
AARON MANALAYSAY  
for the LUX collaboration

THE LUX DARK MATTER SEARCH

SUSY2014: The 22nd International Conference 
on Supersymmetry and Unification of 
Fundamental Interactions 
25 July, 2014, Manchester, United Kingdom



The LUX Collaboration

Richard Gaitskell PI, Professor
Simon Fiorucci Research Associate
Monica Pangilinan Postdoc
Jeremy Chapman Graduate Student
David Malling Graduate Student
James Verbus Graduate Student
Samuel Chung Chan Graduate Student
Dongqing Huang Graduate Student

Brown

Thomas Shutt PI, Professor
Dan Akerib PI, Professor
Karen Gibson Postdoc
Tomasz Biesiadzinski Postdoc
Wing H To Postdoc
Adam Bradley Graduate Student
Patrick Phelps Graduate Student
Chang Lee Graduate Student
Kati Pech Graduate Student

Case Western

Bob Jacobsen PI, Professor
Murdock Gilchriese Senior Scientist
Kevin Lesko Senior Scientist
Carlos Hernandez Faham Postdoc
Victor Gehman Scientist
Mia Ihm Graduate Student

Lawrence Berkeley + UC Berkeley

Adam Bernstein PI, Leader of Adv. Detectors 
Dennis Carr Mechanical Technician
Kareem Kazkaz Staff Physicist
Peter Sorensen Staff Physicist
John Bower Engineer

Lawrence Livermore

Xinhua Bai PI, Professor
Tyler Liebsch Graduate Student
Doug Tiedt Graduate Student

SD School of Mines

James White † PI, Professor
Robert Webb PI, Professor
Rachel Mannino Graduate Student
Clement Sofka Graduate Student

Texas A&M

Mani Tripathi PI, Professor
Bob Svoboda Professor
Richard Lander Professor
Britt Holbrook Senior Engineer
John Thomson Senior Machinist
Ray Gerhard Electronics Engineer
Aaron Manalaysay Postdoc
Richard Ott Postdoc
Jeremy Mock Graduate Student
James Morad Graduate Student
Nick Walsh Graduate Student
Michael Woods Graduate Student
Sergey Uvarov Graduate Student
Brian  Lenardo Graduate Student

UC Davis

University of Maryland

Carter Hall PI, Professor
Attila Dobi Graduate Student
Richard Knoche Graduate Student
Jon Balajthy Graduate Student

Frank Wolfs PI, Professor
Wojtek Skutski Senior Scientist
Eryk Druszkiewicz Graduate Student
Mongkol Moongweluwan Graduate Student

University of Rochester

Dongming Mei PI, Professor
Chao Zhang Postdoc
Angela Chiller Graduate Student
Chris Chiller Graduate Student
Dana Byram *Now at SDSTA

University of South Dakota

Daniel McKinsey PI, Professor
Peter Parker Professor
Sidney  Cahn Lecturer/Research Scientist
Ethan Bernard Postdoc
Markus Horn Postdoc
Blair Edwards Postdoc
Scott Hertel Postdoc
Kevin O’Sullivan Postdoc
Nicole Larsen Graduate Student
Evan Pease Graduate Student
Brian Tennyson Graduate Student
Ariana Hackenburg Graduate Student
Elizabeth Boulton Graduate Student

Yale

LIP Coimbra
Isabel Lopes PI, Professor
Jose Pinto da Cunha Assistant Professor
Vladimir Solovov Senior Researcher
Luiz de Viveiros Postdoc
Alexander Lindote Postdoc
Francisco Neves Postdoc
Claudio Silva Postdoc

UC Santa Barbara
Harry Nelson PI, Professor
Mike Witherell Professor
Dean White Engineer
Susanne Kyre Engineer
Carmen Carmona Postdoc
Curt Nehrkorn Graduate Student
Scott Haselschwardt Graduate Student

Henrique Araujo PI, Reader
Tim Sumner Professor
Alastair Currie Postdoc
Adam Bailey Graduate Student

Imperial College London

Chamkaur Ghag PI, Lecturer
Lea Reichhart Postdoc

  Sally Shaw  Graduate Student

University College London

Alex Murphy PI, Reader
Paolo Beltrame Research Fellow
James Dobson Postdoc

University of Edinburgh

David Taylor Project Engineer
Mark Hanhardt Support Scientist

SDSTA

Matthew Szydagis PI, Professor

SUNY Albany



Large Underground Xenon detector

L  U  X

(a direct-detection search, looking 
primarily for WIMP dark matter)

?
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WHY USE LIQUID XENON TO 
LOOK FOR WIMPS?
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• Scalar WIMP-nucleus 
interactions lead to an A2 
enhancement in the 
differential rate relative to 
other commonly used 
detection media. 

