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» 81 Light signal
Prompt scintillation photons

» S2 Charge signal

time

GXe Secondary scintillationin GXe from drifted
electrons
I ~= Energyreconstruction fromcombined S1
LXe drift time

(depth) andS2

» 3D vertex reconstruction

% X,Y from S2 patternintop PMT array
g Z from drift time
= particle
j <= Volumefiducialization
o <= Single/multiplescatters discrimination
wn
m
& Y, ﬁ 8000
% . f e 4000{—
o > NR (Nuclear Recoils) \
% WIMP signal, neutrons, CNNS N J =l
~N A w
_ > ER (Electronic Recoils) A\ . I Pl
90 Electronic Recoil |3
g y, B backgrounds ¢ L
5 . ] ® gme ] WlMP' n 5 :
o <= Recoil type identification P S
o~ from S2/S1 / \ 2% -
100", .
Larger for ERthan NR /
< \\.._/‘ . 0 ZI'} 1I0 2I0 3IO 4IO SIO 6IO 710 8‘0
Nuclear Recoil Corrected S1 [PE]
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A TYPICAL LOW ENERGY EVENT

S1signal S2signal

PAX | M

Processor for Analyzing XENON

https://github.com/XENON1T/pax

= S1at382.5us = S2at1004.2 us S1 bottom
o) ‘S 10 50 — 50
= 7.5 5 =
a a
~ 5.0k - £ £
Q () L
= o 5 = oA
© 225 = > >
o a _ a
o £ 0.0==l == £ 9
o <  382.50382.75383.00] | 1000 1005
c Time (us) Time (us)
Q
£ c
(o] ‘S 10F=— T°C (hits only) 2120
wn - TPC (raw) 4762
m 8 Analog sum
() -
E O 5 23283
E = (|
5 =
@ g’ 0 1 | 9 M 1 i l 1 il 1l i L1 n
o < 0 250 500 750 1000 1250 1500 1750 2000
~N 0 s
o 8 top | ve
C . *1
E o100 : Z position _
= O S t4
a - bottom Drift time i
© e sum wv 4 | | : 1| | 1
X 0 250 00 750 1250 1500 1750 2000
Time (us)
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THE E\IOLUTION OF SPECIES

TOTAL LXe mass: o
3.2 tonnes
PANDA X-II
LUX
XENON100
XENON10 |_@@(_
=4 ’
6 2005 2008 2013 2016
22 kg 105 kg 250 kg 580 kg

ACTIVE LIQUID XENON

TARGET MASS

LOW ENERGY G
ER BACKGROUND

[t-d-keV]!

XENONIT

Ke

2016
2000 kg

XENONNT

Xe

2019

6000 kg
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NUCLEAR RECOIL BACKGROUND

» Cosmogenicneutrons
Induced by cosmic muons.

Reducedto negligible contribution by rock overburden, water passive shield and active
Cherenkov Muon Veto. JINST 9, P11006 (2014)

» Radiogenicneutrons
From (a,n) and spontaneous fission in detector's materials.

[e0)]
S Reduced via radiopure material selection, scatter multiplicity and fiducialization.
v Eur. Phys. J. C. (2017) 77:890
=)
¥ » Coherent Elastic neutrino-nucleus scattering
n Mainly from 8B solar v. Constraint by flux and cross section measurement.
= Irreducible background at very low energy (< 1keV)
5
0 R (cm)
5 40 . JCAP 04, 027 (2016)
S § . 3
o L] — S, _ Rate [ty] Fraction [%]
o £ 20 = s 9
£ B . 107 5
= o o« Cosmogenic
—401F <0.01 <2.0
B , 107 neutrons
° Radiogenic
o -80F -
[0
o e — ) CEVNS 0.012 2.0
1009 500 1000 1500 10°
R? (cm?) Expectationsin 1t FV, in [4,50] keV,,,, singlescatters
(@)]
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ELECTRONIC RECOIL BACKGROUND

Eur. Phys. J. C (2017) 77: 358

101 } : ' [0 Online krypton DST > zzan: 10 qu/kg

N {102 Carefulsurface emanation
control and further reduction by

g :“::::::::::f::::'f'f'?:%:4;\;:;3;’{:::'i::::::::::::ﬁ§'2°:”:12°:0:::::::::::::::::;102‘2g online cryogenic distillation.

