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Observation of
two-neutrino
double electron
capture in 1%4Xe
with XENON1T
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Scientists see 'rarest event ever
recorded' in search for dark matter

The team caught a glimpse of a process that takes
Al Gran Sasso hanno osservato uno [ 18000000000000000000000 years

STEPHEN JOHNSON 24 April, 2019

degli eventi piu rari dell'Universo r
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Dark matter detector reveals
material with longest half-life ever -
18 sextillion years
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Bl THE RAREST DECAY EVER OBSERVED

Double Electron Capture (2vECEC)

Electron capture Neutrino emission
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Bl THE RAREST DECAY EVER OBSERVED

Double Electron Capture (2vECEC)

°% Binding energy released: ~ 1 MeV carried away mostly by neutrinos

DETECTABLE SIGNAL
AUGER
ELECTRONS *
+ :
‘ X-RAYS
°® Experimental signature: &(keV)

cascade of X-rays and Auger electrons

o)
-
o
N
>
]
=
—
m

Aperitivo Scientifico Bologna

Pietro Di Gangi

-



Ne

XENON

Matter Project

Aperitivo Scientifico Bologna 31 May 2019

Pietro Di Gangi

(9]

THE RAREST DECAY EVER OBSERVED

Previous 2vECEC experimentalindications

°® Quoted half-lives of the order of 10%° - 10% years

DIRECT MEASUREMENTS
for 78Kr

PHYSICAL REVIEW C 87, 035501 (2013)
Indications of 2v2K capture in *Kr

Yu. M. Gavrilyuk, A. M. Gangapshev, V. V. Kazalov, and V. V. Kuzminov
Baksan Neutrino Observatory INR RAS, Russia

S. I Panasenko and S. S. Ratkevich”
V. N. Karazin Kharkiv National University, Kharkiv, Ukraine
(Received 6 August 2012; published 4 March 2013)

Comparative study of the double K-shell-vacancy production
in single- and double-electron capture decay

S.S. Ratkevich,»2:* A.M. Gangapshev,! Yu.M. Gavrilyuk,! F.F. Karpeshin,® V.V. Kazalov,!
V.V. Kuzminov,' S.I. Panasenko,":? M.B. Trzhaskovskaya,® and S.P. Yakimenko!
1 Baksan Neutrino Observatory INR RAS, Neitrino 361609, Russia
2V.N. Karazin Kharkiv National University, Kharkiv 61022, Ukraine
3D.I. Mendel Insti for Metrology, Saint-P: burg 190005, Russia
4 Petersburg Nuclear Physics Institute, NRC “Kurchatov Instii ”, Gatchina 188300, Russia
(Dated: September 7, 2017)

GEOCHEMICALSTUDIES
for130B3

PHYSICAL REVIEW C, VOLUME 64, 035205

Weak decay of '**Ba and *?Ba: Geochemical measurements

A. P. Meshik,! C. M. Hohenberg,' O. V. Pravdivtseva,' and Ya. S. Kapusta®
lPhysics Department, Washington University, St. Louis, Missouri 63130
2Activation Laboratories, Ancaster, Ontario, Canada L9G 4V5
(Received 18 April 2001; published 22 August 2001)

Xenon in Archean barite: Weak decay of *°Ba,
mass-dependent isotopic fractionation and implication
for barite formation

Magali Pujol *>*, Bernard Marty?, Pete Burnard ?, Pascal Philippot ®

* CRPG-CNRS, Nancy-Université, 15 rue Notre Dame des Pauvres, 54501 Vandoeuvre-lés-Nancy Cedex, France
® Institut de Physique du Globe de Paris, IMPMC, Université Denis Diderot, CNRS, 4 Place Jussieu 75252 Paris Cedex 5, France

Received 20 February 2009; accepted in revised form 6 August 2009; available online 11 August 2009



Bl THE RAREST DECAY EVER OBSERVED

Key ingredients for discovery

°® Very large detector
Huge number of atoms ('?“Xe) present in
the LXe target
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°® Very silentdetector
Extremely low and well characterized
background level
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THE RAREST DECAY EVER OBSERVED

