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XENONTT

Location: LNGS - Hall B.

Detector: 1m- drift dual-phase TPC with 3.3 t | .Xe viewed by 250 PMTs

Shield: water Cherenkov muon veto. Back goal:: 3 x 70 events/(t-d-keV)

Status: In commissioning. Detector installation by Summer 15. Science data start by late 2015.

Projected Sensitivity: 104" cm? for 50 GeV WIMP with 2 ton X yr data
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The XENON Collaboration

currently 124 scientists from 20 institutions
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Xe

XENON

Matter Project

The XENON Collaboration

currently 124 scientists from 20 institutions
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chedule

2010 | 2011 | 2012 2013 2014 2015 2016

XENONIT MASTER SCHEDULE 4/13/2015 XENONIT ¥rl |[XENONIT ¥r2 XENONIT ¥r3 XENONIT ¥rd
Research and Development for XENONIT
Technical Design Report to LNGS submitted LIIO 21
Monte Carlo Simulation ‘Bologna/Zurich 12/31
Demonstrator Columbia 6/15
Infrastructures(Building/Electrical'Water plant) |LNCS 6/30
Water Tank WIS 3/5
Cryostat Support Nikhef 5/30
Purification System Munster/RPI "2
Cryogenics System Columbia 7/9
Gas Analytics and Purity MPIK 7/31
Cryostat System Columbia 86
ReStoX System Columbia/Subatech/Mainz 813
Distillation column Munster 3nl
DAQ Bern/ Nikhef 6/30
PMTs IMPIK Zurich TCLA 6/30

\Columbia/Bern/Zurich Rice/
TPC UCLA 7/30
Material Screening MPIK Zurich 7/30
Calibration Systems lpntdue, Zurich 8/31
Muon Veto 'Bologna/Mainz Torino LNGS 9/30
Slow Control Coimbra/WIS/Columbia 9/30
Commissioning of all systems All
Science Data Recording All l
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enic System M€

XENON

Matter Project

+ Design goals Redundant Backup LN2 Refrigerator Pulse Tube
Refrigerator Refrigerator
e Stable temperature control
. . Efficient Heat Cold Finger
* Reliable continuous long Exchangers

term operation (3+ years)

* Resilience to unexpected
failures
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* High speed circulation with
low heat load
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+ Main Components
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 Two PTR cooling towers

* One backup LN2
cooling tower

 Efficient heat
exchangers

LXe Flow
to Detector

I\



g Tower

+ PTR designed to deliver a cooling
power of at least 200W at 170K.

+ Total heat load (including Cryostat)
with no gas circulation estimated to
be below 50W.

+ Detector gets cooled down through
continuous liguefaction and
evaporation.

+ Temperature control loop with a
precision <0.005°C.

+ Two identical PTR cooling towers
and associated equipment provide
necessary redundancy.
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ing Tower e

XENON

Matter Project

B+ PTR designed to deliver a cooling
 Ppower of at least 200W at 170K.

B + Total heat load (including Cryostat)
1 with no gas circulation estimated to
l be below 50W.

|+ Detector gets cooled down through
continuous liguefaction and
evaporation.

———

=+ Temperature control loop with a
precision <0.005°C.

i* Two identical PTR cooling towers
and associated equipment provide
necessary redundancy.
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g Power Test Ne

XENON

Matter Project

+ Measured achievable cooling
power over range of operating
femperatures

+ Heat load measurement in June

2015 after transferring ~300 kg of
Xe from ReStoX into cryostat

25271‘1 YTYYYYIIYIY]Y1 ]’ YYY[YYII]TY

N
4]
o)
]
lllJlll

248 |-

I
|

I
1

cooling power[W]

I
.

