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The XENON collaboration

Christian Wittweg | c.wittweg@wwu.de
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The XENON Dark Matter Project 5
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15 kg 161 kg
XENON10 XENON100 XENONI1T XENONNT

w w w w S 5 2>

Exposure 0.87 kg ° yr 48 kg ° yr

BG index ~ 1 ~5+10-3 ~2°104



XENON1T 4
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700 t

1500 m overburden pure water Cryogenics
(3600 m.w.e.) ‘and purification
84 =1
8“ PMTs
Cryostat

¥ storage _

Google street view: tinyurl.com/Ingstour



http://tinyurl.com/lngstour

The XENON1T time projection chamber 4
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2 t LXe In active volume

~ 1 m diameter
~ 1 m length

ighly reflective
OTFE walls

/4 copper field shaping
rNgs

Five high-transparency
electrodes

- — -
- — e
— -’--_.—-_ !

= - e

038 Hamamatsu R11410-21 PMTs
3“ PMTs, low radioactivity, QE ~ 35 % at 175 nm
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Dual-phase TPC measuring principle 5
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Scintillation and ionization
tpe  Prompt light signal (S1)
e Secondary light in GXe from drifted charges (=)

 Energy from S1--2-magnitude
drift time e X-y from hit patterr
e zfrom S1--2-delay
 ER/NR discrimination from S1--7 ratio
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Event characteristics 6
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Spin-independent WIMP search results
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Analysis

* 4-dimensional profile likelihood
* 3 continuous (cS1, cS2bottom, R) and one discreet (inner, outer)
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Sensitivity and Limit

e Strongest exclusion limits for
WIMPs above 6 GeV

* [actor 7 sensitivity improvement
w.r.1. previous generation owed to
lowest ever BG rate

e Os1<4.1 x10-47 cm2 at 30 GeV

Phys. Rev. Lett. 121, 111302 (2018)



Going beyond standard WIMP analysis
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Different interactions

e Spin-dependent WIMP scattering
* WIMP-Pion scattering
* Migdal effect

Lower threshold

* |onization-only (S2) analysis (limit)

Mean energy in flat ER spectrum [keV ]
0.15 0.2 0.3 0.5 0.7 1 2 3
| | | | | | | |

; > <€ >
10° | 4 GeV /c? 20 GeV /c?

102 |

10!
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109
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Flat ER
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DM-nucleon cross section [cm?
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—31] XENONIT
— 10 (S1-S2 Migdal —
10734 _
10371 _
1001 _
10-%L _
YA Pand,x
(S1-82)
10461 Phys. Rev. Lett. 123, 251801 (2019)
ONIT
Phys. Rev. Lett. 123, 241803 (2019) (S1-82)
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m, [GeV/c?]




Limits on WIMP interactions 9
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There Is more one can do with a dual-phase
xenonh TPC:

e Axions, ALPs, bosonic Dark Matter
 Neutrinoless double-[3 decay of 136Xe
* |nelastic WIMP nucleus scattering
 Annual signal modulation
 Double-electron capture of 124Xe

More to come In the future...



Two-neutrino double electron capture in 124Xe 10
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Electron capture Neutrino emission

* Nucleus captures two electrons,

most likely K-shell

* Recoll of nucleus O(10 V)
negligible

* Neutrinos leave detector

 QObserve X-rays and Auger electrons

< LM
Atomi R/ RS
relZTa;:ion % QZVECEC = 2857 keV

124%e + 26~ — 124Te + 20, Eovkk = 64.3 keV
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Fit results after unblinding
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Nature 568, 532—535 (2019)
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Half-life and signal significance 45
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* Exclude null-hypothesis at 4.4c
 Benchmark for NMEs and compatible with XMASS

TP = (1.8 £ 0.5, £ 0.1, X 10** yr

Sys

. —— XENONLT (this work)

XMASS (90% C.L.) 550
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N> vECEC

Nature 568, 532—535 (2019)




Up next: More second order decays of 124Xe 13
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* (Q-value 2758 keV allows ECB+, BB+
* Resonant (?) OVECEC

0/20ECH*

Q \;
A

2
m.c-l
(TOUECEC)—I c o o
1 /2 OC -ray/€auger
Az + F2/4 O+ 124Xe
) i} /
2790.41(9) keV ——2 DYERE y 511 keV
27.33 % 66.67 % 6.00 %
2VECEC
2VB+B+
o+ ¥ OVECR* <1803 keV
2039.421(3) keV OVECR* ¥2.1
3.82 % sl : 31.8 keV
1325.5131(24) keV 3 B X-ray/eager X-ray/eauger | 211 KV
57.42 %l *’ Y2,2 Y2,2
2+V v
602.7271(21) keV
9.25 % v
0" b 7 arXiv:2002.04239 2/t



Going to higher energy for 136Xe Ovpf3

Dark Matter ~ keV
S2 ~102 - 103 pe
S1~1- 10 pe

14
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136Xe OVBPB ~ MeV
S2 ~ 106 pe

103
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Correcting saturated S2 signals
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10x amplification

2.25V FADC
dynamic range

Use unsaturated channels
as signal template

Amplitude [V]

Scale using peak onset
reference region

BEIPRELIMINARY —— Wwaveform Detected

—— Model Waveform
Reference Region
Distorted Region

—

Nonlinear response
of PMT readout

| circuit above 104 pe

FADC
. Saturation
\\ N
—2 0 7 4 —2



Separating multiple interactions 4¢
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Separate tails from physical peaks Separate multiple scatters in S2
10.0 100 :
1C _ ) 2 } S2 S2:0t
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Energy resolution after corrections 4+
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Outlook: XENONNT

Christian Wittweg | c.wittweg@wwu.de

Inner region of
existing muon veto
optically separate
120 additional PMTs
Gd in the water tank
0.5 % Gd2(SO4)s

Total 8.4 t LXe
591tin TPC

~ 4 1 fiducial

248 — 494 PMTs

distillation purification
=== * Reduce radon from
m—m!’ |l pipes, cables, » Faster xenon cleaning
Mlum{ﬂﬂﬂli T cryogenic system e 51 /min LXe
i [l == * New system, (2500 slpm)

ELLL

PoP in XENON1T

+ XENON1T ~ 100 slom




Summary
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XENONTT set most stringent limits for
several WIMP masses and interactions
types

Physics potential beyond WIMPs at
higher energies (Ovp[3, axions)

First observation of 124Xe 2vECEC
High energy reconstruction
demonstrated with < 1 % energy
resolution at Qgg

XENONNT on track and will take data in
2020
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