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The XENON Collaboration: ~170 scientists
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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



Two-phase Xe Time
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Projection Chamber as WIM

4+ two signals for each event:

4 Energy from S1 and S2 area

4+ 3D event imaging: x-y (S2)

and z (drift time)

4+ self-shielding, surface event

rejection, single vs multiple
scatter events

4 Recoil type discrimination form
ratio of charge (S2) to light (S1)
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The XENON1T Time Projection Chamber

12.0 t active target
1 meter drift length |

~1 meter diameter
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XENON1T Overview

EPJ C 77, 881 (2017)

Water tank and
Cherenkov muon veto &

"
whe - |

e | B

—

| Jli.i‘: .
Time Projection ;

Chamber / Feed ,04‘( |

Pipe

Cryostat and support
structure for TPC

xenonit.org

Cryogenics/
Purification/
Calibration sources

Electronics/
Data acquisition/
Slow Control

Xenon Storage/
Recovery
Kr-distillation column
Gas handling/
analytics



Science run time (days)

XENON1T Data overview: science and calibration

» Detector still running smoothly and taking data with high efficiency
« SRO (34 days): best Sl limit 7.7 x 1047 cm? at 35 GeV/ecm2 (PRL 119, 2017)
« SR1 (247 days): improved detector stability - calibration statistics - refined analysis

* Blind analysis of SRO+SR1. Data still blinded. Final stage of checking.
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XENONTIT data analysis

XENONI1T
(real waveforms)

Calibration
analysis

Raw data
Processor (PAX) Background
pulse-finding analysis
pOs
reconstruction
Sl 52 Statistical
etc. interpretation

Geant4

+waveform :
simulation Physics Results




Light (cS1) yield [PE/keV]
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Light and Charge Yields Stability
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Nuclear Recoil Background

From JCAP 04 (2016) 027

Source Rate [t y-1] Fra[oc/:;on
Cosmogenic p-induced neutrons Radiogenicn | 0.6+0.1 96.5
T CEvVNS 0.012 2.0
significantly reduced by rock cosmogenicn | <001 o

overburden and passive/active — .
C (Expectations in 4-50 keV search window,
shleldlng 1t FV, single scatters)

R (cm)
010 20 30 40

Coherent elastic v-nucleus scattering
Irreducible background at very low
energy (1 keV)

Radiogenic neutrons from (a, n)
reactions and fission from 23U and
232Th: reduced via careful materials
selection, event multiplicity and
fiducialization.

0 500 1000 1500
R? (cm?)
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Electronic Recoll Backgrouna

222Rn 3.8d

a \L 5.5 MeV

218P0 3.05 min

214p, 164 ps

a | 7.7 MeV

210Pb 22.3a

&

ZIOBi 5.0d

&

2101)0 138d

a l 5.3 MeV

206Pb stable

+ Rn222 Budget : 10 uBg/kg

- Achieved with careful surface emanation control and measurements
+Further reduction with online cryogenic distillation

+ Kr85 Budget : sub-ppt Kr/Xe
+Achieved with gnline cryogenic distillation

Source Rate [t Fraction
, , y"] [%]
+ ER background from materials subdominant P 520 £ 60 a5 4
. . - . e 85Kr 31+6 4.3
1011 Online krypton DST
N Solar v 36 + 1 4.9
= | Preliminary J10° Materials | 30+3 4.1
T N\ v N - '
910 s w{‘v.ﬁw. F —— 8 136Xe 9+ 1 14
> I ] P EAT 000 O
< *‘-‘ﬂ:o%* e Total 720 + 60 -
ol L ]
% ‘ f ! L # > (Expectations in 1-12 keV search window, 1t FV,
= Successfully W}me Uﬁﬂ#. | 4101 % single scatters, before ER/NR discrimination)
£ | distilled Krto ~0.3 ppt A WH v
: 85Kr now subdominant ; ’ 0
background component e Lowest ER background ever
1051 ; measured in a DM detector:
: | ' : | | 62 £ 11) events / (ton-year-keV
B 0 et g ( ) oy )
N R R
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ER Background: Data

Preliminary
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Measured in SR1: (1.7 +/- 0.25) 104 events / (kg day keV) in 1300 kg FV and 5-40 keVnr)

Predicted for SR1 (considering the average 0.45 ppt of Kr): (1.9 +/- 0.2) 104 events / (kg day keV)

Lowest ER background ever achieved in a DM detector |
Dominated by Pb214 from Rn222.