246 |

I
L1

244

242

240

X
Jllllllllllll

P SR Vel W ORI WY T B [T O TR Nt (o et (SR W VN [ P R/ W A BT MU e M
£ 98 975 97 965 -96 -955 -95

temperature setpoint[degree Celsius]









XENON1T Purification System

= |{__

XENON1T A
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XENONTT/nT ReStoX System
(Recovery & Storage of Xe)

® DOUb|e—Wa”ed h|gh OUT LN2 VCR FITTINGS - XENON TUBINGS
pressure (70 a-tm), CAPILLARY TUBE 06x1 —_  p " -
VaCUUfﬂ‘iﬂSUlaJ[ed, LINZ SUPERINSULATION 30 LAYERS
cooled sphere of 2.1 VAGUUM
diameter

LN2 SHIELD

; ; PT100 (2)
® To store 7.6 tons of Xe VY oam B e
either in gas or liquid/ /5 & B
solid phase under high
purity conditions

® [0 recover in a safe and
controlled way [LXe from
detector. In case of
emergency all LXe is ANESNC TN )~y
recovered in a few hours

PT100 (2)

TITANIUM RODS (4






Cooling Tests

Mattor Projoct

e 3rd_12th December 2014

Evolution of the six temperatures on the sphere

) 4 — ¢ Cooling; pre Stand-by; > Heating o
m 0 : : 3
— — :
3 [~ 74.3 hou rs — TE 307 (bottom sphere)
© — 5 ———— TE 309 (middle sphere)
m 20 S SRS SNSRI S TE 311 (lop sphcn') ...................................................................................
= — ———— TE 313 (bottom sphere, N2 side)
QE, — TE 315 (middle sphere, N2 side)
— ———— TE 317 (top shpere, N2 side)
~ o) EEH : R W — 4180 kg _______________________________________________________________________ o e e s ookl
— ; /
D[] |t R ks ————————————————————————] el um—————
[ o o o
- £ £ £
_40 f— 8 .................................................................................... g ......................... TP——— | T — Y g ............
— O I T
: g £ 70.4 hours s
BT 0 ) i o e e F e o L2 R SO SR SR, 3 N S S s ssemssis3 - S DY
— LN, consumption:
o NN 2750kg . |
-100 —
I Y YN W T AN SN N WA NN NN U NN U ST WA A SO TN S NN AU TN N NN ST SRR SRR BNY BTE

-1%912114 01:00 04/12/1401:00 05/12/1401:00 06/12/1401:00 07/12/1401:00 08/12/1401:00 09/12/1401:00 10/12/1401:00 11/12/1401:00 12/12/14 01.00

date (LNGS time)

ﬁ
XENONI1T: Collaboration Meeting, 27-30 March 2015, LNGS



XENONTT/nT:

Kr Distillation Column

1ppt Kr/Xe contributes ~ 4 x 10> cts/keV/kg/d
hence XENON1T sensitivity demands ~ 0.2 ppt

Custom-designed 5m distillation column with
3kg’/hr @ 10° separation

3m version successfully used to reduce Kr in Xe
below 1 ppt as measured by RGMS

3m column used on XENON100 to test Radon
purification in LXe through cryogenic distillation
- the proof of principle is quite successful

two systems developed to measure "3Kr/"atXe
and infer ®2Kr/nat from known 8°Kr/"aKr: RGMS
at MPIK (S. Lindemann and H. Simgen Eur.
Phys. J. C (2014) 74:2746) and an Atom Trap at
Columbia (Aprile et al. : Rev. Sci. Instrum. 84
(2013))

13



XENONA1T/nT: Kr Distillation Column




ReStoX filled with Xe

Mattor Projoct

BX

Purification

)

Cryogenics and Cryostat

L i "i ." g ¥4

XENONI1T: Collaboration Meeting, 27-30 March 2015, LNGS



XENONTT/nT Cryostat & Cryopipe

S

Double-walled vacuum insulated cryostat made
from selected low radioactivity Stainless Steel

Outer vessel: 2.4 m high, 1.6 m diameter. Built to
house a new inner vessel of 1.4 m diameter for
XENONNT TPC.