B 3 PandaX-lI 8

‘§1° ----------------- W'ﬁ*q{ﬂ ------------------- 2 Eur. Phys. J. C. (2017) 77.275

2 ﬂﬁ% WW il > 85Kr: ~0.3 ppt (Kr/Xe)
= = : * g More than 3 orders of magnitude
g - f + +{10° reduction via online cryogenic
= 10% . distillation.
< 10\5; 'L®6I 10@‘ 10\’(; 100' 10\1I
o i A R JCAP 04,027 (2016)
g > Predicted: Rate Fraction
= 71+ 7 events / (t-y-keV) [t7y] [%]
§ MC simulations assuming the average 0.66 ppt Kr m 620 = 60 85.4
Q concentration m

31+6 4.3

o » Measured: 36 + 1 4.9
= 82*5; (sys) * 3 (stat) events / (t-y-keV) m 20+ 3 4
g Datain 1300 kg FV and below 25 keV, - '

Expectations in1t FV, in[1,12] keV,,, single
scatters, before ER/NR discrimination

10
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20 30
Energy [keVi]

60—
| > 10% efficiency
b
50
T T
> 40r >
@] e
2 £
= |
C L
= 30 =
2 2
S =
H &= XENONIT, this result (*’Rn, 82 V cm ™) o
3 20| [ XENONI00 (CHST, 92V em !, cred. region) El
£ 45 LUX(CHST, 105 Vem ') S
4 LUX(?Xe, 180 Vem™)
10| ¢ PIXeY (7Ar, 200 Vem )
—— NEST V2.0 beta (82 Vem™')
Error bars are stat. + sys.
0l L L I L
0 5 10 15 20 0 10 15 20
Energy [keVee] Energy [keVec]
2 T T
- . i 1
| > 10% efficiency 14 | >10% efficiency ~ #5% XENONIT this result 52V em )
P & Aprile 2005 (0 Vem™h)
| | @ Aprile 2006 2kVem ')
20F | 12 | 4 Aprile 2009 (0 Vem™)
- | - | E= Aprile 2013 (530 Vem )
> } > 10] } < Plante 2011 (0Vem™) |
e e #® Sorenson 2009 (730 V em )
= 150 ¥ Manzur 2010 (0 Vem™)
= | 23 F Manzur 2010 (1 kV em™)
=2 | = W LUX 2017 (180 Vem )
= | = —— NESTVI0(82Vem™
Z o > 4 VLOE2Vem )
2 | 4
g g
£ =
= | O 4
5
| 2
|
ol I I I I 0
0 10 40 50 0 10 40 50

I
20 30
Energy [keVp ]

microphysics and detector processes

in NR reference region [NR median,-2g]

Combined ER/NRfit

Detailed MCsimulations of LXe

99.7% ER rejection

Corrected S2 Bottom Array [PE]

8000

4000

2000

1000

400

200"

220Rn calibration (17 days)
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B ©
o o
o o
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©
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2000

1000

400
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Corrected S1 [PE]
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DARK MIATTER SEARCH RESULTS
1 tonne-year exposure

278.8 live-days, 1.3 t fiducial mass
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9Eou SUR 2
1.3 t Volume
278.8 days NR (S2,51) N ——
live-time Reference region = |
62718 060013 — g™
143+ 066 014 = 0.07 8