Looking for '%“Xe decay with XENON1T

°® 2vECEC for124Xe — %“Te + v, + V,

Z.Y.ZHOU, Y. WANG, X. F. TANG, W. H. WU, ANDF. QI, REV. SCI.
INSTRUM. 84, 014101 (2013)
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o The longest half-life ever measureddirectly!

o

About 102 times the age of the Universe (1.83 x 109 years)
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- 0 THE XENON COLLABORATION

Matter Project

31 May 2019
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~© DARKMATTER SEARCH WITH XENON1T

XENON

Matter Project

e

| Pietro Di Gangi | Aperitivo Scientifico Bologna | 31 May 2019
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UNDERGROUNDLNGS
(ITALY)
3600 m.w.e. rock shielding

m— '“”“M\m MUON VETO CHERENKOV
e e 2 DETECTOR

700 tonnes active ultra-pure
water shield instrumented
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- “f THE XENONIT EXPERIMENT

Matter Project

Eur.Phys. J. C. (2017) 77:881

31 May 2019

‘‘‘‘‘

Aperitivo Scientifico Bologna

Pietro Di Gangi



- “f THE XENONIT EXPERIMENT

Matter Project

Eur. Phys. J. C. (2017) 77:881

WATER TANK /00-t titra=purewater
CHERENKOV MUON VETO 84 PMTS

31 May 2019
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- “f THE XENONIT EXPERIMENT

Matter Project

Eur. Phys. J. C. (2017) 77:881

WATER TANK /00-t titra=purewater
CHERENKOV MUON VETO 84 PM 15

31 May 2019

1)
c
b0
L
)
(8
o
)
=
=
o=
o
k]
N
o
>
=
=
w
a
<<

b2 R e
2 8PN

Pietro Di Gangi




- “f THE XENONIT EXPERIMENT

Matter Project

Eur.Phys. J.C. (2017) 77:881

WATER TANK /00-t titra=purewater
CHERENKOV MUON VETO 84 PM 15

31 May 2019
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XENON
Matter Project

LIQUID XENON-BASED DETECTORS

EVOLUTION OF SPECIES XENONRAT
TOTAL LXe mass o
3.2 tonnes XENON1T
PANDA X-I] X @
LUX X @
XENON100
XENON10  gumm L@X .
- N
() 2005 2008 2013 2016 2016 2019

& 22 kg 105 kg 250 kg 580 kg 2000 kg 6000 kg

ACTIVE LIQUID XENON
2.6 @ ‘ °
0.02
0.2

-

LOW ENERGY
ER BACKGROUND
[t-d-keV]!

Pietro Di Gangi ~ Aperitivo Scientifico Bologna 31 May 2019
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-0 LEADING THE DM DIRECT SEARCH

° WORLD BEST CONSTRAINT ONWIMP DARK MATTER
Most stringent exclusion limits (at 90% CL) for WIMPs > 6 GeV//c?

Phys. Rev. Lett.121,111302
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HOW ABOUT 2vECEC of '4*Xe?

XENONTT SENSITIVITY AND PREVIOUS LIMITS

PREVIOUS SEARCHES OF '“Xe DECAY
°® Gas proportional counters using enriched Xenon
°® Large Xe-based dark matter detectors

a

XENON1T DATA FOR
1023 2VECEC SEARCH

XENONLIT sensitivity (90% CL)
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Matter Project

DUAL PHASE TIME PROJECTION CHAMBER

DETECTION PRINCIPLE

time

31 May 2019
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(depth)
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S1-S2 SIGNAL CORRECTIONS

FOR SPATIAL-DEPENDENT DETECTOR EFFECTS

83mKyr CALIBRATIONS -20 1.2

41.5KeV line uniformly
distributedin the TPC
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XENONIT ENERGY SCALE

