primarily flux uncertainties, those on the radon con-
tribution come from uncertainty in the branching ratio
of 214Pb and 212Pb to their respective ground states, and
those on 85Kr and 136Xe from uncertainty on the spectral
shapes at low energies. These systematics are treated as
nuisance terms in the PLR calculation, but they do not
have a significant e↵ect on the sensitivity because of the

Xe skin & OD veto

• Combined veto system allows to define a fiducial volume of 80% of active 
volume

• Alternatively, takes fiducial volume from 3.2 tonnes on left to 5.6 on right



LZ design notes - Purification
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• Krypton removal via chromatography at SLAC

• 75 ppq demonstrated in R&D 

• Gas purification at 500 slpm

• Turn over full volume every ~2.5 days

• Up to 600 slpm now demonstrated

Dan Akerib / Wes Craddock – 1.4.2 Kr Removal LZ Status & Operations Planning IPR at LBNL, Jan 2018

Kr removal - gas charcoal chromatography
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Column Gas	Panel Assay

Xe

MFC

sniffer

ACP

KNF

Isolation 
valve

U
+ back-flow

RGA

sampling

condenser

charcoal
     column

Kr trap

He
pre-scrub

Kr / Xe reduced by 109 (2 passes) 
107 reduction required 
Best 0.075 ppt - target 0.015 ppt

chromatography 
loop recovery loop

assayR&D system to demo LZ spec

NIM A, 163047 (2019)

500-600 slpm 
demonstrated in testing

https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.nima.2019.163047&v=edb7d640
https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.nima.2019.163047&v=edb7d640


Detector Backgrounds

• Nothing went into the detector without screening

• ~2000 assays with 13 HPGe detectors, ICPMS, neutron activation analysis

• E.g. cryostat made of the most radiopure titanium in the world: < 0.05 counts 
in 1000 days after cuts 

• Supported by QA campaign during fabrication/construction

• Caught and resolved major issues, e.g. early welds on cryostat were with 
wrong welding tips (color code from supplier was missing) 
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:HOGLQJ�VFUHHQLQJ�FDPSDLJQ�

3��0DMHZVNL�±�����&U\RVWDW /=�FROODERUDWLRQ�PHHWLQJ��685)��-XO\������������ �

,Q�0DUFK������IRXU�VHJPHQWV�RI�
7L�ZHOGHG�VDPSOH�

� ��PP�SODWH�LQ�WKH�FHQWUH�

� $XWRPDWLF�7,*�ZHOG�RQ�ERWK�VLGHV�

� 7L�����PP�ZHOGLQJ�ZLUH

)XOO�VDPSOH�HWFKHG�SULRU�WR�WKH�VFUHHQLQJ�DW�/%1/�

7K�OHYHO�IRXQG����[�KLJKHU�WKDQ�LQ�WKH�LQLWLDO�VODE�IURP�7,0(7��0HUOLQ���

3��0DMHZVNL�±�����&U\RVWDW /=�FROODERUDWLRQ�PHHWLQJ��685)��-XO\������������ �

6FUHHQLQJ�
�VDPSOH�	�VWRFN�PDWHULDO�

arXiv:2006.02506



Detector Backgrounds

• TPC assembly in Rn-reduced cleanroom

• Dust < 500 ng/cm2 on all LXe wetted surfaces

• Plateout on walls <0.5 mBq/m2

• Radon emanation

• Four screening sites

• All major parts emanated before assembly

13

PMT HV Feedthroughs

26

• Measured 112 ± 35 atoms vs 46 ± 22 atoms from 
blank, from 5 PMT HV feedthroughs
- Implies the 122 HV flanges in LZ emanate 

~10 mBq. 
- ~Half emanates onto air side, other half is 

90% removed by gas mitigation system, so 
adds ~0.5 mBq.

- Above democratic requirement (0.1 mBq) 
and original estimate (0.3 mBq)

• Mitigations:
- First try cleaning to remove any surface 

contaminants, double number to assay, then 
re-assay (must be done by 2017)

- Possibility of a polyethylene or epoxy plug to 
prevent some Rn from entering Xe

• 100% flange assemblies to be done June 2018
• Tests in progress with LUX flanges/feed-thrus

Miller - 1.10.2 - Radon

Determination of Rn Emanation by HPGe
Assay

• Method: Vent sample to create disequilibrium 
between Radon daughters and 226Radium, seal 
sample, and count on HPGe detector. Works well 
for rocks, soils, etc.

