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Outline of Lecture

« Evidence for Dark Matter and Candidates
Rotation curves

gravitational lensing

- WIMP direct detection

kinematics of the elastic WIMP-nucleus scattering
cross sections, differential rates, expected rates in a detector
- WIMP signatures and Backgrounds
time dependance of the rate, directional dependance
background sources, background discrimination
- State-of-the-art in direct detection

noble liquid properties

the XENON project
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Dark Matter Candidates

- Attractive idea: a new particle produced in an early phase of our Universe
e Predicted masses and cross sections span many orders of magnitude

e Most experiments optimized to search for WIMPs, but also searches for axions, SuperWimps,..
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How to detect Weakly Interacting Massive Particles

Direct detection
nuclear recoils from elastic scattering

dependance on A, J; annual modulation,
directionality

local density and v-distribution
Indirect detection
high-energy neutrinos, gammas, charged CRs
look at over-dense regions in the sky
astrophysics backgrounds difficult
Accelerator searches
missing Er, mono-‘objects’, etc

can it establish that the new particle is the DM?

Production at colliders

Vs ~ few TeV
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Direct detection

Collisions of invisibles particles with atomic nuclei

=> Eus (g ~ tens of MeV):

~ 0. 1073
vfe~0.75 % 10 X Fr=-1— <30keV

N
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Detectability of certain dark-matter candidates 7\ / ] ]
| Observable: kinetic
Mark W. Goodman and Edward Witten

Joseph Henry Laboratories, Princeton University, Princeton, New Jersey 08544 e n e rg y Of th e reCO | I | n g
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We consider the possibility that the neutral-current neutrino detector recently proposed by n u Cleu S
Drukier and Stodolsky could be used to detect some possible candidates for the dark matter in galac-
tic halos. This may be feasible if the galactic halos are made of particles with coherent weak in-
teractions and masses 1—10° GeV; particles with spin-dependent interactions of typical weak
strength and masses 1—10% GeV; or strongly interacting particles of masses 1—10" GeV.



—Xpected Rates in a Detector
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—Xpected interaction rates
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Detection of WIMPs: Signal and Backgrounds

Signal (WIMPs) Background (gamma-, beta-radiation)
Recoiling nucleus X gamma
v/C =7 x 104
Er ~ 10 keV

<

S

Electron

v/c = 0.3
gamma



WIMP Signatures

* Nuclear recoils: single scatters with uniform distribution in target volume

e A2 & F2(Q) Dependence: we have seen that recoil rate is energy dependent due to kinematics and
WIMP velocity distribution. Hence we can test consistency of signal with different targets (Sl and SD)

e Annual Modulation: Earth annual rotation around Sun: orbital velocity has a component that is anti-
parallel to WIMP wind in summer and parallel to it in winter. So apparent WIMP velocity (and hence
the rate) will increase (decrease) with season: rate modulation with a period of 1 year and phase ~2
June; small effect (few %) among other effects which also have seasonal dependence

e Diurnal Direction Modulation: Earth rotation about its axis, oriented at angle w/respect to WIMP
“wind” , change the signal direction by 90 degree every 12 hrs. Y30% effect.

June
WIMP Wind V) <~—
—_—

December
10




Summary: Signal Characteristics of a WIMP

« A2 - dependence of rates

« coherence loss (for g~pv ~ 1/rn ~ 200 MeV)

* relative rates, for instance in Ge/Si, Ar/Xe,...