ENERGY CALIBRATION

(CSI CSZb)
WX +
gl g2

y lines from detector

500 materials contaminants
40
6000 \ K
— 400|1332.5 ke 1460.8 keV
% 60C0
AV 1173.2 kev Activated by
S~ . .
) neutron calibrations
23001 lm
mXe
k) 163.9 keV
2
> | 83mKr
Q 200 41.5 keV
o Injected calibration
E source
O 100
g1 =0.1426%3:33%1 pe/ph
g2 =11.55*3-31 pe/e
0 | | | | |
4 5 6 7 8 9 10

Light yield [pe/keV]

29

29

29

29

29

29

W=13.7x0.2eV

Average energy to generate measurablequanta
(y,e’) in LXe

g,=c51/n,
Primary scintillation gain
gz = CSZb/ne

Secondaryscintillation gain

S1and S2 signalsare anti-correlated

g,(z) and g,(z) calibratedin10 different
z-slices along the TPC

Excellent linearity from keV to MeV



XENONIT ENERGY SCALE

ENERGY RESOLUTION

Fitting Gaussian functions to mono-energetic peaks

°® 8mKr (41.5keV)

Injected calibration source
% 13ImXe (163.9 keV) and 29mXe (236.2 keV)

Activated metastable isotopes during neutron calibrations
°® 214Pph (351.9 keV) and 29Tl (510.8 keV)

Radioactive isotopesin the TPC materials
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124Xe 2vECEC SIGNATURE

MONO-ENERGETICPEAKAT 64.3 keV

Electron capture Neutrino emission

126Ke — 24Te + v, + v,

e

*® Q-value (carried away by the two neutrinos) ,,}t
2.857 MeV <
%% Energy released by recoiling nucleus A
(not detectable) T -

(10 eV) momie  N¥

°® Total energy released by X-rays and Auger electrons for double K-shell electron
capture (atomic relaxation)
(64.3 = 0.6) keV

°® Range of atomic X-rays and Auger electrons in LXe
<1mm (not resolvable)

SIGNATUREIN XENON1T
Single S1+ S2 pair

°® Blinded energy range for the 2vECEC search
(56, 72) keV



BACKGROUNDS

INTRINSICRADIOACTIVEISOTOPES

°9 222Rn (10 uBq /kg)
Most dangerousis -decay of 2'“Pb. Emanated from inner surfaces in contact with Xenon.
Extensive screening campaignand carefulradiopure materialselection.

°° 85Kr (0.66 ppt)
p-emitter, Xenon contaminant.
Reduced by a factor >103 via cryogenic distillation.

31 May 2019

°° 136)e (~9% of "tXe)
Double-f-emitter.

SOLAR NEUTRINOS

°® Subdominant and well constrained from solar and nuclear physics.
Irreducible background.

Aperitivo Scientifico Bologna

RADIOACTIVEISOTOPES IN DETECTOR MATERIALS

°® y-rays from 238U and 232Th decay chainsand from %°Co and “°K.
They can undergo forward Compton scattering before entering the LXe active mass and
produce a flat spectrum at low energies.
Multiple scattersin the active volume arerejected.

Pietro Di Gangi



Aperitivo Scientifico Bologna 31 May 2019

Pietro Di Gangi

BACKGROUND SPECTRUM

°° MCSIMULATIONS
of all background
components
Convolved with the
measured energy
resolution

°> BACKGROUND MODEL
Built by matching the
measured energy spectrum
with the MC simulations

°® LOW ENERGY
BACKGROUND RATE
82+5 ; (sys) = 3 (stat) (tey-keV)"
The lowest ever among DM
detetctors

—— 13Imya  __ 2l4pp —— Materials
- 83mgr Solarv  ==- Interpolation
85Kr 136Xe — Fit

Rate
[keV~1t~ly~1]

Residual
o
I

25 50 75 100 125
Energy [keV]
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Aperitivo Scientifico Bologna 31 May 2019
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THE 21 BACKGROUND PEAK

Corrected 125] Rate [events/t/d]

