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Phases of the XENON program

XENONNT
(XENONIT Upgrade)

XENONIO XENONIO00 XENONIT

2005-2007 2008-2016 2013-2018 2019-2025
15 cm drift TPC 30 cm drift TPC ~100 cm drift TPC ~144 cm drift TPC
25 kg 161 kg 3200 kg ~8000 kg
Achieved (2007) Achieved (2016) Projected (2018) Projected (2025)

Ogr = 8.8 x 10-% cm? Og;= 1.1 x 104> cm?2 Og; = 1.6 X 1047 cm? Og; = 1.6 x 1048 cm?



The main upgrade: Time Projection Chamber

Basic characteristics of XENON1T & nT TPCs

XENONI1IT XENONNT*

Drift (cm) 97 144
Diameter (cm) 96 137
# Top PMTs 127 223
# Bottom PMTs 121 253
Active Mass (tonne) 2.0 6.0
Total Mass (tonne) 3.2 8.0

XENONNT TPC * baseline design



XENON1T/nT
Sub Systems

water shield
muon veto detector




Major systewms are already in operation for XENONIT

o

¥ (Recovery/Storage)
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Distillation



Status of XENONWT Sub-Systems

XENONI1T status for XENONNT
Muon Veto operational ready
Outer cryostat existing ready
Cryogenic system operational ready
Screening facilities operational ready
Distillation column operational ready
Calibration system operational ready
Slow control operational ready
DAQ & electronics operational all electronics in hand
Xenon gas 3.2 tonne in use ready (>8t in hand)
LXe Storage
PMTs
TPC & inner cryostat operational upgrade design
Purification system operational upgrade design
Rn reduction tested study on-going
n-veto system no study on-going




XENONIT/nT Cryogenic System

- ;::t:in Average = 1.9364bara, Standard Deviation = 0.0009bar | —95.7
% 1.92F . j;i:in Average = -96.0376°C, Standard Deviation = 0.0101°C
17/03/ 17/03/17 o [YI;/YY;N]I.M/DD] 17/04/14 17/04/
Pual PTR+LNZ system for enhanced safety and cooling Superb performance demonstrated in XENONIT
XENONIT heat load

Total heat load (nominal operation) | 150 W
Vessel (static) ~T5W I XENONNT heat load estimate: 230 W
Circulation (@55 slpm) ~40 W . _ .
Heat pipe loss (dynamic) ~30 W (increased circulation, ete.)
PMT arrays 5W

LXe Temperature [°C]



Top condenser &t
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XENONIT/nT PDistillation Column
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e through-put up to 6.5 kg/hr

 output concentration <0.09% ppt (Eur. Phys.
J.077 275 2017)

o sub-ppt Kr/Xe achieved for XENONIT with
online distillation (further redvetion not
needed duve to Rn)

o XENONNT goal: 0.02 ppt Kr/Xe

Reboiler




XENONIT/nT Calibration System

83mKr: to calibrate the energy response

J” Energy half-life
*Rb
512 99 86.2 days
347 338 900
61%| 30% 6%
(3/27) Y 571
512 — 562
520 530 553
5% | 30% 16%
BKrm1/2 X A2 41.5 183 hours
321
7/2+ F X 94 154 ns
94
BKr 9/2+ X 0  stable
- (sorry, tritium is forbidden for good reasons)

220RnPo «-decays: convection & ions 20Rn
212Pp B--decay: low-energy calibration 55.65
AmBe neutrons 22BiPo decay: half-life measurement
%
6405keV
212p 216pg [
299ns 0.145s
. 8954keV ' 212§
B~ (64% /S
use neutrons to calibrate 201 60.6m s
n \S
the dark matter signals  |**Pb[ ey 5 |22Pb
stable |  6207keV” 569.8keV | 10.6h
BN 20871
4999keV
3.05m

Other sources being investigated (the more, the merrier®)



pressure (bar)

XENONIT/nT Gas Storage and Recovery

ReStoX1 (operational for 17) ReSt0X2 (to be added for nT)
o safe for filling & recovery <79 tons; o storage capacity: 10 tons

o ok for primary storage >75 tons e recovery solution for emergency events

without cooling power
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XENONnT TPC & PMTs

Hamawmatsu R11410-21
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tion System Upgrade for XENONnT
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XENONIT 6Xe Purification System 7 o’ o o W o
Date
oo a5 +Cryogenic LXe purification
0 - = ~ ::':'ft?é ) " ‘:"'é.‘, . sfs [ N
7 = g ——— o XENONIT ¢Xe purification:

e 59 SLPM gas purification
e >500 ps e- lifetime achieved

o XENONWT purification: combining 6Xe and a
cryogenic LXe purification system

e 10L/minlXe("5000 SLPM gas)
e "5 L/min GXe (from gas phase only)

. o estimates >10 ws e- lifetime within a
=® (ryogenic LXe week

e
pump & purifiers o gystew being designed
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100mm pipe + cables
(2.7 £ 0.2) mBq

(1.9 = 0.2) mBq

10°

10?

222Rn activity conc. [uBqg/kg]

1.4
1.0
0.6
0.2

BiPo/?22Rn

Online Rn removal with distillation in XENON100 (Eur. Phys. J. G, 77:358, 2017)

Radon Reduction for XENONnT

cryo pipe
(9.2 + 1.0) mBq

porcupine

cryo system
(2.4 £ 0.3) mBq

TPC

(4.8 = 2.2) mBq

inner vessel

Material selection with 222Rn sereening

20203 miq o screening facilities with few atoms/probe sensitivity

getter
(1.5 £ 0.1) mBq

QDrive pumps
(10.9 = 1.7) mBq

Radon source identified in XENONIT
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Replace parts with large Rn contribution
Post-manufacturing surface treatment

Reducetion with high through-put online distillation
Goal: 1 uBq/ka

Kn screemng faclln‘y @ MPIK

13



Backgrounds for XENONnT

Estimated Background in Rol for XENONnT

Events/4-ton/year
222Rn (1pBg/kg)
85Kr (0.02 ppt Kr/Xe)

136Xe (nat. abund.)

solar neutrinos
electron scattering

CNNS (mainly 8B)

rad. neutrons (no veto)

rad. neutrons (w/ veto)

99.75% ER rejection with
40% NR acceptance

ER*
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* scaled from the uniform backgrounds in XENONIT, JCAP 04 (2016) 027

** preliminary study
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Great discovery potential for WIMPs in the coming years

WIMP mass [GeV/c?]
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