• Sample: 14 samples, extracted from 
underground cleanroom HEPA vacuum monthly, 
combined together Total Mass ~400 grams

• WARM  Result: 222Rn emanation ~ 12±3%

** this is for macro-sample. We will ‘process’ it 
later to remove hair, M&M’s, sunflower seeds, and 
other junk  and repeat the test with just the fines 
so that some of the activities can be normalized to 
mass more accurately.

45Miller - 1.10.2 - Radon

arXiv:2006.02506
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FIG. 3. Simulated e�ciencies for electronic (left) and nuclear recoils (right) after WIMP search region of interest cuts: 3-fold
S1 coincidence, S2 > 415 phd (5 emitted electrons), and S1c < 80 phd.
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FIG. 4. ER background spectra in the 5.6-tonne fiducial volume for single scatter events with neither a xenon skin nor an OD
veto signal. No detector e�ciency or WIMP-search region of interest cuts on S1c have been applied. The right-hand panel
shows a close-up of the 0–200 keV region of the left-hand panel. Below 30 keV the contribution from elastic scattering of
pp+7Be+13N solar neutrinos is scaled according to the relativistic random phase approximation (RRPA) calculation in [54].

in Table III. As a result of this comprehensive program
and the power of self-shielding a↵orded by LXe, trace ra-
dioactivity in detector materials is not expected to be a
leading cause of background to the experiment.

B. Surface contaminants

Radioactivity on detector surfaces arises from the ac-
cumulation of 222Rn-daughters plated-out during the
manufacture and assembly of components, as well as
generic dust contamination containing NORMs that re-
lease gamma rays and induce neutron emission. Plate-
out can generate NR backgrounds through two mech-
anisms: (↵, n) processes that release neutrons into the
xenon; and ions from the 210Pb sub-chain originating
at the edge of the TPC being misreconstructed as NRs
within the fiducial volume. The impact of the latter de-
pends critically on the performance of position recon-

struction and drives the 4 cm radial fiducial volume cut
(see Sec. III C). LZ has instituted a target for plate-out
of 210Pb and 210Po of less than 0.5 mBq/m2 on the TPC
walls and below 10 mBq/m2 everywhere else. LZ has also
instituted a requirement limiting generic dust contami-
nation to less than 500 ng/cm2 on all wetted surfaces
in the detector and xenon circulation system. A rigor-
ous program of cleanliness management is implemented
to ensure that the accumulated surface and dust contam-
ination do not exceed these limits. All detector compo-
nents that contact xenon must be cleaned and assembled
according to validated cleanliness protocols and witness
plates will accompany the production and assembly of
all detector components. Detector integration will take
place in a reduced-radon cleanroom built at the Surface
Assembly Laboratory at SURF.

Several large volume liquid scintillator experiments re-
ported observing mobility of radon-daughters plated onto
surfaces, in particular the beta emitter 210Bi [55–57].

Expected Backgrounds in 1000 days

14

Backgrounds in full exposure ER (cts) NR (cts)
Total Counts 1131 1.03
with 99.5% ER discrim., 50% NR eff. 5.66 0.52
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Phys. Rev. D 101, 052002 (2020) 



Expected Backgrounds in 1000 days

15

Simulation of a 1000 day run of LZ

Phys. Rev. D 101, 052002 (2020) 



arXiv:1802.06039

PHYSICS SENSITIVITY HIGHLIGHTS: WIMPS

Henrique Araújo (Imperial) LIDINE 2019 10

• Aiming for leading SI sensitivity above a few GeV, 1.6x10-48 cm2 @ 40 GeV

• Also WIMP-n and WIMP-p SD sensitivity, plus more exotic EFT operatorsSensitivity in 1000 days

16Phys. Rev. D 101, 052002 (2020) 