°® Additional background from EC decay of '#°|
Due to neutron activation of 2°Xe, especially during neutron calibrationruns

124 125 59.4d
16.9h EC
125 : 125¢%
e—— 1 v 1.48ns
X - +u, 1257 1257, X

°® 125] DECAY: mono-energetic peak at 67.3 keV (very close to the 2vECEC peak)

LIVETIME SELECTED: 177.7 d
Time periods with 2%l rateat background level

°® ACTIVATION MODEL

- Based on '»Xerate evolution
15.0 I °° 125] REMOVAL TIME CONSTANT
125 | catioration " (91+26)d
10.0 Thanks to Xenon purification loop
O 2s1pmBe Neutron generator . .
. on activation study through hot Zirconium getters
75
50 F
9 125] EXPECTED EVENTS IN177.7 d

23 N ;s=107

0.0 1 1 1 1 1 1 1 1

0 50 100 150 200 250 300 350 400

Day
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OPTIMIZED ON DISCOVERY SENSITIVITY

Sensitivity < Mass / VNy.qground
optimized in (80, 140) keV sideband since signal region was blinded

°® Total fiducial volume
1.502 t superellipsoid

31 May 2019

;% 0 Events in (80, 140) keV 103
(@]
S Volume segmentedinto
8 _20 °* INNERvolume (1.0t)
= °® QUTER volume (0.5 t)
w « s
o = —40 Intrisic background sourcesand
2 o solar neutrinos are homegeneously
Q — . .
(@
2 N g0 distributed.
10!
w Background from materialsis
@ -80 greatly reducedinthe inner volume.
(]
o
2 ~100 : : ' = 10°
0 500 1000 1500 2000 2500

R? [cm?]

N
(V)]
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UNBLINDING THE SIGNAL REGION

Matter Project

. Blmye . 2l4pp —— Materials — 2vECEC
——. 83mKr Solarv ~ ==- Interpolation Blinded region
85K 136y @ — Fit a1

31 May 2019

Aperitivo Scientifico Bologna

Residual

Pietro Di Gangi
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= = |
o U W

[keV~1]

Events

Pietro Di Gangi

— Fit —— 2VECEC  mmm '?°| calibration data
—=- Background == 12|

Energy [keV]

N
~

] UNBLINDING THE SIGNAL REGION

THE 2vECEC PEAKIIS RIGHT THERE!

%% 2vECEC PEAK
u=(64.2+0.5) keV
o=(2.6+0.3) keV

°° 125] EVENTS

Niizs=9=7

Compatible with
expectations
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DISCOVERY SIGNIFICANCE
4.4 ¢

°% Chi-square difference between background and signal hypothesis

Matter Project

= OBSERVED 2vECEC EVENTS
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~..] CONSISTENCY CHECKS

INF

v' Signal homogeneously distributed in space

v Signal events accumulated linearly with exposure

v Fits of inner (1.0 t) and outer (0.5 t) fiducial volumes yield consistent results

31 May 2019

v Linearity of the energy response is ensured by the '>°| peak observed at the
expected position and separated from the 2vECEC peak by more than the energy
resolution

v Systematic uncertainties on cut acceptance, fiducial mass and number of 22|
events included as fit parameters

v Knowledge from external measurements (material screening, 8°Kr
concentrations measurements, elemental abundances) are incorporated
through constraint terms

Aperitivo Scientifico Bologna

v No constrained fit parameters are pulled significantly (<10¢) away from the
expected value

Pietro Di Gangi



124Xe 2vECEC HALF-LIFE

XENON

SYSTEMATIC UNCERTAINTIES AND DERIVATION

%9 124Xe ABUNDANCE IN XENON1T
n=(9.94 £ 014, +0.15,,.)x 104
Molar isotopic abundance measured underground with a residualgas analyzer with 1.5%
systematic uncertainty