CEVNS 0.05 = 0.01 0.01 <
o) B !
s 106 = 8 0.01 2 = Bt
2 TOTALBKG 735:20 0.80%0.14 L B
O , P U el
§ WIMP Corrected S1 ESE] e
m Background models 50 GeV/c? R [em]
g In 4-dimensional space:51,52,r,z =
=
s Statisticalinference
Q Done with PLR analysis in 1.3 t fiducial volume and

full (51,52) space, corresponding to z
%’ [4.9,4009] keV,, and [1.4,10.6] keV.L.. =
O
= NRreference region
b BetweenNR median and -20 quantile. Numbers in
- table are for illustration; final results from complete

PLR statistical inference.

i | T i i
7000 1500
R?2 [cm?]
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Blindingand salting
Data were blinded in the NR signal regionand salted with unknown number of fake events.

Pie charts
Events passing all selection criteria are shown as pie charts representing the relative PDF
from each component for the best-fit model for 200 GeV WIMP (o¢=4.7-1047 cm?).
Larger charts
Representevents with larger WIMP probability.

Il ER M Surface Neutron I AC H WIMP R [Cm]

8000

5
450

keVNR 35 40

4000

ER BKG
2000

CSZb [PE]
S
S
S

400p; e

200 GeV 'I

; | | L | \ |

WIMP signal 03~ 10 20 30 40 50 | 60 70 ER BKGOO 1000 1500
shape cS1 [PE]

1-20 contours

SURFACE
BKG

--- NR Reference region
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Statistical interpretation
Unbinned profile likelihood with all model uncertainties included as nuisance parameters.

Corevolume
The innermost volume is free of surface and neutronbackground. The spatial modeling of
backgroundsallows to increase the fiducial volume.

© Il ER M Surface Neutron I AC W WIMP R [cm]

g - TPC edge =—— 1.3t ===09t =—-0.65¢

-

S

= 45—

QJ

)

)

"

U 15

a

Z ~ ~

= g S

W o of L2

o0}

o >~ N

~

2

© =30

O

=)

o —45

)

W .

T | | | | | | | - IR i iis, i
—45 -30 -15 0 15 30 45 1000 1500 2000

X [cm] R? [cm?]
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NEW CONSTRAINTS ON WIMPS

» Spin-independent WIMP-nucleon cross section
Strongest exclusion limits (at 90% CL) on WIMPs > 6 GeV/c?.

Accepted for
publication in PRL

Available on ArXiv
https://arxiv.org/abs/1805.12562

—
<
N
=
Normalized

IIII L1 111
10% 103

NP s (G &\%xx@“m 7 times better sensitivity
oy .
: compared to previous
experiments (LUX, PANDAX-II)

L% D)

WIMP-nucleon og; [cm?]
= =

] Og| < 4.1.10-47 sz
10_47 |||| 1 1 1 |||||| 1 1 1 L1 11 14 atBOGEV/Cz
10! 102 103
WIMP mass [GeV/c?]

» 1 sigma upper fluctuation at higher WIMP masses
Local p-value ~0.2 (at 200 GeV/c?). No significant excess (>3 sigma) is observed.



Ne

XENON

Matter Project

2018 EuNPC 3 September 2018

Pietro Di Gangi

17

LUILOATAIN
XENONNT

MINIMAL UPGRADE
XENONIT infrastructure
and sub-systems
originally designed for
a larger LXe TPC

NEW TPC

Larger inner cryostat
476 PMTs

FIDUCIAL XE TARGET BACKGROUND FAST TURNAROUND
Fiducial mass: ~4 t Identified strategies to Installation starts in
Target LXemass: 5.9t reduce 22?Rn backgorund 2018
Total LXemass: 8t by a factor ~10 Commissioningin 2019

LXe PURIFICATION RADON DISTILLATION NEUTRON VETO

Faster cleaning of large LXe Online removal of 222Rn Tagging and in-situ
volume (5000 SLPM) emanated inside the measurement of
detector neutron-induced

background
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» The first multi-tonscale LXe-TPC successfully operated for > 1 year.