90% CL minimum of 1.6 x 
10-48 cm2 at 40 GeV/c2



Non-WIMP sensitivity - 0vBB
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volume, or 6.9 ⇥ 10�6 events/kg 136Xe/year in a ±1�510

ROI. 8B solar neutrinos similarly result in a rate of 0.01
events/tonne/year, corresponding to 0.03 events in the
ROI over 1,000 days of live time and in the inner 967 kg
fiducial volume, considering a neutrino flux of 5.79 ⇥ 106

cm�2 s�1 [43].515

G. Summary of Backgrounds

Figure 3 shows the number of simulated background
events in the ROI versus z and radius squared. The
backgrounds are higher at the top than at the bottom
of the active volume, as the bottom PMTs are shielded520

by the xenon in the reverse field region. The innermost
region of the detector has a much lower background due
to the self shielding of LXe. However, a fiducial cut can
result in a loss of total exposure. A fiducial volume choice
makes a trade-o↵ between total mass and background re-525

duction. The outer volume of active xenon will provide
a very sensitive measure of the true radioactivity of the
detector components. The fiducial volume presented in
Figure 3 was optimized using a cut and count analysis
and is just a snapshot of the full background model in530

the most sensitive region of the detector. A larger vol-
ume is used for the sensitivity analysis, as discussed in
Section IV.
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FIG. 2. Background energy spectrum in the inner 967 kg fidu-
cial volume. The 60Co, 238U-late chain and 232Th-late chain
backgrounds from the detector components are combined into
a single curve but are treated independently in the sensitivity
analysis. The spectra are smeared using the energy resolution
function of LUX [44], scaled to be 1.0% at Q�� .

IV. SENSITIVITY PROJECTION

The sensitivity to 0⌫�� decay is defined as the median535

90% confidence level (CL) upper limit on the number of

FIG. 3. Background event rate in the active region and in the
±1� energy ROI as a function of r2 and z. The dashed rect-
angle represents the 967 kg fiducial volume where LZ is most
sensitive to the 0⌫�� decay. The self-shielding of LXe pro-
vides a low background environment at the innermost regions
of the detector.

signal events that would be obtained from a repeated set
of background-only experiments, assuming 1,000 days of
detector live time and a LXe mass of 5.6 tonnes, cor-
responding to a 1,360 kg·years exposure of 136Xe. To540

estimate the background contribution for such an ex-
posure, a multidimensional background model is con-
structed that accounts for each of the sources discussed
in section III. Each background is described by the three
observables: energy (2000 < E < 2700 keV), depth545

(2 < z < 132.6 cm) and radial position (0 < r < 68.8
cm). These are combined to model the background with
a probability density function (PDF) P (E, r2, z). For
the detector component, cavern and internal radon back-
grounds, the PDFs are empirically determined from en-550

ergy deposit simulations and are approximated by de-
composing into factorised energy and position distribu-
tions P (E, r2, z) = P (E)P (r2, z), which has been veri-
fied as a suitable approximation in the given ranges of
the observables. The following cuts are applied to the555

simulations to reject background events:

• Fiducial Volume (FV): events that occur close to
the TPC walls and grids are rejected with a fiducial
cut. The fiducial volume is defined as 4 cm from
the TPC walls, 2 cm above the cathode grid and560

13 cm below the gate grid, which defines a region
containing 5.6 tonnes of LXe. This cut removes
backgrounds which may originate from the grids or
TPC walls such as the �-emitting charged 222Rn
daughters.565

• Single Scatter: 136Xe 0⌫��-decay events in LXe
are almost point-like and therefore are expected
to produce a single-scatter S2 pulse, whereas the
dominant �-ray background predominantly results

• 136Xe Q value at 2458 keV

• Nominal 1% energy resolution at Q value

• T1/2 (90% C.L.) > 1 x 1026 years in 1000 live days, inner 1 tonne fiducial 

mass

Phys. Rev. C 102, 014602 (2020) 
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generated using DECAY0 [53] and applying the selection
criteria. The ine�ciency is due to the rejection of mul-
tiple scatter signal events arising from Bremsstrahlung
emission.