« dependance on WIMP mass

 time dependence of the signal (annual, diurnal)

events on Ge / keV [arb. Units]
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Backgrounds in Dark Matter Detectors

Electromagnetic radiation

enatural radioactivity in detector and shield materials
eairborne radon (222Rn)

e Ccosmic activation of materials during storage/transport

Neutrons

e slow/low energy neutrons from materials radioactivity: (a,n) and fission reactions. Can
be reduced by shielding

e fast/energetic neutrons from spallation of nuclei in materials by cosmic muons. Cannot
be shielded. Detectors must operate deep underground to reduce muon flux

Alpha particles
¢210Pp decays at the detector surfaces
enuclear recolls from the Rn daughters

Neutrinos
@ scattering on electrons give ERs which can “leak” into ROI. Rate is however still very low
® coherent neutrino-nucleus scattering give nuclear recoils-undistinguishable from

WIMPs-the ultimate background for direct searches. Of course exciting signal per se
12



Rate [cts/keV/kg/day]

Backgrounds in Dark Matter Detectors

- External, natural radioactivity: 238U, 238Th, 40K decays in rock and concrete walls of the
laboratory => mostly gammas and neutrons from (a,n) and fission reactions

- Radon decays in air
= passive shields: Pb against the gammas, polyethylene/water against neutrons
= active shields: large water Cherenkov detectors or scintillators for gammas and neutrons
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Backgrounds in Dark Matter Detectors

* Internal radioactivity:

« 238|J, 238Th, 40K, 137Cs, 60Co0, 39Ar, 85K, ... decays in the detector materials, target medium

and shields

« Ultra-pure Ge spectrometers (as well as other methods) are used to screen the materials
before using them in a detector, down to parts-per-billion (ppb) (or lower) levels

Counts keV™' day!
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« Cosmic rays and secondary/tertiary particles: deep underground laboratories

« Hadronic component (n, p): reduced by few meter water equivalent (m w. e.)

Backgrounds In

Dark Matter Detectors

« Most problematic: muons and muon induced neutrons. MeV neutrons can mimic WIMPs

Muon Intensity, m2 y'1

Muon flux vs overburden

A Proposed NUSL Homestake
®  Current Laboratories
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Flux of cosmic ray secondaries and
tertiary-produced neutrons in a typical Pb

_ shield vs shielding depth. Heusser, 1995
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Neutrino backgrounds

* Neutrino-electron and neutrino-nucleus scatters
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Neutrino-electron scatters

« Will generate electron recoils, uniformly distributed in the detector

* |n spite of various background discrimination techniques, such events can potentially “leak” into
the signal region

- Example (in liquid xenon) for spectra expected from WIMPs and solar neutrinos

After discrimination (99.5%) Before discrimination
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Neutrino-nucleus scatters

« 8B neutrinos dominate: serious background if the WIMP-nucleon cross section < 10-10 pb
- But: energy of nuclear recoils: <4 keV (heavy targets, Xe, | etc) to <30 keV in light targets (F, C)
* Non-8B neutrinos: impact on WIMP detectors at much lower WIMP-nucleon cross sections

L. E. Strigari, New J. Phys. 11 (2009) 105011
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Discriminating Signal from Background

Signal Background
Nuclear Electron

Recoils

Dense Energy

" Sparse Energy
Deposition

Deposition

 given that background from radioactivity and environment cannot be eliminated completely, despite effort in
materials selection, shielding and underground location, detectors must have effective S/N discrimination

 scattering from an atomic nucleus leads to different response in most materials than scattering from an
electron

» Detectors which can measure this difference can effectively reduce the dominant EM background

* Neutrons however scatter also off nuclei but unlike WIMPs they scatter in multiple sites hence can be
recognized with position sensitive detectors large enough compared to the typical mean free path of order 10
cm



Detector strategies

Aggressively reduce the
absolute background &
pulse shape analysis

Background reduction by
pulse shape analysis and/or
self-shielding

Background rejection based
on simultaneous detection of
two signals

Other detector strategies

State of the art:
(primary goal is Ov[33 decay):

Past experiments:
Heidelberg-Moscow
HDMS

IGEX

Current and near-future
projects:

GERDA

MAJORANA

Large mass, simple
detectors:

Nal (DAMA/LIBRA,
COSINE, ANAIS, SABRE)

Large liquid noble gas
detectors:

XMASS, DEAP-3600

Charge/phonon
(CDMS, EDELWEISS,
SuperCDMS)

