Improving the Sensitivity to Low-Mass
WIMPs with XENON Detectors

Moritz v. Sivers
LHEP, AEC
Universitat Bern

30.11.-1.12. 2015, Prospects in Low-Mass Dark Matter




b

u
Liquid Xenon TPCs ——

AEC
ALBERT EINSTEIN CENTER
FOR FUNDAMENTAL PHYSICS

—_—
Drift Time

Nuclear Recoil (WIMP)

—_—
Drift Time

Electronic Recoil (y, B)




b

u

BERN

The XENON1T Experiment

AEC
ALBERT EINSTEIN CENTER

FOR FUNDAMENTAL PHYSICS

B:r Cherenlsg
ctor —~




wd 96

The XENON1T TPC

field shaping
rings

b

u

b
UNIVERSITAT
BERN

AEC
ALBERT EINSTEIN CENTER
FOR FUNDAMENTAL PHYSICS

top PMT array

PTFE reflectors

bottom PMT array




Projected Sensitivity

LUX 22043 (in ~5 days)
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XENON1T Nominal Exposure (2 years)
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> TPC: Preparation for comissioning and first data
> Cryogenics: Filling of 3.5 t LXe into ReStoX
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Sensitivity to Low-Mass WIMPs
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- Using S2 signal for energy scale
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> Extensive material screening campaings
- HPGe detectors

- ICP-MS

-  Rn emanation

GIOVE, MPIK

| GeMSE, Bern




XENON1T Background
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XENONAT: Irreducible background at low energies from CNNS
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ER background

NR background from neutrons

NR background from v

Total (ER + NR) background

WIMP, m = 10 GeV/c?, 6 = 2 10™*¢ cm?
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WIMP, m = 1000 GeWcz,a =2 10" cm?

2 t'y exposure, 3-70 PE

NR from 0.44
neutrons

10



u

b
UNIVERSITAT
BERN

AEC
ALBERT EINSTEIN CENTER
FOR FUNDAMENTAL PHYSICS




b

u
Light Attenuation
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> Absorption length diminished by H O and O, impurities
> Impurity concentration <1ppb reached in XENON100

= T T T ‘ o .o .
E 1L 1 Xe Scintillation Spectrum | = ] XENON1T purlflcatlon SyStem
= E : . e ! — 1y, L |
= o N— .., \p
2N s e, ‘ I/
= \ 100 ppb 4 |
S o T e e I e s A Il :
s o\ M SN w T 200 ppb a \ A
810 T e e I | \ <
= T e i e S . kDI -1 . W -
= e 10 |- 1 ppm \
§ [~~Water Vapo AN I S
< TS s S s st s F SRS A 5 ppm
L N N A
10 beocooodoomnnd : ! Lo . 10 m vvvvvvvvvvvv
() : \ (b) Sy
P PR O | S R 10‘2 | ! L 2%%0 , £l :
130 140 150 160 170 180 190 200 0 10 20 30 40 50 60 § Lol
arXiv:physics/0407033 Wave length [nm] Distance [cm] .
W - 5 Iy
s mof- arXivi1305.0224v1 &
E’ 600 E— g’
c — o
% 500 — £
2 =
w —
400 — _
300 — ]
200 f— _E
100 f— %
= I B . . | — : | . : ] . . . ] 1 . 1 . . :
0372011 05/2011 0772011 0972011 1172011 0172012 03/2012
Date [Month/Year]

12


http://arxiv.org/abs/physics/0407033

PTFE Reflectors
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Electrodes Transparency
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Light Collection Efficiency

b

u

b
UNIVERSITAT
BERN

AEC

ALBERT EINSTEIN CENTER

FOR FUNDAMENTAL PHYSICS

> Ly: Average Light Yield for 122 keV y at zero field
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»92-only“ Analysis
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Single Electron Background
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Determining the Energy Scale

 L_: Relative light yield of nuclear recoils

. Qy: Charge yield of nuclear recoils
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* Currently no published measurements below 3 keV
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Measurement

* 152 keV mono-energetic neutrons

- Nuclear recoils below 4.5 keV
* Observation of NR events due to Poisson upward fluctuations

« Goal: Decrease uncertainties of Leﬂ/Qy at low energies

Nuclear Recoil Event Rates from Run 14 YBe Source
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> LXe TPCs have currently best
sensitivity form > 6 GeV

> R&D towards lower masses
- Increase LCE

- ,S2-only” analysis
> Requirements

- Decreasing uncertainties
inL _and Q
eff y
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Trigger Efficiency XENON100
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XENON1T Energy Scale

S1 yield [PE / keV]
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Double Photoelectron Emission
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