» Lowestbackground ever in any DM detector.

» Strongestlimit above 6 GeV/c?on WIMP-nucleon Sl cross-section at
4.1-10-4’cm?for a 30 GeV/cZ2 WIMP.

» A larger and better detector,
XENONNT, will enable a
further boost in sensitivity.

3 September 2018

» Blog
www.xenonlt.org

» Twitter
twitter.com/xenonlt

2018 EuNPC
WIMP-nucleon og; [cm?]

Pietro Di Gangi
digangi@bo.infn.it

Pietro Di Gangi

WIMP mass [GeV/c?]

18
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» tens of DM models, each with its own phenomenology
* models span 90 orders of magnitude in DM candidate mass

« WIMPs by far the most studied class of DM candidates

Height of columns =
i of papers on NASA ADS

Primordial Black Holes

B Fuzzy Dark Matter
= Sterile Neutrinos

| (U
]OIC ]OEO ]OSO ]O-&O ]OSC' 1060

Dark Matter Candidate Mass [eV]

1070
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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
—Xe
Myme = 100 GeV Ge
o heavier Own=1x107 cm2 o 1
. 1
nuclei
10° E
. lighter
10F nuclei E
1 1 1 1
0 10 20 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 2020

year

2010 2015
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700 ton pure water instrumented

with 84 high-QE 8" PMTs )
Active shield against muons §m
Trigger efficiency > 99.5% for 5:
muons in water tank 0
Cosmogenic neutron

background suppressed to <
0.01 events/ton/yr

Time (us)

| ig s
A

JINST 9, 11007 (2014)
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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
N
o
)
g Ll i i—{
g S XENON Preliminary 5 o+
Q oc \oc
n g g '
m 800- § § ;
O « electron lifetime is monitored T e o
4i& i
Z regularly with ERs calibration g0
w wq-', . . . . . ¢+ % H H ¢
@ sources. = I cet
Q o £ 600- I t . e
N * Current value, following increase & - :
@ in gas flow, approaches 1 msec oo
© 4+ ®Kr 41.6 keV AmBe Cal.
9 83mKr Cal. NG Cal. !
(@) 220Rn Cal.
e 400‘; ‘\' ‘\l ‘\ ‘\ ‘\ ‘\ ‘\
i ,1,0 Ao 6’0 %Q 00 10 'LQ 2O
ig_j 10\:\ Q 10 N Q 10‘\,\ i\ 100 N 10 NG Y 10 1 N 19‘\%0 10 %0

Date

24



Ne

XENON

Matter Project

2018 EuNPC 3 September 2018

Pietro Di Gangi

25

1
PMT STABILITY

XENON Preliminary

5

4.5

i e e e

Amplification gain [x107)

351+

L g B e L e

25

T eRraeres 355 050900500 S0 6000960

G S \Jivlgz,-j. v J)-Q-Q,-—-_Aru;-l—-.-_ oa 5;«;-;3,5i;

,\_;W y

15[ g o

S Ty L R e e

frigs

e,

ol

i3 M?’

17/07/01 17/08/31 17/10/31

Date

161 0/31 16/12/31 17/03/02 17/05/02

17/12/31

18/03/02

Calibrations
[ J*°Rn
[JAmBe
[CINR

PMT O
¢ PMT 13
O PMT S50

v PMT75

— mean
.-+ 43%




Ne

XENON

Matter Project

2018 EuNPC 3 September 2018

Pietro Di Gangi

Position dependence of light (solid
angle) and charge (attenuation
length) signals very well understood
through measurement with 83mKr,
222Rn alphas. Excellent agreement
with optical Monte Carlo simulations
and with model of purity evolution

