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Norrnzl® Meaier

about 100'00 dark matter particles
cross an area of 1 cm? per second


http://www.physik.uzh.ch/groups/groupbaudis/xenon/
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T Expect: Kepler Rotation
- (as solar system)
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Galactic Rotation Curves

' Measurement: flat rotation profile ... well beyond visible stars
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I Cosmic Microwave Background

I = afterglow of the hot big bang; variations at AT/T~10~ level
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Dark Matter shapes the Universe

~40M years
after big bang

£=26.20

http.//cosmicweb.uchicago.edu



Dark Matter shapes the Universe
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http://cosmicweb.uchicago.edu

Simulation Observation (SDSS)
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4 Looking for matter with
the following properties:

<— color charge (r,g or b) 2

e
0.511M 1

electron A

suojdaj g
e

{Jeaqew-fue g+)

—  invisible“
— ,cold” (= ,,slow®)
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— almost collisionless
— stable

Problem:
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REWARD: NOBLE PRICE?
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no known particle fits the description
— we nheed to look for something new

weakly interacting massive particle (WIMP)
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A
12 fermions (+12 anti-matter)
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Dark: Mat‘t@r (mdn‘bct) Ewdence :
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Searching for Dark Matter
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Direct WIMP Search

Elastic Scattering of
WIMPs off target nuclel
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Cygnus Arm
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Direct WIMP Search

Carina-Sagittarius Arm -

Elastic Scattering of
WIMP

WIMPs off target nuclei 3
v ~ 230 km/s

" <0 Iﬂﬂﬂ ' ' ™ e .
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Direct WIMP Search

WIMP

Elastic Scattering of
WIMPs off target nuclel
= nuclear recoll e 280 ke

WIMP

Nuclear Recoil
Er ~ O(10 keVnr)

Detectable
Signal

S A2 Xenon (A=131 v Px
%l 1IN Germanium((A:73; Eventrate [ oc E{ff.t_w}
e Argon (A=40)
£ Silicon (A=28) / f \
O]
B1g- Detector Local DM Physics
E Density
p,~0.3 GeV/c?
= my=100 GeV/c? - very small: <1 event/kg/year
o ~ search for rare events

0 'iiil 20 30 40 S50 50 70 80

nuclear recoil energy [keVr] — |0W-backg round crucial
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neutrons from™ activation, impurities,

(a,n) and sf double-beta decay Electronic Recoils Nuclear Recoils
1 N (gamma, beta) (neutron, WIMPSs)




L Alkali Matals

Alcaiine Earth Metals
Halegans
Matalicids

Noble Gases
Eoor Matats

Tramsiton Metal:
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Low-background Screening

4]2 GeMSE JINST 11, P12017 (2016)
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Identify materials with lowest radioactivity:

* y-spectrometry using HPGe Detectors
* mass spectroscopy: ICP-MS, GDMS
* neutron activation analysis Il
* 22Rn emanation |
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Hu}u’wnm li \ B

Energy (keV)
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.,ground Sources

solar neutrino flux:
~6.4 x 10° sicm
"ahlgh E neutrlnos %

- CNNS bg

3 ._ 1 ﬂa [3 y- radlatlon n;
neutrons from™ activation, |mpur|t|es

| ’ ) i )
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Background Suppression

Hs0 ! Polyetindane

Avoid Backgrounds

Shielding
deep underground location
large shield (Pb, water, PE)
active veto (U, y coincidence)

self shielding — fiducialization

Pb /haw radioactivity Pb w

Astropart. Phys. 35, 573 (2012)

Use of radiopure materials

Use knowledge about expected WIMP signal

WIMPs interact only once
— single scatter selection
requires some position resolution

WIMPs interact with target nuclei
— nuclear recoils
exploit different dE/dx from
signal and background

M. Schumann (Freiburg) — Exploring the Dark Universe
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I Dual Phase liquid xenon TPC

i
; %gc o

=

Ne
1
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gaseous Xenon

liquid xenon (LXe)
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Dual Phase TPC
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Dual Phase TPC

pos HV
E~10 kV/cm
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Dual Phase TPC
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The WIMP Parameter Space
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spin-independent WIMP-nucleon interactions
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High WIMP-masses TPC dominated

I |—> >4.5 GeV/c?

spin-independent WIMP-nucleon interactions

already excluded

™ DAMIC
' DAMA/ 0
’%,:,‘\ e | - a WIMP with these
%, ‘ N M-S CRESST-II . propertles Would

‘\ . have been detected

N
B
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SuperCDMS
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some projects are missing...
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XENON

Matter Project

I |
7% | [ERJ C 724881 (2017)
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I XENONI1T @ www.gransassovideogame.it

es @ Gran Sasso Videogame - Chromium = Mon May 28, 11:31@

Goog! x Y & xenon x \{ Z xenor x ' [ XENO X blueic x srllc x Table x i bestfi x last ¢ likelih x Y ‘& xenor x Y 'Z xenor x Y & xenor x Y .| starty x ¥ [ XENC x )/ & Gra 4 x Danicl
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| Matter Project

b Il.l'-'.
largest LXe TPC ever built
cylinder: 96 cm
active LXe target: 2.0t (3.2t total)
248 PMTs