The signal and background PDFs are combined to form
the unbinned extended likelihood function,

L(µs, {µb}) = (2)
"
µsPs(E, r2, z) +

nbX

i=1

µi
bP

i
b (E, r2, z)

#
nbY

j=1

g(ajb,�
j
b),

where the floating parameters are µs, the number of sig-
nal events, and µi

b, the number of events for the i-th
background source. The systematic uncertainties �j

b on

the expected background rates ajb are included by treat-
ing the background sources as nuisance parameters with
the set of Gaussian constraint terms g(ajb,�

j
b). Table II

summarises the background sources included as param-
eters in the likelihood as well as the relative systematic
uncertainties on their rate. The cavern background un-
certainties are taken directly from the uncertainty of the
measured 238U and 232Th activities [30]. The uncertain-
ties of the detector component background rates are con-
servatively set at 30%. The contribution of the remaining
background components to the sensitivity is low and their
uncertainties are negligible in the first approximation to
the final result. The uncertainty for the 222Rn compo-
nent is driven by the range of the estimated contamina-
tion and is expected to be conservative. Uncertainties
for 136Xe and 8B come from the measured half-life and
uncertainties of the neutrino flux, respectively, making
these rather constrained. Since the 137Xe background
and 214Bi cathode background rates are not known they
are assigned a large uncertainty. The backgrounds con-
sidered in this analysis and the associated uncertainties
will be measured with high precision once LZ begins col-
lecting data.

The 90% CL upper limit on the number of signal events
is calculated using the profile likelihood ratio (PLR)
method, utilising the asymptotic one-sided profile like-
lihood test statistic [54]. It has been verified that Wilk’s
theorem is valid and that the asymptotic approximation
is applicable.

The sensitivity analysis takes advantage of the pre-
cise multi-parameter reconstruction of events in the LXe
TPC, namely the energy and 3-dimensional position, for
enhanced sensitivity. As demonstrated by Figure 2, the
self shielding LXe of LZ results in a low background in-
ner region of the TPC where the majority of signal sen-
sitivity is expected. However, the analysis utilises an
extended fiducial volume which allows for the fit of the
backgrounds close to the TPC walls and therefore con-
strains the background in the inner volume of the TPC.
Alongside this, the full shape of the position distribu-
tion can be used to discriminate between signal-like and
background events, which results in both increased sig-
nal exposure and sensitivity compared to a simple cut-
and-count analysis. Similarly, the extended energy range

TABLE II. Summary table of the individual background
sources and the relative uncertainties on their background
rates assumed in this analysis.

Background �/N

238U (Detector) 30%
232Th (Detector) 30%
60Co (Detector) 30%
238U (Cavern) 50%
232Th (Cavern) 30%
214Bi (Cathode) 50%
222Rn (Internal) 50%
137Xe (Internal) 50%
136Xe 2⌫�� 5%
8B solar ⌫ 5%

used in the PDFs strongly constrains the backgrounds
near the Q-value. Using an extended phase-space in the
profile likelihood analysis improves the sensitivity result
by a factor of two when compared to a simple cut-and-
count analysis.

A. Projection with Natural Abundance of 136Xe

The 90% CL sensitivity to the 136Xe 0⌫�� half-life
as a function of detector live time is shown in Fig. 4.
A median sensitivity to a half-life of 1.06⇥1026 years is
reached after 1000 live-days.
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FIG. 4. LZ projected sensitivity to 136Xe 0⌫�� decay as a
function of detector live time. The light green shaded band
represents a ±1� statistical uncertainty on the sensitivity.
The dashed black line shows the projected sensitivity to 136Xe
0⌫�� decay for a dedicated run with 90% 136Xe enrichment.
For comparison, the limits set by EXO-200 [55] (orange full)
and KamLAND-Zen [5] (purple full) are also shown, along
with the respective projected sensitivities (dashed).

As the ability to distinguish signal events from the
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Figure 4: 90% C.L. sensitivity on (a) axio-electric coupling for solar axions , (b) axio-electric coupling for galactic
ALPs, (c) electromagnetic neutrino couplings, (d) kinetic mixing squared, 2 for hidden photons, (e) mirror dark
matter kinetic mixing and (f) axial-vector cross-section for leptophilic dark matter. ±1� (green) and +2� (yellow)

bands are also shown. Results from other experiments are taken from [47, 52, 57, 59, 60].

