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ABSTRACT

The design and performance of the LUX-ZEPLIN (LZ) detector is described as of March 2015 in this
Conceptual Design Report. LZ is a second-generation dark-matter detector with the potential for
unprecedented sensitivity to weakly interacting massive particles (WIMPs) of masses from a few GeV/c>
to hundreds of TeV/c”. With total liquid xenon mass of about 10 tonnes, LZ will be the most sensitive
experiment for WIMPs in this mass region by the end of the decade. This report describes in detail the
design of the LZ technical systems. Expected backgrounds are quantified and the performance of the
experiment is presented. The LZ detector will be located at the Sanford Underground Research Facility in
South Dakota. The organization of the LZ Project and a summary of the expected cost and current
schedule are given.
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through self-shielding or purification. In particular, atomic de-excitation of the 2s and 3s shells in '*"Xe
generates 5.2 and <1.2 keV energy deposits, respectively, which are an important background in the
WIMP search energy region for certain event topologies [4]. Since '*"Xe is produced efficiently through
neutron resonance capture, shielding against thermal neutrons is desirable even when stored underground.
Furthermore, these backgrounds soon reach negligible levels once underground operation starts.

1SN 1" ALLB 364 42, ('

To assess the impact of all sources of background in LZ, it is sensible to define a fiducial volume, even if
only approximately at this stage. A rigorous definition will involve sophisticated statistical analyses that
take into account their measured spatial distribution. However, for the purpose at hand as well as for
reasons of design and engineering, it is sensible to know the approximate location of such a volume.

AL B)$" 15N 1565"N, 245 VU'CA3R") , B(1'<BH': USARA™$'4) , =", B)3$H'S; 28) (42, "29$'SESL("29$'NOYF'
3,B(281",*$)'4"[d 1 IRSK"433$<24(38")$" L, (1'4"LIK3)i=0(4%, ('$Hi3IS(30", *'ggsl 1'BH4<<4$1"2, "s UK'
1), =""4==4") 404 (1", >4)'<<"($BL(, %'N , <>$+2 "2 S U342$)H', (A (,"*$2, 4( *"CO'29$"4 (240

3, L(LS (IS HARS=15'N , <")i" 92 "H1LL(*"SESHRIC", CB5'j , 22, ="$+2 "H114(""G1S?", B2$)'1$2$32,)", (05"
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Two main factors determine how far the fiducial boundary should lie from the lateral TPC walls. The
prime consideration is to ensure a sufficiently thick layer of LXe to self-shield against the external
radioactivity backgrounds; this is related to the mean attenuation length for those particles: Figure 3.2.2
confirmed that ~2 cm of liquid decreases the gamma-ray background tenfold, and as much as ~6 cm is
needed to mitigate neutrons by the same factor. However, the outer detector is very efficient for neutron
tagging, which brings these two requirements closer together.

Secondly, it is essential that the reconstructed (x,y) positions of low-energy interactions occurring near the
TPC walls do not “leak” into the fiducial volume. As mentioned above (and discussed in Chapter 6)
interactions from radon progeny plating the lateral PTFE are of particular concern: These can generate
events with very small S2 signals due to trapping of charge drifting too close to the PTFE. If allied with
poor position resolution, this can constitute a very challenging background [9]. In the vertical direction,
only the former consideration arises. We point out that the reverse field region below the cathode will
provide much of the required self-shielding (>14 cm), whereas at the top, the small thickness of liquid
above the gate (0.5 cm) will have a limited impact.

Figure 3.8.5.1 shows the simulated background rate from material radioactivity in the WIMP region of
interest (6—30 keV) as a function of radius squared and height above the cathode grid. Nuclear and
electron recoil backgrounds were combined, with 50% acceptance applied to the former and 99.5%
discrimination applied to the latter. The neutrino contributions listed in Table 3.8.1.1 were included. TPC
events with additional sub-cathode vertices (gamma-X) are not rejected, making this a conservative
assessment (see brief discussion in Section 3.4). In each panel, we show the number of background counts
per kg per day, with the dashed black line indicating the position of an approximate fiducial volume. This
is drawn so as to constrain the ER background from radioactivity to one-tenth of the solar pp neutrino
rate, and separately to constrain the NR background from radioactivity to ~0.2 events in 1,000 days. The
four panels are for single hit interactions with no further vetoes, then adding either the skin or the outer
detector, then combining the two anti-coincidence systems. In the first case (top left), with no additional
vetoes applied, the fiducial cut is 15 cm away from the wall, retaining a fiducial mass of 3.3 tonnes.

The final panel illustrates what can be gained by our dual “veto” strategy. Using the combination of skin
and outer detectors (both with 100 keV, threshold) improves the estimated fiducial mass to 5.6 tonnes. In
this instance, the lateral cut is 4 cm away from the wall, which is also a reasonable distance to allow good
position reconstruction for wall events and to avoid electric field non-uniformity near the field-cage
surface. The total estimated background count in this fiducial volume in a 1,000-day data set is

~2.4 events, as indicated in Table 3.8.1.1.
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