Light/phonon
(CRESST)

Charge/light
(XENON, LUX-LZ, PandaX
DarkSide)

Large bubble chambers -
insensitive to
electromagnetic background:

COUPP, PICASSO,
SIMPLE, PICO

Low-pressure gas detectors,
sensitive to the direction of
the nuclear recoil:

DRIFT, DMTPC, NEWAGE,
MIMAC,DAMIC

In addition:

— reject multiple scattered events and events close to detector boundaries
— look for an annual and a diurnal modulation in the event rate

20




Direct Detection Experiments

WIMP

DRIFT,DM-TPC, PICQO,

DANMIC, NEWAGE,MIMAC
-CS2,C3F8, Ge& CDMS

lonization EDELWEISS
XENON,LUX/LZ,
PandaX
| Heat .| ALO, LiF
LXe, LAr I
DAMA/LIBRA. \
COSINE, ANAIS, nght
XMASS, DEAP
[ cawo,, BGO CRESST

ZnWO,, ALL,O, ...

Nal,Csl LXe, LAr




Worldw:de WIMP Searches
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the state-of-the-art: driven by LXe

PG experiments
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The impressive evolution of LXeTPCs as WIMP detectors

XENONATT

Fiducial mass [kg]

PandaX

XENON100
XENON10

1000 5.3 2.6 0.8 0.2

Low-energy ER background
[ events / (tonne keV day) | 5



Cryogenic Noble Liquids: some properties

- Suitable materials for detection of ionizing tracks:
= dense, homogeneous target and also detectors (scintillation and ionization)
= do not attach electrons; inert not flammable, very good dielectrics

= commercially easy to obtain and purify
- Large detector masses are feasible (at modest costs compared to semiconductors)
- Self-shielding + good position resolution in time projection chamber mode

e | 20| S |y Tovm 7] e
He 2 (4) 4.2 0.13 39 15
Ne 10 (20) 271 1.21 46 7
Ar 18 (40) 87.3 1.4 42 40
Kr 36 (84) 119.8 2.41 49 25
Xe 54 (131) 165 3.06 64 46




Why Noble Liquids for Dark Matter Detection

+ relatively inexpensive for large scale (multi-ton) detectors

4 easy cryogenics : 170 K (LXe), 87 K (LAr)

4 self-shielding : very effective (especially for LXe case) for external background reduction
4 low threshold : high scintillation yield (similar to Nal(Tl) but much faster timing)

4+ n-recoil discrimination: by charge-to-light ratio and pulse shape discrimination

4+ Xe nucleus (A~131) : good for Sl plus SD sensitivity (~50% odd isotopes)

4 For Xe: no long-lived radioactive isotopes (Kr-85 can be removed)

4 For Ar: radioactive Ar-39 is an issue but there are ways to overcome it




Noble Liquid Detector Concepts

Single Phase Detector Dual Phase Detector

PMT
AR

gas——
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target
neg HV
: :
5| 7 S| s S2
c c
3 A & | A

Time Time



Signals in Noble Liquids

* Detect either light only or simultaneously light and charge signals produced by a particle
interaction in the sensitive liquid target

Electronic
recoils

escape electron
charge signal (S2)

Elastic nuclear

— Heat

) scattering
Nuclear recoils



lonization in Noble Liquids

» The energy loss of an incident particle in noble liquids is shared between excitation, ionization

and sub-excitation electrons liberated in the ionization process

» The average energy loss in ionization is slightly larger than the ionization potential or the gap
energy, because it includes multiple ionization processes

- as a result, the ratio of the W-value (= average energy required to produce an electron-ion pair)
to the ionization potential or gap energy = 1.6 - 1.7

Material Ar Kr Xe
Gas

Ionization potential I (eV) 15.75 14.00 12.13
W values (eV) 26.4° 24.2¢ 22.0°
Liquid

