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 Liquid Xenon TPCs 
•  S1:	LXe	is	an	excellent	scin0llator	
–  Light	yield:	>60	ph/keV	(0	field)	
–  Scin9lla9on	light:	178	nm	(VUV)	

•  S2:	Even	be7er	ionisa0on	detector	
–  S1+S2	allows	mm	vertex	reconstruc9on	
–  Sensi9ve	to	single	ionisa9on	electrons	

•  Well	suited	to	WIMP	searches	
–  Density:	3	g/cm3	
–  Scalar	WIMP-nucleon	scaPering	rate	dR/dE∼A2	
–  Odd-neutron	isotopes	(129Xe,	131Xe)	enable	spin-dependent	sensi9vity	
–  Excellent	ionisa9on	threshold:	‘light	WIMP’	searches	using	S2	only	
–  No	intrinsic	backgrounds	(85Kr	can	be	removed,	low	rate	from	136Xe	2νββ)	
–  Easily	scaled	with	no	loss	of	performance	(actually	improves!)	
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 Liquid Xenon TPCs 

N. Larsen, http://conference.ippp.dur.ac.uk/event/544/session/0/contribution/7/material/slides/0.pdf
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ELiquid Xe

Gas Xe

Photomultiplier
Tube

Anode Grid

Cathode Grid
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Ratio of S2 to S1 depends on whether an electron or a neutron is recoiling.
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Most backgrounds are electron recoils(gamma-rays or beta particles)
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Allows us to reject >99.5% of background
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A 1.5 keVee electron recoil
(combined energy reconstruction)

 A typical event… 
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What have we done? 

16 
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XENON10-225 day

LUX2014

Physical Review Letters 112 (2014), 091303

Initial run Spin Independent results 

118 kg
85.3 live days
AmBe and fixed source gamma ray calibrations
Enforced threshold at 3 keVNR
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Physical Review D 93 (2016), 072009

Dispersed tritium calibration

In situ measurement of ER response to low energies
Tritiated methane
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Submitted Phys. Rev. C, arXiv:1608.05381

DD neutron generator calibration
Low energy NR response
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Physical Review Letters 116 (2016), 161301

Improved Spin Independent results

Additional DD and tritium calibrations used
Improved peak finding, analysis
145.4 kg
95 days 
Threshold reduced to 1.1 keVNR

Significant improvement for low masses
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Physical Review Letters 116 (2016), 161302

Spin Dependent results 
from the ‘Improved’ 2013 data set
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Maximal exploitation  
“300 live days of data” 

22 
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 Improve electron extraction 
Was ~50% in initial data 

•  Conditioning campaign 

•  Voltage on electrodes raised, until significant current 

was drawn, for extended period 

•  Successfully raised electron extraction efficiency to 

~75% 

•  Commenced run (11 September 2014 ) 

•  But… 
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•  Note: full FV is still active 

•  Deep events are being reconstructed at smaller radii than shallow events 
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Charge build up on PTFE 
Understood in terms of build up of negative charge on 

internal PTFE walls 

•  Detailed COMSOL™ model developed 

•  Magnitude of effect continued to evolve during run 

•  Roughly rotational symmetry, but strong depth 

dependence 
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Photo 28 April 2016

300 live days of blinded data completed 03 May 2016 
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300 live days of blinded data completed 03 May 2016 
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Data Analysis 
•  Considered data set as 4 time bins and 4 volumes.  
•  Each segment then has its own model for ER and NR response 

•  Likelihood analysis performed on S1 and S2 observables  
•  S1 and S2 modelled with the Noble Element Simulation Technique 

(NEST, http://www.albany.edu/physics/NEST.shtml)
•  NEST is “tuned” to each of the 16 detectors by varying the applied 

field until we see a match between model and calibration data.
•  Periodic CH3T, Kr, DD calibrations throughout run
•  Background estimates... (127Xe has now decayed away)
•  Cuts… Efficiencies…
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Background expectations 

}
}

}

In the bulk, but n/γ discrimination

Low energy wall events, but PLR
 gives these low L(signal)

