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LZ

Total mass—10T
WIMP Active Mass—7T
WIMP Fiducial Mass -5.6 T |

Total mass —0.37 T
HWIMP Active mass - 0.25 T
WIMP Fiducial mass - 0.145 T

LUX
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Two coherent scattering processes
on nuclei

= Coherent Elastic = Weakly Interacting
Neutrino Nucleus Massive Particle
Scattering (fast, light) Scattering (slow, heavy)
V+Xe—V+Xe WIMP + Xe — WIMP + Xe

WIMP
Z WIMP
A~afewfm  E_~1-50MeV A ~afew fm

M=~1meV M =100 GeV (e.g.)
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WIMP interactions with ordinary matter

Annihilation (What the universe may have done/be doing)

>
1 DM particle fermion
‘Direct Detection’:
scattering with
ordinary matter
(LUX and others)
DM particle fermion

<7
Production (LHC, early cosmos)
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WIMP ‘Direct Detection’ Using Atoms

Look for anomalous nuclear recoils in a 4
low-background detector.
Rate =N p o<v>.

o ~A? = due to coherence
100 GeV WIMP recoil energy

o
—_

General requirements:

» Deep underground laboratory
* Low energy threshold

* Low radioactivity

« Gamma ray rejection

« Neutron shielding 0.001
 Scalability

 Patience

* Obsessiveness

0.01

integral rate, counts/kg/year

E Isothermal halo

L v;=220 km/s, vg=240 km/s, - 2
[ \..=600 kmis, p,=0.3 Geviczem® My =100 GeV/c
0,6 =109 pb (10 cm?)

PR N NN SNNN NN SN NN S 1 PN N SRR TN B S |

0 20 40 60 80 100

threshold recoil energy, keV
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The appeal of xenon for dark matter search

v A= 132 — enhanced WIMP interaction
probability due to coherence (A?)

| v Density = 3 g/cc — self-shielding/fiducialization
Xenon for unwanted gammas

v" High scintillation and ionization yield — natural,
no dopants

v No long lived radioactive isotopes

v ratio of scintillation and ionization is
different for E&M v. nuclear recoils

v High purity attainable - long e- drift lengths

v’ ‘Easy’ cryogenics with liquid nitrogen or
mechanical cooling
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Dual-phase noble liquid Time Projection Chambers

= primary or S| scintillation

(prompt photons generated in liquid
start the TPC clock)

S2 (charge)
and:
secondary or S2 scintillation
(delayed electrons, each converted Dittre
to hundreds of photons in gas blanket)Farticle g SR
= Good electron drift properties . S1(light)

= Large self-shielded target mass

= 3-D signal localization to ~| mm —P lonization electrons
VNN UV scintillation photons (~175 nm)

= Powerful discrimination between
nuclear and electromagnetic recoils

S1/S2 ratio differs for nuclear/E&M recoils

Lawrence Livermore National Laboratory Tl



Introduction to the LUX Detector

Water Tank Titanium Cans - arXiv:1112.1376 Thermosyphon
\
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— Top PMT Array

Field Cage and
| Teflon Reflector
Panels

=

Detector Stand

: \f’z‘;‘ ,:“\
~« 370 kg Lxe, 145 kg fiducial (latest) I &
+ 122 PMTS (QE ~30% @ 175nm A ) . NG u
* Low radioactivity materials - e T

+ >1 kW cooling power from thremosyphons o ”»
- 70,000 gallons of DI water ‘ 2 Ha'f‘a?-at.fé'oﬁszgg PMTs
~* Rn content <100 mBg/m3 Bottom PMT Array ALY v
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LUX is buried 1.5 km underground in the
Sanford Underground Research Facility —
~also the future home of LZ

10° —
10° < =
o Kamioka
~
E 10
é 3
3
:g Souly Gran Sasso
° Homestake Homestake Cl-Ar
2 10 Mine
? Sudbury
10° = oy i
I | | |
0 2000 4000 €000 8000
Temperary Cloan Room
el ki e Depth, meters of water equivalent

55.2 m?2-.-sec!2>105 m?-sec!