~— 500,

P &
o w
(=] o

™w

™

Rn220
Kr83m
AmBe
Neutron Generator

3 3
£ V4
~ ~
w w
& (3
= 3
th 17 ;3 ¥ 55MeVa(Rn222]
= 300 6 < § 2.6 Mevy(T208)
=k S 3 22Mevy[si214)
o P eeeIlmeme & T2 & 18mevysina)
> 00F 1, > I 236keVy[Xel29m]
o 200F 4
o bemes S 883 SESssse = s = s &= = 8\ T 164 keV y[Xel31m]
‘2? 150F T & ¥ 4lkeVy[Kr83m]
O oot ..L144,14.41,1l4,..11.26
192 40 o' S o
P P P P P
Date

1or Rn220
- F Kr83m
z poe Ao & > ————————— AmBe
Am‘ N Neutron Generator
o izl IIIETITIETTT | & s55Mevalr22]
ke] ¥ 2.6 Mev y[TI208)
< 0| ||| F 2.2 MeV y[Bi214]
; _ ¥ 1.8MeVy[Bi214]
O of XENON Preliminary I 236keVy[xe129m]
=l T 164 keV y[Xel131m]
= 8 & 8 & & 8 & % &8 & 5 = ¥ 41keV y[Kr83m]
- H 32 keV y [Kr83m)]

:.I...l...l...l...l...l.. 9 keV y [Kr83m]
o o oy s Y ®» o A \09\
Date

Light and charge yield stability
monitored with several sources:
e 222Rn daughters
e Activated Xe after neutron
calibrations
e 83mKr calibrations
e Stability is within a few %
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- [\ 0]\
. m m m AVA
VOLUME CALIBRATIONS WITH 83mKy Plots just for illustration

20000 S2 light yield map (top) S2 light yield map (bottom)
-
O 1.14
15000 |12 46 1.08 © 1.08 3
= =
C a
glOOOO E O é a
3 o O & g g
5000 >— 0.84 g E
<
N
e8] GU 100 200 300 400 500 600 700 10° m
o cS1 [PE] x [cm]
~N
j -
3
£ 83mKr source injected in LXe which uniformly distributes in the whole TPC volume = Ideal to
e understand spatial dependence of the light(S1) and charge (52) signals.
n
m
U a sm i 32 keV Event LY Maps $m [¢r LCE Map Interpolation
Dzj_ rB 69cm>z>-104cm -104cm>z>-138cm -13.8cm>2z>-17.3cm  -17.3c -20.8cm >z > -24.2 cm 14
g E 10.4 13
o -
~N (@) 9.6 12
.O._D -ICJJ 8.8 11 .
% E 80 3 1‘05
5 O 7.2 3 09
o U
+ N 6.4 08
Q
T > ToSemszraion Wlomszsd8Sm SSemsismOtR OtmazsSldn 5dansis o .
F 0.6
R m 4.8
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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
S - Two interactions (9, 31 keV), verified by comparison
é same Xx-y to MC with several
g - Position resolution (1-2 cm) event sources
Q. .
A - PMT diameter (7.62 cm)
pl

Neutron Generator data

O Data round data
= ,oPeTvR
Ua 04 40
© -20
5 01 20
~N = = s -
%O 01 b -20 b : N o0
()
o 0 -40 80
o
E -40 =20 x,';,‘?cm] 20 40 -40 =20 x.’,?,‘(:cml 20 40 40 -20 0 20 40 —1000 o 20 30 ' 0

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

-
556 BN 16D

6.8 MeV
A \. 212p
/ 0.6 4
2128 6.1 MeV
@&' c AN 208T
299 1 / 0
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

Matter Project

REALDATA MC MODEL

Particle propagation
Energy deposit

GEANT4 simulation

Xe scintillation/ionization

Emission model (photon
and electron yield)

@ Light emission Charge emission

o

~N

-

N simulations and efficiencv from

M Photon propagation <y

O smearing from

@ Trigger and reconstruction waveform simulator Efficiencies from

S waveform simulator and
Cuts selection

®

©

()

=

(@]

= DATA SAMPLES FOR STATISTICAL

2

INFERENCE OR MODELS

30
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0 <csl<10PE
— Total
— AC

10 <csl <20 PE

20 <csl <30PE

Electronic Recoils
Nuclear Recoils
.