• Natural xenon contains 
~50% odd isotopes, giving 
high sensitivity to spin-
dependent interactions.

Large signal
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• Liquid detectors are easy to scale up to 
large size. 

• Dual-phase time projection chambers 
feature 3-D localization of events. 

• The combination of these two features 
permits an ultra-low-background inner 
region to be defined.  In the quietest 
[central] regions of the detector, one kg 
of Xe will see on average one BG event 
in ~200 days in our signal region.

Alexandre Lindote!! ! ! ! ! Astroparticle Physics 2014

Xenon as a WIMP target

3

It’s quiet in the 
middle

log10DRU

Fiducial

Active Xe

✤ Relatively high density (2.9 g/cm3) !

✤ High atomic mass (A=131 g/mol)!

✤ Spin-dependent sensitive isotopes (129Xe, 131Xe)!

✤ Large light output and fast response!

✤ Long electron drift lengths (~1 m) !

✤ Excellent ionisation threshold!

✤ No intrinsic backgrounds!

✤ Self-shielding (using 3D pos. recons.)!

✤ Scalable to multi-ton size

Low background
Event rate (DRU)*

* “DRU” = evt/kg/day/keV
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• LUX is a dual-phase time projection 
chamber (like most other liquid-noble 
DM experiments); essentially a 
cylinder of LXe. 

• Primary scintillation light (“S1”) is 
emitted from the interaction vertex, 
and recorded by an array of PMTs on 
top and bottom. 

• Electrons emitted from the interaction 
are drifted by and applied field to the 
surface and into the gas, where they 
emit proportional scintillation light 
(“S2”), also recorded by the PMTs. 

• This design permits: 
‣ Identification of multiple scatters 

(via S2 count). 
‣ 3-D localization of each vertex. 
‣ ER/NR discrimination (via S2/S1) 
‣ Sensitivity to single electrons.
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LUX, located on the 4850 level 
(~1.5 km underground) in Lead, 
South Dakota. ~107 reduction in 
cosmic muon rate.
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The detector and 
cryostat live inside a 
~300 tonne ultra-pure 
active water shield.
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• 47cm diameter by 48 cm 
height dodecagonal 
“cylinder”. 

• 370 kg LXe total, 250 kg 
active region 

• 61 PMTs on top, 61 on 
bottom, specially produced 
for low radiogenic BGs and 
VUV sensitivity. 

• Xenon was pre-purified via 
chromatographic 
separation, reducing 
residual krypton levels to 
3.5±1 ppt (g/g). 

• Liquid is continuously 
recirculated (¼ tonne per 
day) to maintain chemical 
purity. 

• Ultra-low BG titanium 
cryostat.
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1 keVee , allowing ER band (Fig. 3) and detection effi-
ciency calibrations (Fig. 1) with unprecedented accuracy;
the tritiated methane is subsequently fully removed by
circulating the xenon through the getter.
A 83mKr injection was performed weekly to determine

the free electron lifetime and the three-dimensional cor-
rection functions for photon detection efficiency, which
combine the effects of geometric light collection and PMT
quantum efficiency (corrected S1 and S2). The 9.4 and
32.1 keV depositions [22] demonstrated the stability of
the S1 and S2 signals in time, the latter confirmed with
measurements of the single extracted electron response.
131mXe and 129mXe (164 and 236 keV deexcitations)
afforded another internal calibration, providing a cross-
check of the photon detection and electron extraction
efficiencies. To model these efficiencies, we employed
field- and energy-dependent absolute scintillation and
ionization yields from NEST [23–25], which provides an
underlying physics model, not extrapolations, where only
detector parameters such as photon detection efficiency,
electron extraction efficiency and single electron response
are inputs to the simulation. Using a Gaussian fit to the
single phe area [26], together with the S1 spectrum of
tritium events, the mean S1 photon detection efficiency
was determined to be 0.14! 0.01, varying between 0.11
and 0.17 from the top to the bottom of the active region.
This is estimated to correspond to 8.8 phe=keVee (electron-

equivalent energy) for 122 keV γ rays at zero field [23].
This high photon detection efficiency (unprecedented in a
xenon WIMP-search TPC) is responsible for the low
threshold and good discrimination observed [27].
Detector response to ER and NR calibration sources is