Gap energy (eV) 14.3 11.7 9.28
W value (eV) 23.6+0.3" 18.4+0.3° 15.6+0.3¢

- the W-value in the liquid phase is
smaller than in the gaseous phase

- the W-value in xenon is smaller
than the one in liquid argon, and
krypton (and neon)

=> the ionization yield is highest in
liquid xenon (of all noble liquids)



Scintillation in Noble Liquids

Kubota et al}; . . A fraction of the ionization electrons will
prB 20, 1979 10NIZIng charged particles recombine with ions and produce a
scintillation photon in the process called
recombination

Electrons that thermalize far from their

holes R+ electrons escape : i
parent ion may escape recombination
A mechanism called “bi-excitonic
. . quenching” can also reduce the
/ ?cal ized thermalized scintillation yield in very dense tracks:
ions R+ electrons

RFE+R" — Ry — R+R" +e”
excitons R*

recombination
T =15 ns

excited molecular states
13+, 32+,

fast slow

UV light luminescence



Energy of the Scintillation Photons

photon energy [eV]
7 10 15 20

)\LNe ~ (8nm

AL Ar ~ 128nm

A xe ~ 178nm

150 100
wavelength [nm]



—lectron Attachment and Light Absorption

« To achieve a high collection efficiency for both
lonization and scintillation signals, the
concentration of impurities in the liquid has to be
reduced and maintained to a level below 1 part
per 109 (part per billion, ppb) oxygen equivalent

« The scintillation light is strongly reduced by the
presence of water vapour

« The ionization signal requires both high liquid
purity (in terms of substances with
electronegative affinity, SFs, N2O, Oo, etc) and a
high field (typically ~ kV/cm)

- Attenuation lengths of ~1 m for electrons and
photons were already achieved > 1m and are
necessary for ton-scale experiments

1010 " PR S R A | " PR S | " PSS Er e | " PR S arar |
10! 102 103 10* 10°

Electric field strength (V cm~1)

Fig. 21.4. Rate constant for the attachment of electrons in liquid xenon (T =
167 °K) to several solutes: (A) SFg, (J) N2O, (o) Oy [174].



Noble Liquid Detectors: some challenges

Cryogenics: efficient, reliable and cost effective cooling systems
Detector materials: compatible with low-radioactivity and purity requirements

Intrinsic radioactivity: 3%Ar and 42Ar in LAr, 85Kr in LXe, radon emanation/diffusion

Light detection:

= cfficient VUV PMTs, directly coupled to liquid (low T and high P capability, high purity), effective UV
reflectors (also solid state Si devices are under study)

= |ight can be absorbed by H20 and O2: continuous recirculation and purification

Charge detection:

= requires << 1ppb (O2 equivalent) for e-lifetime > 1 ms (commercial purifiers and continuous
circulation)

= clectric fields = 1 kV/cm required for maximum yield for MIPs; for alphas and NRs the field
dependence is much weaker, challenge to detect a small charge in presence of HV



State-of-the-art in LAr

—Xperiments:

23600
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First Dark Matter Search with DEAP-3600 — 9.870 kg-days

T lijV“}
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Mark Boulay No events observed in ROI



WIMP exclusion with DEAP-3600
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State-of-the-art in LXe
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The phases of XENON

XENON10 XENON100 XENONAT XENONNT

2005-2007 2008-2016 2012-2018 2019-2023
25 kg - 15cm drift 161 kg-30cmdrift 3.2ton-1mdrift 8 ton - 1.5 m drift

~10-43cm? ~10-45 cm? ~10-47 cm?2 ~10-48 cm?2
40



XENON1T Overview

EPJ C 77, 881 (2017)

Water tank and wE
Cherenkov muon veto ;7#._ !