In the bulk, low energy, NR band

Indicative only: we use PLRBackground 
source

Expected number 
below NR median

External 
Gamma rays 1.5 +/- 0.2 

Internal beta 
particles 1.2 +/- 0.06 

Radon plate 
out (wall 

background) 
8.7 +/- 3.5 

Accidental 
S1-S2 

coincidences 
0.34 +/- 0.10 

8B solar 
neutrinos 
(CNNS) 

0.16 +/- 0.03 

+ ~ 0.3 single scatter neutrons, e.g. from (α, n), not included in PLR
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Salting of data 
•  Injected substantial 

(unknown) number fake 
signal events (“salt”) to the 
data stream

•  Injected at the level of raw 
waveforms, and are built 
from calibration data (not 
simulation)

•  Mitigates bias while 
allowing scrutiny of 
individual events.

•  Previously used by 
neutrino experiments and 
searches for fractional 
charge. 
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Unsalting… 
Plot shows the data from all 16 “detectors” 

Dots are events: 

•  Gray: within 1cm of our 
     fiducial boundary 

•  Black: bulk events

•  Red and blue curves are 
     the ER and NR bands, 

Salt removed
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Additional scrutiny 
Plot shows the data from all 16 “detectors” 

Dots are events: 

•  Gray: within 1cm of our 
     fiducial boundary 

•  Black: bulk events

•  Red and blue curves are 
     the ER and NR bands, 

Additional scrutiny revealed 3 events have highly unlikely PMT hit patterns 

Salt removed
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After unsalting...  
Two events have ~80%
of the light in a single top edge
PMT. Consistent with
energy deposited outside
the TPC, and light leaking
through a gap near the edge
of the PMT array. 

One event has light 
concentrated under a few
top PMTs and has time
structure consistent with gas
scintillation emission. 
 - Also, this event came after 
high rate in the preceding 1 
second.
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After unsalting...  
Two events have ~80%
of the light in a single top edge
PMT. Consistent with
energy deposited outside
the TPC, and light leaking
through a gap near the edge
of the PMT array. 

One event has light 
concentrated under a few
top PMTs and has time
structure consistent with gas
scintillation emission. 
 - Also, this event came after 
high rate in the preceding 1 
second

Since these events do not correspond to interactions in the TPC, 
we developed additional (post-unsalting) cuts to target them
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Additional cuts 
Post unsalting cuts applied

Red dots show additional cuts 
do not unduly target WS 
candidate events

~Flat efficiency of 98.5% 

Salt removed
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PLR analysis 
Two-sided PLR 

•  5 un-binned PLR 
dimensions: r, 𝜙, drift-
time, S1, log10(S2)

•  1 binned PLR 
dimension: Event date

•  Good agreement with 
background-only 
model, p-value >0.6 for 
each projection 
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https://arxiv.org/pdf/1608.07648.pdf

332 Live days result 
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What’s next? 

40 
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Axions 
•  Extends science beyond standard WIMP searches 

•  ER-band search 

•  …Extending background model 
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 Longer term: Bigger is better! 

See talk: “Status of LZ dark matter search experiment”, Sridhara Dasu, 15.10 Friday  
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Extra Slides 
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Extraction Efficiency:

We have three different measurements of the extraction in situ and all agree 
within errors. 

•  The value we quote comes from the Doke plot analysis. 

•  We can also measure our extraction efficiency by comparing the charge yield 
for alphas to previous work by Aprile. 

•  The third method performs a fit to the tritium spectrum floating g1 and g2. 

•  The agreement between the three different methods gives us confidence in 
that number. 

•  In addition, electric field simulations show that our extraction efficiency at this 
extraction field is consistent with the work of Gushkin.
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Cuts 
•  Single S2 preceded by a single S1 
•  S1 in 2 or more PMTs 
•  upper threshold for the summed pulse area outside S1 and S2 within the 

trigger window 

•  S2 > 200 phd 
•  Events for which S2 > 104 phd, S1 > 50 phd, log10(S2) < medianNR − 

5σNR or log10(S2) >medianER + 3σER are considered far from the region 
of interest and are ignored. 

•  FV 40-300 us

•  Event located >3cm inward of median wall position 
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Efficiencies  