°> ACCEPTANCE
£=0.967 £ 0.007,, +0.033,,
Acceptance of data selection criteriain(55,75) keV
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°> FIDUCIAL MASS
m=(1502+ 9_,.,) kg
Uncertainty due to finite position reconstruction resolution.
Constraining the mass fraction with:
- volume geometry, LXe density (2.862 g/cm?3) and temperature (-96.1 °C)
- the fraction of 8™Kr events in the fiducial volume

MXeN 2vECEC

t=177.7d Livetime
My, =131.293 g/mol Mean molar mass of xenon
N,=6.022 %10 mol”" Avogadro's number

Aperitivo Scientifico Bologna

Pietro Di Gangi
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THEORETICAL PREDICTIONS

This measurements is the first benchmark for nuclear structure models of
proton-rich nuclei

[ —— XENONIT (this work)
- XMASS (90% C.L.) -
- XENON100 (90% C.L.)

1023

31 May 2019

1022 -T-

T%/VZECEC [y]

102! E

Aperitivo Scientifico Bologna

QP\P QP\P

Pietro Di Gangi

It sets the stage for OvECEC searches hunting for the Majorana neutrino



WHAT'SNEXT:XENONnT
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Matter Project

NEUTRON VETO

Region outside the cryostat instrumented
with additional 120 PMTs

Doped water with 0.2% concentration of
Gadolinium sulphate

31 May 2019

Optically separated from Muon Veto system
by ePTFE reflector

Reduction of neutron background thanks to
~85% neutron tagging efficiency

—44
1074

Aperitivo Scientifico Bologna

F\) T oowTmezole Boost the sensitivity to WIMP dark matter by
—45:— \ S— : nT « : . <;n ETO (EF ¥oa”
*E N i xevonn z0¢y - with vero (5 peer | a factor ~2

\

1046F

10747

: The Bologna Group is leading the mechanical
Jo-sl design, simulations, development and PMT tests
: for the Neutron Veto system

S| WIMP-nucleon cross section [cm?]

Pietro Di Gangi
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10 10! 102 103
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Design of mechanical support structure for
nVeto PMTs and ePTFE reflector

nVeto PMTs tests at LNGS

MC simulations for design optimization and
background studies

Aperitivo Scientifico Bologna 31 May 2019

Pietro Di Gangi
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FIT PARAMETERS

b) Constrained fit parameter Value + uncertainty Parameter pull [¢]
Vsolar Multiplier 1.00 + 0.20 0.3
136X e 2vB B multiplier 1.00 £ 0.05 ~0.2
= VOlUMEinner outer MUltipliers 1.00 + 0.01 0. 7iner. —0. Touter
5 High energy acceptanceierouter Multipliers  0.67 + 0.33 0. Linners — 1.0uter
M *Kr concentration (0.66 £ 0.12) ppt "*Kr/Xe 0.3
o Nias, (10 + 7) events ~0.2
g 125, (67.3 £ 0.5) keV ~0.1
8 0125, (2.8 +0.5) keV ~0.1
|5 LiavBORO (64.3 + 0.6) keV ~0.3
g GavRORD (2.6 + 0.3) keV 0.2
: fisamys 1 (32.2 + 0.6) keV 0.7
= jssmy, 3 (41.5 4 0.6) keV -0.1
J3imy, (163.9 + 0.6) keV 24
J120my, (236.2 + 0.6) keV 1.0

Pietro Di Gangi

w
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INNER AND OUTER VOLUME FITS

107!
—— Xe-133 ——— Solar v = Xe-131m —— Spectral fit

- — Kr-85 —— Xe-136 —— Kr-83m Blinded for DEC

| -2 —— Pb-214  —— Xe-129m === Materials (multiple sources)
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\'h s

> High A=131
<= owmp-n ~ A% = Larger probability of S|
WIMP-nucleon interactions

» Self shielding
<& High Z=54 and high density
p=2.8g/cm?