\ 1‘&".‘
- "\.'.2’ :*
SBN
|

structure for TPC e

Cryostat and support (/SRR

Time projection
chamber

Umbilical pipe
(cables, xenon)

xenon1it.org

Cryogenics and
purification

Data acquisition and
slow control

Xenon storage,
handling and
distillation column
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The XENON1T Water Cherenkov Muon Veto

L)
3#; | 13

. 84 x 8 “ PMTs (R5912) with high QE and gain
- Taking data with a stable configuration: R = 0.45 Hz

' SR | Coverage (%) | p-Tag.Eff.(%) | Shower Tag. Eff. (%)
0o % 99.5 43
1 99 99.5 43

Muon-induced nuclear recoil background rate in SR1
1.2 10-2 (events/year) in 1 ton fiducial volume



“NON1T Time

Projection Chamber

12.0 t active target

1 meter drift length{
~1 meter diameter |
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XENONTT Photomultipliers

« 248 3-inch, low-radioactivity R11410-21 PMTs with 34.5 % average QE at 178 nm

\ \\ \

L

3 | N
e
.\
[
S .
e \ 4
S (AL
= — bt NP : . b
= H
= 127 PMTs in the top array
\.-.-‘
=
o — (2= _
— e £ 40k
__f-‘ £ [ £ E
- g 10 2 35—
= 0_37 ‘ 'g S'Oj—
= = 2
[=" L [=" E
0.6 ‘
- | Bk
04 . \
02/ i 1.0- |
[ I ]y E I
0.0" e i i ' ' J.
: J AW
)l | S PR SSRGS NI, SPUIPRIN: DUPSRTSS i | PPN IRV IR INPSPIS PR DUNRRR: RO I Q) SR (PRI [EPRP PR PP Irar| | OO P B . . ST
4730 4732 4734 4736 4738 4740 998 1000 1002 1004 1006 1008
Time [us] Time [ps]
4.0 S1: 4.3 PE N

S2: 250 PE

Light ~4 pe

3.5
3.0

25

Amplitude [PE/bin]

T IHIIHHIIIHIIIIIII II]IIIIIIIIWHIIIH
O
-
QO
=

Q
Q)
l

N
o)
@)
O
@

20E
1.5
1.0
0.5
T 1 Y | |
0.0 i ol q sy LoV T O I iR e i R RO, p e ol T Rk T O O O A 45
400 S00 600 700 00 900 1000 1100 1200 1300

Time [us]



Amplification gain [x107]

Calibrations
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't takes ~600,000 liters of Xe gas to fill the detector
with 3200 kg of LXe




and several systems to handle/condense/purity/
keep cold and clean the Xe in the detector
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and several systems to handle/condense/purity/
keep cold and clean the Xe in the detector
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and several systems to handle/condense/purity/
keep cold and clean the Xe in the detector

— — ey I\ e —Lr*‘ > e
. NS PN ) N[Nl - '/
| . S (I T A W s
b A - P ) . | ,
\ / N 7~‘ »f,‘-‘ ‘! I
U N 7 il ‘
/ - - i \% : o » “ “'?w £ == J = ) v
" @ ol TR . (i ST mr—— w0V /4
/ .‘.‘ "~ S { —~ — - q= ‘

2
- 'S

A o




XENONTT Cryogenic Plants

Cryogenics

Data acquisition  Cryogenics Purification
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The Xe Recovery & Storage System

« Double-walled, high pressure (70 atm), vacuum-insulated, LN2 cooled sphere

-+ Can store up to 10t of xenon in gas or liquid/solid phase in high-purity conditions

OUT LN2 IN LN2 VCR FITTINGS - XENON TUBINGS

CAPILLARY TUBE @6x1 ﬁ-
O “iiii

LN2 SH'ELD - i:_,;.;;,—,

SUPERINSULATION 30 LAYERS
VACUUM

__N PT100 (2)

\ EXTERNAL SPHERE

L PT100 (2)

PT100 (2)

ANTISEISMIC SYSTEM (3)

LOAD CELLS (3) —gtg Lol o My |- -
‘ 2 —_—, ﬁ |5 e , .

