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Direct Detection with Liquid Xenon TPCs X@

XENON

Matter Project

Dual-phase Time Projection Chamber (TPC) Event Type Discrimination
* nuclear recoils (WIMPs,
neutrons) have higher-density
tracks than electronic recoils
(gamma, beta): more
*E S recombination, less charge
extraction

time

(charge) * charge and light signals are
SR EESESEeReReY anti-correlated: S2 _ 52
Lxe electron SINR  Sler
(liquid) Euice drift time 5'1 i 3'1 52
I P e | (llght) Drift Time Drift Time '
Nuclear Recoil (WIMP) Electronic Recoil (y, 8)
particle Vertex Reconstruction: Fiducialization

 depth (z) from electron drift time
o x-y from S2 hit pattern

EPS-HEP 2017 2



The XENON1T TPC Xe

XENON

Matter Project

Example Waveform
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TPC PMTs R11410
. 1>.<1 m Volur.n(.e: 2 tons ITXe (3.2 ttotal) * High QE ~C.34% @175 nm Eur. Phys. J. C75, 11, 546 (2015)
o high reflectivity PTFE inner surfaces ¢ average gain ~5x10° @ 1500 V JINST 8, P04026 (2013)
 Earitt 120 V/cm, Eextraction >10 kV/cm ¢ cryogenic, low-radioactivity JINST 12, P01024 (2017)
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First Science Run X@

Science run time (days)
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Matter Project
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Date

Jan 18,2017 1022525 UTC M 5.6 N42.60 E13.23 Depth: 10.0km ID:us10007twn

34.2 live days dark matter exposure
3.0 days ?2°Rn for low-energy electronic recoil band calibration
16.3 days *!AmBe for low-energy nuclear recoil calibration

Geological interruption defined first science run;

Still running with more than 130 days exposure. Earthquake magnitude 5.5

Jan. 18, 2017
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Detector Stability X@

Matter Project

All critical detector parameters Light and Charge Yield stable within 1%
were stable throughout run: monitored using internal sources (131mXe, 83mKr)
¢ LXe temp: (177.08 + 0.04) K Light yield (164 keV) over SRO

Charge yield (164 keV) over SRO
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Xe

Calibrations e

Matter Project

Signal corrections for electron lifetime Energy scale
and spatial response (83mKr) * linear from keV to MeV using known
Light Collection Efficiency (LCE) calibration sources (*mKr, m19imXe, ©Co)
* g1=0.1442 £ 0.0068 (sys) PE/photon

- * light detection efficiency (12.5 + 0.6)%,
Y Monte Carlo prediction 12.1%

‘ . * g2=~100% charge extraction

- 0.9 500 k . .
g N gl = 0.1442 + 0.0003 PE/ph
' N g2 = 11.52 + 0.05 PE/e
o 450 | N 1332.5 keV (stats uncertainty only) i
0.6 600 \.\‘\

AN
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Final S2 charge yield map (bottom)
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Relative light yield
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Calibrations X@

Matter Project

Electronic recoils: 220Rn 2R Eluo?. NES
212Pph B--decay: low-energy calibration [ %5 2000 ed.
. )
6405keV £ 4000
212p 216pg g E
2000 |
) 299ns 0.145s e 228Th source j%
" 202p: o 1000 |
RN 2 eavn| - B N e 220Rn emanates s
2252keV 60.6m 6906keV . A
bl e aepp 1nto xenon gas 2 400 |
stable |  6207keV 5()‘);1\1'\' 10.6h e builds to 212Pb % 200 N
AN o\
1999keV i";‘:[‘l (10.6 h): 2-30 keV GL:‘) 100 (a) **’Rn calibration =
.05m Qo C .
* ~1 week decay O F C I S S T
Phys. Rev. D 95, 72008 (2017)
Nuclear recoils: AmBe
BT . A
L, | * 241AmBe external source D e 60
. i ) 4000 E keVynr . . T
;1: Al / (belt system) emits 1-10 MeV - T SRSt Wl
£ 2000 |

neutrons

* neutron generator 1000 | =gord sty

Corrected S2 bottom [PE]

commissioned May 2017, 400
peaks 2.2 and 2.7 MeV 200 _ AP\ |

N —— = * reduced calibration time 100 L - (b) 2Y’AmBe calibration
from weeks to ~days L 5, 1 5 20 % 807

arXiv: 1705.04741
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Event Selection X@

Matter Project

10F T T T T T
v/ Detection ¢ Selection

Nuclear recoil detection efficiency

Signal reconstruction algorithms tuned with MC

* modeled light propagation and detector
electronics (noise)