~107 fold muon flux suppression
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LUX’s Laboratory at SURF

Control room Breakout system Clean room
- / Liquid nitrogen system

SN ] T
ity -
— »

arXiv:1211.3788

Water tank

Xenon
recovery

bladder Gy system
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A typical candidate event in LUX

S1 summed across all channels S2 summed across all channels
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Excellent 3-D position reconstruction leads to a
well defined and quiet fiducial volume

Z position is determined by the time between S1 and S2
(electron drift speed of 1.5 mm/microsecond)

is . . oy . log10
X-Y position is determined by fitting the S2 hit pattern 50 evts/keVee/kg/day
relative to measured light response functions 0
45
. . -0.5
Reconstruction of XY from events near the anode grid 40
resolves grid wires with 5 mm pitch. 35 1
5
g 30 1.5
£ 25
: -2
20f 20
19f 15 -2.5
1of
5; 10 lllllllllllll — -3
§ of 0 200 400 600
5 quared radius [cmz]

-10F
-15F

-20f

LUX fiducial volume (from
first analysis)

Lawrence Livermore National Laboratory LLNL-PRES xoo0



What’s new with LUX and LZ

In the last few months:

« Spin Independent WIMP limits with 102 better sensitivity at low mass then our
previous world record (PRL.116.161301)

« Spin Dependent WIMP limits — also the most sensitive in the world — for neutrons,
and competitive for protons (PRL.116.161302)

Coming up:

« Completed 300 day LUX acquisition— 3x more data — analysis in progress
« Completion of major external review of the LZ design ‘CD-2’

Around the corner

* The bittersweet LUX decommissioning this fall !
» Preparations for LZ at the Sanford Laboratory

Lawrence Livermore National Laboratory L prEs e



We’ve re-analyzed (more or less) the same
data : why did our results improve ?

- high statistics electron recoll calibration with
tritium source (PRD.93.072009)

» new /n situ neutron recoll calibrations lower our
energy cutoff for accepting events:
3 keV =2 1 keV

 Improved understanding of recombination and
electromagnetic energy scale

Lawrence Livermore National Laboratory e ]



Electromagenetic recoil (ER) calibration with

tritiated-methane

170,000 events

2000 t

Well known distribution

%4000
Spans the WIMP search region =<
& 3000
Uniform throughout (=3
xenon volume — :c‘ 2000
permits calibration at o
detector center O 1000
Response persists 0
even at 1 keV B 4
» 2
Improved measurement of e 0
ER chargel/light yields compared Q :g
to previous LUX analysis o

Completely removed in ~6 hours

T

s Data ]
——Tritium Beta
. i
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We’ve performed an in situ nuclear recoil calibration with a D-D
neutron source

2.45 MeV mono-energetic (it
neutron beam ~
Neutrons collimated by an air- |
filled pipe ﬁ =
Double scatters events permit 0.0 neutron N
reconstruction of incident

neutron energy
Paper in preparation

onduiJ
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Absolute measurements of charge and photons per keV

for nuclear recoils, down to ~1 keV

New signal cutoff

@ 1.1 keV 10}

3

-

N

= s . e
efficiencies A 3
e R >
— S1+82 001f- .
— S1+82 B ;

> thresholds ~ 0.001——"; :

1 10
Nuclear recoil energy (keV)

Old signal cutoff
3.3 keV

(below which we
conservatively assumed
zero yield)

Yield measurements
below 3 keV allow a
us to remove the hard

cut at 3.3 keV,
improving our
acceptance
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Event candidates for the updated analysis

145 kg fiducial vol. (was 117)
95 live days (was 85)
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The increased acceptance improves
sensitivity at low masses

New sensitivity @ 3 GeV/c2 500-fold sensitivity increase at 5.6 GeV/c?

103E — T - ] 510—40
= 4 \ 20N : —41
| 10" E ‘ e 510
= :
2 3 1, A2
g 107 = 10
5 10° | #2410
= 20}° 3
§ 63/506010\2—

2 10 | N 10~
E 10° 3 E 1077
-1l 1

10 ll 1 1 1 11 ll 1 1 1 1 1 11 1
10' , 10° 10’
my, e (GeV/c™)

Lawrence Livermore National Laboratory

20
LLNL-PRES-xxxxxx

WIMP-nucleon cross section ( cm



Coherent scatter will appear in the LZ WIMP search
detector — provided thresholds are low enough

LZ projected

90% CL Median CDR
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For light-mass (5-10 GeV) WIMPS, the “floor” for non-directional
detectors like LZ comes from Boron-8 solar neutrinos
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LUX as a laboratory to study future detectors

Few-electron backgrounds from all N R | )
sources may limit our sensitivity to the AN -
lowest recoil energies/lightest mass

WIMPS - and solar coherent neutrinos

LUX helps provides insight into their
origin

(b)
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counts / electron / kg / day

901 5 10 20 50 100

electrons extracted from liquid xenon

Xenon10 S2-only analysis, arXiv:1011.6439

Rising background at few e- seen
in XENON-10 and in surface detectors
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In LUX, photo-ionization in the bulk liquid can be time-
correlated with a prior scintillation or ionization event

