The XENONI1T Dark Matter Experiment
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15 cm drift TPC - 25 kg 30 cm drift TPC - 161 kg 100 cm drift TPC - 3500 kg/7000 kg
~1043 cm? ~104° cm? ~1047cm? / 1048 cm?



The XENON Dark Matter Program

Pioneering the Dual Phase Xe TPC to Search for Various Dark Matter Candidates
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The XENONI1T Experiment
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Detector Cryostat & Support Platform

a ultra-high-vacuum, thermally insulated system made of low-radioactivity material, to contain
the detector with 3.5 tons of LXe at -95 C and 2 bar pressure and to couple it to the cryogenics
system outside the water shield.
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Recovery and Storage of Xe (ReStoX)

Goal: !

" store up to 7600 kg of Xe in gaseous or
liquid phase under high purity conditions !

" fill Xe in ultra-high-purity conditions into
detector vessel!

" recover all the Xe from the detector,
within a few hours, in case of emergency

Method:
" Double walled, high pressure (72 bar)
vacuum insulated sphere of 2.1 meter
diameter, cooled by LN2 and by an
internal LN-based condenser. !
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— HTT 3044

xenon 1 ton

http://tinyurl.com/xe 1tsc-doc

User: PERSIANI

Num active alarms: 49

02/16/2016 23:37:13




Xe Cooling System

Goal: liguefy 3500 Kg of Xe and maintain the xenon in the cryostat in liquid form, at a constant
temperature and pressure, and so for years without interruption.

Redundant Backup N2 ___ Design goals:
PR, ——  _—_ — ' Stable temperature and pressure control !
Heat Exchangers ' Reliable, continuous, long term operation !

' Resilience to unexpected failures!
' High speed circulation with low
additional heat load

Vacuum
insulation Connection
to cryostat
GXe flow to active
/ cooling tower(s) _
Main features:
LXe circulation ' Redundant PTR cooling
systems!
/ " Backup LN2 cooling tower !
Uxe flow back! ' Efficient two-phase heat
to cryostat exchangers!
' One PTR can be serviced
TPC PMT while the other Is In
cables

operation



Cryogenic Distillation Column

Goal: Active removal of Kr contamination in Xe. Natural Xe has Kr/Xe ~ 10 b 10° with trace
amounts of 8°Kr of 8Kr/NatKky ~ 10-111
Principle : cryogenic distillation based on improved package column uses the 10 times higher

vapor pressure of Kr w.r.t. Xe at -95;C to reach NaKr/Xe < 0.2 ppt.!
Diagnostics: Atom Trap Trace Analysis (Columbia) and Rare Gas Mass Spectroscopy (MPIK)

Design parameters: Commissioning of the distillation
' Separation factor: 104 B 10! column on XENON1T
" Flow rate of 3kg/h -> whole XENON1T
Inventory can be purified within 6 weeks !
' 99% Xenon recovery

First results with distillation test facility (phase
1: 1m package material):

' Purified liquid out: NaKr/Xe < 0.026 ppt (90%
c.l.)!

' A factor ~10 better than required for
XENONI1T !

' Measured with GC-RGMS system at MPIK (S.
Lindemann & H. Simgen, Eur. Phys. C 74 (2014)

5m

2746): only a limit could be set!! " 70 hours of continuous distillation, 210
' Alternative measurements by ATTA (E. Aprile et kg processed!!

al., Rev. Sci. Instr. 84 (2013) 093105) " Thermodynamic stability under design
Reference: parameters demonstrated!!

" Separation factor >100.000
+ S. Rosendahl et al., JINST 9 (2014) P1001Q demonstrated by GC-RGMS (MPIK)

' S. Rosendahl et al., Rev. Sci. Instr. 86 (2014) 115104
' E. Brown et al., JINST 8 (2013) P02011




X

Liquid xenon inlet/outlet pipes

LXe level: measured
by 2 long and #
4 short levelmeters

\

ENONI1T Detector

custom-made high voltage feedthrough: #
cathode bias in the range B50 ~ 100 kV

Top array: 127 PMT in radial pattern.

Diving bell ~

The TPC is mechanically
supported by 24 PTFE#

—pillars, connecting a steel ring
on the top with a copper ring
on the bottom.

T~

TPC electric field: generated between
cathode (BHV) and gate grid (OV)

74 shaping electrodes (OFHC Copper) #
connected via 2 chains of high-ohmic
resistors

\

TPC electrode frames: "
low-background stainless steel

\

Screening mesh: etched, ! =178 um

Anode: etched mesh ! =178 um

Gate grid: etched mesh ! =127 pym

Interlocking PTFE reflectors

I

Cathode: single wires ! =216 pm

/

—

screenina arid: sinale wires ! =216 um

Bottom array: 121 PMTs "
in tight, hexagonal pattern






Photomultipliers

" High QE (average 34%) , low-radioactivity, 30 PMT (R11410-21) developed for XENONLIT, in
close collaboration with Hamamatsu to select cleanest materials. Tested stability in LXe. !
" Each PMT has been screened for radioactivity and tested at room T and low T

[ ] 1) Quartz: faceplate (PMT window

[ ] 2) Aluminum: sealing

B 3) Kovar: Co-free body

B 4) Stainless steel: electrode disk
B 5) Stainless steel: dynodes
[ ] 6) Stainless steel: shield
[ ] 7) Quartz: L-shaped insulation
[ ] 8)Kovar: flange of faceplate
B o) Ceramic: stem

[ ] 10) Kovar: flange of ceramic stem

B 11) Getter

0 10 20 30 40 50 60 70 80 90 100
Relative contribution [%]



Readout Electronics and Data Acquisition
N

=

eatures

I Triggerless readout at! p.e.

I Software trigger , flexible algorithms

I High rates up to 1 kHz (300 MB/s) for
external calibration

N /
Kl'echnology \

I Off the shelf electronics (incl. CAEN
digitizers w/ custom firmware)

I MongoDB: high speed data-buffering and
fast trigger queries

I Web frontend (Django) for system control

\ and online data monitoring J

a4 N

Status:

I Installed at LNGS
I In use for detector commissioning

- J




YOFID(';+:I"2<)F-('+,F"2)F' <*




YOFID(;+:!"3;F<)0("Z)F',<*




XENON Collaboration: arXiv:1512.07501, accepted by JCAP

With a exposure, with XENON1T weOll reach a sensitivity to spin-independent WIMP-
nucleon interactions of for a WIMP.

22



m, = 50 GeV/c?

In less than 10 days we can reach the sensitivity"
of the currently running experiments

23



SUSY Predictions: 2 examples
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