» Scalability
<&z Compact detectorsscalableto larger
dimensions

» High purity
& 1¥®Xedecayratenegligible; 8Kr removed to
<ppt level

» Light and charge yields

<& Highest among nobleliquids

» “Easy” cryogenics
<z Xenonis liquid at -95° C

» VUV scintillation light
<& 178 nm = no need for wavelenght shifters

» 0dd-nucleon isotopes
<& BXeand '®Xe allow to studyalso theSD
interaction

dR/dE, [ton”"keV " year™']

o5 [cm?]

T T T T T T T T
—Xe
Myme = 100 GeV Ge
o heavier Own=1x107 cm2 o 1
. 1
nuclei
10° E
. lighter
10F nuclei E
1 1 1 1 1
0 10 20 30 40 50 60 70 80 90
Recoil Energy (ER) [keV]
1073!
50 GeV/c* WIMP o
10 ] 4 \
[ n H ‘ N [ ‘e ¢
10 bubble chambers 'y é = LA
Lo cryogenic bolometers Y AP 4
B germanium detectors A A A
10-% A liquid argon detectors * 4, T
A liquid xenon detectors
10 m  scintillating crystals
10-% Coherent Neutrino Scattering

1985

1990 1995

2000 2005 2015 2020
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A TYPICAL LOW ENERGY EVENT PAX | m

Processor for Analyzing XENON

https://github.com/XENON1T/pax

S1signal S2signal

Matter Project
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_,3 2.5 g > >
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£ 0.0==l — e 9
< 382.50382.75383.00| | 1000 1005
Time (us) Time (us)
==
C
‘S 10F=— T°C (hits only) 2120
B TPC (raw) 1762
o Analog sum
Q 5
'g 23853
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g’ 0 1 | Q L 1 i l 1 ST P i L1 n
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+ 700 ton pure water instrumented
with 84 high-QE 8" PMTs

- Active shield against muons §
- Trigger efficiency > 99.5% for

muons in water tank .
- Cosmogenic neutron

background suppressed to <
0.01 events/ton/yr

3
Time (us) 6 -

JINST 9, 11007 (2014)



| oling
m TR : LXe temperature stable at -96.07 °C, RMS 0.04 °C
oo 1 [ RN GXe pressure stable at 1.934 bar, RMS 0.001 bar
Purification " ) A

Distillation

i
<
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KENUN
ELECTRON LIFETIME

* Electronegative impuirities in the Xe gas and
from materials outgassing reduce charge (and

light) signal.

* To drift electrons over 1 meter requires <
1ppb (O2 equivalent)

» Solution: continuous gas circulation at high
flow through heated getter material

S XENON Preliminary g |
o \ ¢
(7] [
800-i¢ g 4
.0 4 +
« electron lifetime is monitored T e o
4i& i
regularly with ERs calibration g0
wq-', . . . . . ¢ 1 H H 4
sources. < ] | et
L £ 600- I I | B
* Current value, following increase & - :
in gas flow, approaches 1 msec oo
4+ ®Kr 41.6 keV AmBe Cal.
83mKr Cal. NG Cal.
220Rn Cal. i
::,g‘: 0&0\' 069»' 0%0\ ‘\00\ \103 010\ 0&0\
10\‘1‘ 10 o 10\"“ '10\:‘ 10 Yo 10 1 19\'% 10 e
Date
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1
PMT STABILITY

XENON Preliminary
5

4.5

i e e e

Amplification gain [x107)

351+

L g B e L e

25 OO BIRRG Gt S s Ry S0P 009005 05 90 P 000000
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Position dependence of light (solid < 500 10
angle) and charge (attenuation s Y R CR Ik .
length) signals very well understood il T i

Neutron Generator

S S
< 450 <
.g'_J.IIOO §
it 83 N 350 & §  5.5MeVa(Rn222)
through measurement with 83mKr, € ok __......__.——--_6% i el
222Rn alphas. Excellent agreement o] I 22Mevy(8i214)
. . g . < 5% b T Jgussse & 15 % ¥ 1.8MeVy[Bi214)
with optical Monte Carlo simulations  |>,,;- 1,2 T 236kevyixer2om)
. . . g seSs SESsERe % 8 8 8 s ‘” e el31lm
and with model of purity evolution S sob 5 £ § if“k:vvym(a;i} ]
5100:111.L144,14.41‘ll4;..11.26
100.0‘5 1&1_05 10\,1.0“ 10\’1.09 1003\ 10\%_0\
Date