Rate [keV~lkg~1d—!]

Background Data: Energy Spectrum and Energy Resolution

It Xe-131m

] 1 1

AR A I 3
1 1 1
1 1 1

i —— Solar v

| | —— Xe-136 2vBB
Materials

i | —— Summed spectrum
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Energy [keV] 5

2

- Good agreement between predicted and -

measured background spectrum §

L

-

+ Kr: ~0.45 ppt; Pb214: ~ 10 uBg/kg o
- Gammas based on screening measurements

« Excellent energy resolution
measured with a large LXeTPC
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alibrating ERs and NRs

_ 5 F . : . . . . . ——
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Seeing Rn-222 decay chain in the XENON1T TPC

|
40 1 Radon-222 concentration
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-lduclal volume and R dependence

- Select FV to reduce materials and surface background

SRO result: 1T FV (PRL 119, 181301 (2017))

This work: FV increased by ~30% due to improvements in position
reconstruction, including PTFE charge-up and field corrections

Furthermore, new surface background model allows inclusion of
radius, R, in statistical inference to maximize useful volume
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WIMP-nucleon o [cm?]

XENON1T Sensitivity
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WIMP mass [GeV/c?]

Expected sensitivity generated
from toy MC at 4 typical WIMPs
masses: 6, 10, 50, 200 GeV

For a 50 GeV WIMP a factor of 3
sensitivity increase compared to
SRO

It WIMP cross-section close to
our SRO limit we expect a signal
with 3-sigma significance
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Our next step: XENONNT



XENONNT in a nutshell

Aprile et al., Eur. Phys. J. C (2017) 77: 881. XENON1T sub-systems

Aprile et al., JCAP 77 (2016), 358. online Rn-removal

Aprile et al., Eur. Phys. J. C (2017) 77: 275. online Kr-removal

Aprile et al., JCAP 4 (2016), 27. sensitivity

Minimal Upgrade Active Xe Target

XENONNT TPC
features:

The XENONA1T
infrastructure and

sub-systems were total Xe mass = 8 t

originally designed
ginatly J target mass =59t
to accommodate a

larger LXe TPC. fiducial mass = ~4t

Background Fast Turnaround

Record low-back levels in  Use XENON1T sub-

XENON1T dominated by  systems, already tested

222Rn-daughters.
Fast pace:

dentified strategies to | tallation within 2018

effectively reduce 222Rn o
start data-taking in 2019

by ~ a factor 10.



XENONT1T Infrastructure
and sub-Systems

(already operative)
Aprile et al., Eur. Phys. J. C (2017) 77: 881

qw
New TPC LXe Purification Radon Distillation  Neutron Veto
5.9-ton Time Projection To achieve fast cleaning of the large To online remov.e tr.1e To tag and measure in situ
Chamber LXe volume (5000 SLPM) #*2Rn emanated inside neutron-induced background

the detector



The XENONNT Time Projection Chamlber

« Largest TPC fitting in the XENON1T outer
vessel:
= [dentified new clean material for inner
vessel and new electrodes- order placed-
awaiting offers to place order for
construction

= (Jse same holding structure and leveling
mechanism.

- Concept design finalized:
= Raw materials under procurement and
screening ongoing.

« Technical design and FEM in advanced
stage:
= mockup components under production
to freeze the design.

* PMTs procured and under festin LXe in
facilities @ZURICH, STOCKHOLM and MPIK.