L L L
% e 0 8 % W To w0
Corrected S1 [PE]

» Detailed MC simulations

of LXe microphysics and
detector processes

» Parameterstuned and
constrained to calibration
data

~99.7% ER rejection in NR reference
region [NR median,-20]

S2 projections in S1slices

Counts

» 10 30 < csl < 40 PE
€
3
© 107
10°
10° 40 < cs1 < 50 PE
10!
10°
107 50 < csl < 70 PE
10!
10°,
1000 2000 3000 4000 5000
Corrected S2 Bottom [PE]
Rn-220
[ I !
250~ -
200~ —

Counts

NR neutron generator

0 <csl<10PE
Total

Single Scatters (SS)
MS (Passed Cut)

ER
“‘7 AC

10 < csl <20 PE

20 < csl <30 PE

10!
10°)

10° 30 < cs1 < 40 PE
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@ ENERGY RESOLUTION AND MC MATCHING

 — ROI for WIMP search
up to 11 keV

— Xel2s  — Xelom — Pb214 Materials - Energy reconstructed from anti

— Xe-133 —— Kr-83m —— ERsolar = Summed spectrum

o feldim | — S5 — Xeld s binded or 08 ondOEC correlated S1 and S2. Excellent

T

©

i, 107 XENON Preliminary linearity from keV to MeV

4

~ 1073

|

§ 10-4 ot - Best energy resolution measured
@ @ 1075 vV with this large LXeTPC ~1.6%
R 5 ool resolution (sigma) at 2.5 MeV
ks - ' 14
g T 10 o n . . T ®  PandaX, 417 V/cm
g D O R Y A A e 11 ¥ Xenon100, 530 V/cm
ﬁ g _100 S(IJO 10|00 15100 20|00 : 25I00 3000 3 | 1 LUX 180 viem
m Energy [keV] .°E. 10k M XENONL1T, 80 V/cm
U = ]
= _ S g XENON Preliminary
= + Good agreement between predicted and °
@ measured background spectrum o
o
: =
— + Kr: ~0.45 ppt; Pb214: ~ 10 uBg/kg §
= o
= - Gammas based on screening measurements ®
o l 1 l | | ]
0 0 0 500 1000 1500 2000 2500 3000
o

Energy [keV]

32



es)
—
o
~N
j-
w
e
=
w
-+
a
o
n
m

2018 EuNPC

Pietro Di Gangi

A 10 v

A
« 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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SURFACE BACKGROUND

» Radioactivityon PTFE surfaceand charge loss <
Events canfall in the NR energyregion due to abnormally small
S2. And due to position reconstruction resolution they canbe

reconstructedinwards.
Reduced by volume fiducialization.

» Data driven model
Derived from event surface control samples.

mm ROL: 1.3T
mmm ROL 1T

----- NR Median

+ .

N
N
Ul

=N
N o
u_ o

|
40 10~
Corrected S1 [PE] Counts / bin

o

yine [cm]

210pg control sample
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Lone-S1
+ lone-S2
Rn220

A“lone” S1or S2signal produced %} :

in light and charge insensitive
regions of the TPC may be
accidentally combined to produce
fake events in signal region

Kr83m
AmBe

10";—

.
-

: ‘ XENON Preliminary
PRV Sitppal® - wwmmm

'
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‘ivwbvi1 *W'ﬁfvﬁb*ﬂuvuﬂhuviaﬂh'!§ﬁ*iﬁuvﬁw
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1
2016-12

Counts / bin

2017-02

e S2: Al
B S2: ROI

1 E I
0.00 0.02
Counts / bin

80

20 20 60
Corrected S1 [PE]

| | 1 | |
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Date

Empirical model shows an overall small
rate in the ROI for NRs

» Select unpaired S1/S2 from data
« Randomly pair to form events

» Apply selection conditions from
analysis

« Performance verified with 22Rn data
and background sidebands
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- Blinding: to avoid potential bias in event selection and the signal/background modeling
the nuclear recoil ROI (S2 vs S1 only) was blinded from the start of SR1 analysis
(and SRO re-analysis).

