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Sensitivity goal and background

2

Sensitivity goal Max allowed background from the 
detector

2E-48 cm^2 
@ 50 GeV/c^2 WIMP mass 

in total exposure of 
3 years of science data 
5.6 ton of fiducial LXe mass

Electronic 
Recoils

Nuclear Recoils

≲ 24 
cts/exposure 

[1.5 - 6.5] keVee  
total Exposure

≲ 0.1 
cts/exposure 

[6 - 30] keVnr 
total Exposure

LZ#(SU
RF)#
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Detector Background

Material radioactivity (bulk) 
- Electron recoils:  

beta (walls, LXe), gamma (materials): ∼10% of pp ν ER 

- Nuclear recoils:  
(α,n) and spontaneous fission (materials): ∼0.1 NR 

Surface contamination (radon progeny plate-out) 
- Wall events mis-reconstructed into fiducial (both ER and NR) 

- (α,n) neutrons from PTFE and other surfaces 

Dispersed radioactivity 
- Emanation of radon (Pb-214), krypton (Kr-85), argon (Ar-39); 2νββ 

Xe-136 

- Radon emanation 

Cosmogenic activation
3
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LUX/LZSim package
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Geometry#in#LUXSim5

July 22, 2014 Scott Haselschwardt, UCSB 4 
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•  Specular and Diffuse 
Reflectors 

•  “Spherical cap” R5912 
photocathode area 337 
cm2 with QE 

•  Dimensions as of March 
2013 

•  Still need HV, top tank 
protrusions and conduits 
o  Important for Paolo 

OD#Geometry5

July 22, 2014 Scott Haselschwardt, UCSB 3 

•  9 segmented acrylic tanks 
surrounding outer cyrostat hold 
~27 tonnes GdLS 

•  120 Hamamatsu R5912 PMTs  
o  Estimate ~85 phe/MeV scaled Daya Bay 

•  Reflectors (H. Araujo’s talk)

Simulation based on GEANT4 toolkit and 
LUXSim softwares 

Inputs from SOURCES and ACTIVIA  

Detailed correspondence between 
engineer design and simulation 

Cryostat, PMT arrays, PTFE walls, Scintillator 
Veto implemented. 

- work (continuously) in progress 

UK involvement 
Background: Edinburgh, Sheffield, Oxford, UCL 

Calibration: Liverpool
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Radioactivity budget and counts

Background event counts for main items 
Total exposure of 5.6 ton and 1000 days 
ER and NR counts  

baseline & (conservative scenario) 

5

3-23 

in Chapter 8). Even without assuming further improvement in titanium radioactivity, and considering 
pessimistic values for other components shown in Table 3.8.1.1, LZ still achieves a high fiducial mass 
due to the addition of the LXe skin and scintillator outer detector. 

3.8.2""" Surface"Plating"of"Radon"Progeny"
The noble gas radon consists solely of radioactive isotopes, of which four are found in nature: 222Rn and 
218Rn produced in the 238U decay chain, 220Rn from the 232Th decay chain, and 219Rn from the 228Ac series. 
As a result of its chemical inertness, radon exhibits long diffusion lengths in solids. 222Rn is the most 
stable isotope (T1/2=3.82 days), and is present in air at levels of about ten to hundreds of Bq/m3. Charged 
radon progeny — especially metallic species such as 218Po — plates out onto macroscopic surfaces that 
are exposed to radon-laden air. A fraction will deposit and even implant into material surfaces during 
detector construction or installation [81]. 
Backgrounds from surface beta and gamma radioactivity, as well as recoiling nuclei (e.g., 206Pb from the 
alpha decay of 210Po), are largely mitigated by short half-lives and the self-shielding of LXe. However, 
α-particles released in the decay chain, particularly from 210Po — a granddaughter of the long-lived 210Pb 
(T1/2=22.3 years) — result in neutron emission following (α,n) reactions. This is problematic for TPC 
materials with large (α,n) yields such as PTFE (10-5 n/α, due to the presence of fluorine). Additionally, 
because PTFE is produced in granular form before being sintered in molds, plate-out poses further risk 
because surface contamination of the granular form becomes contamination in bulk when the granules are 
poured into molds. 
A second concern relates to our ability to correctly reconstruct surface interaction at the TPC inner walls, 
since the imperfect reconstruction of these events leads to a background population leaking radially 
toward the fiducial volume [4,9]. This concern drives the design of the top PMT array and places tight 
requirements on the plate-out of radon progeny on the TPC walls (see Section 6.5.3). 
Controls to mitigate background from radon plate-out will include limiting the exposure of detector parts 
to radon-rich air; monitoring from point of production through transport and storage in Rn-proof 
materials; and employing surface cleaning techniques, such that neutron emission is negligible relative to 
material radioactivity from bulk uranium and thorium contamination. 