presented in Fig. 3. Comparison of AmBe data with
simulation permits extraction of NR detection efficiency
(Fig. 1), which is in excellent agreement with that obtained
using other data sets (252Cf and tritium). We describe the
populations as a function of S1 (Figs. 3 and 4), as this
provides the dominant component of detector efficiency.
We also show contours of approximated constant-energy
[28], calculated from a linear combination of S1 and S2
[24,27,29] generated by converting the measured pulse areas
into original photons and electrons (given their efficiencies).
A parameterization (for S2 at a given S1) of the ER band

from the high-statistics tritiumcalibration is used to character-
ize the background. In turn, the NR calibration is more
challenging, partly due to the excellent self-shielding of the
detector. Neutron calibrations therefore include systematic
effects not applicable to the WIMP signal model, such as
multiple-scattering events (including those where scatters
occur in regions of differing field) or coincident Compton
scatters fromAmBeand 252Cf γ raysand(n,γ) reactions.These
effects produce the dispersion observed in data, which is well
modeled in our simulations (in both band mean and width,
verifying the simulatedenergy resolution), and larger than that
expected from WIMP scattering. Consequently, these data
cannot be used directly to model a signal distribution. For
differentWIMPmasses, simulatedS1 andS2 distributions are
obtained, accounting for their unique energy spectra.
The ratio of keVee to nuclear recoil energy (keVnr) relies

on both S1 and S2, using the conservative technique
presented in [29] (Lindhard with k ¼ 0.110, compared to
the default Lindhard value of 0.166 and the implied best-fit
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FIG. 4 (color online). The LUX WIMP signal region. Events in
the 118 kg fiducial volume during the 85.3 live-day exposure are
shown. Lines as shown in Fig. 3, with vertical dashed cyan lines
showing the 2–30 phe range used for the signal estimation analysis.
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FIG. 3 (color online). Calibrations of detector response in the
118 kg fiducial volume. The ER (tritium, panel (a) and NR
(AmBe and 252Cf, panel (b)) calibrations are depicted, with the
means (solid line) and !1.28σ contours (dashed line). This
choice of band width (indicating 10% band tails) is for presen-
tation only. Panel (a) shows fits to the high statistics tritium data,
with fits to simulated NR data shown in panel (b), representing
the parameterizations taken forward to the profile likelihood
analysis. The ER plot also shows the NR band mean and vice
versa. Gray contours indicate constant energies using an S1-S2
combined energy scale (same contours on each plot). The dot-
dashed magenta line delineates the approximate location of the
minimum S2 cut.

PRL 112, 091303 (2014) P HY S I CA L R EV I EW LE T T ER S
week ending

7 MARCH 2014

091303-4

• The LUX collaboration has 
pioneered the use of internal, 
diffuse calibration sources: 
CH3T (tritiated methane, for 
the electronic-recoil (ER) 
band) and 83mKr (for position 
corrections, energy 
calibration). 

• The nuclear-recoil (NR) band 
is calibrated with external 
neutron sources (AmBe, 
252Cf). 

•≳99.5% rejection of ER 
events at 50% NR acceptance
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• 181 V/cm drift field 
• 85.3 live days 
• 118 kg fiducial mass 
• 160 observed background 

events. 
• Data are analyzed with a 4-

parameter profile likelihood 
test. 

• p-value of 35% consistent 
with ER backgrounds. 

• PRL 112, 091303 (2014), 
arXiv:1310.8214

1 keVee , allowing ER band (Fig. 3) and detection effi-
ciency calibrations (Fig. 1) with unprecedented accuracy;
the tritiated methane is subsequently fully removed by
circulating the xenon through the getter.
A 83mKr injection was performed weekly to determine

the free electron lifetime and the three-dimensional cor-
rection functions for photon detection efficiency, which
combine the effects of geometric light collection and PMT
quantum efficiency (corrected S1 and S2). The 9.4 and
32.1 keV depositions [22] demonstrated the stability of
the S1 and S2 signals in time, the latter confirmed with
measurements of the single extracted electron response.
131mXe and 129mXe (164 and 236 keV deexcitations)
afforded another internal calibration, providing a cross-
check of the photon detection and electron extraction
efficiencies. To model these efficiencies, we employed
field- and energy-dependent absolute scintillation and
ionization yields from NEST [23–25], which provides an
underlying physics model, not extrapolations, where only
detector parameters such as photon detection efficiency,
electron extraction efficiency and single electron response
are inputs to the simulation. Using a Gaussian fit to the
single phe area [26], together with the S1 spectrum of
tritium events, the mean S1 photon detection efficiency
was determined to be 0.14! 0.01, varying between 0.11
and 0.17 from the top to the bottom of the active region.
This is estimated to correspond to 8.8 phe=keVee (electron-