I How would dark matter look? PASE

XENON

Matter Project

... but it's a low-E neutron interaction from calibration!
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Dark Matter Data Taking Xe

XENON

Matter Project

350 F0—m N B B
mEm Rn220

300 || ™ Kr83m I
. B LFD | P
= AmBe Calibration ’// P
S | mmm NG calibration ot all ] ]
- i i | L
g 1 L™ Py

200 | § ]
= : i Science Run 1 = 2467 days
2 150} ! i A LT
w 1 = T //
E 1 L T el
@ 100}, ; ,/ - X. T
s Sclence Run 0; Il AT\

50 : /::

Rov 201 May 2017 Jul 2017 Sep 2017 Nov 2017 Jan 2018 Mar 2018 May 2b18
DaXe
end SR1

commissioning
completed

Xmas

calibration _
continue dark matter

dark matter Earthquake!  search and calibration Monday
search starts

PRL 119, 181301 (2017)
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Calibration and Analysis ©

XENON

Matter Project

10 20 30 40 50
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-100
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200 g _ _
e oo e w4 Exposure: 1.3t X 278.8d = 1.0 tXy
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M. Schumann (Freiburg) — Exploring the Dark Universe 46



Calibration and Analysis Ne
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166

signal models.

Blind analysis
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Light Signal
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0 500 1000 1500 2000 2500

Rizs? [em?]

Used to construct background and

use central 1.3 t LXe for analysis

100 = region of interest inaccessible during

analysis to avoid human bias
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Blinded Data S

XENON

Matter Project
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ayey - 8000 T
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—40 3
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Unblindin 2Ae

200 GeV/c? Matter Project
R [cm]
H ER M Surface Neutron B AC B WIMP 10 20 30 40
8000
4000
]
I I'/
2000 ;
i
— 1000
0
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400 -

200

03 10 20 30 40 50 60 i
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— TPCedge —— 1.31 ==-09t —- 0651 R [cm]
— no statistically
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excess = | g
observed - N
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No Sighal — Exclusion Limit Ne

_ XENON
submitted to PRL Matter Project
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spin-independent WIMP-nucleon interactions:
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XENONIT - XENONnT DBSE

XENON
JCAP 04, 027 (2016) Matter Project

XENON1T XENONNT
- 2t active LXe target - 6t active target
- taking data - science run in 2019
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Dark Matter Searches: The Limit

spin-independent WIMP-nucleon interactions
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some projects are missing...
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10—47
10—48
10—49

Dark Matter Searches: The Limit

JCAP 01, 044 (2014)

w3

)
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= Proso ozssacos) o~ <scattering (CNNS) will dominate
E — ultimate background for direct detection
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! 2 3456810 20 3 e\
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DARWIN The ultimate WIMP Detector

“

JCAP 11, 017 (2016)

i

DARWIN

spin-independent WIMP-nucleon interactions

Baseline scenario
~50t total LXe mass
~40 t LXe TPC

~30 t fiducial mass

... Connection to cryogenics,

High-voltage
feedthrough ... __purification, data acquisition
Top
photosensor....«* . Ban
array . ‘ |
" Anode
Double wall
cryostat e .
’ : - TPC with
PTFE ' central dark
reflector matter target
I
% -_
- Cathode
- Bottom
photosensor
i array

DAMIC

MA/I

>

CRESST-11

CRESST-1I

SuperCDMS

EDELWEISS
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+many other WIMP and
non-WIMP channels!

: Exposure
o <— 0.1 txy
S0l 4— 2 txy
ST ————" 7 _sose— 20txy
N
. pARWIN
IJ(] 2[0 3'0 4IO | 6I01 | Ill(}(] 2I00 | 41()(]‘6I0(I} 1ll()(]()
WIMP mass [GeV/c?]
some projects are missing...
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DARWIN The ultimate WIMP Detector

.
.
.
.
.
.,
.
e,
.

High-voltage
feedthrough ™.

.
e
-

Top
photosensor, ...«
array .

Double wall
cryostat

PTFE
reflector

.,
.,
",
b
*al
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Connection to cryogenics,
N, purification, data acquisition

- TPC with

- Cathode

“

JCAP 11, 017 (2016)

i

Challenges

* Size
— electron drift (HV)
— diameter (TPC electrodes)
— mass (LXe purification)
— dimensions (radioactivity)
— detector response
(calibration, corrections)

* Backgrounds
— 222Rn: factor 100 required
— (a,n) neutrons (from PTFE)

* Photosensors
- high light yield (QE)
- |ow radioactivity
- |long-term stability

e etc etc

central dark
matter target

.erc
TR ULTIMATE

56
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10}

iscriminator [o< log (S82/S1)]

CNNS+neutrons
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Exploring the dark with LXe Detectors
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