The same procedure is carried out for the mirror678 dark matter signal - investigating the sensitivity to the679

• Sensitive to electron recoils from many types of new physics including

• Neutrino magnetic moment

• Solar axions (axio-electric effect)

• Axion like particles


• Paper in preparation describing LZ sensitivity to these signals

• Recent XENON1T results have highlighted importance of low energy ER 

backgrounds like 3H and 37Ar 18

Recent XENON1T result 
(arXiv: 2006.09721) 

consistent with gAe of ~3e-12, 
among other interpretations



The Picture Round!
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Outer Detector



Henrique Araújo (Imperial)

DETECTOR ASSEMBLY

• Detector integration started 
in December 2018 
at Surface Assembly 
Laboratory (SURF) 

• 13,500 working hours 

• Class 1000 CR – but 
performing much better 

• Reduced radon 
environment 

• Bringing tens of thousands of 
ultra-clean, 
low-background components 
together

21



PMT ARRAYS – 241+253 HAMAMATSU 
R11410-22
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LIDINE 2019

SKIN DETECTOR

23

BOTTOM SKIN:  
20+18 2” PMTS

TOP SKIN:  
93 1” PMTS



ELECTRODE GRID WEAVING

24

• 4 meshes using 75/100 µm wire, 
woven using automated loom, 

•epoxied to holding rings 

•Major QA program for mechanical & 
electrical resilience, and for cleanliness 

•Probably the most challenging components 
in the experiment



TPC FIELDCAGE &  
REVERSE-FIELD REGION 

Henrique Araújo (Imperial)
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EXTRACTION 
REGION

Ti: 1702.02646 
PTFE: 1612.07965, 
1608.01717



TPC MATING

26



LIDINE 2019
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TOP PMT ARRAY 

EXTRACTION 
REGION 

TOP SKIN  

TPC FIELDCAGE 
(ACTIVE XENON) 

CATHODE GRID 
REVERSE-FIELD 

REGION 
BOTTOM PMT ARRAY
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Insertion into inner cryostat vessel
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Transport Underground (Oct 2019)
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Cathode Connections

Cryostat in water tank 
with cathode connection 

(OD tanks in 
background)

Making up cathode 
connections (under N2 purge) 
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Circulation System

Xe Circulation 
Compressors

Cryocooler LN Tank

Thermosyphon 
panel

Xe tower

Transfer Lines

Test 
cryostat

Water tank

Water tank flange
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Krypton Removal
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• Significant progress in the assembly of the TPC and associated 
systems.

• TPC complete, moved underground and currently at vacuum

• HV cathode connection installed 

• Circulation testing complete

• SARS-CoV-2…
• Mostly shut down in mid-March
• Re-opening at somewhat reduced capacity starting in May-

June
• Ramping back up as much as possible while following 

institutional, local, and national guidelines

Current Status
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TPC moves 
underground
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First science 
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LIDINE 2019

• LZ construction almost complete
• TPC underground, final connections being made

• Expected 5.6 tonnes fiducial volume 
• Integrated outer detector veto for background 

rejection/characterization
• Factor of ~40 improvement in sensitivity on current 

best limits
• Discovery potential
• Including wide variety of non-WIMP physics

• 2021 will be an exciting year for direct detection



Expected Backgrounds in 1000 days

36

Background Source ER 
(cts)

NR 
(cts)

Detector Components 9 0.07
Surface Contamination 40 0.39

Laboratory and Cosmogenics 5 0.06
Xenon Contaminants 819 0

222Rn 681 0
220Rn 111 0

natKr (0.015 ppt g/g/) 24.5 0
natAr (0.45 pub g/g) 2.5 0

Physics 258 0.51
136Xe 2νββ 67 0

Solar neutrinos (pp+7Be+13N) 191 0*
Diffuse supernova neutrinos 0 0.05

Atmospheric neutrinos 0 0.46
Total 1131 1.03
with 99.5% ER discrim., 50% NR eff. 5.66 0.52
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