equivalent energy) for 122 keV γ rays at zero field [23].
This high photon detection efficiency (unprecedented in a
xenon WIMP-search TPC) is responsible for the low
threshold and good discrimination observed [27].
Detector response to ER and NR calibration sources is

presented in Fig. 3. Comparison of AmBe data with
simulation permits extraction of NR detection efficiency
(Fig. 1), which is in excellent agreement with that obtained
using other data sets (252Cf and tritium). We describe the
populations as a function of S1 (Figs. 3 and 4), as this
provides the dominant component of detector efficiency.
We also show contours of approximated constant-energy
[28], calculated from a linear combination of S1 and S2
[24,27,29] generated by converting the measured pulse areas
into original photons and electrons (given their efficiencies).
A parameterization (for S2 at a given S1) of the ER band

from the high-statistics tritiumcalibration is used to character-
ize the background. In turn, the NR calibration is more
challenging, partly due to the excellent self-shielding of the
detector. Neutron calibrations therefore include systematic
effects not applicable to the WIMP signal model, such as
multiple-scattering events (including those where scatters
occur in regions of differing field) or coincident Compton
scatters fromAmBeand 252Cf γ raysand(n,γ) reactions.These
effects produce the dispersion observed in data, which is well
modeled in our simulations (in both band mean and width,
verifying the simulatedenergy resolution), and larger than that
expected from WIMP scattering. Consequently, these data
cannot be used directly to model a signal distribution. For
differentWIMPmasses, simulatedS1 andS2 distributions are
obtained, accounting for their unique energy spectra.
The ratio of keVee to nuclear recoil energy (keVnr) relies

on both S1 and S2, using the conservative technique
presented in [29] (Lindhard with k ¼ 0.110, compared to
the default Lindhard value of 0.166 and the implied best-fit
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FIG. 3 (color online). Calibrations of detector response in the
118 kg fiducial volume. The ER (tritium, panel (a) and NR
(AmBe and 252Cf, panel (b)) calibrations are depicted, with the
means (solid line) and !1.28σ contours (dashed line). This
choice of band width (indicating 10% band tails) is for presen-
tation only. Panel (a) shows fits to the high statistics tritium data,
with fits to simulated NR data shown in panel (b), representing
the parameterizations taken forward to the profile likelihood
analysis. The ER plot also shows the NR band mean and vice
versa. Gray contours indicate constant energies using an S1-S2
combined energy scale (same contours on each plot). The dot-
dashed magenta line delineates the approximate location of the
minimum S2 cut.

PRL 112, 091303 (2014) P HY S I CA L R EV I EW LE T T ER S
week ending

7 MARCH 2014

091303-4
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• 85.3 live days 
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events. 
• Data are analyzed with a 4-

parameter profile likelihood 
analysis. 

• p-value of 35% consistent 
with ER backgrounds. 

• PRL 112, 091303 (2014), 
arXiv:1310.8214 

• 7.6x10-46 cm2 at 33 GeV/c2 
• That’s sub-zeptobarn!

LUX 2013XENON100

CDMS-II

ZEPLIN-III

Edelweiss-II
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Energy ➞ ionization

Assumed cutoff

•         quantifies the linearity between 
deposited energy and scintillation 
signal. 

•         (“ionization yield”) quantifies the 
linearity between deposited energy 
and ionization signal. 

• Lowest-energy published direct 
measurement of       is at 3 keV, and of                             

!
• LUX first results used the un-

physically conservative assumption 
that        and      drop to zero below 3 
keV. 

• Gray curve in these plots is the NEST 
model prediction (pre-3keV cutoff) 

• Is there any development on this front 
since the LUX results?

Le↵

Qy

Qy

Qy

Le↵

Le↵

is at 4 keV. Energy ➞ scintillation

Manzur2010Sorensen2010
XENON100

NEST model

NEST model

ZEPLIN3

Manzur2010

Plant2011

ZEPLIN3
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Samuel Chan, Carlos Faham for the LUX Collaboration

Monochromatic 
2.5 MeV neutrons

Monochromatic, 
collimated 2.45 
MeV neutrons

• Measurement made in LUX 
with a collimated and 
monochromatic D-D neutron 
generator. 