- Salting: to protect against post-unblinding tuning of cuts and background models, an
undisclosed number and type of event was added to data

W ER ™ Surface | Neutron @ AC W WIMP R [Cm]
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8000 . I I | — I —
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: 4000 T —— . : .
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DATA SELECTION AND DETECTION EFFICIENCY

1.0 *
4 Detection  § Selection
0.8]5 N b
5\ l Energy Region
> b 4 -
Z . _
.g 0.6— "« E
Q . 0
& A 1=
- m 0.4 . &
= \WIMP
N .
g 0.2 Seo —
S Seell
g | e, Freemon L= = o N
ﬁ 0'00 10 20 30 40 50 60 70
Nuclear recoil energy [keV ]
()
= » Detection efficiency dominated by 3-fold coincidence requirement
% » Estimated via novel waveform simulation including systematic
uncertainties
oo
& « Selection efficiencies estimated from control or MC data samples
=
g » Search region defined within 3-70 PE in cS1
g

50 GeV (dotted) and 200 GeV (dashed and dotted) WIMP spectra shown
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Reference and smaller fiducial masses are illustrative. Data analysis and
statistical inference is performed on the full dataset with PLR approach and

backgrounds/signal shape accounted.

Mass 1.3 ¢ 1.3 ¢ 09t 0.65 t
(cS1, cS2) Full Reference Reference Reference
ER 627+18 1.62+0.30 1.12+0.21 0.60£0.13
neutron 1.43+0.66 0.77+0.35 0.41+0.19 0.14+0.07
CEvNS 0.05+0.01 0.03+0.01 0.02 0.01
AC 0.479-27  0.1019:38  0.06%9:3%3  0.04+5:32
Surface 1068 4.8440.40 0.02 0.01
Total BG 735120 7.36+0.61 1.62+0.28 0.80+0.14
WIMPhpest-it 3.56 1.70 1.16 0.83
Data 739 14 2 2

WIMP expectation under best-fit model at m=200 GeV (cross-section = 4.7x104’ cm?)
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= = k A
<1SIGMA DISCOVERY SIGNIFICANCE

» Extended unbinned profile likelihood analysis

— ER — Surface neutron

0 —cews A e * Example left: Background and 200 GeV WIMP, .

X
=
S
Z 10 foul B30 Dua (130 signal best-fit predictions, assuming 4.2 x 10
=1
. - —_— “ | [ ] e A
£ ToulBO 090 ¢ Daa(099 cm’, compared to data in 1.3T and 0.9T
% » Most significant ER & Surface backgrounds
i shape parameters included
= » Safeguard to protect against spurious mis-
N .
5 \ modeling of background
- L 1wl PO P TORT I |
g 10 -3 -2 -1 0 1 SR0+SR1 Discovery p-value
=1 (€S2 -u )/o, 10°
o b "ER’ ER
ol 5
o
N : g
g » No significant (>3 sigma) excess &
% at any scanned WIMP mass g &
. . (] %]
s » Background only hypothesis is 7 10 b 2
Q accepted although the p-value of < [ >
. [S] e e e e e e e st e e e e e e e e
~0.2 at high mass (200 GeV and s ot
gz above) does not disfavor a signal I =
3 hypothesis either ; —e— XENONIT 3
% I 1,20 local significance band =
= - |
ko 107 o 1:)‘2 1(1)3 101
[al

WIMP mass [GeV/c?]
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