\
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The Cryogenic System

- Liquefies and maintains xenon in liquid state, provides stable conditions for data taking

- Two redundant PTR cooling systems
and one LNz cooling tower backup

- Efficient two-phase heat exchangers

 Detector cold with stable pressure/
temperature since Fall 2016!

Backup LN2

Vacuum insulation

GXe flow to active
cooling tower(s)

*
LXe flow back |
to cryostat




The Cryogenic System

torne] [l T e Tl diac i 1 ~*... | le, provides stable conditions for data taking
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Detector Pressure [bar]

The Cryogenic System
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The Cryogenic System
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The Gas Purification System

« Continuous gas purification through heated getters

- Charge loss by impurities corrected with e-lifetime
measured from 83mKr calibration and Rn222 alphas

Sy (t) = Sa(tg)el /™)

7001 : .
—%%—Max drift time (673 us) | 1 . |+ Model accounts for the different
6501 {2 | T 17| impurity concentrations and
: . | outgassing in GXe and LXe, flow
g 6007 rate and other detector
% , conditions
+= 55041
S . | « Maximum electron lifetime
& 5001 achievable is limited by the
= | outgassing of materials and the
Bl * ety ween 81 maximum purification flow rate,
C 68% credible region (nke)  Ambe Cal f itself limited mostly by the
400 100' 10*( :moﬂl 1&' 10\3' 10\,%' | circulation pumps

W W o2® \ w° 51
Date



The Distillation Column

» Commercial Xe: 1 ppm - 10 ppb of Kr
 XENON1T sensitivity demands: 0.2 ppt

* Solution: 5.5 m distillation column, 6.5 kg/h throughput
>6.4x105% separation, output concentration < 26 ppg (RGMS)

* on-line distillation used to reduce Kr/Xe while taking data
* Regular samples from TPC measured with a RGMS

EPJ-C74, 2014
( I

1
' Online krypton DST

10"+

—
e
2

=
o
(I lN
Ll e
L
II.'
%ﬂf}
s
e
pe
e
A
e
., 00
o
e
e, =
=
::§§
2
o
=
o,

|
-
o
o]

M

Event rate [events/(keV-kg-day)]
o
I
—-=‘FFH
m_ﬁ? |
= |
natKr/Xe via RGMS [ppt]

107+ n222 don‘ﬂ 11ate<:|
4109
¢
1034 . (360 £ 60) ppq
P ° ° ° oV o>
| o 0 gt T et



XENONTT

Data overview: sclence and calibration

 Detector still running smoothly and taking data with high efficiency

- SRO (34.2 days): best Sl limit 7.7 x 1047 cm?2 at 35 GeV/cm?2 (PRL 119, 2017)

- SR1 (246.7 days): improved detector stability - calibration statistics - refined analysis

- Total Exposure: 1 ton-year for the estimated 1.3 ton fiducial mass!

300
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o 250
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Date
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XENONTIT data analysis

XENONIT
(real waveforms)

Calibration
analysis

Raw data
Processor (PAX) Background
pulse-finding CUEIVEIE
pos
reconstruction
51, 52 Statistical
etc. interpretation

Geant4

+waveform .
simulation Physics Results




—R Background: Monte Carlo

Predictions from MC simulations: ER background from materials w0 S e

is negligible in the 1t FV. 322‘ d 3' |
MC assumptions on the intrinsic backgrounds: N _ioof )
0.2 ppt of natKr (achieved in XENONI1T distillation column tests), oo LR 3 Rl 4"
« 10 uBq/kg of 22Rn (estimation based on Rn emanation measurements) -w—=rr— i

0 20 40 60 8 100 120 140 160 180 200 220
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Eur. Phys. J. C77 (2017) no.5, 275 & arXiv:1702.06942
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222Rn (mainly from 2'4Pb -decay) is the most relevant source of ER
background in most of the TPC.
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Rate [keV~lkg~1d!]