* validated S1/S2 waveforms

Efficiency

Selections
~~~~~ * WIMPs are expected as low-energy, single scatters
70 * reject events with uncorrelated signals before main
Nuclear recoil energy [keV] S2 & events after a high-energy event
2 [em?] e S2 width and PMT hit patterns must be consistent
0 500 1000 1500 .
' ' A with reconstructed vertex

Events / energy (a.u)
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Depth [cm]

|
=)
o

—-80 1

|
|
|
|
|
1042 kg i
|
|
I
I
|

10 20 30 37 40 42 44
Radius [cm]

EPS-HEP 2017 8



Xe

XENON

Matter Project

Electronic Recoil Backgrounds

Solar Neutrinos 102L I I I Online kr;/pton DST
Intrinsic 8Kr — FE.\~ .
Intrinsic '**Xe _§ .\J\.s 110
ntrinsic 2*2Rn 620 © 10l 'q.’.;:.i - z
| t s Counts/(ROl+toneyr) § """ I = { }Ei'i'fz_{w'f"#"!'Z(ENQN'IPP“LO)'( """""""""""" =
Stainless Steel > [ I AT o 10%2
N e g
PTFE c I’ﬁ *} # 2
2 % E t 101
it i
PMT Bases | | | | © 101k : H ] :
0 10 20 30 40 50 € ) A
Counts/(ROI  ton  yr) S>j ] I | | y t 1100
107k }
. . 3 3 \,6I o a
Reduction Methods: 19 9 19 19 N
. . . e® o° N 0e° w°
* materials radioassay & selection
* cryogenic distillation to remove Kr o natKyr/Xe < 0.048-1012 (<48 ppq)
* Rn distillation (in-situ: 20% lower e 222Rn 10 uBq/kg target concentration
tests: >27x decrease in Xe100)
MC predictions Measured
Materials W??Ug; 052'7051%(‘31(5)017) (2.3+0.2) x10~* (1.93+0.25) x10
r: Eur. Phys. |. ,
Ro: arxiv'1702.06942 (2017) events/kg/day/keVe.| |events/kg/day/keVee

Lowest background ever achieved in a dark
matter detector!
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https://arxiv.org/abs/1705.01828

Total Background X@

Matter Project

]‘0—1 E | | | | | | |
e WIND Background Model
N e ER and NR spectral shapes derived
~ v from models fitted to calibration data
o * NR energy conversion is based on the
g 10-3 model and parametrisation from NEST
- e background expectations are data-
) driven, derived from control samples
10~

Corrected S1 [PE]

Background & Signal Rates Total NR median -20

Electronic recoils (ER) | 62i8 __________ 0.26 (+0.11)(-0.07) |
Radiogenic neutrons (1) 0054001 ¢ 002 |
CNNS (@) | 0.2 o ooooi....001 ]
Accidental coincidences (acc) 022i001006 ________________________
Wall leakage (wall) 052i032001 ________________________

Anomalous (anom) 0.09 (+0.12)(-0.06) 0.01 +0.01
___________________ Total background 638 ..036(01D(-007)

50 GeV/c?, 104 cm2 WIMP (NR) 1.66 =+ 0.01 0.82 £ 0.06
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Matter Project

||

[ 8000 p
= 4000 i N
- (@]
= 5
S 2000 | =
b= S
o 1000 E g
N i <
N i Q
'_8 400 5 g
5 200F %
= 100 b (c) Dark matter search =
) : 1
O L q P 0 L0 [
50 10—47 sl e e R R
03 10 20 30 40 50 60 70 101 102 103 104
Corrected S1 [PE] WIMP mass [GeV /c?|

Results consistent with null hypothesis
* WIMP region blinded until fiducial mass and event selections were finalized
* Extended unbinned profile likelihood analysis for statistical interpretation
ER/NR shape parameters from calibration fits
Normalization uncertainties for all background components
 Standard isothermal WIMP halo model + Helm form factor
* No significant excess was observed above the expected background

-47 2 2
Strongest exclusion limit for spin-independent WIMPs of 7.7x10 =~ cm @ 35 GeV/c
arXi1v:1705.06655
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The XENON (to DARWIN) Project e

XENON

Matter Project

XENON10 XENON100 XENONIT XENONNT DARWIN

Total Xe: 25 kg Total Xe: 162 kg Total Xe: 3.2 ton Total Xe: ~8 ton Total Xe: ~50 ton

Target: 14 kg Target: 62 kg Target: 2 ton Target: ~6.5 ton Target: ~40 ton

Fiducial: 5.4 kg Fiducial: 34/48 kg  Fiducial: 1 ton Fiducial: ~5 ton Fiducial: ~30 ton

Limit: ~104 [cm?] Limit: ~104° [cm?] Limit: ~10% [cm?] Limit: ~1048 [cm?] Limit: ~10%° [cm?]
2005 2010 2015 2020 2025

See DARWIN talk by
E. Arneodo, Thursday 12:00
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Xe

Summary and Outlook

XENON

Matter Project

XENONTIT is currently the most sensitive direct dark matter search experiment

* The detector has the lowest background ever achieved

* Results with 34.2 live days are now published

* An additional > 85 days of data already acquired

* A fast upgrade to XENONNT is planned, using most of the
existing infrastructure.

10_43 T T L IE
(-'\1_'10_44 E_
S
= 450\ ~
o0 §_\‘- =
AN -
% o 3 \ N\ - — T E
= — \\ \\ — /{gﬂ @M\J ]
T 107 - — e
2 10 E L T i 3 XENONNT: 2019-2023
= N7 i O ] 144 cm drift TPC
z10%e 2 > = ~8000 kg
=L e » = Projected (2023)
107% L e e __ o = 1.6 x 10* cm?
E| 1 1 | .I.---I" | I I | | | | | I I | | | | | 1 1 11 IE
710 20 30 100 20 1000 2000 10000

WIMP mass [GeV/c?]

EPS-HEP 2017

13