IC. > -

5.9 tons of LXe

1.5 m Drift Length
E=200 V/cm

=333333333:2=-
egegegegegegesene
S o e T T T e T aTaTa

S et e e e e T TaeT e




The XENON1T/nT Cryogenic System

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

1.99 .

AmBe Kr83m Rn220 NG el

1
Backup LN2 =1t : - px30 |
Tower 1984 + 1 0
= 1 "
1 "
P
-l
Ioll 1
- =2t
1.97 it o )
1@ & &
1.964 B xi B v &
- 120 ]
— lmll .LL'I
SIE: o
= =0 c
1954 ¥ Yk 0«

1.944

Detector Pressure [bar]

1.934

1521
PN b1z aomioz 21708 201706 201708 zolido 200712 201602
S - — ]
+ Two redundant Pulse Tube Refrigeratco =& 4: | = &
and plus a LNz cooling tower backup ¢ ... a5 & | | |
- Efficient two-phase heat exchangers § |W& @ |
« XENONA1T cold with stable pressure/ E i mean = -96.021"C, std = 0.016"C
temperature since Fall 2016! g -0
» For XENONNT total heat load similar & ..
~245W -> same system. =




“NONTT/NT Kr-

Distillation Column

e natr/Xe in commercial gas is
at ppm - ppb level

* XENON1T/nT sensitivity
demands Kr/Xe << 1ppt

* Solution: 5.5 m distillation
column, 6.5 kg/h throughput
>0.4x 105 separation

* Aprile et al., EPJ (2017) 77

For XENONNT use the SAME column:

tonne.day)]

Event rate [events/(keV

In XENON1T:

- operated Kr-distillation column online for
~70 days

= reduced natKr/Xe concentration from ppm

to 0.3ppt (~1/3300th!)

102}

101+

10°F

1014

1072+

.......

Il

1
Online krypton DST

l022

L
193?

(,GQ

©
&7'0\’
o WO

- pre-distilled 8t of gas. Start run with about 0.2ppt;

- operate the column online at the start of the run

= jmprove only by a factor 10 (small!), down to 20ppq.

1
o)
oY
qr

The column was shown to reach naKr/Xe <26ppq from RGMS measurement.

4103
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Xe- Purification (gas phase)

In XENONTT:
- Gaseous recirculation/purification through a hot getter;

Y.~ - Recirculation flow limited mostly by QDrive ~ 55 SLPM

a . Drifting electron lifetime ~ 650us to be compared with
maximum drift time of ~760us

Electron lifetime [us]

Detector Maintenance

450 +  EMKr 416 keV =ogrCal. 19
m— Best — fit trend (83MKr) 220Rn Cal. :.g
68% credible region (83MKr) AmBe Cal. EU’
NG Cal. :g

400 T H

] Q> o> oV Q% o> oW
For XENONNT: o o § e © o
Date

larger tubing, higher throughout valves, and new

magnetically- coupled piston pump (100 SLPM) custom
developed by Munster/RPI groups




Xe- Purification (liquid phase

19.4mV 40.0ps
Value Mean Max Std Dev ]
Amplitude 1.70V__ 1.75 4.46 125m

00mV Q So0mvV Q : }[40.0us lz.smm l[ € \ -260mv
? ﬁ ) i 4.000 % ] 1000 points){ < 10 H2

) )

2018/03/23
LXe circulation (QDrive)
30 SLPM

Electron Lifetime [us]

08:00
Time [hh:mm]




Rn-distillation column

TPC

cryo pipe
(9.2 £ 1.0) mBq

100mm pipe + cables
(2.7 + 0.2) mBq

porcupine

(1.9 £ 0.2) mBqg

cryo system
(2.4 £ 0.3) mBqg

(4.8 = 2.2) mBq

inner vessel
(2.0 + 0.3) mBq

getter
(1.5 £ 0.1) mBq

QDrive pumps
(10.9 = 1.7) mBq

LN2

LXe, L =36 kg/h (100slpm)
LXe, F=72kg/h (200 slpm)

from LXe purification

LXe, L2 =108 kg/h (300 slpm)

Heater

to LXe pu:ification

dedicated column for online removal of Rn type Il
sources (green components).Integrated with LXe
Purification system.