Background Data: Energy Spectrum and Energy Resolution

It Xe-131m

AR g N — Xe120m - Excellent energy resolution
a s N — e

|| — solary measured with a large LXeTPC

| | — Xe-136 2uBB
Materials
| | —— Summed spectrum

- Background

14
“ EXO
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= i Xenonl00, 530 V/cm
o~
o 10k f LUX, 180 V/cm
L | L c HH XENONIT, 80V/cm
1000 1500 2000 2500 3000 .9
Energy [keV] S gk
Yo,
0
- Good agreement between predicted and =
>
measured background spectrum o
z
« Kr: ~0.45 ppt; Pb214: ~ 10 uBg/kg -
’ ; -~
. x
- Gammas based on screening measurements ol | ! | ! !
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Exciting time ahead!

A blind analysis is the only way
to perform this type of rare event
search

« Signal region inaccessible to
analysts until analysis fixed

* Prevents human bias

The data is also ‘salted’

» Fake signal events may or may
not inhabit signal region

« Additional protection against
bias in post-unblinding
scrutinization of events

We’'re unblinding this data very
soon!

WIMP-nucleon o [cm?]

For a WIMP-nucleon cross-section
at the current best limit, this
exposure has >50% chance at a 3-
sigma excess

10—43 =
10—44 .
10745 4

10746 5

10~47 4

wems XENON1T 35.6t-d
Injected signal

©

“
Mean 90% confidence interval,
3 — o excess power ~50%
278.90 days exposure

101 102 103 104
WIMP mass [GeV/c?]
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Direct higgsino detection rescaled
for minimal local abundance ¢=07"r2/0.12

® WT Neutralino |

_ NTh Wino
< " ® MasterCode
= eRA Bae, HB, Barger,Savoy,Serce
~pAMALE i BayesFITS '8 Y
ICO-2L @ - BEw < / Fittino ke =

® nGMM: Agy<30 .. .... o L3 —X,,2:1Z,h

"""""""" B X5 = —-3 (v_, sin o — ni”n_‘mn} (gr&“ - g'v'i”t)
XENON100 °

LUX2016
’ et Xe-1-ton
------- now operating!

natural SUSY

Can test completely with ton scale detector
or equivalent (subject to minor caveats)
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Next step: XENONNT to start in 2019

+ A rapid upgrade to XENON1T, with a new TPC
with 4 x target mass than XENON1T

- Most sub-systems, already operative, designed
with this upgrade in mind

| 8tlLXe @180K ||
5.9 t active target’ ’
‘!!.5 meter drift lengt
1.5 meter diamete
| 476 PMTs

« Main challenge: reduce Radon by x 10
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i
The LUX-ZEPLIN detector

Instrumentation Conduits

Existing
Water Tank, and
SURF Infrastructure

The Cathode

:’elgez-t‘ll:::::: v. - ] Gadolinium-Loaded
LXe Heat . f l i o I
g et I l\ LZ Spin-Independent WIMP Sensitivity
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* Baseline WIMP sensitivity is 2.3 x 10* em? @ 40 GeV/c2 (arXiv:1703.0914).

* 1000 days, 5.6 tonne fiducial mass.
* Begin on-site assembly spring 2018, install underground 2019, first data spring 2020.



Summary

XENONA1T is the first LXeTPC dark matter at the multi-ton scale in operation.
First result with 34 live days yielded the most stringent limit on SI WIMP cross section.
Detector has continued to work incredibly well after the break forced by an earthquake.
Demonstrated > 1 year operation with 3.2 t of LXe: a milestone for this technology.
Achieved the lowest background ever measured in a DM detector: 0.2 events/ (t keV d)
Collected ~ 1 ton x year dark matter data and large calibration statistics.

 Data still blinded. Expect world-leading result in March 2018.

« > 50% chance for a 3 sigma signal if WIMP cross-section at current limit!

XENON1T continues to take data until we upgrade it to XENONRNT. Installation of the
new TPC (~6 t Xe target) before end of 2018.
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