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[Xe Detectors in Particle Physics

LXe based detectors

] L OO O p-pwT array Neutrinoless Double Beta Decay (EXO)
gas g o2 signal | o Dark Matter direct detection (XENON1T, LUX,
__________ , gate grid PandaX, XMASS)
e- .
= Target material LXe
Scintillation properties for event detection
~ e | DM Large atomic mass
Low intrinsic radioactivity
S1 signal drift XENON collaboration: JCAP 04, 027 (2016)
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Radon — An intrinsic Background Source

ER Rate [ (kg - day -keV)™' |

- — Total 130Xe  --- Total except materials .
107 mp Sy Emanation as radon source
E ey Traces of ?**U in every material
o E = ?Rn emanates from detector materials
Emanation is a permanent radon source
_5
0E Intrinsic background
- Rn distributes homogeneously in the LXe target
107 Rn progenies (***Pb) induce background
- no shielding possible
10306 ™"900 600 800 1000 1200 1400 1600 800
Fiducial Mass [kg]
Expectation values of events in XENONI1T, in 2 t-y exposure
No 99.75% ER
discrimination discrimination
222 I Signal (us)
Rnis a 6 GeV/c? WIMP (0 = 2-10"% cm?) 0.68 0.27
- 10 GeV/c? WIMP (o = 2-107% cm?) 4.65 1.86
crucial baCkground source 100 GeV/c? WIMP (o = 21074 cm?) 7.13 2.85
2 _ —46 2
in many liquid xenon based g:ﬁﬁg/foﬁgm (0=2- 107" em’) =8 5o
] Total ER (user) 1300 3.25
experlments NR from neutrons 1.10 0.44
NR from CNNS 1.18 0.47
Total NR (usnr) 2.28 0.91

XENON collaboration: JCAP 04, 027 (2016)
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Mitigating Background - Radon Screening

Careful material selection to avoid emanation
Measurement of bulk impurities (spectrometry) often not sufficient

Radon screening at MPIK
Measurement of the radon emanation rate of every detector material

Miniaturized Porportional Counter
Background: ~1 count/day
Sensitivity: ~20 uBq

Electrostatic Rn-Monitor

lonized Rn progenies are drifted towards a
PIN diode

Sensitivity: ~1 mBq

==

Counter

Gas-Line for counter filling



Low RADIOACTIVITY TECHNIQUES 2017

Typical Emanation Sources

—— feed-throughs

purification loop
type Il sources

getters
cryo-system _ N
cold heads Inner piping - @ O
recirc. pump
detector TPC
type | sources PMTs
cables
PTFE
-

Classification of ??Rn emanation sources
Classification according to their position in the system

type | sources: emanation sources inside the detector, Rn directly enters the LXe target
type Il sources: Rn is flushed through the purification loop before entering the LXe target
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On-line ?*°Rn removal

—— feed-throughs

purification loop
type Il sources

getters
cryo-system _ / .
cold heads Inner piping 222Rn enriched @ O
recirc. pump radon
detector TPC removal
type | sources PMTs Q system
cables
PTFE |

222
w Rn depleted

Online radon removal system (RRS) Separate radon from xenon
Integrated into purification loop Radon retains in the RRS
Radon enriched gas is flushed through RRS Drops out naturally by radioactive decay
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Radon/Xenon Separation Techniques

Adsorption
Radon enriched Xe is looped through adsorbent trap

Radon stays adsorbed until decay
Nucl. Instr. and Meth. in Phys.Res. A661, 50 (2012)

Challenges
Radon emanation of adsorbent material
Large xenon consumption due to Xe adsorption

100+
Cryogenic distillation
Successfully used for krypton removal — 10
Kr purification at ppg-level (x 10*°) shown &
EPJC 77, 275 (2017) w
5 —— argon
ﬁ 1 — krypton
T 5 S — radon
Radon distillation as T A S d
1 i T A ! ® critical poin
separation technique . Lo i . ot

temperature [K]
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Radon depletion in boil-off Xenon

system bypass

> sample port for
counters
. cold finger
particle 9
D><

Q@ Q@
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° | CCD radon £
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™\ bell-structure

..............

cryostat

Radon reduction in a single distillation stage

Radon enriched Xe is filled into the cryostat
Xe is liquefied at the cold finger
After filling an equilibrium establishes

Pump boil-off Xe into recuperation bottle
Radon monitor measures its activity concentration
Complementary prop. counter measurements
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Radon depletion in boil-off Xenon
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On-line Rn distillation at XENON100

XENON100 gas system RRS gas interface distillation
column (RRS)
S B > getter @ buffer buffer
recup. ><H = o —
e | wFrC
port 2 MFC / top
- - condenser
% § @ input %
particle X condenser |[&
< > filter pump 2 &
to — D<t port 1 ":"’>| I—g
detector \ o
X @ el 1 — >t >a| | | particle o
buffer X filter
from _plpg 1 & .
detector X HiR: MEC auxiliary reboiler
)|( emanation source

Extended XENON100 purification loop during distillation campaign

- 222Rn

218PO

— data fit

-~ single a-peaks Rn-detector XENON100

Alpha-peaks of #?Rn and progenies easy to identify
2201, BiPo analysis for complementary radon monitoring

- selected

222Rn events
102

number of events

10

Extension of gas purification loop
Integration of XENONLT krypton column in purification loop
Integration of a radon emanation source

A\

18.000 20.000 22.000 24.000 26.000
corr. S1 signal [PE]
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On-line Rn distillation at XENON100

Radon emanation source
426 viton O-rings as auxiliary emanation
source (constant emanation rate)

~70 mBq activity flushed into XENON100 TPC

Auxiliary radon emanation source

top condenser

.

Operation of Kr-column

XENONLIT phase | krypton column
EPJC 77, 275 (2017)

{__package tube
-

'Inverse' operation with respect to Kr distillation
Rn is enriched in the liquid reservoir (reboiler)

Purified Xe from the columns top condenser rehi

is fed back into XENON2100 . 7 raéé'r?:o;ce

distillation
column

getter
(for preparation
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On-line Rn distillation at XENON100
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On-line Rn distillation at XENON100

Type 2 sources of gas system:
Pump 1,

-;&-Nm auxiliary e:lznation source dN(l‘)
dt
XENON100 - [EERGEYRIN From fit to data:

(Type 1 source)

Type 1 sources of gas system:

Pump 2, getter

+k1

Achieve larger radon reduction
Larger recirculation flows needed
Prevent Rn to reach LXe detector

Purification effect larger for type Il sources
Convert type | to type Il sources by means of smart

purge flows
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Summary and Conclusions

Radon is a crucial source of background in LXe based experiments
Emanation measurements to find only detector materials having low radon emanation
Unique radon screening facility at MPIK

Radon removal by cryogenic distillation
Xenon boil-off gas is depleted in radon with respect to the liquid phase.

On-line radon removal system demonstrated with XENON100
Integration of a cryogenic distillation column into the XENON2100 gas purification loop
Radon activity concentration could be reduced by a factor of 20 inside XENON100

Research and development for running experiments are ongoing

THANK YOU FOR YOUR ATTENTION
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