‘ST’ (light) event

‘S2’ (charge) event

= Xe scintillation light can
ionize impurities in the bulk

o 510k & i

liquid s |
%1062_ — Max Ie

S F Drift

= Produced by both S 105 T.” |

T h E i ime |

scintillation (S1) and T10'E in LUX |

ionization (S2) light -(,9)’103; |

= Time delay up to full drift
time in the detector

=

P R
-400 -200

1 | 1 Il | 1 1 I |
400 600 800

o\ foo | | | -
Time(us)

Electron emissions from bulk ionization
following a large energy deposition
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LUX shows evidence for both photoionization of bulk impurities, and
release of electrons at the gas-liquid boundary

Different X-Y position patterns can be identified for

different stages of electron emission: g [ SEX-Y,t<325us Time
= Prompt electron emissions from bulk photoionization > 200 correlated
= Delayed electrons emissions from liquid surface 10 prompt
events
0_
® S2 positions % single electron positions (bU|k)
— ~10F
§ [ SEX-Y,t= 0.00ms
> [
20[- —20-
C [ | Ll | |
10
- Position
o correlated
X delayed
o events
[ (surface)
~20
:IIII|I]II|IIII|IIII|II[I|IIII
-20 -10 0 10 20
X (cm)
Top-down (X-Y) view of single electron distribution 2 =6 "0 10 'z'g(' | ')
cm
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Some emissions are neither time nor space correlated
with prior energy depositions

e S2 positions —i— single electron positions

§ [SE-X-Y, t>200 ms
gl
201
The distribution of few- -
electron events 200 ms after =
small, isolated energy g
depositions is not highly of-
space or time -
correlated with a prior event. 1or
201
'3-%_0' - '-2|o' - '-1|o' - tl) - '1|o' - 'zlo' .

These backgrounds are consistent with Malter-like ion-assisted emission
from cathode — and other noise sources
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Summary of study of the
origin of LUX few-electron backgrounds

= Background electron emission limits the sensitivity of Xe
(and Ar) TPCs at very low energy depositions

= Several sources have been identified with the LUX
detector

- Photo-ionization electrons dominate shortly after light signals

« Delayed electron emissions at the S2 location dominate long after
energy depositions — emissions from liquid surface

lon trapping on grids or walls may also contribute — these mechanisms are
under active study

Lawrence Livermore National Laboratory L res s



LZ collaboration and schedule

32 institutions currently
=US (23) + UK(8)+PT(1)+RU(1)

About 190 people

LIP Coimbra (Portugal)

MEPhI (Russia)

Edinburgh University (UK)

University of Liverpool (UK)

Imperial College London (UK)

University College London (UK)

University of Oxford (UK)

STFC Rutherford Appleton Laboratories (UK)
Shanghai Jiao Tong University (China)
University of Sheffield (UK)

University of Alabama

University at Albany SUNY

Berkeley Lab (LBNL)

University of California, Berkeley
Brookhaven National Laboratory

Brown University

University of California, Davis

Fermi National Accelerator Laboratory

Kavli Institute for Particle Astrophysics & Cosmology
Lawrence Livermore National Laboratory
University of Maryland

University of Michigan

Northwestern University

University of Rochester

University of California, Santa Barbara
University of South Dakota

South Dakota School of Mines & Technology
South Dakota Science and Technology Authority
SLAC National Accelerator Laboratory

Texas A&M

Washington University

University of Wisconsin

Yale University

Year
2012
2014

2015
2016
2017

2018

2019

Milestone
Collaboration formed

LZ project selected in the
UK and as a Generation 2
DM experiment in the US

DOE ‘CD-1" approval (April)
DOE ‘CD-2’ approval (April)

Prep for surface assembly at
SURF

Begin underground
installation

Commissioning starts

Lawrence Livermore National Laboratory
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The LZ design

Instrumentation conduits __

Cathode -~z
high voltage L
feedthrough Existing

water tank

Gadolinium-loaded
liquid scintillator veto

RREfp vy

Liquid Xe
heat
Outer exchanger
detector
PMTs

liquid Xe TPC. 10 tonnes total
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Summary

LUX has published a new PRL with a ~500x better limit on light mass (5.2
GeV/c?) WIMP —and additional sensitivity down to ~3.3 GeV/c?

LUX remains the world’s most sensitive direct dark matter search detector for
spin-independent and neutron-channel spin dependent WIMPS

DD neutron, tritium and other calibrations all contributed to improving our
acceptance for low mass WIMPS

LUX has nearly completed an acquisition of 300 days of live data, compared
to 95 in the current data set

LUX teaches us about noise sources and light/charge yields for the next
generation of dark matter (and coherent scatter) detectors

The ~50x larger fiducial mass LZ detector continues on its path towards
deployment at the Homestake Mine in the coming years
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