3.8.3"""Intrinsic"Backgrounds"
We are confident that our challenging goals for intrinsic radioactive contamination from 85Kr and 222Rn 
can be met with the Xe-purification techniques described in Chapter 9 coupled with the radon emanation 
screening of Xe-wetted materials described in Chapter 12. We note that most of these backgrounds can be 

Table"3.8.1.1.""Backgrounds"in"LZ,"showing"radioactivity"levels"for"dominant"components"as"well"as"counts"
expected"in"1,000"live"days"in"an"indicative"5.6Otonne"fiducial"mass"between"1.5–6.5"keVee"(ER)"and"6–30"keV"
(NR)."In"the"last"two"columns"the"values"are"given"as:"best"estimate"(pessimistic),"as"discussed"in"the"text."The"
first"four"rows"describe"detector"background"sources"located"outside"of"the"TPC"liquid"xenon"region."

Item" 238U" 232Th" 40K" 60Co" ER"counts" NR"counts"
Cryostat" 0.6!mBq/kg! 0.6!mBq/kg! 2.5!mBq/kg! W! 4.1!(8.2)! 0.07!(0.14)!
TPC"PTFE" 0.01!mBq/kg! 0.002!mBq/kg! 0.06!mBq/kg! W! 0.1!(0.3)! 0.003!(0.007)!
TPC"PMTs" 3!mBq/PMT! 3!mBq/PMT! 30!mBq/PMT! 2.5!mBq/PMT! 12.5!(25.0)! 0.04!(0.12)!
Other" various! various! various! W! 4!(20)! 0.05!(0.25)!

SubOtotal" ! ! ! " 20.7"(53.6)" 0.17"(0.54)"
Kr"+"Rn"+"Ar" ! ! ! ! 52!(234)! W!
Neutrinos" ! ! ! ! 234!(270)! 0.6!(0.9)!

Total" Total!number!of!interactions! 307"(558)" 0.74"(1.43)"
! 99.5%!ER!rejection,!50%!NR!acceptance" 1.5"(2.8)" 0.4"(0.7)"
! Combined"background"counts" 1.9"(3.5)"
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in Chapter 8). Even without assuming further improvement in titanium radioactivity, and considering 
pessimistic values for other components shown in Table 3.8.1.1, LZ still achieves a high fiducial mass 
due to the addition of the LXe skin and scintillator outer detector. 

3.8.2""" Surface"Plating"of"Radon"Progeny"
The noble gas radon consists solely of radioactive isotopes, of which four are found in nature: 222Rn and 
218Rn produced in the 238U decay chain, 220Rn from the 232Th decay chain, and 219Rn from the 228Ac series. 
As a result of its chemical inertness, radon exhibits long diffusion lengths in solids. 222Rn is the most 
stable isotope (T1/2=3.82 days), and is present in air at levels of about ten to hundreds of Bq/m3. Charged 
radon progeny — especially metallic species such as 218Po — plates out onto macroscopic surfaces that 
are exposed to radon-laden air. A fraction will deposit and even implant into material surfaces during 
detector construction or installation [81]. 
Backgrounds from surface beta and gamma radioactivity, as well as recoiling nuclei (e.g., 206Pb from the 
alpha decay of 210Po), are largely mitigated by short half-lives and the self-shielding of LXe. However, 
α-particles released in the decay chain, particularly from 210Po — a granddaughter of the long-lived 210Pb 
(T1/2=22.3 years) — result in neutron emission following (α,n) reactions. This is problematic for TPC 
materials with large (α,n) yields such as PTFE (10-5 n/α, due to the presence of fluorine). Additionally, 
because PTFE is produced in granular form before being sintered in molds, plate-out poses further risk 
because surface contamination of the granular form becomes contamination in bulk when the granules are 
poured into molds. 
A second concern relates to our ability to correctly reconstruct surface interaction at the TPC inner walls, 
since the imperfect reconstruction of these events leads to a background population leaking radially 
toward the fiducial volume [4,9]. This concern drives the design of the top PMT array and places tight 
requirements on the plate-out of radon progeny on the TPC walls (see Section 6.5.3). 
Controls to mitigate background from radon plate-out will include limiting the exposure of detector parts 
to radon-rich air; monitoring from point of production through transport and storage in Rn-proof 
materials; and employing surface cleaning techniques, such that neutron emission is negligible relative to 
material radioactivity from bulk uranium and thorium contamination. 

