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Main results:
5X Phys. Rev. Lett.
1x Science

5x Phys. Rev. D

...and still running!
...0sed as testbench
for XENONL1T analysis!
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...and still running!
...0sed as testbench

for XENON1T analysis!



XENON100 - CHsT Studies

Ne

XENON

Matter Project

Intrinsic ER calibration with tritiated methane: pioneered by LUX  arXiv:1512.03133
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* high-stats calibration of XENON100 successfully performed twice

* ONgoing: data analysis, — electron lifetime

removal strategies, unaffected
application to XENON1T
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arXiv:1602.01138
» 228Th source emanates ?*°Rn

* 220Rn is very short-lived (55 s)

* use beta-decays following ?°Rn to
characterize low-E ER response

e prepare XENONI1T use

Radon220
(Thoron)
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3.5t liquid xenon in total
2.0t active target
« ~1t after fiducialization
« 248+6 PMTs
M. Schumann (AEC Bern) — XENON




I Background: Electronic Recoils Xe

arXiv:1512.07501, accepted by JCAP
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Assumed contamination:
222Rn: 10 puBg/kg

natKr: 0.2 ppt

136X e: 8.9% natural abundance
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I Background: Electronic Recoils Xe

arXiv:1512.07501, accepted by JCAP

1000 kg fiducial target
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1-12 keV interval
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0 50 100 entire system (incl. TPC): bo

Electronic Recoil Energy |

Rdet = (19 = 4) mBq

Contribution from purification system: I
Rpur ~ 10 mBq (depends on pump)

— expect 8 uBgl/kg in LXe

— this conservatively assumes uniform mixing

— design goal achieved!

M. Schumann (AEC Bern) — XENON




Kr Distillation

Design goals

» High throughput: 3 kg/h (3.5t in ~50d)
» High separation: >10*

» Online monitoring of performance

Successful commissioning
e Operation at 3 kg/h @ 99% Xe recovery
(even 6 kg/h could be operated stably)

Kr-in:  0.34 ppm = 3.4Xx10~" (very high Kr content!
gas chromatography)
Kr-out: 0.73 ppt = 7.3x1013 (RGMS)

— reduction factor ~5x10°
— exceeds the design goal of 104!

« 3 distillation runs so far (with O(100)kg each) to
purify highly contaminated gas (with Kr, He)

» column has already delivered a
concentration of <0.026 ppt = 2.6x107* (90% CL)

— better than required for XENON1T

M. Schumann (AEC Bern) — XENON
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Background: Nuclear Recoils Xe

arXiv:1512.07501, accepted by JCAP
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Muon veto design and performance:
XENONL1T, JINST 9, P11006 (2014)

M. Schumann (AEC Bern) — XENON
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material screening, e.qg.
EPJ C 75, 546 (2015)

Nuclear Recoils
(neutron, WIMPS)




Background: Nuclear Recoils Xe

XENON
arXiv:1512.07501, accepted by JCAP Matter Project
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E working with Hamamatsu to
poM C Lo A e i1 1. further improve the background
0 10 20 30 40 50  6( of the R11410 PMTs for XENONNT

Nuclear Recoil Enerl — first orders have been placed

Muon veto design and performance: : _ - ’ _
XENONIT, JINST 9, P11006 (2014) Electronic Recoils} Nuclear Recoils

(gamma, beta) (neutron, WIMPS)
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XENONLT Sensitivity (A%

. XENON
arXiv:1512.07501, accepted by JCAP Matter Project

based on background predictions shown before, 2 tXy exposure:
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assumptions: energy interval: 4 — 50 keV, ER rejection as XENON100: 99.5% @ 50% NR acc.
— expected LY is 2x higher than in XENONZ100!
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Cryo-Systems Xe

Kr Distillation
Column
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Cryogenic System

1 Purification
System

Currently contains the entire
3.5t LXe needed for XENON1T
- has been purified from He

with distilllation column
19




Cryo-Systems Xe
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Cryogenic System

ready to remove
natkr from Xe |

/////

Kr Distillation Cryostat

Column

20
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Cryogenic System

I . lw_ |_. Purification ‘
ﬂ I!-I.ll.l[li "' . System
Under commissioning:

. N
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T T T 200 —150
e 20
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* demonstrated 0 Xe in after HE
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Cryo-Systems Xe

XENON
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Matter Project
3 redundant cold-heads
(2 PTR, 1 LN2)
« sufficient cooling power
for > 100 slpm purification

Cryogenic System
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Cryogenic Pipe

Kr Distillation S > == Cryostat
Column
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Kr Distillation
Column

Cryo-Systems

Cryogenic System

R
» already tested with 800 kg of LXe

- puriiicatios successful filling and recuperation

System

(limited by used pump protoype)

« design fill speed: 36 kg/h (=4d)
- 24 kg/h already achieved (=6d)

Xe

XENON

Matter Project

Cryostat
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Slow Control & Safety Xe

“) @ Mozilla Firefox

« XENONAI1T Slow Control
= R A system (SCADA) based

https....as| px % {

on GE industry standard
e wes [ | [ « controls all cryo-systems,
R wow T I S e calibration, high voltages
RSX 8 TEi3ia | [TEiita]| [TEiz1a o . .
DST . 1040 | | 1948 - @— T e monitoring, alarms
WL TE131b TE111b TE121b PT204
DAQ PT205
e e expert and user mode
CRY »
TPC G:D
CH Passwd - - -
ﬂmﬂ Operation Risk Review
Lagaus ww|_ 21| | *an internal evaluation
T i e panel has reviewed all
LN == | cryogenics operations
iz — recommendations to
= — —N Il mitigate risks already
oo | e implemented
U:C?/:E D Q J [tiz> PLN; -Aﬁll)l T 00