1or RN220

a Kr83m
D A gy P D D T G —— AmBe
Neutron Generator

S
4
d S80S, 282838 & ® g & &8s . . s
= o : - I heamel Light and charge yield stability
- W A - . .
I i 22vevys2141  monitored with several sources:
9 o XENON Preliminary I 236kevylxe129m] * n daug ters
< E I eskevyixerim ¢ Activated Xe after neutron
'c:» 5;_. B & & o 8 & % 8 & 5§ = ¥ 41 keV y[Kr83m] . .
=0 32 keV y [Kr83m) calibrations
P S ST ST SR T et il e 8mKr calibrations
R e e e

Date e Stability is within a few %
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X-Y reconstruction via neural Position corrections using
network: 83mKr
- Input: charge/channel top - Drift field distortion
array - Localized
- Training: Monte Carlo inhomogeneities from
simulation inactive PMTs
Position resolution using 83mKr - Data-derived correction
- Two interactions (9, 31 keV), verified by comparison
same Xx-y to MC with several
- Position resolution (1-2 cm) event sources
- PMT diameter (7.62 cm)
bata Neutron Generator data e Background data

yies [em)
yies [em]
Zj [em]

-0 -20 0 20 40 -0 -20 0 20 40 10 -20 0 20 40 -100

X% [em] x5 [em] 10 20 30 40 50

xi5 [em] R¢ [cm]
ml
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220Rn: Low Energy ER

o3 ey
556 BN 16D
Qli.ﬂcv
= 212p

gl 0.6 4
212 R

@&' : > 208T
Lstab
Type: Internal

Freq: 1-2 Months
Length: Few days

Stable background
conditions after a couple
days (10.6h longest T;,,)

8mKr: Stability and

&Zeconstructed Interaction Position
=== TPC boundary

2z [em)
-2
=]

e

=100 - NS VT N TR T
0 500 1000 1500 2000 2500
RIS (em?)

Type: Internal
Freq: 2-3 weeks
Length: 1 day

Half life: 1.83h

9.4 keV and 32.1 keV lines
(~150 ns delay)

homogeneous in volume

Neutrons: Signal

Type: External

Freq: As needed

Length: 6 weeks (AmBe)
2 days (generator)
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REAL DATA AND MC SIMULATIONS

REALDATA MC MODEL

Particle propagation
Energy deposit

GEANT4 simulation

Xe scintillation/ionization

Emission model (photon
and electron yield)

Light emission Charge emission

Charge drift

Electron lifetimefrom

S1/S2 LCE maps from
simulations and

g1/g2 and extraction

Photon propagation AL e

PMT/electronics response

Trigger and reconstruction

S1/S2 bias and
smearing from
waveform simulator Efficiencies from

waveform simulator and
Cuts selection

DATA SAMPLES FOR STATISTICAL
INFERENCE OR MODELS

~
<



KENU \U
« 279 days high quality data (livetime-corrected) spanning more
than 1 year of stable detector’s operation. The LXeTPC has been
“cold” since Summer 2016
» 1tonne x year exposure given 1.3 tonne fiducial volume- the
largest reported to-date with this type of detector
» Experiment still running smoothly and collecting more data
300
'UT —— All Exposure Corrections
% 250l Rn220
) el Over 1y of stable data takin
O 200 NG Calibration
£ LED
= 150 |
S Earthquake Jan 17
o 100 g a ;
¥] 0 :
§ 50{PRL119,181301 | BRI
» | ot | | | | l 1
9016-11 2017-01 2017-03 2017-05 2017-07 2017-09 2017-11 2018-01

Date
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