Concept tested in XENON100 and applied in
XENONT1T -> operated Kr-column in reverse mode to
mimic a Rn-column (@ 3 SLPM, non-optimized) ->
Measured 20% reduction of the background.

Under development at Munster

D _gas = GXe, 72 kg/h (200 slpm)
P,

A ‘@X

.

7

N\
NN

(wd|spog) y/3% 80T

A i
\

7 &

Reboiler

D_liquid = LXe, 72 kg/h (200 slpm)

Heater

High-purity
o0 + high-flow pump
Ap > 1bar

radon-free W ey | L 1
magnetically '
coupled
double piston

compressor

E. Brown et al.,
submitted to arXiv




Additional Rn-mitigation strategy

Working group led by MPIK to certify materials ( HPGe, ICPMS, Rn
emanation) and cleaning procedures. Overall Rn-reduction goal is factor of

10 to 1 uBg/kg

» Proportional counters for sensitive radon
emanation measurement

» Electrostatic radon monitors

» Parallel measurements available for high
sample throughput

» Automatized emanation measurements with
Auto-Ema setup for reproducibility




Xe Storage and Recovery

for XENONNT:

*use ReStoX + ReStoX2 .

*new storage device with
10 tons capacity (gas,
liquid or solid)

*Very fast recovering with
xenon crystallization (1
ton/hour expected)

- Design completed and
presently in fabrication
at the manufacturer
site. Expected delivery
by June 2018 for
installation in Hall B.

EXC GER
2. Kg
OUT OF|SCOPE




Liquid Scintillator Neutron Veto

Mixture samples presently under
study @ Mainz to certify the
production procedure.

Expertise available @ MPIK
where the DOUBLE CHOQOZ
scintillator was produced.

LAB Scintillator pre-filled at the
production plant, sealed

and transported to LNGS.

« contained in 12

transparent Acrylic N IZZ:’L;;ZOO,"
Vessels Vessel engineering study transportation
- readout by 720 under final review with system for large
Hamamatsu ey Reynolds Polymer quantities is
R5912Assy 8” Technology, Inc. coming together.
PMTs
Ongoing Risk Analysis of
- radiogenic neutrons gthegl_s Veto. 10 }l;e It leverages on
down to less than 1 - ’ - infrastructure
: o -+ submitted to LNGS in built and
in the total fiducial

I

Spring 2018. :
exposure (~75% Pring operative @
tagging) MPIK



SAME source
deployment system
as XENONT1T.

pulsed-neutron
generator

SAME DAQ as
XENON1T
(reached 96% up-
time fraction).

Digitizers/CPUs for
extra channels
(+246) already

procured.

Double Gain
Amplifiers under
production (0Ov2b)

SAME
computing/
processing

framework as
XENONT1T.

Scalable since

based on OSG/EGI

resources and

LHC-developed
data

management.

Extra storage
under procurement.

SAME Slow
Control as
XENON1T

Thoroughly tested
and certified during
the last 2 years-
update for new
equipment



WIMP-nucleon ¢ [cm?]

XENONNT on the Horizon
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summary

First result from XENONT1T, the world’s most sensitive dark matter search, yielded the
most stringent limit on SI WIMP cross section with only 34 live days.

New Sl result from an exposure of 1 ton-year to be released within weeks.
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).

With 1 ton-year exposure we will search for many more rare events: SD, inelastic
scattering, low-mass WIMPs(S2 only), ER searches (axions, etc.), annual modulation of
ER rate, bb-decay of Xe136, and more..

XENONA1T continues to take data until we upgrade it to XENONRNT.

XENONNT funded and on track. First science data by late 2019.
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