• Double-scatter events are 
selected, from which the 
scattering angle of the first 
vertex can be determined. 

• Kinematics provides the 
energy deposited at the first 
scattering vertex, 
independent of ionization 
response.
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DIRECT  MEASUREMENT OF NR 
ENERGY SCALE IN LUX

16J. Verbus, for the LUX collaboration (paper in preparation)
http://www.pa.ucla.edu/sites/default/files/webform/20140228_jverbus_ucla2014.pdf

• Direct, in situ measurement 
of       indicates continued 
excellent sensitivity to NR 
events below 3 keV (these 
preliminary results extend 
below 1 keV!). 

Qy

Preliminary
LUX

Flat Sys. 
Error on 
Blue Points 
(1 sigma)

Assumed cutoff

LUX

http://www.pa.ucla.edu/sites/default/files/webform/20140228_jverbus_ucla2014.pdf
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• Using the determined        
and the measured 
relationship between 
ionization and scintillation, 
the scintillation energy 
scale can be determined 
from the same data. 

• These data extend the 
measured scintillation 
response down to 2 keV.

Qy

Preliminary
LUX

Flat Sys. 
Error on 
Blue Points 
(1 sigma)

http://www.pa.ucla.edu/sites/default/files/webform/20140228_jverbus_ucla2014.pdf

Assumed cutoff

LUX

J. Verbus, for the LUX collaboration (paper in preparation)

http://www.pa.ucla.edu/sites/default/files/webform/20140228_jverbus_ucla2014.pdf
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HOW SIGNIFICANT ARE THE 
NEW ENERGY-SCALE RESULTS?
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to recoils below 3 keV
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Decreasing this response cutoff from 3keV to 2keV provides 
access to a factor of 70* more signal at M = 6 GeV
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LUX 2013

Decreasing this response cutoff from 3keV to 1keV provides 
access to a factor of 1000* more signal at M = 6 GeV

*Before folding in detection efficiencies



Aaron Manalaysay SUSY2014

The LUX Dark Matter Search

HOW SIGNIFICANT ARE THE 
NEW ENERGY-SCALE RESULTS?

22

0 1 2 3 4 5 6 7 8 9 10
Recoil Energy [keVnr]

10�5

10�4

10�3

10�2

10�1

100

101

D
iff

er
en

tia
lR

at
e

[e
vt

s/
kg

/d
ay

/k
eV

nr
]

MW = 6 GeV, s = 10�41 cm2

MW = 10 GeV, s = 10�44 cm2

MW = 30 GeV, s = 8 ⇥ 10�46 cm2

Decreasing this response cutoff from 3keV to 1keV provides 
access to a factor 1000* more signal at M = 6 GeV

*Before folding in detection efficiencies

0 5 10 15 20 25 30 35 40

0

0.2

0.4

0.6

0.8

1

recoil energy (keVnr)

re
la

tiv
e 

de
te

ct
io

n 
ef

fic
ie

nc
y

*We do have sensitivity to 
1keV nuclear recoils!

Ionization efficiency, assuming 
~4-electron threshold (we can go lower)
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• LUX’s first results (85.3 days) were cautious: we chose very 
conservative assumptions of the detector response. 

• Re-analysis in the works, exploiting our improved understanding of 
LXe’s response to low-energy nuclear recoils.  This will also feature 
reduced analysis thresholds. 

• LUX is a very versatile detector, capable of much more than just 
setting limits on “vanilla” WIMP spin-independent interactions: 
‣ Spin/momentum-dependent searches 
‣ Inelastic DM 
‣ Low-mass WIMP searches 
‣ Solar axions/ALPs 
‣ Astrophysics-independent limits 
‣ Hidden-sector searches 

• We are currently gearing up for a 300-day search, projecting a 
factor of x5 increase in sensitivity.
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Next generation, the LUX-ZEPLIN (LZ) experiment, very recently 
selected as one of three “G2” DM projects!  Projected for 
2017-2018, 1000-fold sensitivity improvement over LUX.
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• LUX’s first results, after only 3 months of running, has 
immediately set a world record in WIMP sensitivity. 

• WIMP-nucleon scalar interactions: minimum exclusion 
limit of σ < 760 yoctobarns at Mχ=33 GeV/c2. 

• Expect a new re-analysis of the 3-month search, 
updated with input from our new NR energy-scale 
measurements. 

• Currently gearing up for a 300-day run, expect ~x5 
increase in sensitivity. 