3.8.3"""Intrinsic"Backgrounds"
We are confident that our challenging goals for intrinsic radioactive contamination from 85Kr and 222Rn 
can be met with the Xe-purification techniques described in Chapter 9 coupled with the radon emanation 
screening of Xe-wetted materials described in Chapter 12. We note that most of these backgrounds can be 

Table"3.8.1.1.""Backgrounds"in"LZ,"showing"radioactivity"levels"for"dominant"components"as"well"as"counts"
expected"in"1,000"live"days"in"an"indicative"5.6Otonne"fiducial"mass"between"1.5–6.5"keVee"(ER)"and"6–30"keV"
(NR)."In"the"last"two"columns"the"values"are"given"as:"best"estimate"(pessimistic),"as"discussed"in"the"text."The"
first"four"rows"describe"detector"background"sources"located"outside"of"the"TPC"liquid"xenon"region."

Item" 238U" 232Th" 40K" 60Co" ER"counts" NR"counts"
Cryostat" 0.6!mBq/kg! 0.6!mBq/kg! 2.5!mBq/kg! W! 4.1!(8.2)! 0.07!(0.14)!
TPC"PTFE" 0.01!mBq/kg! 0.002!mBq/kg! 0.06!mBq/kg! W! 0.1!(0.3)! 0.003!(0.007)!
TPC"PMTs" 3!mBq/PMT! 3!mBq/PMT! 30!mBq/PMT! 2.5!mBq/PMT! 12.5!(25.0)! 0.04!(0.12)!
Other" various! various! various! W! 4!(20)! 0.05!(0.25)!

SubOtotal" ! ! ! " 20.7"(53.6)" 0.17"(0.54)"
Kr"+"Rn"+"Ar" ! ! ! ! 52!(234)! W!
Neutrinos" ! ! ! ! 234!(270)! 0.6!(0.9)!

Total" Total!number!of!interactions! 307"(558)" 0.74"(1.43)"
! 99.5%!ER!rejection,!50%!NR!acceptance" 1.5"(2.8)" 0.4"(0.7)"
! Combined"background"counts" 1.9"(3.5)"

 

Detector design and Monte Carlo simulation
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in Chapter 8). Even without assuming further improvement in titanium radioactivity, and considering 
pessimistic values for other components shown in Table 3.8.1.1, LZ still achieves a high fiducial mass 
due to the addition of the LXe skin and scintillator outer detector. 

3.8.2""" Surface"Plating"of"Radon"Progeny"
The noble gas radon consists solely of radioactive isotopes, of which four are found in nature: 222Rn and 
218Rn produced in the 238U decay chain, 220Rn from the 232Th decay chain, and 219Rn from the 228Ac series. 
As a result of its chemical inertness, radon exhibits long diffusion lengths in solids. 222Rn is the most 
stable isotope (T1/2=3.82 days), and is present in air at levels of about ten to hundreds of Bq/m3. Charged 
radon progeny — especially metallic species such as 218Po — plates out onto macroscopic surfaces that 
are exposed to radon-laden air. A fraction will deposit and even implant into material surfaces during 
detector construction or installation [81]. 
Backgrounds from surface beta and gamma radioactivity, as well as recoiling nuclei (e.g., 206Pb from the 
alpha decay of 210Po), are largely mitigated by short half-lives and the self-shielding of LXe. However, 
α-particles released in the decay chain, particularly from 210Po — a granddaughter of the long-lived 210Pb 
(T1/2=22.3 years) — result in neutron emission following (α,n) reactions. This is problematic for TPC 
materials with large (α,n) yields such as PTFE (10-5 n/α, due to the presence of fluorine). Additionally, 
because PTFE is produced in granular form before being sintered in molds, plate-out poses further risk 
because surface contamination of the granular form becomes contamination in bulk when the granules are 
poured into molds. 
A second concern relates to our ability to correctly reconstruct surface interaction at the TPC inner walls, 
since the imperfect reconstruction of these events leads to a background population leaking radially 
toward the fiducial volume [4,9]. This concern drives the design of the top PMT array and places tight 
requirements on the plate-out of radon progeny on the TPC walls (see Section 6.5.3). 
Controls to mitigate background from radon plate-out will include limiting the exposure of detector parts 
to radon-rich air; monitoring from point of production through transport and storage in Rn-proof 
materials; and employing surface cleaning techniques, such that neutron emission is negligible relative to 
material radioactivity from bulk uranium and thorium contamination. 