Refreshed at: 2:06:31 PM

(LNGS TIME)

M. Schumann (AEC Bern) — XENON 24
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Slow Control & Safety Xe

“) @ Mozilla Firefox

e «| * XENONLIT Slow Control
T e ~c|@- =+ r*2l gystem (SCADA) based

on GE industry standard
s wn [T | o] ] « controls all cryo-systems,
o A S calibration, high voltages
——® <0 | « monitoring, alarms
o el | = v [l || eexpertand user mode
D
CH Passwd . . .
ﬂmﬂ Operation Risk Review
Loaeut W= _ [=«]| | *an internal evaluation
2 e 1] . panel has reviewed all
SR s | | (e cryogenics operations
| miczn e — recommendations to
1 P = I | mitigate risks already
| E A== implemented
U:C?/:E D Q J [tz PLN-z -aTsn;l T g0
Started 2nd filling
e, TEELE of cryostat last week

: ’ (now with TPC)!

M. Schumann (AEC Bern) — XENON 25
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PMTs, DAQ and Electronics Xe

- all 254 PMTs operational

* DAQ electronics for TPC and muon veto
installed in T-stabilized DAQ room

* detectors can be operated simultaneously
(and time-synced) or independently

« PMT/DAQ commissioning ongoing

M. Schumann (AEC Bern) — XENON 26
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| Open Alerts @ | User: coderre

XENON1T Data Acquisition Connected @ | DAQ Status
Peak: s1[0] Info/Control
: Run: |' xe100_example v '|
Area: 666.00 120 —
Left: 33532 100
[Load from file | | save to file | 3D plot (slow!) |
Right: 33732 Bl 2D plot (default) |
| Top Array 40
Run: pmt_test 160204_1809
Bottom Array 20
WM Event: 0
| Front View o
) Collected: 1970/01/02, 16:24:20
-20
33550 33600 33650 33700 Bz hzes

400

300

200

Charge [p.e.]
2

200

— Veto

dark counts o

grounding/noise optimization, DAQ system, data analysis, PMTs

M. Schumann (AEC Bern) — XENON
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XENONA1T Data Acquisition Connected @ | DAQ Status | Open Alerts @ | User: coderre |
Peak: s1[0] Info/Control
Area: 205276.00 400 Run: [xenonit online_u v |
Left: 764575 |
300 : . [Load from file | | Save to file | 3D plot (slow!) |

Right: 766675

2D plot (default) |
ST € pro i st pone >

Run: pmt_test_180216_1522

Coin: 220

| Top Array

14k

Event: 0

Collected: 2016/02/04, 18:09:10

S1s: 1 S2s: 0

765400 765500 765600 765700 765800

Veto

LED T A
s lots of light!

8k

6k

Charge [p.e.]

4k

2k

250

200

el

grounding/noise optimization, DAQ system, data analysis, PMTs, light calibration system

M. Schumann (AEC Bern) — XENON 28
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March 2016: TPC filled with GXe
— start commissioning of PMTs, DAQ and analysis with particle interactions

25 || — TPC (hits only)
TPC (raw)

GXe light signals
are wider than
LXe signals
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o u o
T T
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100 | = z
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150
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 J
bottom =g »
200 | o _

250 £ veto . . .
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Time (us)
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the main TPC electrodes were not yet biased
— we still see first S2 peaks, thanks to the fields
between the PMTs and the screening electrodes (~2.1 kV/cm)

104
] % 150
=
3 o
3 Q
E | B 10 100 £
[ — Q
0 3
I 50 ©
£
|| 110? <
Event happens ' T ' 0
close to bottom 40} | :
110 50
PMT array » _
- _ @
= 100 E
§ of - :
> = 10° 150 —
=20+ . g
200
-40 |
101 250

Time (us)
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XENONI1T
- 2t active LXe target
- @commissioning

Q

c Ak - science data
o THI in mid 2016
I | ‘\
XENONNT
- multi-ton target
STass - projected to start
: data taking 2018
* Muon Veto
= arXiv:1512.07501, accepted by JCAP ’ gtl‘J){[thgt‘ySOuS?aptort
& ) — T L]
DAMA/Na XENONIT Sensitivity in 2 t-y
EIO_J'U . DAMA/I :Exf’:; CL‘;{:&:’;(%% 5 * in-LXe Cab“ng
—41 ) & + 2 ¢ expected °
§ 10_47 : XENONI10(2013) ® o Lxe Storage SyStem
% ol l\‘rt— SuperCDMS (2014) pandaX GO __‘E"_‘E‘r_-‘z?}?S:_-'“_.‘,‘_E.}}!.‘-f-‘--' * Cryog en.IC SyStem
5 107" =5 = * Purification system
S0  eONS * Kr removal system
5107 " L ° DAQ _
Z107% e » 70% of electronics
210+ e Y » Calibration System
S i04 e R « ~300 PMTs
310_49 ||[||\-‘h"\"'_\"'|.'\<:;‘ 1 “‘I Coeiaaal | | [ I A | _' .>4-5t Of LXe
6 10 2030 100 200 1000 2000 10000 “ y e Screening Facilities
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