• LUX’s future looks bright, with the good news of LZ’s 
selection as one of three G2 projects.

Thanks for your attention!
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2008 
LUX funded

2011 
SURF aboveground 
lab completed

July 2012 
SURF underground 
lab ready

Feb. 2013 
LUX underground 
installation and first 
cool down complete

April 2013 
Detector 
commissioning 
complete

October 2013 
First results presented
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• 4-6 mm resolution for S2 signals in WIMP-search region 
• Improves to ~3 mm at higher energies

5 mm

Projection along the wires
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• “DRU” = “differential rate unit”, or 
evts/kg/day/keV 

• Backgrounds in LUX are very well 
constrained by high-energy gamma 
ray lines. 

• Events in the fiducial region are 
dominated by external gamma rays. 

• Internal sources (85Kr, 214Pb, 127Xe) 
also contribute. 

• Full BG study available at           
arXiv:1403.1299

(a) (b)

Figure 10: Low-energy background distributions in squared radius and height, from (a) measured data and (b) model
predictions. Rates are taken in the range 0.9–5.3 keVee (2–30 S1 phe). Rates are shown in units of log10 (DRUee). The
118 kg fiducial volume used in the 85.3 day WIMP search run is shown in dashed black. The model includes low-energy
background contributions from � ray, 127Xe, 214Pb, and 85Kr sources. Measured rates at large radii include a significant
contribution from low-energy 210Pb decays at the detector walls. These decays are not included in the background
model.

Source Background Rate [mDRUee]
� rays 1.8± 0.2stat ± 0.3sys
127Xe 0.5± 0.02stat ± 0.1sys
214Pb 0.11� 0.22 (0.20 expected)
85Kr 0.17± 0.10sys

Total predicted 2.6± 0.2stat ± 0.4sys
Total observed 3.6± 0.3stat

Table 6: Predicted and measured low-energy background
rates in the LUX 118 kg WIMP search fiducial during the
85.3 day run. Rates are averaged over the energy range
0.9–5.3 keVee.

5. Background Projections for the One Year Run

The background studies from the 85.3 day WIMP search
can be used to project the expected backgrounds for the
2014 one-year LUX WIMP search run. At the beginning of
the one-year run, the 127Xe background will have decayed
below significance. The one-year run is also expected to
use a more conservative 100 kg fiducial volume, further
reducing position-dependent � ray backgrounds.

The predicted background sources within the 100 kg
fiducial for the one-year run are listed in Table 7. A to-
tal of 1.4 ± 0.2 mDRUee is expected from all ER sources,
assuming no change in 214Pb or 85Kr rates from those
observed in the 85.3 day run. The predicted total is in

agreement with observations of data in a 100 kg fiducial
during the second half of the 85.3 day run. The observed
event rate is 1.7 ± 0.3 mDRUee. The observed rate in-
cludes 0.15 ± 0.04 mDRUee of residual 127Xe, which will
not be present during the one-year run. The neutron dif-
ferential rate from both internal and external sources is
350 nDRUnr.

Integrating over the 0.9–5.3 keVee window for the ER
sources and the equivalent 22 keVnr window for NR sources,
and using the observed 1.7±0.3 mDRUee and subtracting
0.15± 0.04 mDRUee

127Xe, the total expected number of
background events is 250 (ER) + 0.28 (NR). After 99.6%
ER discrimination, and assuming a 50% NR acceptance,
the number of WIMP-like background events is 1.1± 0.2.
The background rate is potentially further reduced by op-
timizing the shape of the fiducial volume to follow the
background contours in the active region. The optimal
shape will be determined by observed background rates
before the start of the one-year run.

6. Conclusions

ER and NR low-energy backgrounds in the LUX ex-
periment have been modeled in detail. Modeling work is
based on Monte Carlo projections constrained by � ray
assay of construction materials, as well as in-situ mea-
surements of � rays and intrinsic radioisotope decay rates
performed outside of the WIMP search fiducial volume

15
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◆Ionization and scintillation signals 
are anti-correlated 
◆Because of these complicated 

effects, electronic and nuclear 
recoils result in different 
proportions of ionization and 
scintillation for the same energy 
◆Allows one to identify primary 

particle identity

(unobserved)
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MINING DOWN TO THE NEUTRINO FLOOR 

26 H. ARAUJO / SUSY 2014 

Snowmass Community Summer Study 2013 
Cosmic Frontier CF1: WIMP Dark Matter Detection 