3.8.3"""Intrinsic"Backgrounds"
We are confident that our challenging goals for intrinsic radioactive contamination from 85Kr and 222Rn 
can be met with the Xe-purification techniques described in Chapter 9 coupled with the radon emanation 
screening of Xe-wetted materials described in Chapter 12. We note that most of these backgrounds can be 

Table"3.8.1.1.""Backgrounds"in"LZ,"showing"radioactivity"levels"for"dominant"components"as"well"as"counts"
expected"in"1,000"live"days"in"an"indicative"5.6Otonne"fiducial"mass"between"1.5–6.5"keVee"(ER)"and"6–30"keV"
(NR)."In"the"last"two"columns"the"values"are"given"as:"best"estimate"(pessimistic),"as"discussed"in"the"text."The"
first"four"rows"describe"detector"background"sources"located"outside"of"the"TPC"liquid"xenon"region."

Item" 238U" 232Th" 40K" 60Co" ER"counts" NR"counts"
Cryostat" 0.6!mBq/kg! 0.6!mBq/kg! 2.5!mBq/kg! W! 4.1!(8.2)! 0.07!(0.14)!
TPC"PTFE" 0.01!mBq/kg! 0.002!mBq/kg! 0.06!mBq/kg! W! 0.1!(0.3)! 0.003!(0.007)!
TPC"PMTs" 3!mBq/PMT! 3!mBq/PMT! 30!mBq/PMT! 2.5!mBq/PMT! 12.5!(25.0)! 0.04!(0.12)!
Other" various! various! various! W! 4!(20)! 0.05!(0.25)!

SubOtotal" ! ! ! " 20.7"(53.6)" 0.17"(0.54)"
Kr"+"Rn"+"Ar" ! ! ! ! 52!(234)! W!
Neutrinos" ! ! ! ! 234!(270)! 0.6!(0.9)!

Total" Total!number!of!interactions! 307"(558)" 0.74"(1.43)"
! 99.5%!ER!rejection,!50%!NR!acceptance" 1.5"(2.8)" 0.4"(0.7)"
! Combined"background"counts" 1.9"(3.5)"

 

Material screening (E. Meehan and P. Scovell’s talk)
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in Chapter 8). Even without assuming further improvement in titanium radioactivity, and considering 
pessimistic values for other components shown in Table 3.8.1.1, LZ still achieves a high fiducial mass 
due to the addition of the LXe skin and scintillator outer detector. 

3.8.2""" Surface"Plating"of"Radon"Progeny"
The noble gas radon consists solely of radioactive isotopes, of which four are found in nature: 222Rn and 
218Rn produced in the 238U decay chain, 220Rn from the 232Th decay chain, and 219Rn from the 228Ac series. 
As a result of its chemical inertness, radon exhibits long diffusion lengths in solids. 222Rn is the most 
stable isotope (T1/2=3.82 days), and is present in air at levels of about ten to hundreds of Bq/m3. Charged 
radon progeny — especially metallic species such as 218Po — plates out onto macroscopic surfaces that 
are exposed to radon-laden air. A fraction will deposit and even implant into material surfaces during 
detector construction or installation [81]. 
Backgrounds from surface beta and gamma radioactivity, as well as recoiling nuclei (e.g., 206Pb from the 
alpha decay of 210Po), are largely mitigated by short half-lives and the self-shielding of LXe. However, 
α-particles released in the decay chain, particularly from 210Po — a granddaughter of the long-lived 210Pb 
(T1/2=22.3 years) — result in neutron emission following (α,n) reactions. This is problematic for TPC 
materials with large (α,n) yields such as PTFE (10-5 n/α, due to the presence of fluorine). Additionally, 
because PTFE is produced in granular form before being sintered in molds, plate-out poses further risk 
because surface contamination of the granular form becomes contamination in bulk when the granules are 
poured into molds. 
A second concern relates to our ability to correctly reconstruct surface interaction at the TPC inner walls, 
since the imperfect reconstruction of these events leads to a background population leaking radially 
toward the fiducial volume [4,9]. This concern drives the design of the top PMT array and places tight 
requirements on the plate-out of radon progeny on the TPC walls (see Section 6.5.3). 
Controls to mitigate background from radon plate-out will include limiting the exposure of detector parts 
to radon-rich air; monitoring from point of production through transport and storage in Rn-proof 
materials; and employing surface cleaning techniques, such that neutron emission is negligible relative to 
material radioactivity from bulk uranium and thorium contamination. 