Connected to Cryogenic System via a 7.6 m long
double-walled vacuum insulated pipe

V- signals/Fivicables tor=4U0 ElViIs In one ot

the inner pipes

15
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XENON1T Cryostat
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XENON1T Cryostat

= 04808, 204 0456,

\

16



XENON1T Cryostat
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XENON1T Cryostat

L f e
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XENONTT TPC

High Voltage Feedthrough

Cable Pipe Diving Bell

for Levelling

Hamamatsu PTFE Reflector
R11410-21 PMTs | of Field Cage

Outer Cryostat ™~ Inner Cryostat

a larger and improved version of
the XENON100 detector

More extensive materials selection
to control background, particularly
from Rn

248 x R11410-21 (3 inch PMTs)
with average QE (178nm) of 34%

Design completed. Assembly
procedure in place. Construction
of components ongoing (grids/
PMT supports/HV FT/E-shaping)

Schedule: start assembly in Lab2
Clean Room in July 2015



R11410-21 PMTIs for XENONT T

Gator at LNGS

]

Hamamatsu has delivered 255 PMTs (248 needed for TPC)

227 tubes have been screened with HPGe (paper submitted to EPJ-C )

All tested in cold N vapour (MPIK) and in LXe (UZurich)

Average QE at 178 nm: 34%

Low-radioactivity, voltage-divider tested and in production

voltage-divider tests in cold N gas



R11410-21 PMIs for XENON1T

Low radioactivity photosensor for XENON1T

Component Radioactivity

< 10mBq/PMT
~ 0.5mBqg/PMT
~ 0.6 mBg/PMT
~ 0.3mBqg/PMT
~ 0.8 mBqg/PMT
~ 12mBg/PMT

XENON collaboration, arxiv:1503.07698
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Hamamatsu values:

@ High QE: 34.5% at 175 nm
average for 250 PMTs

@ Gain average @1500V:
5.0 x 10° (for 250 PMTSs)

Number of PMTs

TIIII\II ]]l
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S B -
26 28 30 32 34 36 38 40 42 44
QE measured by Hamamatsu [%)]




Electrodes for XENONT T

Anode ring:

L-Shaped to min. mass

OD =1004.0 mm ID = 966.0 mm
H=18.0 mm W= 19.0 mm

Mass = 4.5 kg of Low Rad SS
Flatness better than 150 ym

Anode mesh:

Hexagonal shaped cell for the best
Stretching uniformity

OD = 1002.0 mm ID = 968.0 mm
Thickness — 187 um;

Optical transparency - 92%

Mass = 125 ¢

Cathode electrode:

OD =985.0 mm ID = 963.0 mm;
200 ym diameter wires; 7 mm
spacing

Mass = 5 kg of Low Rad
Stainless Steel




XENONI1T Backgrounds

Total (ER + NR) Background in 1 ton

8 107 : Total (ER + NR) Background in 1 ton
% ——— ER background
Z 10° g ———— neutron NR background
.g’ B! ————— Solar nu NR background
Lol | e WIMP, m = 10 GeV/c?, 6 = 2 10™° cm?
> ': ————— WIMP, m = 100 GeV/c* 6 =2 10" cm?
o rﬁ g [ WIMP, m = 1000 GeV/c?, o = 2 10 cm?
s
(= B
10
100 —"""% 40 60 80 100 120
S1(pe)

Xe

XENON

Matter Project

1 ton fiducial volume,
S1in [3, 70] pe,

ER discrimination 99.75%,
NR acceptance 40%.

ER (materials + intrinsic + solar v)
NR from radiogenic neutrons
NR from neutrino coherent scattering

Total

Background (ev. / ton /y)
0.32
0.22
0.55
1.1
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XENONI1T Sensitivity vs Exposure

XENON1T sensitivity, 90% CL, with CLs
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