3.8.3"""Intrinsic"Backgrounds"
We are confident that our challenging goals for intrinsic radioactive contamination from 85Kr and 222Rn 
can be met with the Xe-purification techniques described in Chapter 9 coupled with the radon emanation 
screening of Xe-wetted materials described in Chapter 12. We note that most of these backgrounds can be 

Table"3.8.1.1.""Backgrounds"in"LZ,"showing"radioactivity"levels"for"dominant"components"as"well"as"counts"
expected"in"1,000"live"days"in"an"indicative"5.6Otonne"fiducial"mass"between"1.5–6.5"keVee"(ER)"and"6–30"keV"
(NR)."In"the"last"two"columns"the"values"are"given"as:"best"estimate"(pessimistic),"as"discussed"in"the"text."The"
first"four"rows"describe"detector"background"sources"located"outside"of"the"TPC"liquid"xenon"region."

Item" 238U" 232Th" 40K" 60Co" ER"counts" NR"counts"
Cryostat" 0.6!mBq/kg! 0.6!mBq/kg! 2.5!mBq/kg! W! 4.1!(8.2)! 0.07!(0.14)!
TPC"PTFE" 0.01!mBq/kg! 0.002!mBq/kg! 0.06!mBq/kg! W! 0.1!(0.3)! 0.003!(0.007)!
TPC"PMTs" 3!mBq/PMT! 3!mBq/PMT! 30!mBq/PMT! 2.5!mBq/PMT! 12.5!(25.0)! 0.04!(0.12)!
Other" various! various! various! W! 4!(20)! 0.05!(0.25)!

SubOtotal" ! ! ! " 20.7"(53.6)" 0.17"(0.54)"
Kr"+"Rn"+"Ar" ! ! ! ! 52!(234)! W!
Neutrinos" ! ! ! ! 234!(270)! 0.6!(0.9)!

Total" Total!number!of!interactions! 307"(558)" 0.74"(1.43)"
! 99.5%!ER!rejection,!50%!NR!acceptance" 1.5"(2.8)" 0.4"(0.7)"
! Combined"background"counts" 1.9"(3.5)"

 

Detector performances (H. Araujo’s talk)
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NR Background & WIMP
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ER background
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Single hit

11

 c
ts

/k
g/

da
y

8−10

7−10

6−10

5−10

4−10

3−10

Single Hit (ER)

]2 [cm2 r
0 2000 4000

 z
 [c

m
]

0

20

40

60

80

100

120

140

Single Hit (ER)

 c
ts

/k
g/

da
y

8−10

7−10

6−10

5−10

4−10

3−10

Single Hit (NR)

]2 [cm2 r
0 2000 4000

 z
 [c

m
]

0

20

40

60

80

100

120

140

Single Hit (NR)

OD#Geometry5

July 22, 2014 Scott Haselschwardt, UCSB 3 

•  9 segmented acrylic tanks 
surrounding outer cyrostat hold 
~27 tonnes GdLS 

•  120 Hamamatsu R5912 PMTs  
o  Estimate ~85 phe/MeV scaled Daya Bay 

•  Reflectors 

3.8	  t	  fiducial
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Single hit + LXe skin
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July 22, 2014 Scott Haselschwardt, UCSB 3 

•  9 segmented acrylic tanks 
surrounding outer cyrostat hold 
~27 tonnes GdLS 

•  120 Hamamatsu R5912 PMTs  
o  Estimate ~85 phe/MeV scaled Daya Bay 

•  Reflectors 

Vetoed
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Single hit + liquid scintillator
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•  9 segmented acrylic tanks 
surrounding outer cyrostat hold 
~27 tonnes GdLS 

•  120 Hamamatsu R5912 PMTs  
o  Estimate ~85 phe/MeV scaled Daya Bay 

•  Reflectors 
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All veto systems
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•  9 segmented acrylic tanks 
surrounding outer cyrostat hold 
~27 tonnes GdLS 

•  120 Hamamatsu R5912 PMTs  
o  Estimate ~85 phe/MeV scaled Daya Bay 

•  Reflectors 
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Projected sensitivity
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Summary
Large effort in detailed background understanding 

• Detector design and performances 
- Talk from H. Araujo 
- Liquid scintillator study (Liverpool) 
- Position reconstruction algorithm 

• Monte Carlo simulation and physics background description 
- Software package and optimisation (Edinburgh, Sheffield) 
- Large computing power and storage employed. More than 5 TB just 

for the data analysed, production on O(10) yrs for ER and O(103) 
yrs for NR 

• Material screening selection campaign 
- Talk from P. Scovell 

=> 2 x 10-48 cm2 sensitivity for SI cross section (50 GeV/c2, 90% CL) 

One order of magnitude better than direct competitors in the same WIMP mass range

16This	  work	  has	  made	  use	  of	  the	  resources	  provided	  by	  the	  Edinburgh	  Compute	  and	  Data	  Facility	  (ECDF)	  (hHp://www.ecdf.ed.ac.uk/).

http://www.ecdf.ed.ac.uk/
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